*TM 5-620/NAVFAC MO-111/AFP 91-23

Army Manual Headquarters
TM 5-620 Departments of the Army,
Navy Manual the Navy and
NAVFAC MO- 111 the Air Force

Air Farcoa Pamn “\

L3211l L VILT 1 Gliipiid

AFP 91-23
MAINTENANCE AND REPAIR OF
ADMNITIMDON/YIVTITTDATYT AATM OMDITA AT TDATYT LYW/T IV
ARCHITECTURAL AND STRUCTURAL ELEMENT
OF BUILDINGS AND STRUCTURES

CHAPTER 1 INTRODUGTION ...ttt st reresetesesss st et e s ebesebesesssssesssesasssassesesesasessssassessssatsessaeestserssssssnsasssssnnossssssesesernsansnsssesens
Section I General ......
Section 1I Definitions.
Section III WOTK EXCIUAEA .....viviveieiiviiicieeeetetetestetese ettt ettt et se st et e s s bea e s bbb s e st s et e b e st et b e b et et bt b e b et ebemeab et st et et emene et eateten
Section IV Standards of Maintenance
Section V Maps, Plans and Building NUMDETING ...t
Section VI THIMELY REPAIT ... ettt bbb b bbb R R bR RS bbbt ee
CHAPTER 2 FOUNDATIONS AND CRAWL SPACES .......coiitiictrietetiteeseiessesssissssssssessssnssaesesassssssssesesssnsassssssssesesasssssssssesesesssssas
Section I FPOUNAALIONS +.veveviveeteeeeeeteee ettt et sae s aeseaeeese s s bas s et eses et essseses e an st e sesabe s e s et e s ebesebeaassane s b st e b e s e b s e aaa s e s assnsebanasestsesesatasnrnes

Section II
Saction 1T

Section IV
CHAPTER 3
Section I

Section 11
Section III
Section IV
Section V
CHAPTER 4
Qartion |

[w o ALH Y

Section II
Section III
Section IV
Section V
Section VI
CHAPTER 5
Section 1
Section II

Qantion ITT
wECLION 111

Section IV
Section V
CHAPTER 6
Section 1
Section II
Section III

Concrete Slabs on Grade ..

Moisture Control ...

CTAW] SPACES.....cvevecuriitriereeietetereec et es e s s sk R e b3 R4 H b AR R RS h e bR A h e e R h b s s b bbb h ettt b
FRAMING—STRUCTURAL COMPONENTS .......ccocitiriimeiniinininieticteensitsiessaos st sssssssaesessssssssssessssosssisenesenessaeon
WOOA FLAIMUIE .....oevvivvevireieteisiseecs et st ettt s bbb bR bbb bs bbb a et bbb a bbb bbbt
Wall and Partition Framing ...t siases e st sb s sssssasa s s sssossese
SEEEI FLAIMINE ...vvveeveitirerrieericerteteicee ettt oo b s et e bbb s bt b h s b b e b e s e s bR bbb s et bbb et et r e
ROOE FLAIMIIE ... cvieveiitetetecrie ettt et s bbb s e e b e e b b b h bbb e b e bR b e s bbb e b e b b s e na s st nen b e esnensbene
Glued-Laminated Wood Frames
EXTERIOR WALLS ..ottt ettt eb ettt s d bbb s bbb a0ttt b sttt
Classification of Walls
Wood Exteriors............
Concrete aNd MEaSONTY ..ottt e be st et s e b b s et E et e e e b b ne b
MELaAl SIAINE. ....v.eeecereececeieiceritcietircsstis sty bbb s L5288 bbb bbb
Mineral and Chemical Products ...t et bebnene
Exterior INSulating SYSEIMS ......cccevieuiuiiiiiiiiitiee et
INTERIOR WALLS, PARTITIONS AND CEILINGS..

TIREEOQUCEION .ottt et et ete et ete e v e s e se s e s aasse s st e e e st e e e st n st e a e ete e st ekt et e e e aa e e ss e e e s e e e mt e e neeean e sa e e et e et e b s

Repair and Maintenance of Plaster and Tile

Renair and Maintenance of Dry-Wall Construction

nepailr anG iaal Ce O 2ry-wall Lo

FAT@ PrOLECLION «.eveeveeeeeeeicveeteiettee et e tes e e e besse st et esseasessaseeseabetesesseerensestaaseseee bt e ees b oa s ea e s e st sem e s s er s ste e bt seeanetsmeemeeneetenaeseeneeaesas
A COUSLICS ..oveneeeeeeeesieeeeeeetessesseresseesesteseesassessessesassensentanaessabensensesere e o4 s e et et et e st ee st s ae st e st s assssaseabsatensn s assntastonssssonbassanssarasasssnnans
FLOORS AND STAIRS ..ottt eretetetcteteseee s st as s esesesetsae b saeatecaracataesesesaebesesetesesoseasasanststeteseseneseneseasasansscssssinssins
GEIETAL ..ottt et ettt esee e e s e et e st e e ne b amaas e s seea e er e R SRS Su e e e b LS h SRS de s b e AR bbb et s b s s ss et st e e ebnete e
TWOOA FLOOLS .ottt e e ettt e s se e s ee s e bk e e s s e e s e bR e e s s aas e s aab e e e et e e e e aas e e e e ma b s e e e kab e s e aRe e e e aae s s s e aab e e e s rats e e e nban s e nneseens
CONCIEUE FLOOLS .ot ettt ea et e ettt sttt e et s e se et b e e R e e meas s s 4 bt eu e e e e b s e ba s s eae e e cn e san e st er et e eaerecnes

*This manual supersedes TM 5-620, dated March 1958.

B

WasHINGTON, DC, May 10, 1990

Page
1-1
1-1
1-1
1-2
1-2
1-2
1-3
2-1
2-1
2-9
2-20
2-32
3-1
3-1
3-12
3-15
3-18
3-73
4-1
4-1
4-1
4-9
4-23
4-26
421
5-1
5-1
5-3
5-1
5-11
5-12
6-1
6-1
6-2
6-7


88th CG.IMX
SOME IMAGES IN THIS DOCUMENT MAY BE ILLEGIBLE DUE TO QUALITY OF MATERIAL SCANNED.


*TM 5-620/NAVFAC MO-111/AFP 91-23

Section IV
Section V
Section VI
Section VII
Section VIII
Section IX
Section X
Section XI
Section XII
CHAPTER 7
Section I
Section II
Section III
Section IV
APPENDIXES

ii

Pace

TEITAZZO FLOOTS ..ottt ettt ettt ettt h et e et a st e ae et s e b e bt bes e b e s e bbb ca e s b ebe st ekt s ek e st e b e s e e beae st e et b e st st et ansebast s e e sens 6-11
Magnesium-OXyChloride FIOOTS........ccciiiiiiiiciieiret ettt bbb n s 6-12
CIAY THIE FLOOTS ..ov.vvrvererireir et s s et b bR bbb R bbbt 6-15
MASEIC FIOOTS «..vvcvieieitte ettt ettt r bbbttt s n st ettt enans 6-15
CONAUCEIVE FLOOIS ..ottt ettt s et et s e ettt s et et e b et et eb b s ea e ea s de st et eh et bt s £ e b ek e e b et eRabe b asa s aransebassasansans 6-16
Resilient Floor Coverings 6-16
ReSINOUS FIOOT FINISNES......cvitiiiiiiciee ettt bbb st b bbbt se bt b e ans 6-23
6-25

6-26

7-1

Maintenance and RePair of DOOTS . .....o.coirieeriiceee ettt sesas et be e ss s seeesaen 7-1
Maintenance and Repair of Windows. . 7-7
BUILAETs HAFAWATE .....cocveveeiieeerctes ettt et seesese s es e bt b bt sehaseanae b a et et esem bt ereberesenn st s b e seassese st et ebesa et ene s esnens 7-20
Maintenance and Repair of HAFAWATLE ...........ccovviieriirririicorecoseione e ssesesas st esess s cestsse s ent st sesseesssess e sesssssesssnns 7-28
REFETEICES ..v.vvievieeies ettt eeaea s ees et es bt ssae s e b et s bbb aes s b s E e e E bRt ee ekt ettt A-1
Sample Forms for Inspecting Timber Trusses ... B-1
Example of Typical Cost ANALYSIS ....ccccoiiiriiiiiiii bbbt b enr C-1
................................................................................................................................................................................................. Index-1



INTRODUCTION

SECTION I—GENERAL

1.1.1 Purpose

This manual provides technical guidance for the
maintenance and repair of buildings and struc-
tures at military installations. These standards

LTS 1131211V 2232012 VIDIIS. 221030 SLQRIILAl &

should assist in the economical preservation of
structures and insure their continuous and effi-
cient use. Criteria for engineering procedures to
cover maintenance and repair work that is within

the I'Eb[JUIlbU)u.lby of maintenance pcxauuuc]x

1.1.2 Scope

The military services are required to maintain
both recently constructed structures and historic
structures which require special techniques to pre-
serve the original appearance. In addition, some

installations with temporary World War II era

buildings are maintained only to the degree re-
quired to prevent further deterioration. For these
reasons, some obsolete products and their mainte-
nance are discussed in this manual although these
products are in many cases no longer available.
This manual is a technical reference document
and procedures and material selections are sug-
gested, not mandated. This manual is not to be in-
terpreted as superseding or negating requirements
of other publications.

1.1.3 Restrictive Clauses (US Air Force Only)

This publication contains implied or direct restric-
tive clauses. Take these clauses as recommenda-
tions only.

SECTION II—DEFINITIONS

“Buildings” and “structures’ are defined separate-
ly in this section, but throughout this manual the
term “‘structures”’ will be used collectively to in-
clude buildings.

1.2.1 Buildings

A building is a roofed or walled structure intended
for use as a dwelling. Building is a broad term
which includes troop housing, family housing,
dining, training, medical, religious, recreational,
community, administrative, technical, industrial,

A cbnamn
and storage facilities. Specialized buildings such as

hangars, maintenance docks, test cells and under-
ground buildings are also included.

1.2.2 Structures
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which is not intended to act as a dwelhn for per-
sonnel. The broad term includes, sheds, elevated
storage tanks, underground storage facilities, flag-
poles, towers, walls, fences, gates, swimming pools,
and frames that support equipment.
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1.2.3 Maintenance
Maintenance is the recurrent, day-to-day, periodic,
or scheduled work required to preserve a real

property facility for the effective utilization of its
designated purposes. Includes work undertaken to
prevent damage to a facility which otherwise
would be more costly to restore.

1.2.4 Repair

Repair is defined as the restoration of a real prop-
erty facility for the effective utilization for its des-
ignated purposes, by overhaul, reprocessing or re-
placement of constituent parts or materials dete-
riorated by action of the elements or wear and
tear in use. Includes the parts and materials and

which have not corrected through maintenance.

1.2.5 Installation Engineer

The term “installation engineer” as used in this
manual refers to the senior engineering officer
(military or civilian) serving as the principal staff
officer of the installation commander for mainte-

nance and repair of real property. In each military

nance and repair of real property. In each military
department, the installation engineer is known
under a different title:' Navy—Public Works Offi-
cer, Air Force—Base Civil Engineer, and Army—
Facilities Engineer.
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SECTION III—WORK EXCLUDED

Items which are related to the maintenance and
repair of structures but not included in this
manual are as follows:

1.3.1 Waterfront Structures

Wharves, quays, piers, bulkheads, quay walls,
breakwaters, jetties, groins, and related structures
are included in the Tri-Services manual, “Mainte-
nance of Waterfront Structures” (TM 5-622,
NAVFAC MO-104, AFP 91-34).

1.3.2 Painting

The selection and application of paints and protec-
tive coatings are included in the Tri-Services
manual, ‘“Paints and Protective Coatings’”’ (TM 5-
618, NAVFAC MO-110, AFP 85-3).

1.3.3 Roofing

The selection, application, maintenance and repair
of all types of roofing are included in the Tri-Serv-

ices manual, “Maintenance and Repair of Roofs”
(TM 5-617, NAVFAC MO-113 and MCO P11014.9,
AFP 91-31).

1.3.4 Bridges and Culverts

The maintenance and repair of all types of bridges
and culverts are included in the Tri-Service
Manual, ‘“Maintenance and Repair of Surface
Areas” (TM 5-624, NAVFAC MO-102, AFP 85-8).

Tranantinn PRI - [P N

1NsPpeCion information and Idullgb for all Lypes of
bridges are provided in the manual, ‘“Maintenance
Inspection of Bridges,” 1978, prepared by the
American Association of State Highway and
Transportation Officials.

1.3.5 Other Exclusions

Electrical (includes lighting), plumbing, heating,
ventilation, and air-conditioning are covered by
various Tri-Service manuals.

SECTION IV—-STANDARDS OF MAINTENANCE

1.4.1 General

Desirable maintenance standard is the level at
which a facility can be economically maintained to
protect the Government’s investment and to pro-
vide a functional facility. Failure to maintain the

facility at this level may result in expensive repair
costs

1.4.1.1 Material which are more durable and pro-
vide a longer life may be substituted for original
materials provided the economic considerations
justify the increased costs.

1.4.1.2 The standards set forth in this manual are
for active and inactive installations. Specific main-
tenance criteria for inactive installations, or parts
thereof, are prescribed in pertinent regulations of
each military service. See appendix A.

1.4.2 Standards for Structures

1.4.2.1 Permanent, semipermanent, and tempo-
rary structures will be maintained to provide sub-

stantially the same capacity, efficiency, and stand-
ard of appearance and comfort for which they
were originally designed, consistent with their
planned use and life expectancy.

1.4.2.2 Structural components, such as founda-
tions, columns, trusses, structural frames and con-
nections, will be maintained regularly and in such
a manner as to insure preservation and stability of
structures.

1.4.2.3 Exterior and interior surface materials
and finishes will be maintained to eliminate de-
fects, to prevent damage, and to keep the facility
in good operational and sanitary condition.

1.4.2.4 The maintenance of all structures not
scheduled for retention as part of the permanent
installation will be commensurate with the
planned use and economical life expectancy of
such facilities.

SECTION V—MAPS, PLANS, AND BUILDING NUMBERING

1.5.1 Maps
Installation maps and overlays showing structures,
’l\ol‘ﬂ O]M"“‘f‘ QD“’I[‘QG Q“f‘ II"'II'I"‘I linnc ‘X]I]] hﬂ
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maintained in accordance with pertment regula-
tions of each military service. Maps are to be
maintained in a current status by careful revision
and addition. Copies of these maps should be read-
ily available to maintenance personnel.

1-2
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1.5.2 Plans
Original plans and specifications of structures con-

stitute the permanent record of construction and
materials. “Record” plans will continually be up-
dated to accurately record changes, additions, and
deletions. Copies of these plans should be readily
available to maintenance personnel.



1.5.3 Building Numbering
Each self-contained structure is assigned a number

which is clearly marked in accordance with perti-
nent regulations of each military department. The

TM 5-620/NAVFAC MO-111/AFP 91-23

location and numbering of all structures will be
maintained in the basic information folder or facil-
ity history file.

SECTION VI—-TIMELY REPAIR

1.6.1 General

All maintenance personnel shall be indoctrinated
with the importance of not only the method of
repair, but also the timely recognition and correc-
tion of the basic cause of failure. Some portion of

maintenance is necessary due to normal wear and
wonatharing hnt

weathering, but many failures may be traced to
other basic causes. Correction of these will, over a
relatively short period, be justified by decreased
maintenance as well as improved factors of use,

safety, and appearance.

1.6.2 Causes
Premature failure of structural parts, materials,
and various components may be caused by some of
the following:

a. Defective materials or structural parts.

b. Incorrect installation or application.

c. Failure of related, connected, or adjacent com-
ponents.

d. Unusual or extreme climatic conditions ex-
ceeding the design specifications for which the ma-

terial or structural part was desioned.
CCTT VAL UT OUVi AL vier wie IJ WOy v

1.6.3 Investigation

Failures occurring during the normal life expect-
ancy of buildings and structures should be careful-
fmcrncbiontnd and + firndamantal Aafonte ~Anr.
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rected prior to superficial repair.

1.6.4 Technical Assistance

Unless the cause of failure is immediately discern-
ible and corrective measures are straightforward
or standard, the installation engineer, or higher
echelons if necessary, should be consulted for
advice on corrective measures.

1841 Whara gnarifie atariale ara sonpow
1.0.2.1 vy nere SpeClilC maweriais are Jooncerneaq,

such as composition flooring and siding, the manu-
facturer’s specifications and instructions may pro-
vide sufficient information for corrective meas-
ures. Where there is doubt as to the cause of fail-
ure, it is advisable for the instaliation engineer to
request assistance from the major command or the
manufacturer’s agent,

1.6.4.2 In vital structural matters or material
failures, beyond the capabilities of or time limita-
tions imposed upon the installation engineering
personnel, consultation and advice from qualified,
private architects or engineers may be obtained
upon approval by appropriate military department

authoritv.

MurLIL AV
1.6.4.3 Individuals engaged in repair of architec-
tural and structural elements should be aware of
electrical (including lighting), plumbing, heating,
ventilating and air-conditioning systems as they
impact on these repairs. Specific repairs should be
coordinated with other elements to insure that re-

naire da nnt craata advarea snnditinng in tha ann
pairs GO0 not freate aqverse Conaitions in wne con-

tinuance of service provided by the systems.



SECTION I—FOUNDATIONS

2.1.1 General

The foundation of a building or structure transfers
the dead and live loads of the superstructure to
soil that has enough bearing capacity to support
the structure in a permanent, stable position.

Footings are need under f‘nnnﬂghnn nnmnnhpnfﬁ
A VV‘JLIAED LA Y ALiNANn L AV IAVMTAVIAWVAL VWWiliAprwiaiaa v

such as columns and piers, to spread concentrated
loads over enough soil area to bring unit pressures
within allowable limits. Foundation design is de-
termined not only by the weight of the superstruc-
ture, but also by occupancy, use, and the load-bear-
ing capacity of the soil at the site. Soil conditions
may change over a period of time and introduce
maintenance and repair problems even in initially
well-designed foundations.

11=UCn1g511C

2.1.2 Materials and Types of Foundations

2.1.2.1 Materials. Materials for foundations are,
in general, concrete (plain or reinforced), concrete

cmmtr 11mita (Anan e H11ad ~allel hrinlre At
Illdbuuly univs \Upcu U 111ITU (Cl1dy, wJiiind, Luv
stone, rock, and wood. Brick, cut stone, and rock
foundations are usually found only in older struc-

tures.

2.1.2.2 Types of Foundations. Foundations vary
from simple walls and piers with footings to very
complex movement-resistant walls and slabs
placed without joints. Several basic types may be
used in one structure. Due to the broad variety of
structures on military installations, maintenance
personnel should be familiar with a variety of
foundation designs used to meet many conditions.

Some typical foundations follow:

a. Walls of concrete, masonry units, or brick
were sometimes built without footings to support
lightweight buildings on soils of high load-bearing
capacity. See figure 2-1. Refer to chapter 4, section

4.3 for dlscussmn of concrete walls.

b. A separate footing may be used under each
column, or a footing may be extended continuously
(spread) under a number of columns or a wall.
Spread footings are required where imposed loads
are great or the soil at the site has a low bearing
value. Footings are commonly constructed of con-
crete, although brick and stone may be found in
older construction. Concrete is used plain in mass
or reinforced by steel rods, depending on bearing
loads. See figure 2-2.

c. Spread footings and walls or piers of rein-
forced concrete poured integrally are used for
heavy structures, and where heavy lateral forces
are exerted on one side of the wall. Examples are
retaining walls, deep basements, and swimming
pools.

d. Spread footings and grade beams of reinforced
concrete may be used in large structures without
basements. See figure 2-3. The columns transmit
the heavy localized loads to the substructure, and
the grade beams carry the relatively light, first-
story curtain wall. The spread footings are de-
signed and built independently to support both the
column loads and the grade beam. Where grade
beams are above the frostline, the bottom of the
beam may be V-shaped to minimize the upward
thrust of frost action on the bottom surface of the

beam.

™o
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FOUNDATION WALLS WITHOUT FOOTINGS USED FOR
LIGHTWEIGHT BUILDINGS
USUAL DIMENSIONS FOR EACH TYPE ARE INDICATED

Figure 2-1. FOUNDATION—WALLS WITHOUT FOOTINGS.
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e. A mat foundation is one that transmits its
loads to the bearing soil by a continuous slab that
covers the entire arca of the bottom of the struc-
ture, e.g., a floor. It is used when the low-bearing
value of the soil results in such large isolated foot-
ings that it is more logical to transmit the loads
uhrougu this slab to the entire

the superstructure. See figure 2-4.

f There are cases in which it is

2 0CIiT &iT Lases nicr
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undesirable to
allow any major increase of pressure to the soil.
One principle that may be utilized in such cases is
that of the ‘‘floating foundation.” This means that

| /4

STRUCTURE

S S s,

the estimated weight of the soil removed perma-
nently in order to build the substructure must be
equal or less than the dead and live loads of the
structure, which is then ‘“floating” by displacing
its own weight in the low-bearing value soil. This
type of foundation is usually designed for locations
‘‘‘‘‘‘ Aoon an nor inoge nr» nilac owa tremean

wiiere aeep and hcav’y’ 1uuuusa Or puea are hupl ac-
tical or uneconomical.

g Brick sten footinos and walls or n
B alls or p
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been used mostly in old structures. New construc-
tion of brick foundations will normally be uneco-
nomical when compared to concrete.
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Figure 2-4. MAT FOUNDATION.

h. Cut stone foundations are usually constructed
of large blocks of hard stone (similar to granite)
laid with mortar or dry joints. New construction of
cut stone will normally be uneconomical when

compared to concrete.

t. Natural or
with mortar or dry joints. Where stone is plentiful,
it can be used economically for light structures. It

can also be used for retaining walls and dry walls.



J- Grillage footings have been used for light
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larger than the pedestal. See figure 2-5. These

footings consist of several layers of beams, normal-
ly of wood or steel, with successive layers at right
angles to each other and with successively deeper

layers having larger beams. ﬂowever, the r1s1ng
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support wood posts column masts, poles, and
light temporary structures. Wood used in substruc-
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tures is usually pressure—treated with various
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. Such footings permanenuy
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C
ab. See figure 2-6. Wood piles are usuall

e usually
w1th a preservative and should be totally [and per-
manently] below ground-water level.
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Figure 2-5. STEEL GRILLAGE FOUNDATION.
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PILES MAY BE WOOD, STEEL, CONCRETE, OR
COMBINATION OF MATERIALS

Figure 2-6. PILE FOUNDATION.

Exposed portions of foundations hould be lnspect-
qnevt_ ns qhnu]d occur more fre-

ad racula
. L C R et

"ly In
in bulldmg occupancy or structural use present
special problems. Evidence of incipient foundation
failure may be found during routine inspection of
other structural components.

2.1.3.1 Foundation Displacement. Foundations
should be checked regularly for proper elevation

and alignment. Complete failure in foundations is
rare. However, some settling or horizontal dis-
placement may occur. See figure 2-7 and 2-8.
Common causes of foundation movement include
settlement and differential settlement of the soil
caused by inadequate compaction of the soil or im-
proper sizing of the footings; overloading the struc-
ture; excessive ground water which reduces the
bearing capacity of soii' inadequate soil cover

which fails to protect against frost
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neaviilyg, anua

2-5



TM 5-620/NAVFAC MO-111/AFP 91-23
adjacent excavations that allow unprotected bear-

cavated area. Severe, localized foundation dis-

2-6

placement may show up in cracked walls, damaged
framing and connections, sloping floors, sticking
doors, and even leakage through a displaced roof.
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Figure 2-7. CRACKS CAUSED BY FOUNDATION SETTLEMENT—EXTERIOR.

2-7



TM 5-620/NAVFAC MO-111/AFP 91-23

Figure 2-8. CRACKS CAUSED BY FOUNDATION SETTLEMENT—INTERIOR.
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2.1.3.2 1u(ueruu errw/uuun ruuuuauuus are
subject to deterioration, whether from material or
construction deficiencies or from environmental
conditions. Generally, the deterioration of founda-
tion materials can be determined only by direct
observation, unless the effects are severe enough

to cause foundation settling. Excessive moisture
from surface or subsurface gsources is a maior

from surface subsurface source a major
cause of timber deterioration, providing the neces-
sary condition for wood decay and encouraging
insect infestation. Improperly seasoned wood is
subject to cracking, splitting, and deflection. Con-
crete and masonry are subject to cracking, spall-
ing, and settling, particularly under adverse
ground and climatic conditions. Steel and other
ferrous metals are subject to corrosion in the pres-
ence of moisture and sometimes by contact with
acid-bearing soils. Signs of corrosion are darkening
of the metal, rusting, and pitting.

2.1.4 Soil Investigation

In all cases of serious foundation settlement, an in-
vestigation of the bearing soil should be made as a
basis for corrective action. The stability of soils is

TM 5-620/NAVFAC MO-111/AFP 91-23

s h (or resist-

ance) which may change with ground conditions
at the site. Clay-bearing values, for e_xamole vary
with moisture content. A foundation on a clay site
that has been laid on the basis of local standards
for bearing value may settle when the moisture of
the clay increases (and therefore loses shearing
strength), when dewatering operations are under-
taken in the area, or when an adjacent, deeper ex-
cavation drains moisture from the foundation-

QuaLil  LRIQLILS  dLGVEASVRRIT Livii iVwaauGuavil

bearing clay. Clay also loses strength when molded
or worked. Frost action is similar in effect to work-
ing the clay. Other soil types are subject to change
in bearing value or characteristics. Silty soils have
greater capillary action than sand and, under
severe winter conditions, may absorb enough

watar tn form ice lance 1
water to form ice lenses under the footings. The

most exposed side of a structure will have the
greatest frost action. When the ice thaws, the soil
is oversaturated and incapable of supporting a
load. The specific maintenance measures given in
the following paragraphs provide a partial listing
of conditions to be noted during an inspection.

trent

SECTION II—CONCRETE SLABS ON GRADE

2.2.1 General

Concrete slabs on grade may transmit dead and
live loads directly to the subgrade independent of
the remainder of the structure (floating slab), or

they may be structurally integrated with the foun-

dation walls, piers, columns and footings (structur-
al slab), so as to become a part of the structural
foundation. Floor slabs on grade are normally sep-
arated structurally from the rest of the building.
See figure 2-9.

2.2.2 Types of Concrete Slabs on Grade
Typically, concrete slabs on grade consist of three
principal types:

2.2.2.1 Plain, unreinforced, flat slabs carrying
uniformly distributed light loads usually not more

than 100 pounds per square foot (Ib/ft?).

2.2.2.2 Welded wire-mesh, reinforced flat slabs

carrying uniformly distributed medium !}

ally not more than 500 lb/ft2.

22283 Deformed steel bar reinforcing in flat

slabs carrying heavy, uniformly distributed, or
concentrated loads.

2.2.3 Typical Concrete Slab Construction

Subgrade. Remove all sod and decomposa-

22231

L. a 2L Ug7 W0, I

ble material; backfill as required; compact and
shape the surface. Backfill should be of uniform
character, free from large lumps, stones, frozen
chunks, or material that will rot. The material se-
lected for backfill should provide a density equal
to the natural density of the surrounding soil.
Better results and greater densities can be at-
tained by using the backfill material at its opti-
mum moisture content. In large jobs, or particular-
ly important slabs, the optimum moisture content
should be determined by laboratory analysis; how-

ever, a rough idea of the proper moisture content

for ordinary soils (except very sandy soil) can be
determined by forming a ball of the soil by hand.
Proper moisture content will result in a ball that
will hold its shape, but not be plastic or muddy
when squeezed. Trenches for pipes, footings, utility
lines, etc., must be backfilled in layers not exceed-
ing 6 inches in thickness and each layer tamped so

that the backfill will be as dense and strong as the
surrounding subgrade.

l|\‘>
-]
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B PREMOULDED EXP.
.| [T JOINT FILLER

FOOTING

e el .. SRR
2 . . 4 . S
AR R T R N S

Figure 2-9. FLOOR SLABS ON GRADE.

2.2.3.2 Gravel Fill. On the subgrade, place a 4- to
6-inch layer of granular fill and cover with a vapor
barrier.

2.2.3.3 Reinforcement. Reinforcement in slabs on
grade serves primarily to hold the edges of cracks
tightly closed and also to distribute loads that con-
tribute to the load-carrying capacity. If control
joints are spaced as recommended hereinafter, re-
inforcement may not be necessary. However, it is

nrofarahla to 11gse 2 nominal amannt of rainforea.
preieraie e use a nominai: amount oI reiniorce-

ment where the uniformity and strength of the
subgrade may be questionable. Such steel supplied
should be small bars or welded-wire fabric in-
stalled at middepth of slab.

2.2.3.4 Placement of Concrete. Concrete for struc-
4wl aloha ahnild ha mada with howd wall_ owadad
tulal Slavud Si1lvulu JUT lilautc vwiull liaiu, Wcu‘slauw
aggregates and should contain not more than the
number of gallons of water specified for each sack
of cement. It should be a workable mix which can
be placed without honeycombing or permitting

excess water to accumulate on the surface. The
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concrete shall be placed as near to the final rest-
ing place as possible, thoroughly compacted by vi-
brating or tamping and spading, and screeded to
proper grade for drainage. The minimum practical
thickness for a light-duty slab is 4 inches; for
medium-duty, 6 inches; for heavy-duty, 8 inches or
more.
2.2.3.5 Joints. Joints are required in concrete
slabs to permit expansion and contraction of the
concrete due to temperature and moisture
changes, to relieve warping and curling stresses
which result from temperature and moisture gra-
dients within the slab, to minimize uncontrolled
cracking caused by frost action, and as a construc-
tion expedient to separate the areas of concrete
placed at different times. There are three general
types of joints used in concrete slabs: contraction,
expansion, and construction. See figures 2-10 and
2-11.

a. Contraction Joints. The initial shrinkage of
concrete is often greater than subsequent move-

ments of the slab by moisture or temperature
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changes. Under normal conditions, joints are
placed approximately 15 to 20 feet apart, or on
each column line, whichever is less.

b. Expansion Joints. Expansion joints are to be
installed at walls, columns, and machinery pads,
and at 60- to 90-foot intervals. The width of joints
varies from Y to % inch, depending on the joint
spacing and the expected temperature range. Ex-
pansion joints at walls, columns, and machinery
pads should be designed to allow differential set-
tlement of the floors and footings. Expansion joints
will serve as contraction joints, but contraction
joints cannot serve as expansion joints.

c. Construction Joints. Construction joints are
provided to separate areas of concrete placed at
different times. Insofar as practicable, these joints

will be installed at the locatlon of a planned joint.

2.2.3.6 Joint Filler Material. Joints are, with a
few exceptions, lines of complete separations of the
slab. In order to keep the joint clear and free to
move, the joint is filled with an expansible materi-
al, and may or may not have water seals. The
water seals also expand and contract with the
movement of the slab. Filler material is generally

of two major types:

a. Hot or cold asphalt, tar, or other thermoplas-
tic or bituminous compounds, poured, placed or
gunned into the joint. Cold joint-sealing com-
pounds, applied under pressure, are more satisfac-
tory for narrow joints, ¥%s to %s inch wide, which
car.not be filled by other methods.

b. Premolded joint filler strips, manufactured in
a wide variety of thicknesses, depths, and lengths,
may be composed of wood, fiber, cork, spunglass,
rubber composition, felt and other compressible or
expansible materials, usually with an asphalt or
tar binder (see ASTM D-1751 and D-1752). The
filler strip is equal to the width of the joint open-
ing, and a maximum of % inch below the surface
of the slab. After the concrete has set, the joint is
filled to slab level with poured asphalt (see ASTM
D-1850 and Federal Specification SS-S-1401) or
other thermoplastic compounds. In areas of expect-
ed heavy spillage of diesel fuel, jet fuel, aviation
gasoline or lubricants, a jet-resistant sealant con-
forming with Federal Specification SS-S-1614 or
SS-S-200D will be used.

2237 New Joints in Existing Slabs. Where new
joints have to be made in existing slabs, extreme
care will be used throughout the operation. The

~ranceroete clah will he broken usine drills. chin ham-
LULILITLU JSIQU VWill UL VIVALLL WOliiEs VA1 1110y Viidp 1108113

mers or saws, depending on the extent of the work
and the availability of equipment. Joints will be
cut cleanly to the desired dimensions. All dust,
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dirt and other debris will be removed from the
joint before installation of joint material.

2.2.4 Joint Maintenance

As a general rule, joints in slabs on grades need
little or no maintenance. If the joint is in good
condition, it should be left undisturbed. The major
maintenance is required by the expansion joints
where the constant movement (working) of the
slab, due to the effects of temperature and mois-
ture, deteriorate the joint material. If mainte-

nance is to be nerformed, all icint atarial chanild
;;;;;;; pYriiviiiiacu, il juluy materiai auuu1u

be removed. The joint should be swept clean of all
debris, and the edges of the joint trimmed to
present a clean surface. New joint material of the
proper thickness and depth should be installed.

New or better JUUIL material may be substituted
for the original material if economically feasible.

2.2.5 Special Considerations

Utility ducts and drainage trenches in slabs on

grades may be poured integrally or separately in
new construction, or built into existing slabs.

2.2.5.1 Ducts and Trenches. Size and location of
utility ducts and trenches will be established, in
conformance with the construction drawings. Par-
ticular care will be taken to see that ducts are
thoroughly waterproofed. Drains will be provided
to carry off any accumulation of water. These
drains will be separate from all other drains lead-
ing into a main storm sewer.

2.2.56.2 Trenches. Floor drainage trenches will
have metal-grating covers and be placed to inter-
cept surface drainage at hangar doors, vehicular
entrances, and at other locations as required.

2.2.6 Exterior Slabs on Grade

Exterior slabs on grade (i.e., vehicular entrance
ramps, platforms at pedestrian entrances, trans-
former or equipment pads) are similar in design
and construction to interior slabs on grade except
that they must be supported and drained to resist
frost action, surface water, ice, snow, and other
conditions of the elements. Exterior slabs may be
attached to, or be independent from, structures.
Brackets, dowels, shelves, and other types of piers
may be used for support, or exterior slabs may be
poured integrally with the structure foundation to
which they are attached. Exterior slabs to be
poured independently will reply on a compacted
and confined selected fill of crushed stone, gravel,
sand, or cinders. In certain locales, due to subsur-

face water and frost conditions the i1l had miich
AGVT WWGIVTAL QUi 1A USUY LVUIIULLIVIES, WIIT 1111 UTU ITIUSU

have adequate drainage to prevent heaving and
cracking. This drain may be connected to or be a
part of foundation drains.
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2.2.7 Water Seals

Water seals in joints in concrete slabs on grade are
usually of copper, other nonferrous metals, rubber

compounds or plastic, and are used in conjunction
with a mastic material. There are many types and
designs, some commercially produced under pat-
ents, and others shop-fabricated from detailed de-
signs. Because water seals are of a permanent
nature, they require little maintenance. However,

failure usually requires complete replacement of

the affected section These jioints are ncnr] where
ine aiiefied sectiion. inese joinis

absolute water tightness is required against a hy-
drostatic head, such as in swimming pools.

2.2.8 Bonding New Concrete to Existing Con-
crete
Proper bond of new concrete or mortar to existing

concrete surfaces is important in producing dura-

ble structures. Lack of bond can result in leakage
at joints, unsightly incrustations, and failure of
structures. Other methods of bonding are discussed
in detail under paragraph 2.2.9., Cement Mortar
Concrete Inlay, and paragraph 2.2.10., Epoxy-Resin
Grouts, Mortars and Concretes.

99Q 1 V4 NP S Sy T~ \ULn.-n con
4.8.0.1 Hlurcmg Construction Joints. Whe O1i-

struction joints occur, and are not intended to be
expansion or contraction points, the surface of the
concrete, while still soft, should be swept with a
stiff broom or scraped to remove laitance (an accu-
mulation of fine particles on the surface) and
roughen the surface. The surface should be left

+h anmnn Anow ralaortin Rafare n]qn_
Wll..ll s0inie coarse asslcsauc yl VJC\,buxs 1JCTIVLIT pla

ing the next lift of concrete, the surface should be
free of loose particles and debris. Where laitance is
not removed before hardening, it must be chipped
away until sound concrete is revealed.

2.2.8.2 Treatment of Bonding Surface. The bond-
ing surface should be kept constantly wet for at
least 1 hour before placing new concrete. Time
should be allowed for surface wetness to disappear
just before placing new material. The surface will

pialilly

then be damp but slightly absorptive. A layer of
concrete containing only one-half the amount of
coarse aggregate should be deposited against the
hardened concrete to a thickness of at least 2
inches. This is followed by the regular mix, which
would be carefully vibrated to prevent honeycomb-
ing. Good results can also be secured by saturating
the hardened concrete, then spreading a thin layer
of dry portland cement about Yie inch thick over
the surface. This should be broomed into the sur-
face and spread uniformly, then left undisturbed
to absorb moisture from the base. When it be-
comes tacky, the new concrete should be placed

2.2.9 Cement-Mortar Concrete Inlay

When concrete slabs become rutted, spoiled or
broken, the entire floor should be replaced or re-

surfaced. In some cases the repair may be limited
44 AVS %Y A VAl l-’ A41 J 1lllllbcu

to the damaged area. A cement-mortar concrete
inlay is the usual method of repair. For a detailed
discussion of floor repairs and resurfacing, see
chapter 6, section 6.3.

2.2.9.1 Concrete Specifications. The materials to
be used to make the concrete mix will be specified
by a qualified engineer. This specification will in-
clude the quality of the cement (see ASTM C-94),
the gradation of the coarse and fine aggregate, the
proportions of the concrete mix, and any additives
that might be required. Adjustments of the propor-
tions to make a workable mix will be under the
control of a qualified supervisor.

2.2.9.2 Mixing and Placing. Mix each batch me-
chanically 2 to 3 minutes, place material on slab,
and vibrate, roll, or tamp it firmly into place. A
grill-type tamp can be made by nailing strips
about Y2 inch wide and Y% inch deep, spaced about
% inch apart, to the face of an ordinary tamp.
Screed material to designated levels and float sur-
faces with wood, or preferably a power float. Let
stand for 30 to 45 minutes or until pressure from
finger ceases to make a dent, then steel-trowel to
final finish. Do not sprinkle water on it in finish-
ing. Be careful that finishing does not bring any
excess fines to the top. Maintain existing expan-
sion joints.

2.2.9.3 Curing Place a suitable covering material
(plastic, burlap) or curing compound (spray paint)
on the new surface as soon as it has set enough to

enough to
not be marred.

2.2.94 Reuse of Floor. If high early-strength
cement is used, the floor can be used after 3 days
unless temperature has been below 45°F (7.3°C). In
that case allow 5 days. Where standard portland
cement is used, do not use the floor for traffic
loads for 7 days after ins
2.2.10 Epoxy-Resin Grouts, Mortars and Con-
cretes

Three types of epoxy-resin bonding systems are
available for application to portiand cement con-
crete and are distinguished in ASTM C(C-881,

F‘nm(v Resin-Base Bonding QVefomq for Concrete.

AACelim2ast DOLAsS (938193 4

Type I is for use in bondmg hardened concrete,
steel, wood, brick, and other materials to hardened
concrete (see ACI 503.1). Type II is for use in bond-
ing freshly mixed concrete to hardened concrete
{see ACI 503.2). Type Iil is for use in producing
skid resistant surfaces on hardened concrete or as
a hlndpr ln PDOXV mortars or enoxv concreteg (QQD

Yy 2aials LI CpPpOAS LLILITES



ACI 503.3 and 503.4). For each type of system, vis-
cosity grade, temperature class, and color will be
dictated by job requirements as outlined in ASTM
C-881-78.

COx

2.2.10.1 General. Approved epoxy-resin systems
provide binding agents particularly suitable for
use in the type of work where a high degree of
bond in a short period of time is needed. The ex-
ceptionally high strengths obtainable in a very
short curing time usually permit regular traffic on
the siabs within 24 to 48 hours after the repair, de-

pending on temperature conditions. The epoxy sys-
tems snecified react most favorablv when tempera-

VOIS SpolaliCV ITACL 1108 QYIS L) el Yelllpeia

tures are in the range of 70° to 100°F (21° to
37.8°C), but satisfactory results can be obtained at
temperatures as low as 40°F (4.5°C) if proper condi-
tions are provided. The slab repairs with epoxy
materials generally should not be initiated uniess
the air and slab temperatures are above 40°F and

riging
rising.

2.2.10.2 Approved Epoxy Materials. Use of epoxy-
resin systems in concrete slab repair have been de-
veloped and numerous products for this purpose
have been marketed under a variety of trade
names. In selecting the materials for the work,
uniformity is required for obtaining consistently
satisfactory resuits. Therefore, the use of Federal
specifications in obtaining or specifying epoxy-
resin materials for the subiect usages is mandato-

LOB111 1A uCiiqas 1V viil Sty Hoe 1S ILGINAY

ry. The following issue was current during the
preparation of this manual: Federal Specification
MMM-A-001993, “Adhesive Epoxy, Flexible, Filled
(for Binding, Sealing, and Grouting).” This specifi-
cation provides for two types of materiais accord-
ing to temperature conditions: type I is for use

when slabe. materials. and atmospheric tempera-

WiieIl Siadls, {liailliairs, Qiih QuiaUSpiliTiiv Willptid

tures are between 68° and 104°F (20° and 40°C),
and type II is for use when these temperatures are
between 40° and 68°F (4.5° to 20°C). The principal
difference between ‘“binder” material and “grout”
material is that grout contains an inert mineral
filler and a thixotropic or jelling agent; the reac-

+ive ronetitnnante in haoth materiale are identical
uive NISTITUENTS 1N 00U maieria.s arc 1aenica..

~

2.2.10.3 Applications. The general applications or
intended usages of the materials furnished unde
the Federal specifications are as follows:

a. Grout. The grout furnished under Federal
specification MMM-A-001993 may be used for ce-
menting dowels in preformed holes, as a bonding
agent for hardened portland cement concrete, and
for grouting the cracks in pavement.

b. Binder. The binder furnished under Federal
Spec1ﬁcat10n MMM-A-001993 may be used for re-

Jaim e o n writla epoxy ramnratag Ar Mo

pairing bp" witnln €poXy Concreies OoOr mortars,
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and for filling saw kerfs with epoxy mortars where
random cracking has occurred.

2.2.10.4 Effective Temperatures and Conditioning
iemperaiure limitations of the type I and Lype il
grout and the type I and type II binder are manda-
tory and are repeated here for emphasis: type I is
for use when slab, materials, and atmospheric tem-
peratures are between 68° and 104°F (20° and
40°C); type II is for use when pavements, materi-
als, and atmospheric temperatures are between

ANC A d CQOTY (A FO ~and ONOMN
4V dIlu VO I' \2.90 allu 4V uJ.

a. Slabs. If slabs and atmospheric temperatures
ro lagg than 70°F (21 °(‘\ hnf not halaw 50°F (1(\°C\

a
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satisfactory repairs can be obtained without creat-
ing an artificial environment, provided the slightly
increased cure-out or hardening period required
can be tolerated. Further, if the climatic season is
such that the pavement becomes hot, with air tem-

peratures above 90°F (32.2°C) and slab surface tem-
peratures possibly plus 120°F (48.9°C), scheduling

AQVITS pPUSSIDL) prales &V =0.d SLiiTUniiiig

of repairs should be in the early morning hours, or
the areas should be protected from direct sunlight
prior to initiating repair operations. When slab
temperatures are less than 50°F, a battery of in-
frared heat lamps, or another suitable heat source,
should be placed over the area to be repaired for a
period of about 3 hours prior to placement oper-
ations. Gentle winds can make the heat lamps in-
effective; therefore, temporary windbreaks should
be used as necessary. Raising the slab temperature
reduces the heat loss into the slab and permits a
aeuraole i‘noaerane ﬂea[ Duuaup Irom tne exotner-
mic reaction occurring with the combining of the
two components of the epoxy system. Although an
entirely satisfactory repair can be obtained if this
moderate heat buildup does not occur, it may pro-
long a satisfactory cure-out or hardening and
thereby delay reopening to use. Similarly, the
cure-out or uaruening peﬁOu for epoxXy concretes
and mortars can be accelerated during cool weath-
er by the use of heated enclosures over the re-
paired area. The means of attaining the desired
air temperature in the enclosure must be such as
to avoid localized heating of hotspots since these
may cause bubbling of the liquid epoxies and also
induce cracxing The safest method is to pI‘Ovme
circulating air with added precautions to insure
surface temperatures in the repaired areas of not
more than 100°F (37.8°C) during the hardening

stage.

b. Conditioning of Aggregates. In the preparation
of epoxy concretes and mortars it is desirable that
aggregates be reasonably dry and conditioned to a
temperature of 70° to 85°F (21° to 29.5° C) When
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created. First, on addition of the epoxy material,
the viscosity will be increased with decreased wet-
ting ability; second, low temperatures of the final
mixture will be conducive to a reduced hardening
rate. If the aggregates are too hot, the epoxy-
curing agent reaction will be accelerated, which
could make placement and finishing difficult and
possibly cause cracking.

c. Conditioning of Epoxy System Components.
The viscosity of the two components of the epoxy
system increases greatly at temperatures below
70°F prior to mixing with a mechancial stirring
device. Although adequate uniformity of the mix-
ture might be obtained at lower temperatures by a
prolonged mixing time when expoxy concretes or
mortars are being prepared, this could result in
overly ‘“rich” mixtures due to the reduced wetting
capability.

d. “Triggering” Curing Chemical Reaction. To
expedite resumption of traffic over a repaired area
under low slab and atmospheric temperature con-
ditions, it is possible to appreciably accelerate the
early hardening rate of the epoxy binders. This
may be accomplished by scalping off the coarser
fractions (15 to 25 percent of the total) of the ag-
gregate and heating this portion of the aggregate
to about 125° to 150°F (51.7° to 65.6°C). In the prep-
aration of aggregate-epoxy admixtures, the bal-

ance of the aggregate is added to the two previous-
ly mixed components of the epoxy system. This
should give a comparatively rich epoxy concrete or
mortar mixture to allow for the addition of the
heated aggregates. Immediately prior to place-
ment, the heated scalped portion is added with

particular attention to obtaining uniform distribu-

2.2.10.5 Concretes—Aggregates for Epoxy Con-
cretes and Mortars.

a. Concretes. The aggregates used for epoxy con-
cretes should be clean, dry, washed gravel or
crushed stone of a 3% or Ye-inch maximum size,
uniformly graded from coarse to fine, and of the
same quality used for portland cement concrete
and bituminous mixtures. Fine aggregate and
coarse aggregate of indicated sizes meeting the re-
quirements of the ASTM C-33, “Concrete Aggre-
gates,” should be specified for epoxy concrete mix-

tures.

b. Mortars. The aggregate used for epoxy mor-
tars should generally conform to the requirements
of the ASTM C-144, ‘“Aggregates for Masonry
Mortar.” The aggregate should be uniformly
graded from coarse to fine, and it is desirable that
the materials passing the No. 100 sieve be held to
a minimum. The permissible maximum size select-
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ed will depend on the intended usage of the
mortar. For example, in the filling of saw kerfs
the normal width of the cut would necessitate
using an aggregate with 100 percent passing the
No. 8 sieve. In general, for both epoxy concrete
and mortar the maximum-sized aggregate should
not exceed one-fourth the thickness of the layer
being placed or the width of the opening being
filled.

2.2.10.6 Sampling and Testing Epoxy Resin Sys-

tome All annvv.ragin matarialea neannan A faw 1an
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must be tested for compliance with the require-
ments of the Federal Specification MMM-A-
001993. The manufacturer’s certificates of compli-
ance with the requirements should not be accepted
in lieu of tests. The samples required and the min-
imum quantities necessary for the tests for each
manufacturer’s lot or batch of materials to be
shipped, or retained for use by the Government, or
on Government contracts, are stated in section 4 of
Federal Specification MMM A-001993.

2.2.10.7 Trial Batches—Epoxy Mortars and Con-
cretes. Since variations in aggregate grading and
particle shape may affect the proportions required
to obtain an economical mixture that has satisfac-
tory placing and finishing characteristics, small
laboratory trial batches are desirable prior to field
placement operations. Essentially, the same princi-
ples which apply for materials produced onsite,
such as hot-mix asphaltic concrete and portland
cement concrete, will govern. In preparing trial
batches the quantity of the cement concrete will
govern. In preparing trial batches the quantity of
the epoxy binder to which the aggregate is added
should be not less than 300 grams. The epoxy-resin
binder normally will be a mixture of two compo-
nents (2 parts epoxy resin and 1 part polysulfide
plus curing agent). However, material shipping
containers should always be checked for deviations
from specified proportions. A suitable capacity
metal or polyethylene container having a hemi-
spherical bottom should be used as the mixing
vessel. The polysulfide-curing agent component
should be added gradually to the epoxy-resin com-

nnnnnf with constant stirring. and
...... nstar urring, ana tne

contlnued until a uniform mixture is obtained.
The rate of stirring should be such that the en-
trained air is at a minimum. Handmixing is usual-
ly unsatisfactory and a power-driven (air- or spark-
proof), propeller-type blade should be used. Epoxy
concrete proportions by weight may vary from 6 to
10 parts aggregate to 1 part epoxy binder. Aggre-
gate proportions of epoxy concrete normally will
consist of about 2 parts fine aggregate to 1 part
coarse aggregate by weight. The epoxy mortars

tho ef‘1vr1nn
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may vary from 3 to 7 parts aggregate to 1 part
epoxy binder. The proportions suggested are appli-
cable only to aggregates in the 2.60 to 2.80 specific

gravity range. Aggregates having specific gravities

BAaViIVy fQIUBT. fAppiTpaitls LiaViiip Spolilll LA ViLAT

above or below these values will probably require
adjustment of the suggested proportions. The trial
batch procedure will assist inexperienced field per-
sonnel in obtaining the proper proportions of ag-
gregate and binder in preparing the larger fieid
batches. Trial batches are not necessary in the use

of epoxy grnnf for filling cracks nlgmn(r dowels
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and as a bonding medium between plastic and
hardened portland cement concrete. The two com-
ponents of the grout usually will be mixed in the
proportions specified by the producer without the
addition of fillers or aggregate.
2.2.10.8 Field Mixing and Batch Size. Small me-
chanical mixers of the drum type have been used
successfully for mixing epoxy concrete and mor-
tars. However, these mixers are difficult to clean
thoroughly, and delayed cleaning can result in
buildup of residual material making replacement
of the mixer drum necessary. Toluene, the solvent
used, also presents problems of toxicity, fires, and-
possible explosions (toluene has a low flashpoint)
due to the confining nature of the mixer drum.
Usually the batch size needed will be small, and
handmixing using metal pans with other appropri-
ate tools will be advantageous and less hazardous.
The maximum batch sizer will be limited by the
manual labor capability to thoroughly mix the
epoxy binder and aggregate. Experience has dem-
onstrated that this will range from 200 to 300

pnnnrle total (enoxv binder and aggregate). Prior to
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starting operations, the immediate onsite availabil-
ity of all batch-weighted materials and the suit-
ability and adequacy of mixing and placing tools
should be carefully checked. A relatively short
delay before adding the aggregate to the mixed
epoxy binder can mean loss of the binder due to
the accelerated chemical reaction. Minor delavs
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can be tolerated provided the mixed epoxy binder
is spread in a thin layer, 1 inch or less, in the
mixing pan. The container and mixing sequence of
the epoxy and polysulfide curing-agent compo-
nents should be as stated in paragraph 2.2.10.6.
The mixed epoxy binder is then transferred to the

miving nan or tha driuom of the mechanical mixer
mixing pan or tne arum O itne mecnanica: mixer.

The total amount of aggregate incorporated in
epoxy concrete may be greater if the aggregates
are divided into coarse and fine fractions before
being added to the binder. In mixing of epoxy con-
crete the fine aggregate fraction should be added
to just below practicable workability (i.e., a slight-

ie2) and than tha raaran frantinn addad tn
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the carrying capacity of mortar while still retain-
ing placeability and finishing properties.
2.2.10.9 Protection of Repaired Areas From
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protected as follows:
a. Temperature. Pavement repairs made when

ambient temperatures during the following 24
hours may be 60°F (15.6°C) or lower require limit-
ed protection to maintain the epoxy concrete or
mortar at temperatures which will provide a rea-
sonably normal hardening rate. The use of tarpau-
lins supported several inches above the surface of
the repaired area will help to maintain the desired
conditions provided the temperature difference or
drop is not too great. Heated enclosures may also
be used to provide effective temperature condi-

tions.

b. Water. The formulation of the epoxy-resin
grout and binder, described in the Federal specifi-
cation, is such that moisture in or on the surface
of the slab area being repaired does not affect
bonding properties; however, free water should not
be present. During the early hardening stages,
which may vary from 2 to 12 hours depending on

waathar conditiong thea anovy artara A
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cretes should be protected from the rain.

c. Traffic. The repaired areas should be barri-
caded to prohibit traffic of all types until the
epoxy concrete or mortar has hardened. The time
interval over which protection against traffic
should be maintained will vary with weather con-
dluOﬂS, buL, when apprcpriaue environment is pro-
vided or prevails, it will usually be less than 24
hours. [Note: Compressive and flexural strengths
of 7,000 and 1,000 pounds per square inch (Ib/in2),
respectively, have been obtained on 1.7 epoxy-ag-
gregate mixes cured at 70°F (21°C) for 20 hours.]
2.2.10.10 Cleaning of Equipment and Tools. Due
to the nature of the hardened epoxy systems, all
tools and equipment must be thoroughly cleaned
before the epoxy materials set. Toluene, xylene, or
other aromatic petroleum solvents hazard. In the
cleaning operations the workmen must wear sol-
vent-resistant gloves; and, since even the vapors
will break down natural skin oils, the use of pro-

tnndivrn Anan o Ancina
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2.2.10.11 Safety and Health Precautions.

Lnmarmee] Dannrridsnma mantaniagl

a. wueénera IIULUMLLUILO Thc marveriais ubeu lll
the two epoxy systems and the solvents used for
cleanup do not ordinarily present a serious health
hazard except to hypersensitive individuals. They
may be handled with complete safety if adequate
precautionary measures are observed. Handle only
in well-ventilated areas. Prevent skin contact.

Waar nraotactiva slathing and gnooclag wha oot
vvear prowecuve Ciduning ana goggies wien possi-
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bie contact is anticipated. Wear goggies to protect
eyes from the curing agent in the polysulfide com-
ponent. This should be mandatory for persons
doing the blending and mixing operations but is
not so much a hazard for persons engaged in the
placing operations. Maintain good housekeeping
and personal hygiene standards. Remember the
danger—solvents are a fire hazard.

b. Personal Sensitivity. The epoxy-resin compo-
nent presents no hazard from vapor exposure, but
a few individuals have developed a rash from skin
contact. Therefore, adequate precautionary meas-
ures should be exercised. The polysulfide curing-

agent component has an obnoxious odor from the
nnlvenlf"dn constituent. which mav nauseate some
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1nd1v1duals consequently, inhalation of the vapors
should be avoided or kept to an absolute mini-
mum. The amine-type curing agents incorporated
in the polysulﬁde constituent are caustic and may

........... Aormnon Aivant snntart with tha
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skin. Contamination of the eye by the polysulfide
curing-agent component can cause severe damage
very rapidly, and exposure to high vapor concen-
trations may also irritate the eyes and mucous
membranes.

¢. Personal Precautions. Although the constitu-
ents of the epoxy systems can create some health
hazards, proper precautions will reduce these to
minimum incidence confined principally to hyper-
sensitive individuals. Wear rubber or other suita-
ble impervious gloves whenever skin contact is
possible. When gloves become contaminated, they
should be discarded or reconditioned by washing in
appropriate solvents, followed by soap and water.
Contaminated gloves, clothing, working tools, etc.,
should not be removed from the work area except
for discarding or cleaning. Wear protective cloth-

ing, such as coveralls, when engaged in the prepa-
ration and usage operations. Wearing of contami-
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nated clothing should be prohibited. Apply protec-
tive creams on exposed skin areas when occasional
contact occurs or is anticipated. Wear full face
shields or goggles whenever droplet contamination
is possible, such as during the blending and
mixing operations. Restrict blending and mixing
operations to open areas, or in buildings, to a well-
ventilated hood system. Use disposable paper cov-
erings in the work area where dripping or con-
tamination is expected.

d. First Aid. Provide necessities for prompt
treatment of accidental skin or eye contact. First-
aid procedures in cases of accidental eye contami-
nation consist of immediate and continued wash-
ing of the eye for at least 10 minutes with copious
quantities of water; bathing the eye with normal
saline solution; and referral to a physician if there
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is any question of serious eye invoivement. Cleanse
all skin areas thoroughly with soap and water fol-
lowing accidental or nonpreventative skin contact.
If necessary, fresh alcohol, acetone, toluene, or
methyl ethyl ketone may be used as a solvent;
however, the use of such solvents should be kept to
a minimum. In cases of spills, involved clothing
should be immediately removed and decontaminat-
ed in the manner described herein for gloves.

e. Removing Source of Contact. If a workman de-
velops a rash the source of contact should be de-
termined and eliminated. Treatment of the condi-
tion should be handled by a competent physician
with full information furnished as to the probable

ronco
vauoo.

. Mouving Hypersensitive Persons. Remove indi-
viduals who are sensitive to any of the epoxy
system constituents from exposure until the condi-
tion is completely cleared. Limit subsequent con-
tact with materials to a degree which proves to be
tolerable. It may be necessary to remove highly
sensitive workmen completely from the work area.

g. Obtaining Further Information on Health Fac-
tors. Some manufacturers of epoxy resins and
some health agencies should be able to provide lit-
erature and other appropriate guidance on health
and safety aspects. The Shell Chemical Corpora-

tion, Industrial Hygiene Bulletin SC 106-xx (latest
aditinn) titlad

“Rannmmandatinne far Handline
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Resins and Auxiliary Chemicals” is an excellent
treatise on many aspects of the health factors in-
volved. This bulletin is readily available from any
of their offices throughout the United States.
Other manufacturers of epoxy resins should aiso
be able to furnish somewhat similar information.

2.2.11 Floor Finish

For a detailed discussion of floor finish, see chap-
ter 6, section Iil.

2.2.12 Curing

All concrete should be kept from drying out for at
least 5 days (2 days for high early-strength port-
land cement). For slabs subject to severe wearing
conditions and for special toppings, the minimum
curing period should be increased to 7 days (3 days
for high early-strength cement). Curing may be ob-
tained by covering with waterproof paper sealed at
all edges or any suitable method that will prevent
the concrete from drying out. Proper curing will
increase the strength and resistance to wear and
will reduce the shrinkage and tendency to crack.

2.2.13 Liquid Hardeners

Liquid hardeners applied over friable, dusting con-
crete floors protect the surface against abrasion

—



and shock caused by heavy traffic. Use low-viscosi-

Ly bOluLlOnb Wﬂl(,ll penebrdw ueeply lﬂl/O Lne con-
crete.

2.2.13.1 Preparation of Concrete Floor Surfaces.
Clean all dust, dirt, foreign particles, and oil or
grease spots from concrete floors to which a liquid
hardener is to be applied.

2.2.13.2 Materials. Use one of the following mate-
rials or an approved equivalent:

a. Sodium silicate (water glass): Commercial, 40°

to 42° Baume (Be).

b. Magnesium fluosilicates: Crystalline salts plus

zinc fluosilicate.
2.213.3 Mixing and Applying Sodium Silicate.
Dilute sodium silicate just before using by adding
4 gallons of water to 1 gallon of sodlum silicate.
One gallon of this solution covers about 800 square
feet of floor surface with one coat. Apply the solu-
tion as follows:

a. First coat. Apply first coat with a mop or
broom, brushing solution continuously over floor
surface to get even penetration. Allow at least 24
hours for first coat to dry and harden. Scrub dried
surface with hot water to remove the glaze which
generally appears, then allow 24 to 48 hours for
surface to dry completely. If floor is porous enough
to absorb first coat without leaving a glaze, hot-
water scrubbing can be omitted.

h Sorond roant Annlv a second coat in the same
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manner as the first. Allow it to dry, scrub with hot
water, and again dry for 24 to 48 hours.

c¢. Third coat. Apply third coat in the same
manner. Allow it to dry thoroughly before using
floor. Hot-water scrubbing is not needed on this
coat.
2.2.134 Mixing and Applying Magnesium Fluosil-
icate. To 1 gallon of clean freshwater add a 2-
pound mixture of crystalline salts of magnesium
fluosilicate and zinc fluosilicate, at least %2 pound
being zinc fluosilicate. Fluosilicates can be ob-
tained as prepared solutions or as dry crystals.

Dry crystals are more economical and can be

mitwvad at tha inh with frachwatar in wandan vaoa-
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sels. One gallon of this solution covers about 100
square feet of floor surface with one coat. Apply as
follows:

a. First coat. Dilute the solution by adding 1
gallon of clean freshwater to each gallon of solu-
tion, or prepare a new solution of 1 pound of dry
crystals to 1 gallon of water. Apply solution with a
mop or broom, and brush it continuously over
floor surface for several minutes to get even pene-
tration. Allow at least 24 hours for drying before
applying second coat.

b. Second coat. Apply second coat, using undilut-
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ed solution of 2 pounds of crystals to 1 gallon of

water. I‘UHUW same proceaureb as IOI’ Eﬂe IlrSE

coat. Allow at least 24 hours for drying.

¢. Third coat. If floor is unusually friable or
porous, apply a third coat, using same solution and
application as for second coat.

2.2.13.5 Costs. Sodium silicate materials are
cheaper than fluosilicates, but labor cost is greater
because of the hot-water scrubbing of each under-
coat.

2.2.13.6 Comparative Effectiveness. Laboratory ex-
periments and actual use have generally shown
little difference in effectiveness between sodium
silicate and fluosilicate if both are applied proper-
ly. On smooth-troweled floors or dense surfaces,
fluosilicate solution is less viscous and penetrates
more easily.

a. Penetration of most hardeners, especially
sodium silicate, is improved by applying the solu-
tinn haoatad tn o}\cnf 1'7(\"]2‘ /'7ﬁ 7°E‘\ RAath anditima
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silicate and fluosilicate solutlons become about
half as viscous at 170°F as at 70°F (21°C). This
change in viscosity is greater than that obtained
by diluting the solution, which is sometimes rec-
ommended for the first coat.

b. Maximum penetration of hardener may not
always be desirable. With rough, porous surfaces it
is sometimes desirable to retain enough hardener
at the surface for adequate reinforcement; use of
more concentrated hardeners applied cold will
probably give better results. On rough or porous
surfaces, 42° Baume sodium silicate solution dilut-
ed 1 to 3 or 1 to 2.5 is preferable to fluosilicate so-
Tutio

c. Most liquid hardeners sold under trade names
have a base of sodium silicate and magnesium flu-
osilicate, with a small amount of zinc sulfate, or
other materials added.

d. Sodium silicate and magnesium fluosilicate
with or without added materials are favored be-
cause of their availability, ease of mixing and ap-
plication, ability to harden surfaces satisfactorily,

and comnarativelv low cost.
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2.2.13.1 Varnish Seal Treatment. A varnish seal
is effective to prevent dusting of concrete floors
that are subjected to heavy foot traffic. It provides
a seal for subsequent waxing of floors in en-
trances, lobbies, and other areas where appearance
is a prime factor. Use a sealer conforming to Fed-
eral Specification TT-S-176. Apply the sealer lib-
erally by brushing it into the pores of the concrete.
After the sealer has been allowed to dry, buff it
with a floor-polishing machine. If certain areas
appear lifeless, repeat the process until the pores
of the concrete are filled.
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SECTION III—MOISTURE CONTROL

2.3.1 Moisture Damage

The backfill around foundations is usually less
dense than the surrounding natural, undisturbed
earth. Thus, the foundation area has a tendency to
be a reservoir of excess surface and underground
seepage water, unless it is properly drained. Con-
fined water builds up hydrostatic pressure against
foundation surfaces where cracks, porosity, or
voids in joints of foundations walls will permit
water to seep into the structure and cause wet
walls and floors. It drainage is neglected for a long
time, overirrigation of the bearing soil may reduce
its stability and lead to major dislocation of the
foundation. Where the nature of subgrade soil re-
sists, deters, or stops free drainage of subgrade
water, waterproofing of usable areas below grade
(such as basements, cellars, pools, pits, vaults,
igloos, tunnels, utility trenches, and manholes) is

)

DOWNSPOUT —J

SPLASH BLOCK
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usually necessary. The prolonged neglect of such a
condition may cause shifting or rotation of the
footings or reduction in the load bearing capacity
of the soil under the foundation resulting in seri-

2.3.2 Causes and Control of Ground Water

Although there are several causes and controls for
specific ground water conditions, improved drain-
age is the basic solution to the most common
ground water problems. See figure 2-12.

2.3.2.1 High Water Table. Moisture in structures
caused by a high water table can be drained away
from the foundation by installing a drainage
system. This is usually the most effective and eco-
nomical method of maintaining dry foundation
walls and slabs on grade. Two drainage systems in
general use are described below.

PERFORATED
DRAINAGE
TILE

w2

INTERIOR SLAB
'

Figure 2-12. FOUNDATION DRAINAGE.
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a. Drainage Pipe. The earth around the founda-
tion walls is excavated to the bottom of the footing
with enough width for working space. See figure
2-13, a foundation wall is to be exposed, care
should be exerted to assure that the stability of
the wall and the earthbank is maintained. Special

rara chonld ha talkkan in lnonge cand csatiiratad slav
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or a wall having an outward (horizontal) thrust
imposed upon it. Perforated or plain tile pipe or
perforated plastic pipe such as polyvinylchloride
(PVC) is installed next to the bottom of the foot-
ing, pitched with minimum slop of % inch in 10
feet in the direction of the intended runoff. Perfo-
rated pipe should be laid with closed joints. Plain
tile pipe should be laid with open joints having the
upper half covered with a bituminous-treated fi-
brous building paper or suitable plastic film to pre-
vent sand or soil from clogging the drainpipe. To
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be effective, a drain should generally be pitched
from a high point around the perimeter of the
building to a low point below the floor slab where
the connection or sump is located. Footing drains
connect independently of all other drains into
storm sewers, dry wells, or outfalls available for
free drainage of water. Drains may also flow into a
sump with a float-controlled electric pump. Foot-
ing drains that connect to storm sewers or other
outfalls should be designed with sufficient drop to
assure that the storm sewer does not flood back to
the foundation wali. Never connect a storm drain
to a sanitary sewer. The drains shall be covered
with a bed of at least 1 foot of graded, crushed
stone or gravel. Drainpipe sizes and stone drainbed
areas (cross section) shall be determined by the es-
timated volume of water to be drained, the length
of run, and the slope of the drain.
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Figure 2-13. DRAINAGE PIPE.

b. Gravel Drain. A stone drain bed laid at the
hottom of the footings, approximately 2 feet wide

and not less than 1% feet deep, shall be installed
similar to the draintile described above.

2.3.2.2 Roof Drainage. Where roof drainage
causes a foundation water problem, gutters and
downspouts should be installed, preferably con-
nected to a storm sewer. Gutters that are improp-
erly hung or allowed to become clogged will over-
flow and lose their effectiveness. Leaks in gutters
should be repaired promptly. Splash blocks or
draintile should be installed in the absence of
storm sewer connections to prevent pooling of

water below downspouts.
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2.3.2.3 Surface Drainage Toward Building. The
drainage of surface water toward a building can be
reversed by sloping the ground surface away from
the foundation wall. Where that is not practical,
ditching or installing drains will serve the same
purpose. The general grade of crawl spaces should
not be lower than the surrounding area, which
should be graded to drain way from the building.

2994
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““““ d water under
hydrostatic head will seep through minor cracks,
construction joints, porous concrete,
masonry. Direct leaks caused by holes, settlement
cracks, complete fracture through walls and slabs,
around utility pipes, conduits, ducts and other util-

ity services penetrating foundation walls and slabs
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are due to improper installation of sleeves, caulk-
ing, or inserts. These leaks must be investigated
and repaired in conjunction with other water con-
trol measures.

2.3.2.5 Utility Leaks. Breaks in water, sewage,
heating, and drain pipes should be repaired as
soon as discovered. Such conditions will become
evident by the improper functioning of the utility
involved. However, a thoroughly waterproof foun-
dation of slab may not show any evidence of mois-
ture or the location of such a leak. If a serious
break of this nature is not discovered and re-
paired, it may affect the stability and load bearing
capacity of the soil. This will result in serious
damage to the structure. When a break is suspect-
ed, locating the break may require opening cuts in
the slab or excavation of the soil at exploratory
points. After locating and repairing the damaged
utility, the foundation is to be restored to designed
conditions.

2.3.3 Condensation
Condensation is caused by humid air coming in
contact with cold surfaces. If it is a seasonal condi-

tion, the cost of correction might not be justified
for the nature of the usage of the space. If the con-
dition is constant and of such extent as to be
harmful to the structure or render the space unus-
able for its designated purpose, the condition
should be eliminated.

2.3.3.1 Condensation in Interior Spaces. Condensa-
tion in interior spaces may be eliminated or allevi-
ated by one or more of the following methods:

a. Dehumidification of room air by mechanical
means.

b. Insulation of walls including a vapor barrier
on the warm side of the insulation.

c¢. Ventilation of the room to prevent the air
from cooling to the dewpoint.

d. Where thoroughly dry conditions are re-
quired, a special system shall be designed by a
qualified engineer.
2.3.3.2 Condensation in Crawl Spaces. In crawl
spaces or ‘‘dead” areas under structures with no
basements, moisture-control problems other than
building drainage develop from condensation of
moisture rising from damp soil. The ideal method
of preventing ground moisture from entering the

Al 3o e AR An vanar han

Uuuuxug is to pzuv'ldc an uuyc:.ulcablc vapir oar-
rier on insulation in floors and walls. In existing
buildings, this is not practical unless it is done
during major renovation. The most practical solu-
tion is to provide a soil cover of water-resistant
material. In the past, 55 pound roil roofing has
been the most widely used and successful soil
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cover. However, 6 mil (0.006 to 0.5 inch) polyethyl-
ene plastic sheeting is more effective and easier to
handle. The effective life of these plastic covers
when exposed to air or under slabs has not been
established. Soil covers may be rolled out on the
soil from foundation wall to foundation wall. It is
not necessary to form a compiete seal over the soil;
however, at least 90 percent of the soil should be
covered; cracks should be limited to 1 inch. Remov-
al of trash and debris and leveling of sharp dips
and mounds in the soil will increase the life of the

cover.

2.3.4 Moisture Control in Subsurface Structures

Moisture in subsurface structures results from
condensation or seepage—or both. Correction may
range from simple solutions including dehumidify-
ing or using waterproof paint to drastic measures
such as excavation and waterproofing or diverting
water sources. Three measures are used to control
moisture: plugging leaks, eliminating causative
water problems outside the structure, and control-
ling dampness inside the structure. Correction of
condensation-related problems is detailed in para-
graph 2.3.3.1.

2.3.4.1 Moisture Seepage. Seepage includes the
passage of moisture or water through masonry
walls or floors from adjacent surfaces. In mild
cases, it ‘may resemble condensation and can be
tnctad 1raino 19 i:mnl 11nwn A amanndlh aliseaalonas
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foil taped to the masonry wall. If, after several
days, moisture appears on the wall side of the foil,

seepage is present.

2.3.4.2 Waterproof Painting. Unless cracks appear
at the source of seepage, moisture control may be
established by painting the surface of the walls
with a waterproof paint. Ready-mixed paints must
be applied to a dry wall which has been prepared

l’\v ramoving dirt and aoffloracconce with o wirna
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brush, chipping off all loose mortar, and patching
holes. The same procedures are followed for dry
powder paints, however, the wall must be wetted
before painting. Painting is done using a stiff
brush. The paint must be carefully worked into all
pores of the surface to seal the wall. Two coats are
required and the wall should be inspected to
insure that all pores are sealed.

2.3.4.3 Water Leakage. Leakage occurs from open-
ings in the walls or floors. These may include de-
fective joints, mortar cracks, settlements cracks, or
holes resulting from damage or around pipes pass-
ing through the wall. In all cases, steps should be
taken to seal the opening and eiiminate conditions
causing the problem.
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2.3.4.4 Repairing Cracks. Leakage problems asso-
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ciated with cracks may be solved by plugging the
crack using patching cement or silicone caulk as
discussed in chapter 4, paragraph 4.3.6. Cement
should be used only in cases which show little like-
lihood of continuing shift in the structure. Hy-
draulic cement must be used in those cracks where
rnnnlno‘ water is nrpqpnf

2.3.4.5 Exterior Moisture Control. In all cases of
leakage, steps must be taken to control the source
of moisture. This may include control of surface
and subsurface water as described in paragraph
2.3.2, or foundation waterproofing as described in
paragraph 2.3.4, or both.

2.3.5 Foundation Waterproofing

If interior surface maintenance is insufficient to
control moisture, excavation and exterior surface
waterproofing may be required.

2.3.5.1 Preparation of Wall Surfaces. Excavate a
trench wide enough for working space around the
outside of foundation walls and to the bottom of
the footings. Thoroughly clean the exposed sur-
faces with water, detergents, live steam, or other
available agents. Procedures for steam cleaning
are detailed in chapter 4, paragraph 4.3.9.4. Care-
fully examine the exposed surfaces for cracks,
holes, fractures, and other damage that would
permu moisture to penetrate the walls. nepairmg
concrete and masonry walls are outlined in chap-

ter 4.

2.3.5.2 Bituminous Mopped-On Membrane. Bitu-
minous mopped-on multiple membrane is one of
the most positive methods of waterproofing foun-
dation walls subject to considerable hydrostatic
pressure. Membranes are of bituminous-saturated

felts or fabrics. Roofing-grade, hot coal-tar pitch
(ronforming tn AQTM N-oARM) ar aenhalt (canform.

£
(conforming to ASTM D-450) or asphalt (conform-
ing to ASTM D-312) is used to mop on the mem-
branes. Five plies of membrane are recommended
for hydrostatic pressures of 12 feet. All component
materials used in any one application should be
the products of one manufacturer, and his applica-
tion instructions should be followed carefully.

Mamhranae chnonld he annlied froe from wrinkleg
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and buckles, with each ply coated completely to
separate one from another. After the last ply has
been placed, the entire surface should be mopped
with coal tar or asphalt, according to membrane
type (i.e., 70 Ibs of coal tar per 100 ft? and 60 Ibs of
asphalt per 100 ft2 of surface). The final coat

ahniild ha nratantad fram hanrl-fill hy a lavar ~f fio
Snouia oe PLULTULLTU 11Vl Ualniill Uy a iayvi vl ir

berboard embedded in the hot coat. Care should be
taken not to rip, scar, tear, or cut the finished
membrane during backfilling.
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2.3.5.3 Nonbituminous Sheets Mamh of

...................... heets. Membranes of
pure plastics, thermoplastics, metal (usually
copper or aluminum), and sheathed fibrous build-
ing papers are usually applied in more than one
layer. They are embedded in portland cement,
mortar, mastics, plastic cements, or bituminous
coatings. All component materials should be prod-
ucts of one manufacturer and used in strict accord-
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ance with his instructions.

2.3.56.4 Cold Asphalt Application. A primer coat
of thin cutback asphalt (conforming to ASTM D-
41) should be applied to porous masonry. A heavy
coat of asphalt mastic (conforming to Federal
Specifications SS-A-694) should be troweled on the

Nnrimoar rnat at laagt 1L innrhkh thinle a4 +la
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gallon per 12 square feet. Where trowel applica-
tion is not feasible, two coats of asphalt mastic
should be brushed over the primer coat at the rate
of 1 gallon per 50 square feet per coat. On con-
crete, a nonfibrous asphalt emulsion primer dilut-
ed with 15-percent cool water should be applied by

brush or snrav. At least two heavy coats of nons
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brous asphalt emulsion should be brushed or
sprayed over the primer coat at the minimum rate
of 1%2 gallons per 100 square feet per coat.

2.3.5.5 Hot Asphalt Application. A coat of pene-
trating asphalt primer (conforming to ASTM D-41)
should be mopped or sprayed over the surface to
be treated. Coverage should be 200 to 400 square
feet per gallon, depending on the porosity of the
surface. Two coats of hot asphalt (conforming to
ASTM D-449) should be mopped or sprayed evenly
over the entire surface at the rate of 25 pounds
per 100 square feet per coat. The finished coat
should be bright, glossy black; and dull areas

chonld ha raragtad
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2.3.5.6 Cold Coal-Tar Pitch Application. A pene-

trating creosote oil-base bitumen (conforminge to
valivaiipy wa U v a AJAvVialiiiT il \\/Vlllullllllls w

ASTM D-43) should be brushed or sprayed evenly
over the surface at the approximate rate of 2 gal-
lons per 100 square feet. Application should be re-
peated until all pores and voids are filled but
should not exceed four coats. Each additional coat
should be applied at right angles to previous coats
to provide full coverage. After the last primer coat
has been absorbed and the surface is dry, a com-
plete brush coat of coal-tar bitumen (80° to 100°F
or 26.7° to 37.8°C) should be applied at the approxi-
mate rate of Y2 gallon per 100 square feet. Areas
that are not glossy black should be recoated. The
finished coat should be hard and dry before back-
filling is begun.

2.3.56.17 Hot Coal-Tar Pitch Application. A coat of
creosote oil primer (conforming to ASTM D-43)
should be brushed evenly over the surface at the



approximate rate of 1 gallon per 100 square feet.
Two coats of hot coal-tar pitch (conforming to
ASTM D-450, Type A) should be mopped over the
primer coat at the approximate rate of 25 pounds
per 100 square feet per coat. Pitch should be
heated until it is completely liquid but not heated
more than 375°F (190.6°C). Backfill should be

placed and tamped 1mmed1ately after the last coat
has been applied.

2.3.5.8 Metallic Type Waterproofing. Metallic
powder may be either mixed with water and ap-
plied as a brush or sheath coat, or mixed with
cement, sand, and water, and applied as a mortar
or plaster coat. The metallic powder oxidizes and
expands to fill the voids left by evaporating water.
This treatment resists considerable water pres-
sure. Manufacturer’s instructions must be careful-
ly followed in preparing and applying the materi-
al. Use of metallic waterproofing will be limited to
interior applications below grade where tempera-
ture differences and surface movement are at a
minimum. Where exterior walls are inaccessible
and waterproofing must be applied to the interior
face, the metallic method is recommended. Metal-
lic-type waterprooﬁng shall consist of finely
grounu, clean iron of La.lcfuuy glauuabcd sizes,
meeting the standard screen analysis. See table 2-
1.

TABLE 2-1. Mesh Sizes for Standard Screen
Analysis

Standard screen mesh size Percentage retained

None
10

35

50 to 70
80 to 90

The iron shall be mixed with a chemical oxidizing
agent that shall be not less than 5 percent or more
than 10 percent by volume of the total mixture.
The iron-oxide content shall not exceed 5 percent
by volume. Material shall not contain dirt, paraf-
fin, or bitumen of more than 0.1 percent by
volume. Only enough mortar with metallic materi-
al for immediate use should be mixed because it
should not be retempered. The wall should first be
exposed, cleaned, and roughened to provide a key

for the waternroofine materials. Holes. eracks. and
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other soft or porous places should be cut back to
solid material, cleaned, and pointed with mortar.
All pipes, bolts, and similar construction should be
caulked with lead wool and waterproof cement and
made watertight. Surfaces should then be damp-
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ened with clean water and given one bonding coat
composed of 1 part cement and 1 part metallic ma-
terial mixed to a creamy consistency and applied
with bristled brushes. The surface should be thor-
oughly brushed to seal all pores rather than
merely provide a surface veneer. This is followed
by application of two coats of mortar composed of
1 part portland cement, 3 parts sand, and 25
pounds of metallic material to each bag of cement.
This first coat should be troweled on and scratched
when partially dry. The second coat, mixed to a
heavy brushing consistency, should be brushed on
carefully and floated with wood floats. Total thick-
ness of all coats should be approximately %6 to %
inch. After each coat has set but not dried out,
surfaces should be wetted down frequently over a
period of at least 72 hours. Sufficient time should
be allowed between coats to permit thorough oxi-
dation of the material. If rust color is undesirable,
cover wall with one or two coats of a waterproof
cement-water paint. Do not apply until waterproof
coating has completely oxidized and dried out.

2.3.5.9 Cement Plaster Waterproofing. A method
of waterproofing below-grade walls is to plaster ex-
terior surfaces with cement mortar. This mortar
may be made plain, or water resistance can be in-
creased by adding calcium stearate, ammonium
stearate, or other equivalent water repellent in
amounts equal to 3 percent of the weight of the
cement. Although the cement plaster method is ef-
ficient, its major defect is rigidity. Structural de-
fects which crack the wall may also crack the
cement plaster. The method may prove adequate
for a wall which is subject only to occasional
dampness and not continuous water pressure.

2.3.6.1 General. Due to the advent of numerous
underground structures (fallout shelters, command
posts, missile silos, communication centers, ammu-
nition storage areas) into the military real proper-
ty inventory, the problem of waterproofing under-
ground structures has become important. A de-
tailed discussion of the waterproofing is presented
using the ammunition igloo as the model for the
discussion. The ammunition igloo is the under-
ground structure most frequently encountered.
However, the principles discussed are valid for any
underground structure. Prior to initial repairs, the

structure should be carefully examined to definite-
lv establish that the undesirable conditionse are
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caused by leakage and not by condensation or
other causes. Modification of storage arrangements
or physical plant layout, improved ventiliation, de-
humidification, or other means to prevent conden-

s AR JRRS I

sation may Correct tne promem
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2.3.6.2 Preparation for Waterproofing. Remove
the earth cover from the entire structure tc the
ledge of the foundation footings, including the rear
end wall, and stockpile for replacement. When re-
moving the earth, be careful not to damage the
concrete structure or the draintile near the foot-
ings. Scrape the concrete structure to remove all

dirt, foreign matter, and any loose adherent mate-

rial Remove as much as is nracticable of the old
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waterproofing layer if the new waterproofing is
not compatible. If the new waterproofing is com-
patible, only the damaged or loosely adherent por-
tions of the old waterproofing need be removed. In-
spect the cleaned surfaces. Remove all sharp
edges, ridges, abrupt cleavages, bolts, and severe
roughness. Fill all cracks and openings with port-
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land cement grout. Thoroughly bond the grout to
the old concrete, trowel smooth, and allow to cure.
Clean all cracks, fill with asphaltic plastic cement
(conforming to Federal Speciﬁcation SS-C-153)
and cover with two layers of 30 pound roofing
strips (conforming to ASTM D-226) not less than 6
inches wide, embedded in two layers of asphalt
plastic cement ¥ inch in thickness, centered over
each crack. Cracks ¥ inch or more in width shall,
in addition to the above, be covered with sheet-
metal strips 7 inches wide, sandwiched between

dezrn fing atring R inchag wide and heavilv
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embedded in asphalt plastic cement. Cracks Y2
inch and larger should be filled with a mix com-
posed of 8 parts asphalt emulsion and 2 parts port-
land cement (8:2 mix) prior to installing felt strips.
Seal the horizontal joint between the foundation
and barrel with this 8:2 mix (trowel into the joint

nd anread 12 inches wide) Firmlv emhed a 12-
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inch-wide strip of woven glass fabric conforming to
ASTM D-1668 centered over the joint, and coat
with a second application of the above mixture.
Rough, pitted, honeycombed areas may also be
filled with the 8:2 asphalt emulsion, portland
cement mixture in lieu of cement grout where con-
ditions warrant. When the concrete is fﬂllnd to be
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porous and saturated with water, dry out ade-
quately to provide a completely dry surface before
the prime coat is applied. Normally, the drying-out
period is about 14 days.

2.3.6.3 Application of Waterproofing Membrane.
Area to be waterproofed will comprise the entire

adaes alnding tha harral tha roar and ws:"
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the front wall cant, the foundations to the foot—
ings, and at least 3 inches of the footing ledge. In-
spect and repair as required to provide a reason-
ably smooth surface. Coat the entire surface to be
waterproofed with primer (complying with current
Federal Specification SS-A-701), applied at not

lace than 14 ogallan nar 100 conare feet. Allow it to
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dry for at least 2 days. Apply asphalt emulsion
(ramnluing with sivrant AQTM D117 MTuyna A)

(complying with current ASTM D-1187, Type A)
over the prime coat at a rate of not less than 3%
gallons per 100 square feet. See figure 2-14. Apply
two plies of glass cloth fabric, which will cover the
entire area to be waterproofed, over the fresh coat-
ing of asphalt emulsion. The fabric should be
draped vertically over the barrel. Endlaps, when
raanirad chonld he not leeg than 12 incheg and
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should be cemented over the lower ply. Sidelaps in
each ply should not be less than 2 inches. Lay
fabric vertically on the end wall and lap at least
12 inches on the barrel for anchorage, without
wrinkles and buckles; firmly pull into the emui-
sion, smooth by hand to work out wrinkles, and

make ticht to the lower walls for adhesion to pre-
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vent floating as the emulsion is applied. See figure
2-15. Saturate the fabric completely by spraying
asphalt emulsion at a rate of not less than 4 gal-
lons per 100 square feet at approximately 80 1b/in2
pressure. Allow to dry for at least 2 days. Apply
the finish coat of asphalt emulsion over the entire
area to be waterproofed using not less than 2 gal-
lons per 100 square feet, giving special attention to
thin areas and areas in which the fabric is insuffi-
ciently coated. See figure 2-16. Inspect the coating
after it has dried completely and touch up any
bare spots or defects. Dust the Wabe‘r‘pfomeu area
with talc or dry portland cement, using not less
than 1% bags per igloo. Lay the slip-sheet cover
(complying with current Federal Specification SS-
R-501, Class A, 65 lb, Mica Surface) vertically with
a lap of not less than 2 inches at the side. Sandbag
the sheets to hold in place at the crown lap until
the earth cover is replaced See ﬁgure 2-17. In-
spect the draintile and verify that tile size is ade-
quate; that the highest point is 1 to 2 feet mini-
mum below floor level; that the tile is properly
laid to drain; that it is not obstructed with sedi-
ment or other objects, as disclosed by lamping or
rodding; that the discharge is to an area with defi-

nita glane awav fraom iglane: and that tha dicnharas
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end of tiles are screened to prevent entrance of ro-
dents. Replace the earth cover carefully in two
stages using procedures that will protect the wa-
terproofing from damage. Remove rocks from the
earth to the extent that it shail contain not more
than 15-percent stone or gravel, all passing a 1-

inch sieve. In the first stage, replace the earth
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halfway up the height of the igloo and allow to
settle for about 14 days, or until noticeable com-
paction has occurred. See figure 2-18. At this
stage, examine the slip sheets for possible breaks
at the earth line and correct them by splicing and
patching. In the second stage, replace the earth to

the top of the barrel retaining wall and maintain
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at the same utusub e 1ength of the 13100. Main-

tain a slope of approximately 1.75 on 1, free of ver-
tical and horizontal depressions. Maintain suffi-
cient compaction to avoid appreciable slump, slip-
page, or shrinkage of the finish grade. Bulldozers
and other heavy equipment must not approach
closer than about 3 feet of the igloo. Finish to

TM 5-620/NAVFAC MO-111/AFP 91-23
o provide
natural dramage The earth should be provided
with vegetation of a type consistent with the land-
scaping plan for the installation. Remove dirt and
other foreign materials from the concrete apron of
each igloo, and assure that the drainage outlets
are exposed and opened.
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Figure 2-15. WATERPROOFING IGLOO—GLASS IFABRIC.
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Figure 2-18. WATERPROOFING IGLOO—BACKFILL.

SECTION IV—CRAWL SPACES

2.4.1 General

Considerable deterioration extending from founda-
tion to building superstructure can be caused by
neglect of crawl spaces, especially in climates
where it is necessary to enclose the space to main-
tain comfortable floor temperatures. Unventilated
crawl spaces contribute materially to rapid absorp-
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tion of moisture into structural wood and other
materials, and the spaces soon become a natural
habitat for fungus growth and termites. Sills,
joints, and subflooring may be affected by wood
decay. Condensation may occur in the studding
spaces above the floor level and cause paint fail-
ures.



2.4.2 Housekeeping

Routine good housekeeping requires that crawl
spaces be kept clean, clear, and accessible. An ac-
cumulation of rubbish in the space may provide a
natural harbor for insects and rodents, as well as
impede access and possibly interfere with drain-
age. Scrap wood is a clear invitation to termites.
Crawl spaces should be checked periodically, and
an adequate program of pest control carried out.
Disorganized storing of any materials in crawl

I
| I BUILDING INTERIOR —
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spaces should be prohibited. Crawl spaces should
be graded to prevent wet areas. Such areas breed

mosquitoes, cause fungus growth, and weaken soil-
bearing under footings. All ventilation openings
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should be covered with suitable hardware, cloth, or
copper screening to prevent entry of birds and ro-
dents. See figure 2-19. Access doors to crawl
spaces should be provided with a suitable padlock
and kept closed.

E:

SCREENED OPENING

CRAWL SPACE —\__!nm

VAPOR BARRIER

Figure 2-19. VENTILATED CRAWL SPACE.

2.4.3 Control of Wood Decay

2.4.83.1 General. Decay in wood is produced by or-
ganisms known as fungi, which live on wood com-
ponents. All “dry rot” or “natural deterioration”
of wood is caused by living fungi. The term “dry
rot”’ is misleading as fungus cannot live without a
recular ennnlv of moisture. All decav destruction

ATH WAL QI IIIOILUTE. All Uobta)y Gbatliuiilail

can be prevented Wood-destroying fungi require
favorable conditions of moisture, temperature, and
access to air. Lack of any one of these essential
conditions will inhibit the growth of fungi. Wood
presents no decay potential if it has less than a
critical moisture content, is maintained at ex-
tremely high or low temperatures, or is immersed
in water or coated to exclude oxygen. Warm,
humid climates or seasonal periods of high humidi-
ty provide an environment for growth of wood-de-
stroying fungi Frequent soaking of wood mem-
bers, coupled with inadequate ventilation, may
produce conditions suitable for fungi growth. Un-
painted or untreated wood members, particularly
those which touch the ground, are especially sus-
ceptible to decay. Some major areas susceptible to
fungus attack are wood in contact with masonry

foundations, cold-water pipes, or air-conditioning

Jezndae szrnnd Flanre 1aid Avar soncrato uwnthnnt adae.-
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quate damp-proofing; wood in attics or crawl

spaces with inadequate ventilation; all untreated
wood in crawl spaces with standing water; lack of
flashing around wall openings; wood porches,
steps, columns, or posts in contact with the
ground, and wooden door and window frames. The
presence of decay is usually indicated by one or

mara of tha fallawing eanditionge: damnnace and a
LAIVLIT Ul UIIC IVIIUVV LG LVULIUIWVILS. UAQLLIpPIITOS aliu a

musty smell; warped flooring and siding; surface
cracks, particularly across the grain; fine, reddish-
brown, dusty powder under the building; mildew
stains on timbers; a hollow or spongy sound when
timber is tapped with a hammer, or when a sharp-
pointed tool easily penetrates timber; peeling
pauu, and sweumg Jﬁlnbb Results of uccay is illus-
trated in figure 2-20. If the presence of wood rot-
ting is suspected, contact the pest control shop.
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2.4.3.2 Prevention of Decay. The best procedure in
preventing decay in untreated wood is to keep the
wood dry. Air-dried wood does not contain enough
moisture to permit the growth of wood-destroying
fungi. At moisture content below the fiber satura-
tion point (25 to 30 percent), decay is greatly re-
tarded; below 20 percent, fungus growth is com-
pletely inhibited. Wood products used under ad-

verse conditions must have a preservative treat-
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ment. Decay can be prevented by eliminating the
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causes. Outlined below are a few of the steps

which mav bhe taken to accom
which may obe tagen 1o a

a. Provide a protective seal coat to prevent soak-
ing of the wood.

b. Seal glass settings with putty and paint.

c. Provide tight caulking around wall openings.

d. Seal checked lumber, knots, and joints with
putty and paint.
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e. Before assembly, paint the back of all lumber

at will nat ha annncaithla affar acoarmhle citnk ac
LAl Will 11UV UT alLOODIVIT allTl addTlLiiuly, Sulil as

window trim, porch decking, and doorheads.

f Provide adeguate maintenanca and
I, rrovige agequate ce G
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cleaning of rainwater conductors.



g. Separate all wood from earth by resting it
above the ground line on solid masonry blocks and
vapor barriers.

h. Keep earth and debris away from wood, and
slope the earth to drain away from walls.

i. Avoid trapping water on sills by cutting scup-
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]

Figure 2-20. CRAWL SPACE DECAY.

pers in the bottom rails of screen frame and
screen doors.
Jj. Keep crawl space clear of debris.

2.4.3.3 Treatment of Decay. Upon the detection of
decay, prompt action will be taken to determine
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the extent of damage and the probable causes. If
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engineer should be obtained to determine the ma-
terials and methods to be used in effecting the
repair. The infected member may be removed and
replaced with a member treated with a wood pre-
servative (see Tri-Services Manual, “Military Ento-
mology Operations Handbook,” [TM 5-632,
NAVFAC MO-310, AFM 91-16] chapter 8, section
5). Normally, the cause will be traced to excessive
moisture or poor ventilation. Provision for the ex-
clusion of moisture and provisions for adequate
ventilation should be included as part of the
repair. The wood area adjacent to the infected part
should be treated to insure against possible spread
of the fungus.

2.4.3.4 Carpenter Ants. Some insects such as car-
penter ants are common in decayed wood. Once
the cause for the decay is eliminated, the insect
problem disappears but the damage caused by the
insect may require repair.

2.4.4 Termite Control

2.4.4.1 General. Insects as a general rule are not
a major maintenance or repair problem. However,
termites are the one exception and constitute a se-

rious problem in areas of infestation. Fortunately,
some of the precautions effective against wood

decay are, effectlve in preventing termite infesta-
tion. If a termite problem is suspected, contact the
pest control shop for assistance.

2.4.4.2 Prevention of Subterranean  Termite
Damage. In subterranean termite control, it is of

prime importance to keep untreated wood dry,
well ventilated. and removed from contact with
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the ground. Termites must maintain contact or
passage to and from the ground. Mechanical bar-
riers, soil poisoning, and preservative treatment of
timber are the major means of combating this
menace. Mechanical barriers usually are in the
form of termite shields. Unfortunately, unless
these shields are properly installed and continual-
ly maintained, they provide little or no termite
protection. Soil poisoning, also called chemical soil
barrier (see Tri-Services Manual, ‘“Military Ento-
mology Operations Handbook,” chapter 8, para-
graph 8.15.1(8)) offers better protection at a reason-

ahla nrnct (haminal enluitiong ara nﬁnvnr] with gnil
auonie COst. vnémifa: SGiutitns are mixe ¥vivii Suill

adjacent to foundation walls, piers and under con-
crete slabs (structures with subslab or intraslab
heating/cooling duct shall not be treated until the
vents are sealed and the system is reducted away
from the soil). This provides iong-lasting barriers
to termites. Wood installed in suspect or suscepti-

be pressure reonated with a
D€ pressur

arang ghnonld im
e lmpregnated wiln

hla
lJlC aijlcads Jdlilvuiu

wood preservative.
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2.4.4.3 Treatment of Termite Damage. The treat-

mant of termita damaoe ic gimilar ta troatmant of
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decay. The damaged members are removed and re-
placed with lumber that has been treated with a
wood preservative. The assistance of an engineer
may be needed if structural members are involved.
Construction to prevent the recurrence of the ter-
mite infestation will be part of the repair.

2.4.5 Ventilation.

Adequate ventilation of enclosed crawl spaces is
necessary to prevent decay resulting from conden-
sation.

2.4.5.1 Standards. Standard guides for meeting
ventilation requirements include:

= nAnn

a. For buildings up to 5,000 square feet. Deter-
mine linear footage of building perimeter and pro-
vide 2 square feet of ventilation per each 100
linear feet. Additionally, determme the total
crawl-space ground area and provide ventilation at
the rate of % of 1 percent (0.0033) of the total
crawl space ground area. Example Assume a
buuuing size of 4 ,000 square feet and assume the
building is square—the square root of 4,000 square
feet is 63.245. This multiplied by the number of
sides in the building yields 253 linear feet, or 2.53
when divided by 100. 2.53 x 2 (the number of
square feet of ventilation required for each 100
linear feet) yields 5.06 square feet of ventilation re-

aguired for the narimeter of tha bhuilding In tha
HYUILTU IV LWIU PULLILIITIITE VI LT VULLULLIE. LIl LT

second portion of the equation, crawl-space area
would equal the square footage area of the build-
ing, or 4,000 square feet. This multipled by ¥ of 1
percent (0.0033) yields 13.2 square feet of ventila-
tion required. Combining the two yields, 5.06 and
13.2, 18.26 square feet of ventilation would be re-
nulrpd for a building size of 4,000 square feet

39810 Bp AV ARRaliis =24T V2 VUY SYRaiT iCCu.

b. For buildings larger than 5,000 square feet,
determine the linear footage of the perimeter and
provide 2 square feet of ventilation for each 100
linear feet. Additionally, determine the total
crawl-space ground area and provide ventilation at
the rate of % of 1 percent (0.0025) of the total
crawl space ground area. Using the procedures in
the above example, and assuming a 6,000-square-

foot building, 21.2 square feet of ventllatlon would
be required for this building.

c. For interior foundation walls, ventilation is
required at the rate of 1 square foot per each 25
linear feet of foundation with the requirement for
cross ventilation.

The above requirements may be reduced in arid or
semiarid climates. In severely cold temperature

zones, nnorah]o ]nnvornr‘ vents should be closed
zones, Ope SnCUIG e Cidseda

durlng the cold season. Vents shall remain open in



temperate and tropical zones or zones with high
humidity.

2.4.5.2 Installations. Crawl spaces may be venti-
lated by the installation of gratings or louvers of
an adequate size in the foundation walls. Small
round louvers, which can be installed by drilling
with an expansmn bit and uappmg into p;ace, are
commercially available. Vents through interior
walls are equally important. Both types of vents
should be installed to insure free air circulation
throughout all parts of the underfloor space.

2.4.6 Coordination with Entomology Service
Close cooperation between the maintenance serv-

ice and the entomology service must be main-
tained in areas of mutual interest. Maintenance

TM 5-620/NAVFAC MO-111/AFP 91-23

personnel should be instructed by the entomology
service in recognition and detection of wood decay
fungi and termites. This will enable craftsmen to
recognize signs of an early fungus attack and to
differentiate between the fungus damage and the
destructive effects of moisture and weathering. It

i advicahle to maka thige racaonition and datastion
AU AU TVIDAMIV VY LGNV VILID L1 VVVRILIILVIVIL QLU uvwvuivis

part of the inspection checklist where wood struc-
tures are concerned. Joint inspections by both
services are encouraged. Investigation of damaged
areas, determination of probable cause for damage,
and agreement on types of repairs are joint func-
tions. Understanding and appreciation of mutual
problems will foster a spirit of cooperation, which

TAV A o288 ) V2Ll f 8 Ad SOV IicLiil, WwWaika

wxll improve the overall effectiveness of both serv-
ices.
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CHAPTER 3
FRAMING—STRUCTURAL COMPONENTS

SECTION I—-WOOD FRAMING

3.1.1 General

The structural components of frame buildings
must be strong enough and sufficiently rigid to
transfer dead and live loads to the building foun-
dations without excessive deflection or sidesway.
Dead loads are those which result from the weight
of the structure. Live loads are those induced b;v
external forces such as wind, earthquake, snow, in-
habitants, furniture, equipment, or impact. These
loads are variable. They are usually not applied
over long periods. They could be moving loads or

stationary, uniformly distributed or concentrated.

o

3.1.2 Framing System

The major framing systems in use for wooden
buildings are known as the balloon frame and the
platform frame. There are modifications of these
systems; however, the fundamental principles fall
into these two categories.

3.1.2.1 Balloon Frame. The balloon frame is light,
economical, and simple to construct. The sills are
laid on the foundation and anchored in place.
First-floor joists are spiked in place on the sill, and
the cornerposts are set in position on the sill and
temporarily braced. See figure 3-1. The studs,
which run the full heicht of the axtorior wall from

YVALAWAL L WALL VIV AMALL ILIVIRIAV Vi VLT TAUL1IVL YWAll 11Vl
sill to plate, are spiked in position on the sill held
near their upper end by temporary boards nailed
across them. A horizontal board called a ribbon is
set into the studs and cornerposts at the proper
height to form a base for the second-story floor
joists. The joists are supported in place by the
ribbon and nailed to the studs. The tops of the
studs and the cornerposts are sawed off level and
capped with a plate. The plate joins the top of the
studs to form a base for the roof rafters. The exte-
rior sheathing is then nailed in place to brace the
frame.

3-1
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Figure 3-1. BALLOON FRAMING.

2122 Platform Frame. The platform frame is
more rigid and heavier than the balloon frame.
Laying the sills and placing the first-story floor
joists are accomplished in the same manner as for
the balloon frame. A header is placed across the

end of the floor joists, and the subfloor is laid. This
forms a platform. Next, a soleplate is laid on the
edge of the platform the one-story-high studs
capped by a plate are put in place. See figure 3-3.
This soleplate, stud, and top-plate unit is normally



assembled in horizontal position on the platform
and raised as a unit. Second-floor joists are then

@Qiia Milive ROVREIIRTIIVVD GVEASWS (281581

spiked in place on the top plate, and the entire se-
quence is repeated. Sheathing is applied to the ex-
terior face. Due to the panel method of construc-
tion used in this system, it lends itself to prefabri-

cauon L(;‘(,Ilﬂlqueb

3.1.2.3 Bracing. Greater rigidity is obtained in

hoth svetams hv ugine heavier members. bv install-

MULIL Sy OUWCHIS My WOdilp AiVQVAUL ILTILUTIS, Ay 2220RLs

ing horizontal bridging between the studs, and by

T™ 5-620/NAVFAC MO-111/AFP 91-23

setting diagonal braces into the studs from the sill

to the top of the cornerposts to brace the walls,

3.1.2.4 Sheathing Board. Diagonal wooden
sheathing has been largely replaced by patented
sheathing panels. These panels, which can be insu-
lation, vapor barrier, and water repellent com-
bined into one unit, also provide adequate struc-
tural bracing when annlied as directed l~m tha

mi&ai e 234859 11T Gy a.; Q as qilreclied viie

manufacturer.
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Figure 3-2. PLATFORM (or WESTERN) FRAMING.

3.1.3 Sills

The inspection and timely repair of sills set on
foundation walls, posts, or columns is an impor-
tant factor to the maintenance of any structure.
As in the case of uneven settiement of foundation,

3-4

severe damage can be inflicted on a basic building
structure by displacement, deterioration or other
things which discount the ability of the sill to
maintain the upper components in their fixed, des-
ignated positions. Many lesser, but troublesome



and expensive repair and replacement problems

d mis-
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aligned doors and windows.
3.1.3.1 Typical Sills. Figure 3-3 shows types of

sills commonly set on posts, piers, and walls. The
imposed loads and pier spacings determine sill
sizes. Built-up or laminated sills are made up of
two or more members solidly spiked together with
joints over supports, always staggered and with
corners, as shown in figure 3-3. Note that because
dimensions and heights are measured from the in-
place sill, it is carefully cut, fitted, and laid level
on the piers or wall. On concrete or masonry
walls, the sill is placed on mortar and secured

with wall anchors. The maintenance personnel

peu y framed

should pay special attention to s
sill corners, as shown in figure 3-4.

21929 Q11 RPonlaromont Whan inegnantinn and an_
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gineering consideration dictate that sills should be
reinforced, reset, or replaced, good carpentry prac-
tices will be followed.

a. Three-Piece Laminated Sill. See figure 3-3.
Nail from each side with twentypenny nails, two
near each end of each piece, with others spaced
horizontally not more than 32 inches and stag-
gered near top and bottom from opposite sides;
nailing is on 16-inch centers. Stagger all joints

over supports. Toenail sills to posts (or caps if

T™ 5-620/NAVFAC MO-111/AFP 91-23

used) with two or more nails on each exposed side.

Wood cans (when used) are nailed to tons of nocts
vwOOQ Caps (WAL WsCQ, are naued 0 0ps 01 posts

with at least three or more twentypenny nails.
When a four-piece sill is used, the additional
member is nailed to the three-piece sill with the
same size and spacings as above.

b. Solid-Timber Sill. See figure 3-3. Sills of solid
timber should be set on posts or piers with halved

ioints over qnnmrfq Nail each lanned ioint with

joints Nail each lapped joint with
three or more nails long enough to penetrate
through most of the lower half of joint. Sills are
set level on a mortar bed. Butting ends of single
sills are toenailed with tenpenny nails. Lap
double-sill members at corners, and nail with ten-
penny nails. Anchor bolts of the appropriate size
and set one near each end of each piece and at in-
termediate spaces of about 4 feet. Sills are set and
secured in place, as shown in figure 3-3. In balloon
and braced frame construction, the lower ends of
studs extend down and sit on wall sill. Studs are

tnanailad tn nlare with twn asichtnanny ar lancgas
VUVLIGLIVU VW PIAVT WTRUL YWY CIgliLvpTlilily UL iaigol

nails on each wide fence. Joists are toenailed to
sills and nailed directly to studs with tenpenny
nails. Subfloor is nailed with threepenny nails. In
western or platform framing, sills are bedded and
anchored as shown in figure 3-4. Joists and head-
ers are set and nailed to sills. Subfloor, laid diago-
nally, is followed by bottom plate to which studs

are toenailed.

]
1
(341
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Figure 3-8. TYPICAL SILLS.
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Figure 3-4. FRAMED SILL CORNERS.

3.1.3.3 Maintenance of Sills. Inspect wood sills pe- Manual, “Military Entomology Operation Hand-
riodically for soundness (see paragraph 3.1.4), book”), and rot. In addition, they should be kept to
rodent and insect damage (see Tri-Services correct grade by use of shims and mortar pointing,
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and in correct alignment by reinforcing plates,
extra tiedowns or other means. Timbers exposed to
ground moisture or severe weathering must be
treated often enough to prohibit deterioration.
Measures for ventilation and other means, as pre-
sented in chapter 2 of this manual, for overcoming
or offsetting moisture condition must be followed,

as well as genera1 gOOO nouseKeepulg and Sdlety
procedures.

3.1.4 Posts and Columns

Posts and columns are the vertical members which
transmit loads directly to the foundations. They
are the “legs” of the building and must be strong
enougn not omy to transmit the vertical loads to
the foundation (sills) but also to resist lateral or
ich as wind and seismic forces if

side forces

SiLT AVINTS, su

present.

3.1.4.1 General Maintenance. Posts and columns
below grade or in contact with the earth must be
treated with a preservative to resist decay and ter-
mite damage. They should be plumb, in good align-
ment, sound, and free of mold or other fungus
growms Make perloal(. and LnOTOi.ign inspecuon of
all posts or columns in contact with the ground.
Areas under floors which are supported on posts
should be well ventilated and drained so that
moisture is present only for a minimum period of
time.

a. Columns. Columns differ from posts only in
their length, and usually columns are considered
to be above grade for support of second- or upper-

story floor and roof loads. In buildings which are

finished (covered with plaster, wallboard, sheath-
ing. siding, and other material), it is difficult to in-

ing, Sidilly, aillQ OVIICE QW& 25 28 AL W%

spect and repair damage to columns. When it is
obvious that columns are out of plumb and align-
ment, covering material should be removed and a
thorough examination made. Failure or cracks of
covering material may occur independently of fail-
ure or movements in columns. When the possibili-
ty of such a condition exists, sufficient covering
shall be removed to examine the columns, beams,
and other structural components involved. When a

determination has been made, repair and replace
covering.

b. Posts. Inspection of posts will include a test
for soundness by jabbing the post on all four sides
with an ice pick or other sharp instrument. The
amount of penetration is the indication of its
soundness. On most softwood species, such as pine
or fir, the pick should not enter more than % inch;
for hardwood, such as gum or oak, the pick should

QI QWOOL, 2Ll 4o ulil

not go in more than % to % inch.
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Measures. Corrective meast
S.i.2.4 LOTTECUUE
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for wood posts and columns consist mainly of the
following items:

a. Plumbing and Aligning. If inspection reveals
that posts are out of plumb or alignment, shore
the floor above with jacks or other devices. Plumb
and realign the post. If foundations are not level
because of uneven settling, correction is required

before any attempt is made to plumb or realign
posts or columns.

b. Seasoning Checks. Posts and columns usually
are of timber which has not been air- or kiln-dried.
This results in seasoning checks which are caused
by separation of the wood fibers by drying Checks
are not usuuuy a cause for replacemem, bt uley
should be carefully noted as to location, depth, and
width of check. If continued investigations indicate
these openings or checks are increasing in size,
they should be carefully examined by an engineer
for possible replacement.

¢. Structural Failure. When inspection indicates
that columns or posts show 51gns of failure from
overloading, examination of the posts of columns
should be made by a structural engineer. His rec-
ommendations should be incorporated to provide

adequate repairs or replacement.

3.1.5 Floor Girders, Beams, and Joists

Girders and beams are those structural compo-
nents of floors which span from column to column
or wall to wall, and transmit vertical loads to their
bearings. These loads may be introduced into the
girders by beams, joists, planks, or other surfaces.

3.1.5.1 Seasoning Checks. Large size girders

Uedlllb, auu JUI.blrb alre llldde Uf lullll)t:l Llldla lb IIUL
kiln dried. Consequently, it is normal to expect
seasoning checks as the wood loses its moisture.
Detailed inspection of these checks should be care-
fully recorded as to size, location, and depth. If
records indicate any increase, stitch bolts may be
required. (See paragraph 3.4.10.2 for a discussion

of tha nranar nce af ctiteh halte )
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3.1.5.2 Structural Failures. Beams or joists, which
have failed in bending but have sound wood sur-
rounding the failure, may be repaired by fastening
adjacent pieces (scabs) to the sides of the failed

member.

3.1.5.3 Repair Consideration. There are many
methods which can be used to reinforce girders,
beams, and joists. The selection of the proper
methods should be determined hv the loads to be

A1iTVIIVAS SiiVaile T WO WL iiai:iTa 11T AVGRUS W

carried, the costs, clearances, and accessxblhty
3.1.5.4 Bridging Bridging is added to stiffen floor-

framing members (joists). Spring floors may some-



times be stiffened by adding or repairing existing
bridging, by adding joist, or by utilizing heavier
framing. See figure 3-5.

a. Open Bridging. When bridging is in place, it is
tightened by driving nails completely through the
bridging and into the joist.

b. Solid Bridging. Solid bridging must be cut ac-
curately and fitted neatly between the joists to
assure resistance to individual movement of the
joists. This type of bridging may also be utilized as
a fire stop if correctly positioned in the floor (see
paragraph 3.1.8).

JOIST

S AN

) Y

| ¥~

BRIDGING

SOLID
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3.1.6 Special Beams

Special beams in floor frames to provide openings
are called headers and trimmers. Figure 3-6 illus-
trates a method of adding structural strength to a
floor opening using headers and trimmers.

3.1.6.1 Framing with Special Beams. Joists may
be framed into these members in several ways:

a. Ledger-type framing. See figure 3-17.
b. Metal joist hangar framing. See figure 3-8.

BHRIDGING W

OPEN

Figure 3-5. BRIDGING (OPEN AND SOLID).

~J

HEADERS

g

Figure 5-6. SPECIAL BEAMS—HEADERS AND TRIMMERS.
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METAL JOIST HANGAR

Figure 3-8. METAL JOIST HANGER FRAMING.

¢. Metal anchor framing. See figure 3-9.

316.2 Methods. Where joists are framed into
headers, and headers to trimmers, the connections
are determined by the load requirements and care
exercised to minimize the effects of unequal
shrinkage as much as possible.

a. Framing Anchors. Framing anchors, if suffi-
cient for load requirements, will provide the least
relative movement due to shrinkage, which is most
important if plaster or rigid types of ceiling covers
are used. See figure 3-8.

b. Other Methods. If other methods are used to
frame joists into headers and headers to trimmers,
reinforcement and additional load capacity can be
secured by adding ledgers, hangars, or framing an-
chors.

3.1.7 Workmanship
When repairs of framing and structural compo-
nents are necessary, it is extremely important that

careful consideration by given to appropriate
methods of jacking and shoring in order to bring

all members into proper alignment before correc-
tive or reinforcing methods are applied.

3.1.8 Stops

An essential part of construction safety is the
maintenance, and where necessary, the installa-
tion of fire stops. Fire stops are obstructions delib-
erately placed in concealed airspaces to block pas-
sage of hot gases and flames from one area to an-
other. Sometimes these stops serve a dual purpose,
such as for solid bridging, but in any event they
must not be inadvertently deleted during repair
processes. Fire stops are not confined to wood con-
struction but may also be of concrete, brick,
gypsum, mineral wool, or other substances.

3-11
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Figure 3-9. METAL ANCHOR FRAMING.

3.1.9 Other Trades
Where addition, alteration, rehabilitation or repair

of electrical, plumbing or other utilities involves
cutting, notching, or alteration of framing or struc-

tural components, it is important that repairs pro-

vide necessary reinforcement as required by the

installation engineer.

SECTION II—WALL AND PARTITION FRAMING

3.2.1 General

There are two general types of framing. They are
western or platform and balloon frame construc-
tion. Basic types of framing are discussed in the
preceding section. The major components of wall
and partition framing used in each system are
aimilar and are described as f'n"an

32.1.1 Studs. The main structural elements of
walls and partitions are usually termed studs. The
ends of these vertical pieces usually bear on a hor-
izontal bottom plate and are capped by a double
top plate, as shown in figure 3-10.

3.21.2 Cornerposts Cornerposts, as illustrated in

Ilgure 3-11, can be constr ructed in various ways.

3.2.1.3 Ledgers and Ribbons. Second- and third-

ts rest on double plates, ledgers or rib-

w
|
=0
N

bons, which are horizontal pieces of wood support-
ed by the studs and cornerposts.

9 9 9 Duanmtwse Matméamannn o A Danni
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Failure of wall framing is usually related more to

maior structural fanlte eleawhere in the conctrue-
major strudiura. Iaulls eisewnere 1n ine ¢onsiruc-

tion than to defects in the framing itself. Deter-
mining the best repair procedure depends on the
use of the building, extent of damage, life expect-
ancy of the structure, and possible future uses.
Frequently, it is possible to accept distortion,
warping, and settling of the structure, and to
make wall lramlﬁg lepali‘s necessary o overcome
cracking of plaster, surface irregularities, sticking
of doors and windows, and other localized faults.
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Figure 3-11. TYPES OF CORNER POST CONSTRUCTION.

3.2.2.1 Locating Dislocated, Warped, or Broken
Framing Members. If some of the evidence listed in
the preceding paragraph is apparent, tapping the
interior wall surface can be helpful in locating dis-
located, warped, or broken framing components.

Plaster, dry wall, paneling, or similar interior wall
material will be removed and the damaged

AliCAUT L 3CRa =2 8810 vaaiT (1o 3 8 0

member replaced or repaired.

3.2.2.2 Methods of Repair. Warped studs can fre-
quently be returned to original alignment with ad-
ditional bridging. Headers, lintels, and sills can be
returned to horizontal position by proper shim-

ming. Any major structural repairs or replace-
ments such as the latter should not be undertaken
in load-bearing walls without first removing the
load from the wall under repair by adequate shor-
ing and jacking. The same precaution would apply
in remodeling activities, where new doors, arches,

or windows are heine made. Framing renaire and

vasdlaoV 2T AWTAiipy 2AGNAT. & L RALILIE LVMQILD GlIU

replacement techniques for walls and partitions
are, in general, similar to the procedures used in
correcting floor-support failures. Some of the
methods are as follows:

a. Trussing and shimming.
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stitch bolts.

[+

U

¢. Yoke angles, clamps, an
d. Bracing and bridging.
e. Scabs.

f. Splicing.

g. Tightening bolts and renailing.

3.2.3 Framing Around Openings.
As discussed in the preceding paragraphs, framing

3-14

be directly affected by other

= Ay VuiRs

structural failures. Figure 3-12 details these fram-
ing components to aid in a better understanding of
repair and replacement considerations. It is appar-

t +1 marnaiw tn thacn anntin

at N 1 1 H
tnat repair 1o unese seClidns invoives removing
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en
trim surrounding wall surfaces, windows or doors,
insulation, vapor barriers, and similar building

components.
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Figure 3-12. FRAMIN

TYPICAL DOOR OPENING
AND STUD PARTITION

SECTION III—STEEL FRAMING

3.3.1 General

Some of the advantages of steel framing include
ease of construction and freedom from strinkage,
decay, and insect infestation.

Loriming
Framing

For smaller buildings, lightweight-steel framing
assemblies are in common use. Figure 3-13 shows
a typical lightweight steel framing system. Mainte-
nance of this type of framing is primarily con-
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cerned with tightening fittings, preventing corro-
sion, and checking for deflection and twisting of
members.

3.3.3. Structural Steel Framing

Heavy-steel framing is used in many major build-
ings and related structures. Routine maintenance

HOT-ROLLED HEADER SECTION
TO DISTRIBUTE JOIST LOADS

RUNNER TRACK

“C" STUDS

“C" STUD
BRIDGING

EXTERIOR BEARING WALL

RUNNER TRACK

STEEL TENSION STRAP ATTACHED TO FACE
OF STUD TO RESIST WIND SHEAR LOAD

RECOMMENDED WALL STUD BRIDGING

IN ADDITION TO WALL MATERIALS OR SHEATHING BEING
PROPERLY ATTACHED TO PROVIDE ADEQUATE LATERAL
SUPPORT FOR STUDS ABOUT THEIR MINOR AXIS, THE NUMBER
OF ROWS OF BRIDGING SHOULD NOT BE LESS THAN SPECIFIED
BELOW.

A. WALLS UP TO 10 FT HIGH

1. SUPPORTING VERTICAL (AXIAL) LOAD: TWO ROWS OF
BRIDGING, %5 SPAN APART.
2. WIND LOAD ONLY: ONE ROW OF BRIDGING AT MID-HEIGHT.

B. WALLS MORE THAN 10 FT HIGH

1. SUPPORTING VERTICAL {AXiAL) LOAD: BRIDGING ROWS
SPACED 3'-4" O.C. MAXIMUM

2. WIND LOAD ONLY: BRIDGING ROWS SPACED 5-0" O.C.
MAXIMUM

is limited to regular painting, tightening of fit-
tings, and periodic inspections to check for deflect-
ed, twisted, or damaged structural members.
Except for the above procedures, the installation
engineer or higher echelons will be consulted prior
to instituting maintenance or repair measures on

TACK WELD AT
EACH VERTICAL
FLANGE AND AT
WEB INTERSECTION

RN
N

“C" STUD

“C" STUD BRIDGING

BRIDGING DETAIL

OF BRIDGING ROW
AND MIDHEIGHT
OF PARTITION

ONIDAIdg a343IOOVLS

— }‘— 12" MAX.

Figure 3-13. METAL FRAMING SYSTEM.
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3.3.4 Steel Studs

Steel studs are being used extensively in gypsum
board nonload bearing partitions. They compare
favorably with wood studs for the same type of
construction. However, steel studs offer the addi-
tional advantage of being noncombustible. These
studs are formed from steel sheets comforming to
Federal Specifications QQ-S-698 and QQ-S-700D
and are galvanized or provided with a protective

coating. Steel studs are C-shaped, formed from ma-
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terial having a minimum nominal thickness of
0.021 inch with a web dimension of not less than
2% inches. Larger web dimensions are available
depending on the partition thickness desired. Steel
stud flanges are not less than 1% inches wide,

with each flange having a stiffening lip bent paral-
-l H

lel to the stud web. Stiffening lips are not less
than % inch wide with turned or folded edges.
Some steel studs are fabricated with preformed
holes (knockouts) in the web to accommodate utili-

ty lines. See figure 3-14.
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Figure 3-14. FABRICATED STEEL STUDS.

3.4.1 General
Rafters, roof trusses, roof beams, purlins and gird-
ers support roof loads in much the same way as
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Jjoist beams and girders support floor loads. The
notable difference is that pitched roofs must resist
lateral forces such as those caused by wind.



3.4.2 Types of Roofs

Roofs can be classified in typ:s according to their
shapes and also according to their structural limi-
tations. The shapes include flat; pitched (such as
shed or lean-to types); curved such as that provid-
ed by bowstring trusses or circular arches; or man-
sard, which is a combination of a steep-pitched and
shallow-pitched roof. Roofs which are supported on
exterior walls and at a ridge or bearing at some in-
termediate point are usually referred to as frame
roofs. Those that are truss- or arch-supported at
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the exterior walls on other trusses or columns are
referred to as trussed roofs.

3.4.3

Rafters are the structural members of a frame
roof. Figure 3-15 illustrates the terminology for
frame roofs. Frame roofs vary widely, from the
simple shed or lean-to type of flat roof to compli-
cated hipped and gabled roofs, which provide for
projections in walls which are at right angles to
the main gable. Figure 3-16 shows some of the
common types of frame roofs.

Frame Roofs

D
~- OVERHANG _-l \
i FA
i
! A C y//
i
i D
: 3 "'} <"“
' N\
: rE [ %.
: A1/4
. WALL PLATE ] F— FRAMING PLAN
A. COMMON RAFTERS

B. JACK RAFTERS
C.VALLEY RAFTERS
D. HIP RAFTERS

E. CRIPPLES
F. RIDGE

IDOWN

L ——y
RIDGE ‘ ROOF PLAN
Lo

Figure 3-15. ROOFING TERMS AND TYPES OF RAFTERS.
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GABLE ROOF

eSS\
SR

MANSARD OR CURB DECK ROOF

ROOF

Figure 3-16. FRAME ROOF TYPES.

3.4.4 Frame Roof Maintenance

3.4.4.1 Roof Rafiers. Rafters are generaily more
accessible to inspection than other structural
members of a frame building because they are usu-
ally uncovered on the underside where defects and
failures can be visually detected. Warped, twisted,
or broken rafters can be replaced, or if the roof
surface is sound they may be repaired. Warped
and twisted rafters can be straightened by adding
solid bridging and bracing, while broken pieces

ran ha anahhad withanut harm tao the roof coverine
CEIL VO DUVGMMUW TTAVIIVWUY 11081 113 VWV WiLV A VUWVLI WV Y vl ddanm:.

a. Rafter Spread. Sustained overload on pitched
roofs is usually manifested in spreading the rafters
with the consequent sag in the ridge line. Examin-
aton of the connection of rafters to the plate will
be included in an inspection of roof framing.

b. Slippage. If rafters moved outward on the

plate, they can be brought back to line by pulling
the ends of the rafters together with rods and

c. Thrust. The same effect would be noticeable if
the exterior walls were moved outward by thrust
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from the rafters. This condition can be remedied

in tha cama mannar ac far clinnaca
il uAC Same manner as iCr siippage.

d. Anchorage. Anchorage of the rafters to the
top plate is best accomplished by applying framing
anchors, such as shown in figure 3-17.

3.4.4.2 Decay. Rafters, sheathing and other roof-
framing members which are damaged by decay
must be replaced. One of the most prevalent
causes of extensive roof maintenance is roof-cover-
ing failure. Leaky roofs no longer protect the
framing, thus allowing weathering and eventual
decay. Roofs therefore will be inspected periodical-
ly and repairs to surface coverings made immedi-
ately upon detction of failure. See Tri-Services
Manual, “Maintenance and Repair of Roofs.”

3.4.43 Ventilation. Areas under the roof and
above the ceiling will be well ventilated. Air vents
will be kept free from obstruction so that conden-
sation does not contribute to decay of the roof
members. See paragraph 4.2.5 for information on
ventilation.

3.4.4.4 Sheathing. Sheathing under the roof cov-
ering should be inspected for movement, decay,



and warping or cupping. It is sometimes necessary
to redrive nails to tighten sheathing and prevent
cupping of the individual pieces. Threaded nails of
various types are useful since they have more
withdrawal resistance than plain shank nails.

Where it is necessary to renail sheathing, roof re-

L/
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pairs will be made in accordance with Tri-Services
Manual, “Maintenance and Repair of Roofs.”

_____________ iva

3.4.5 Roof Trusses

Figure 3-18 illustrates the more common types of
trusses and indicates the character of the stress
for typical loadings.

RAFTER CONNECTORS
Figure 3-17. RAFTER ANCHORAGE TO PLATE.
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Figure 3-18. COMMON TYPES OF ROOF TRUSSES..

8.4.5.1 Flat Trusses. Most commonly used for long
spans are the flat-type Pratt trusses, with spans
up to 120 feet. Both the Pratt and Warren flat-
type trusses, as well as the Howe Truss, are char-
acterized by relatively high stress in the web mem-
bers in relation to the chord member stresses.

3.4.5.2 Bowstring or Curved Trusses. Bowstring
trusses are generally found in the smaller hang-
ars, warehouses, and some recreational buildings.
These trusses are characterized by relatively high
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chord stresses with the web members carrying pro-
portionally lighter stress. The upper chords of
bowstring trusses are generally of laminated con-
struction. Failures will be found more often in the
chord members. However, this type of truss gives
comparatively less maintenance trouble than
other types.

3.4.5.3 Pitched Trusses. Pitched trusses of the
Fink, scissors, and related types are used for short
span, usually 60 feet and under. They are found in



recreational, chapel subsistence, garage, barracks,
and similar type structures.

3.4.6 Timber

Expensive and unnecessary repairs or replace-
ments are sometimes made on timber members
that, despite extensive seasoning, still retain the
full load-carrying capacity for which they were de-
signed. To properly evaluate the effects of season-
ing, a full understanding is required of timber be-
havior during seasoning, timber construction prac-

&3 nnn nd +ha Aa allauranroe foar thaoaco fano
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tors.
3.4.6.1 Definitions.

a. Check: A surface opening caused by seasoning,
which does not extend through the thickness of
the piece and follows the grain. Severe checking
appears as a series of discontinuous cracks pro-
gressing from one wood-grain layer to an adjacent
layer with none of the separations extending to
the other side of the piece. A check is not a matter
of concern unless there is a possibility of becoming
a split in a critical location. Do not refer to check-
ing as “cracking.”

b. Split: An opening which has separated the
wood, extending from one surface through the
piece to the opposite surface or to an adjacent sur-
face. A split is of most concern when it extends
from the tension face of a beam (bottom of beam
in beam- and post-type construction); or, if the
split passes through the bolt or connector area in a
truss member. Do not describe the condition as
“gplitting.”

c. Shake: A separation along the grain, most of
which occurs between the rings of annual growth.
For practical purposes, treat a shake as a particu-
lar type of split.

d. Stitch bolt: A small bolt (generally %- or Y-
inch diameter) placed in a member to prevent en-
largement of checks or splits. Stitch bolts should
never be used to close a check.

e. Bolt Area: Area bounded by a line % inch out-
side the bolthole and extending through the thick-
ness of the wood member, not to be confused with
the bolt-bearing area. In bolts without connectors
it may be considered as the area covered by the
bolthead or nut and washer.

f. Connector Area: Area bounded by a line

...... A tha haléd amiial diamatar tn tha diamato
arounu bu¢ DUIL cyual ul aiameter 10 Lné giameter

of the connector and extending through the thick-
ness of the wood member. Since properly installed
connectors cannot be seen, reference must be
made to structural detail drawings to determine
the size. If drawings are not available the size may
be determined by loosening nuts and prying mem-
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bers apart sufficiently to insert a knife or spatula
blade and measure them.

g Saw Kerf: An artificial, predetermined split of
limited length made by sawing through parallel to
the axis of a piece, thus preventing uncontrolled
location and direction of a possible natural split or

(..IIELK ruzpobe lb Llle same as a LUIlerbblUIl JOlIlL
in concrete.

h. Compression Member: For purposes of these
data a compression member is defined as a
member which is loaded axially in compression.

i. Tension Member: A member which is loaded
axially in tension.

3.4.6.2 Lumber Grading. Lumber is inspected at
the mill and strength graded according to visual
characteristics, such as knots, shakes, splits,
checks, holes, decay, and slope of grain. Working
stresses for strength grades are assigned, which in-
clude appropriate downward adjustments of clear
wood stresses to make allowances for sizes and lo-
cation of knots, slope of grade, shakes, checks and
splits permitted in the particular grade. In gener-
al, the working stress for the structural grade of
lumber specified has made allowance for checks
and splits normally expected throughout the life of
the piece. These allowable working stresses may be
obtained from the “National Design Specifications
for Wood Construction,” published by the National
Forest Products Association.

3.4.6.8 ancnrnnn Lumber may be either kiln-

2200 TaviiTi Aaaiiz

dried or alr-seasoned Klln-drymg minimizes devel-
opment of checks and allows selection of pieces
with extent of checking predetermined. Kiln-dried
dimension lumber in small sizes (4-inch or less
thickness) is readily available and usually used.
Large-sized (4-inches and up) kiln-dried lumber is
usually not available except on special order and
after considerable delay. Consequently, large-sized
lumber is often installed green and allowed to air-
season with large checks and splits being common-
place.

3.4.6.4 Checking. Checking most adversely affects
the strength of lumber when checks are located at
the ends of the piece within the middle third of
the depth of a piece used as a beam. Such checking
weakens the beam’s resistance to horizontal shear.
However, horizontal shear only becomes a design
consideration in short and relatively thick beams.

Another adverse effect occurs when checking is at
Angther 1en cnecxing 1s

a steep slope near the tension face of a beam. Such
checking reduces the beam’s resistance to tension
and, if not arrested, could develop into a split.
Normally checks are of relatively little impor-
tance; their seriousness is a factor only in bending
action or in the probability of developing into a
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split and the relative importance of a split in that
location. Appearance alone should not be the de-

10CAUIVIL, [P pPTAIialiLT QIVAT S22 22%%

ciding factor The function of the member is the
prime factor. Since most members of trusses are
designed for axial loads only and not in flexure,
checking may largely be ignored (unless usage or

Ancion ahnwa tha mamhar to ha in flaviiral (Onlvy
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splits extending through bolt or connector areas
need be evaluated.

3.4.6.5 Shakes. Shakes occurring in the connector
area which might result in separation of a portion
from the rest of the piece should be investigated
for repair. Other shakes may be disregarded as
such and be evaluated as a check or as a split.

3.4.6.6 Splits. Splits occurring in compression
members, such as columns, may be serious if there
is no probability of slippage from wedging action
of connectors or bolts and if the split appears to be
dividing the member completely into two parts,
thus increasing the length-to-depth (1/d) ratio.
Splits extending into the bolt or connector area of
tension members should be investigated and meas-
ure. All measurements of split openings should be
made at the distance from the bolt, which is the

required end distance for the size of connector

used FExcess end distance should be ignored. A
UuocCTu. AdANVCOC OO Cilua i vGiiive [S2PAVA- S AV S Ay AiiA NA.

single split within the connector area, up to %e-
inch opening of the splits for a connector of 2%
inch or less and a split of Y4 inch for connectors
more than 2% inch up to 4 inches, may be disre-
garded. Splits opened up more than of these
widths should receive remedial action to curtail
further splitting. If there is more than one split in
the connector area, the total opening of the splits
should not exceed 1'% times that for one split.
Splits may be repaired by use of stitch bolts pro-
vided that the cross-sectional area removed by
boring does not exceed the cross-sectional area oc-
cupied by the maximum-size knot permitted in the
structural grade of timber used. Clamps consisting
of small angles and pairs of bolts alongside the
member at the split may also be used. Care should
be exercised in tensioning both stitch bolts and
clamp bolts snugly. No attempt should be made to
close a split or a check as this may cause it to
extend on the other side of the joint.

3.4.6.7 Sagging Beam. Sometimes a sagging
timber beam will appear to be overloaded when it
is really not overloaded. An inelastic deformation

called creep will give an appearance of excessive
deflection at the midpoint. Damage might occur if

such a beam is Jacked back into a level position.
The beam should be checked first to find out if
there is any evidence of recent motion. In a real
overload, there will be fine breaks revealing unex-

posed wood fiber or flaking of paint or other finish
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material. Measurements should be taken and the
beam monitored to determine any additional de-
flection. If it is determined that creep has occurred
and the roof deck must be leveled, it should be ac-
complished by shimming between the beam and

the roof deck.

3.4.7 Defects

Discussed below are typical causes of defects usual-
ly found in roof trusses. The discussion is mainly
concerning wood trusses, since these trusses
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3.4.7.1 Defective Material. All lumber incorporat-
ed in the trusses should be carefully checked
during inspection. A record should be kept of the
members containing an excessive number of knots
so that particular notice can be made of those
members upon subsequent inspections. Specifica-
tion requirements for structural grade material
are that knots will be sound, tight, and not in clus-
ters. The size of the knots should, of course, be
limited. It is recommended that the installation
engineer acquire, for reference, standard grading
rules as published in pamphlet form by the lumber
industry for use in determining the quality of ma-
terial incorporated in the trusses.

3.4.1.2 Poor Workmanship. Poor workmanship is
evidenced in many ways. Some of the conditions
that have been encountered in the past are out-
lined below for particular emphasis Lack of preci-
sion in drilling boltholes and cutting grooves for
timber connectors will cause inadequate gage,
edge, and end distances that may reduce the
strength of the truss. In some instances the
grooves for the timber connectors, although re-
quired on one side only, were cut for split rings
when it was necessary to use shear plates. Then
new grooves were cut which resulted in too much
material being removed and the timber not bear-
ing along the exterior rim of the connector. Both
the above conditions could weaken the truss and
should receive further investigation. Instances
were discovered where holes had been drilled for
bolts that were never installed. In other cases,
bolts of a smaller diameter than the drilled holes
were installed. In both the above cases, the correct
bolt should be inserted; however, care must be ex-
ercised in supporting the truss and binding the
joint before removing the undersized bolt. Quite
often bolts have been used that were too long or
too short. If a bolt is too short, the head of the bolt
and the washer may recess into the member,
which reduces net area. When a bolt is too long, it
may be impossible to tighten the nut enough to
obtain a snug connection. This condition, however,

can be remedied uy remo "i‘g‘ he nut and install-



ing additional washers as fillers. Washers on too
small an area or thickness have been used be-
tween bolthead and timber, resulting in a crushing
of fibers or a dishing of the washer. In cases of un-
usual checking or settlement at particular panel

points, an inpsection should be made to determine

if any timber connectors have been omitted. Condi-

tions may be discovered where timber connector
grooves have been cut too deep or too shallow.
Both conditions are serious and should be investi-
gated further. Many instances have been observed
where the ends of the web members have been cut
off flush with the underside of the bottom chord.
In some cases this was done so that electric con-
duits or other mechanical fixtures could be at-
tached to the underside of the chord; in other
cases, it was done to increase the ceiling clearance,
particularly in garages where the members were
in line with entrances where trucks were likely to
pass. This reduction of end distance is detrimental
to the truss and, in addition to weakening the
truss, makes it difficult to repair excessive split-
ting of the member by installing stitch bolts.

3.4.8 Inspection

Timber trusses should be inspected at least once
each 2 years. More frequent inspections may be di-
rected by the individual military departments for
specific facilities, such as commissaries, theaters,
gymnasiums, exchanges, dining halls, and places
where large crowds assemble. Appendix B contains
several suggested formats which may be used as
forms to aid in the inspection process. The first is
a data sheet which will remain unchanged until
alterations are made to the building. Larger eleva-

tion views and photos should be used when neces-

sary to monitor serious defects. A checklist will

remind the inspector of items to inspect. A simple
form may be used for routine annual inspections
with minor defects described on the reverse side.
Examples of these non-compulsary formats not re-
quiring reporting are included. Visual inspection
from the floor, even with the aid of binoculars, is
not enough. The following inspection procedure is
suggested.

3.48.1 Checking Existing Construction. If possi-
ble, obtain the latest revision of the structural
drawings of the truss and verify if the existing
structure conforms with the drawings. Significant
deviations or alterations should be reported so
that the changes can be analyzed structurally and
the record drawings updated. No attempt should
be made by the inspector to correct apparent cos-
truction deficiencies unless structural analysis in-
dicates that correction is advisable or if subse-
quent inspection reveals movement indicating that
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the truss is in distress and remedial measures are
necessary. The structural detail drawings will indi-
cate the existence of timber connectors (which are
normally concealed) as well as the type and size,
which will aid in evaluating the seriousness of any
splits found in the onsite inspection.

3.4.8.2 Terminology. The inspector should famil-
iarize himself with the proper timber terminology
and use it in his reports. Timber terms are defined
in paragraph 3.4.6.1.

3.4.8.3 Querall inspection of entire truss. Examine

the truss from the floor to determme if there is:

a. Obvious failure of truss, which would make
an inspection from the truss itself unsafe.

b. Lateral bowing of upper or lower chords with
respect to truss support points. A truss that is lat-
erally bowed indicates that lateral support is
either nonexistent or nonfunctioning. Further ex-
aminations must be made of bridging, X-bracing,
struts, purlins and deck to determine if slippage is
occurring in a connection.

c. Vertical sagging of frame (subsequent study
will determine if sagging is normal deflection due
to loading, long-term creep, or partial failure of an
overloaded member).

3.4.8.4 Detailed inspection. Examine the truss at
close range from a ladder, lift machine or from the
truss itself to determine the following:

a. Rupture of any member.

b. Evident separation of sides of members at
joints. Nuts should be snug enough to prevent sep-
aration of members without embedment into the
wood. Loose or absent nuts are detrimental when
they permit the timber members to separate and
render the shear connectors less effective. Missing
nuts should be replaced and all nuts tightened to
snugness without embedment into the wood.

c. Noticeable bowing or warping of any member.
Bowing could indicate an overioaded compression
member; however harmless warping may occur in
an unloaded redundant member.

d. Continued development of checks (nonthrough
cracks) toward line of bolts. Progressing checks are
indicated by freshly exposed wood surfaces at ends
of checks. A check progressing toward a bolt or
connector area should be monitored so that correc-
tive action can be taken before it becomes a split.

e. Development of splits through a bolt area or

Az e~ Al d o 1iao
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[ Evidence of leakage such as waterstains, mold,
or decay.

& Wood crushed by overtightening of bolts.
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h. Wood fibers freshly exposed by flaking paint
or preservative.

3.4.8.5 Inspection of Ancillary Member. Examine
other members attached at right angles or provid-
ing support to the truss to determine if there has
been any movement. These may be:

a. Beams or purlins supported on the top of the
top chord. These may be secured by nails “toe-
nailed” into the top chord of the truss. Any move-
ment will result in the nails bending at the

el ntarfaras and tha mamhe mav dicen-
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gage completely. If purlins had been installed with
bolted clip angles on top of the truss or recessed
into sides of top chord with steel hangers, such
movement would have been almost completely
eliminated.

b. Struts installed across tops of bottom chord
should be examined in the same manner as pur-
lins.

¢. X-bracing members serving as sway bracing or
bridging should be examined to determine if con-
nections provide positive support to maintain ver-
tical alignment of truss. The truss designer may be

...... ad latanal hunaing annthar meang hnt
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nevertheless, the absence of X-bracing should be
noted in reports.

d. Purlins, beams, and struts should be exam-
ined for freshlv exnosed wood where member ex-

AT AVI 1iTSaiLy TaApUStle WAV el 222210

tends into expansion joint pocket at firewall.

e. Purlins, beams, and struts abutting walls and
chord fastened with clip angles or hangers should
be examined for bowing or freshly exposed wood

fibers indicating member has been subjected to un-
usual loads.

f. Masonry unit walls, columns or pilasters sup-
porting trusses and concrete piers supporting
timber columns must be examined for deteriora-
tion. The presence of cracks in brick or mortar ad-
jacent to the bearing plate must be noted. Recent

movement is indicated by vertical edges of bricks
heinog out-of-line. corners of brick or concrete
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broken, cracked brick, and other exposures of un-
weathered brick or concrete.

g Timber columns, knee braces and column cap-
ital must be examined for damage created by
moving vehicles as well as the other defects dis-
cussed above. Special note should be made of any
large foreign items installed on columns or any
notches or cutouts made to accommodate any type
of equipment. Many times such attachments con-
ceal deterioration in the column underneath.
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3.4.9 Timber Roof Maintenance.

The following paragraphs describe maintenance

procedures which should be followed for timber
roof framing.

3.4.9.1 Bolt Tightening. It is important that all
truss connections receive periodic tightenings until
the moisture content of the lumber reaches a state
of equilibrium with the atmosphere. It is also im-
portant that, during the first year, the connections
be tightened at frequent intervals to prevent the
connections from becoming excessively loose, re-
sulting in settlement of the trusses, excessive split-
ting caused by the introduction of abnormal
stresses, and, in extreme cases, failures in truss
members. There are a number of corrective meth-
ods for repairing damaged members. The types of
failures, near failures, and other unsatisfactory
conditions encountered vary and require a differ-
ent approach in practically all cases. Bolts should
be snug but not overtightened to the extent to

cause damage to the timbers. Listed below are typ-
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ical repair and maintenance operations as per-
formed under the bolt-tightening program.

a. Truss bolts will be tightened as soon as they
become excessively loose. Bolts may be considered
loose if, after striking the bolthead a sharp blow
with a hammer, the nut can be taken up two full
turns or more. Actually, this condition would not
cause concern when there are a number of mem-
bers meeting at a connection, if the actual reduc-
tion of bearing area on the connectors were the
only consideration. However, a looseness of bolts
at all connections reduces the rigidity of the truss
as a whole. The character of the timber trusses is
such that there is a certain eccentricity to the
lines of stress, and such looseness would tend to
increase that condition.

b. Climatic conditions determine the rate at
which shrinkage occurs. In the northeast, for ex-
ample, t,ne sumimer Sseason IS warm ancl mOISt 80
very little shrinkage is likely to occur. During the
winter months when the air is normally less
humid and the buildings are heated, the relative
moisture content of the atmosphere is greatly re-
duced. Consequently, it is unlikely that any appre-
ciable shrinkage will occur from May to October in
that area. During the remaining period, a closer
check should be kept on trusses. Climatic condi-
tions vary in different sections of the country, but
require the same general consideration as outlines
above.

c. While performing a routine bolt-tightening op-
eration, the bolts should be checked to determine
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check the size of washers; if they are so small that



the truss members cannot be drawn together with-
out embedding the washer, they should be re-
placed with larger ones. Where it is impractical to
remove the bolt to place a new washer next to the
bolthead, a square, slotted washer may be inserted
between the existing washer and the wood. Wher-
ever slotted washers are used, a nail should be
driven into the timber at the edge of the washer,
protruding sufficiently to eliminate the possibility
of the washer turning and falling off in the event
of further shrinkage of the timber. All washers
should be at least Y inch in thickness and not less
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bolthead should be struck sharply with a hammer
to force the bolt through the truss member and
break any adhesion between the bolt and timber
resulting from corrosive action.

d. Under those conditions where there is insuffi-
cient thread to draw the timber tightly together, a
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these bolts extend at least 2 inches beyond the
nut. A short compression spring has been used
with excellent results as a filler, which, in addi-
tion, maintains a tight connection, thus reducing
the frequency for future tightenings. These spring
washers should, therefore, be considered when pre-

naving far a firet tichtanine of anv truss. The holts
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should be checked to determine the amount ex-
tending beyond the nut after they have been tight-
ened; if the extension is sufficient, the springs
should be installed. The springs that have been
used are of round edge, “%1s-inch by %a-inch sec-
tion, and of two to three coils. The pressure exert-
ad whan fullv comnressed is annrnsnmafp]v 2.800
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pounds and there is a stralght-hne reduction as it
expands. This pressure compares favorably with
the allowable compression stresses perpendicular
to the grain.

e. In many structures, inspection reveals that
bolt tightening is required due to shrinkage alone.

As a ceneral rule. holt tichtening should be ner-
nS a generai ruid, UULLV uipilitiiiil g Si0kiC D2 Pe

formed if the average takeup on nuts is more than
two turns. This, of course, is quite arbitrary and
depends greatly on the size of members and length
and size of bolts. The importance of keeping bolts
tight cannot be overstated. Design values are
predicated upon tight connections. In a bolt-tight-

ening oneration. care should be exercised to see
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that the men have safety belts, if necessary, to
work from a hazardous height. Spud wrenches of
the proper size are used in order that uniform le-
verage and takeup may be obtained in all bolt-
tightening operations. The use of slotted washers
is recommended as fillers. It is important that
bolts be tight, but too much leverage on the spud
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wrench may force the washer into the fiber of the

AVFAC MO

0-111/AFP 91-23

wood, destroying that fiber and cupping the
washer. Effective tightening of bolts should be ac-
companied by tapping on members and boltheads.
It is especially important that bolt tightening be
performed upon completion of a structure, and
that frequent inspection and additional tightening
be performed during the year following construc-
tion. A few drops of oil placed behind the nut will
facilitate tightening of bolts having rusty or dirty
threads. It is recommended that each bolt, after
tightening, be keel-marked for inspection purposes.
It is further recommended that date of tightening
be stenciled on one of the trusses of a structure to
keep the importance of this maintenance work
firmly in the mind of inspectors.

3.4.9.2 Omission of Ring Connectors and Bolts. At
the time of bolt tightening, it will be noted wheth-
er or not the corrective bolts are in the holes
drilled for them or whether any bolts have been
omitted. In such cases, bolts should be replaced or
installed. If timber connectors, such as shown in
figure 3-19, have been omitted at any joint or if
there is visual evidence of excessive stress at the
joint, repairs should be made and the proper bolts
and connectors installed while the truss is fully
supported at the panel points and clamps are re-
lieving the joint of all stress. The condition of the
joint should be recorded and special observations
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should be taken so that additional loadings, such
as hoists and monorails, will not be applied to
those panel points.

3.4.9.3 Roof Settlement. As roof truss connections
become loose, roof settlement occurs. While this
settlement might not be of concern to the structur-
al adequacy of the truss itseif, problems may de-
velop in other areas requiring remedial action.

a. nuu, uru,uw.ge o_'y.sl.enw On structures contain-
ing parallel chord roof trusses, any settlement will
seriously affect the roof drainage. Usually a wood
truss is fabricated with several inches of camber, a
considerable portion of which remains after the in-
stallation of the roof deck, roofing, and other dead
loads. The roof slope for proper drainage is prede-
termined, and the roof pur rlins are set on shims or
blocks to acquire that slope. As the truss connec-
tions become loose due to shrinkage of the lumber,
the trusses sag and drop below the horizontal.
This, of course, removes the possibility of rain-
water draining from the roof and so increases the
live loads to which trusses are subjected. It has
proved to be almost impossible to replace a camber
in a truss. Consequently, jacking a truss prior to a
bolt-tightening operation will be of little value. In-

stead, the roof purlins must be raised from the top
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chord of the truss and shims placed between the
purlins and chords. Perform all jacking directly
from the truss; otherwise, the removal of the roof
loads from the truss will only cause the truss to

rise with the roof. In order to jack the purlins,
ahart timhare ahnuild ha get on tha hattam chard of

the truss perpendicular to the chord and directly
under the purlins to be raised. The purlins should
then be jacked cautiously so that there will not be
an abrupt rise in the roof to break the roof cover-
ing and cause leaks. This work should be per-
formed during the summer season when the roof-
ing is pliable.

b. Binding of Doors. Where roof settlement of a
hangar occurs at the door guides, which were
originally set with provision for approximately 3
inches of adjustment, a binding of the doors is in-
evitable. The procedure for adjusting the door
guides, of course, depends upon the design of the
canopies and guides.

3.4.10 Timber Roof Repair

The following paragraphs illustrate and discuss
methods of repair and standards to be used. Typi-
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cal examples of actual con

L9003 - SVAY a AV wmaa 2 )

paired are presented.

3.4.10.1 Shoring. It is frequently necessary to
shore trusses to prevent collapse or to provide se-
curity while making repairs. Figure 3-20 indicates
proper locations for shoring typical trusses. Shores
can be placed at all panel points if desired. The
methods shown indicate the minimum number of
shores necessary to properly support typical truss-
es. In shoring Warren-type trusses, it is advisable
to place a temporary strut to prevent introducing
serious secondary stresses in the truss members.
Eight-ton jacks may be used under the shores.
Shores themselves may be of steel or of seasoned

timhar Quffiniant nlanbking alhannld ha wloand e d. .,
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jacks to distribute load on the floor. Trusses
should be raised slowly and carefully, jacking each
shore in small increments at any one time. Other-
wise, additional failures may occur, due to second-
ary stresses and distortion, and damage may be
done to the roof membrane of the structure. Both
judgment and experience are required for this op-
eration.
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SPIKE GRIDS
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(NO LONGER MANUFACTURED)

SPLIT RING

SHEAR PLATES
Figure 3-19. TIMBER CONNECTORS.
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3.4.10.2 Split and Checked Members. As previous-
ly stated, the standard practice of using unsea-
soned lumber for trusses invites checks and splits
in the members when unseasoned lumber is used.
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Figure 3-20. SHORING OF TYPICAL TRUSSES.

Checks and splits are normal reactions in most
timber as it dries out, and it is more pronounced
in certain types of lumber. In those members that
have only one row of bolts, any check or split that



occurs is normal and is not likely to be serious.
However, if the split passes through the boltholes
and continues beyond into the member, it requires
attention. The recommended remedy for such
splitting and checking is the installation of stitch
bolts in the ends of each such member that has
split. The bolts used for this purpose are %2/-inch
bolts, threaded on both ends; %6 inch holes are
drilled 2 to 4 inches from the end of the split
member and perpendicular to the axis of the
member. The bolt is then inserted and 2-inch,
square-cut washers are place at each end and the
nuts are tightened. It is adviseable to install the
stitch bolts prior to tightening the bolted connec-
tion. If the split is serious and continues well into
the member, a second stitch bolt should be placed

tha annngita gide of tha connection ul\nnf R to 1‘)
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inches from the ring connector. Usually, this oper-
ation will not reduce the net area enough to
weaken the member. In some cases, when the split
passes through the connection but does not pass
too far up into the member, it may be stopped by
drilling a small hole through the thickness of the
member at the end of the split. This hole will re-
lieve any abnormal stresses at that point. Care
must be exercised in drilling stitch boltholes so
that holes are parellel to the face of the member.
Ship auger bits tend to follow the grain and stray
from the intended centerline path. Metal-type
fluted drill bits with extended shafts are more ef-
fective in drilling straight holes.

3.4.10.3 Damaged Web Members (Tension). Quite
often an inspection of truss members will indicate
that certain members may not be of structural
grade material because of the slope of grain is ex-
cessive, or the members may contain either an ex-
cessive number of unsound knots. These conditions
will weaken the members, especially those in ten-
sion, and in the case of unsound or excessive knots
will reduce the net area of the members. In the
event that the condition appears critical or an
actual failure has occurred, it will be necessary to
reinforce or replace the member.

a. Replacing any truss member can be a costly
operation. Unless the buidling is for permanent
use, it is recommended that the member be re-
paired or augmented rather than replaced. The
least complicated procedure is merely to shore the
truss directly under the damaged member. This
procedure should, of course, be followed only if the
floor space is not a consideration.

b. When a tension member fails, settlement may
occur in the truss, and the ends of the member at
the point of failure may become separate. If the
member is to be repaired by splicing, the separat-
ed ends must be returned to their original posi-
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tion. This requires simultaneous shoring of the
truss and axial tension jacking of the member.

c¢. A second and more satisfactory procedure is to
prepare steel rods with a steel plate welded to one
end and the two rods connected by a turnbuckle.
The plate at the end of each rod is drilled in the

f"n]r] to rf Hne ovlsfnnrr }'\n“‘e at the

sonnantin at
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either end of the damaged member. Grooves are
cut into the outer face of the top and bottom chord
for shear plates and the connectors and plates in-
stalled. CAUTION: Grooves for shear plates are
cut with a tool utilizing the existing boit holes as
alignment guides for the groove cutters. Before
bolts are removed for this purpose, adequate shor-
ing and tension jacks must be installed. The turn-
buckle can then be taken up until the web
member is returned to its original position.

d. In cases where checks and splits have oc-
curred in tension members, with excessive slope of
grain, it may be possible to close the split or

retard further Hpvo]nnmnnf of the cnhf hv “]aC}H"'
{1

stitch bolts or clamps along the member at strate-
gic points. Stitch bolts, however, should be in-
stalled only after careful consideration, for the ex-
cessive use of stitch bolts between connections is
not desirable and may weaken the member if in-
stalled indiscriminately.

3.4.10.4 Damaged Web Members (Compression).
The usual types of failures in compression are
either a shear along the fibers when the slope of
grain is excessive or a bowing of the member that
may or may not result in breaking of the fibers
perpendicular to the grain. It is recommended in
all cases that the damaged member be repaired by
placing a timber of similar width and depth adja-
cent to the damaged member, connecting them
with bolts and split-ring timber connectors. If the
failure is close to the panel point, splicing the
member may not be practicable. Installing a new
member on the same plane would then be advisa-
ble, with the chords connecting the new member
to the existing bolts with shear plates and steel
gusset plates. The new member should then be se-
curely fastened to the damaged member with bolts
and split rings.

3.4.10.5 Damaged Chord Members. Failures in
bottom chord members occur as the result of ex-
cessive slope of the grain, knots, or other defects in
the material. In most trusses, the chords and most
of the web members are made up of at least two
timbers. This allows a certain safety factor: if one
timber fails, the other will temporarily carry the
additional load. It is likely, however, that under
that added load the other member would eventual-
ly fail unless the failure is discovered at an early

3-31



TM 5-620/NAVFAC MO-111/AFP 91-23

date. Periodic inspections will uncover such condi-
tions before failures occur in adjoining members.

a. Checks usually occur parallel with the grain
of the timber. Checks and splits may be more pro-
nounced at panel points containing two rows of
bolts that restrain the normal shrinkage action
and is further aggravated by the fact that the
stresses from the web members are transmitted to
the chord in directions perpendicular and at a
slope to the chord. If the slope of the grain is ex-
cessive, the checks are likely to develop into splits
by extending to the edge of the member and may
result in failures.

b. Splits often occur in the chord member at the
splices where the ends of the timbers butt. There
are no sloping forces at those points to aggravate
the condition, but occasionally the split continues
well into the member, possibly passing through
boltholes. Wherever such splits have occurred, it is

recommended that stitch bolts be inserted through
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tween the bolts and the end of the chord member.
In that way, the split will be kept closed and will
not have a tendency to increase.

¢. Short members, such as splice plates, are espe-
cially susceptible to checks and splits. Quite often,
a split develops along the center of the timber par-
allel to the grain; however, that condition should
cause no concern, as splice plates are often de-
signed of two timbers of the same length, but one-
half the width. If the split should develop along a
row of boltholes, it is recommended that the
member be replaced. The splice plates of many
trusses are designed so that they contain a row of
bolts at either edge and, at each end, one addition-
al bolt which is on the centerline of the member.
Under such a condition and when the split occurs
along the center of the splice plate, the condition
may be corrected by inserting a stitch bolt beyond

thn loct halt ot annh and Aaf tha anlica nlata
i€ 1aSt 001U du €alil Cila U1 ulT Spiilc pialc.

d. At panel points when the split in the chord
member is very pronounced, even though the split
follows a flat grain, it is advisable to install a
stitch bolt within 6 to 12 inches of the outer bolt
at that connection. A similar bolt may be inserted
at the other side of the panel point. However, judg-
ment should be used when installing stitch bolts at
such locations, and they should be installed only
where splitting is excessive.

e. If an actual failure has occurred in a chord
member, that member should be replaced. To do
this, the truss should be shored at the panel points
along the bottom chord and the damaged member
removed. Using the damaged member as a tem-
plet, the new member can be fabricated and in-
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stalled. The replacements should be of the same
material as the truss and of the sam i

content, if possible.

[ If only partial failure has occurred, the chord
may be repaired by installing timber splices ex-
tending well beyond the ends of the failure. In
some cases, steel rods and turnbuckles, similar to
those recommended for tension web members,
have been used to advantage. However, it is nor-
mally more desirable to replace the member and,
if possible, to limit the use of steel rods and turn-
buckles to locations where it is impractical to
shore the trusses. Steel plates should always be
used in combination with shear-plate timber con-
nectors when used to reinforce wood members.
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3.4.11 Heavy Timber Solid Beams and Columns

Periodic inspection and maintenance schedules
will not be limited to timber-trussed structures.

Many structures of beam and column design have
been erected. As these heavier timbers season

severe checking sometimes occurs. In most cases,
this checking, although of considerable width and
depth, is parallel to the axis of the member and
usually requires no attention. An attempt to close
such checks with stitch bolts will only aggravate
the condition and cause the checks to extend com-
pletely through the members. Whenever this
checking occurs in cross-grained members, correc-
tive measures must be taken. In extreme cases,
the members should be replaced. In some cases, re-
pairs can be effectively made by bolting channel or
angle iron parallel to the member and connecting
them with bolts and shear plates.

34.11.1 Edge and End Distances and Recom-
mended Spacmgs.

a. Bolt Connections. Figures 3-21 and 3-22 indi-
cate recommended minimum spacings and edge
and end distances for bolts in repair design. Data
are based on the use of a %-inch bolt. Three lines
of bolts are not always satisfactory and should be
used only in large members where spacing can be
kept at a maximum. Shrinkage usually occurs at
the center of the piece, and a split usually devel-
ops along the centerline of bolts.

b. Connector Spacing. Figures 3-23 and 3-24 in-
dicate recommended minimum spacing and edge
and end distances for 4-inch shear plates or split

rinoe for 11¢a in ranair Adacioan Far Arannan + Ao 1100 3
LIRS VI WOU 1 1T pAll UTDIigll. L UL LULLLOCCWITS uSea

in lumber not properly seasoned, 80 percent of the
tabulated allowable connector loads will apply;
spacing and edge and end distances should be in-
creased above the minimum. Installation of the 4-
inch connector should be carefully and exactly per-
formed. A large number of present failures are di-
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rectly traceable to careless
time of construction. When 4-inch connectors are
used in 1 x 6 members, extreme care should be

ercised that they be properly grooved, spaced, and
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located in order ta maintain proper edge and end
distances. In this connection, consideration will be

given to the adv1sab1htv of substituting larger di-
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mension timber for repair design.
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SINGLE ROW FOR 4” TO 6” MEMBERS

TWO ROWS STAGGERED FOR 8” TO 10”

\
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\

THREE ROWS STAGGERED TWO ROWS IN LINE

FOR MEMBERS 12” AND OVER

LOAD PARALLEL TO GRAIN

Figure 3-21. BOLT CONNECTIONS (IN USE PRIOR TO 1920).
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THREE ROWS STAGGERED TWO ROWS IN LINE

FOR MEMBERS 12” AND OVER
LOAD PARALLEL TO GRAIN

Figure 3-22. BOLT CONNECTIONS (IN USE AFTER 1970).
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SINGLE ROW RINGS OR PLATES
ON ONE FACE FOR MINIMUM
6” TO 10” MEMBERS

QIAIANL E DA DIAMANDS
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BOTH FACES FOR MI
6” TO10” MEMBERS

20
20

DOUBLE ROW RINGS OR PLATES
ON BOTH FACES FOR
12” TO 14” MEMBERS

THREE ROWS STAGGERED
RINGS OR PLATES ON BOTH
FACES FOR 16” TO 18”
MEMBERS

Figure 3-23. CONNECTOR SPACING (IN USE PRIOR TO 1970).
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SINGLE ROW RINGS OR PLATES
ON ONE FACE FOR MINIMUM
6” TO 10” MEMBERS

SINGLE ROW RINGS OR PLATES ON
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6” T0O10” MEMBERS

DOUBLE ROW RINGS OR PLATES
ON BOTH FACES FOR
12” TO 14” MEMBERS

THREE ROWS STAGGERED
RINGS OR PLATES ON BOTH
FACES FOR 16” TO 18”
MEMBERS

Figure 3-24. CONNECTOR SPACING (IN USE AFTER 1970).
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3.4.11.2 Allowable Loads.

a. Bolts. For repair purposes, the allowable load
in pounds on one bolt loaded at both ends in a
three-member connection (double shear) of Douglas

fir or southern pine (dense) is given in table 3-1.
Table 3-1. Allowable Loads for One Bolt.

Allowable load
Length of bolt in main member | Diameter | parallel to grain
(in) of bolt (in) | of well-seasoned
lumber (1b)
Y 2,710
Yy 3,280
Ya 3,350
1] 3,680
1 5,000
1 5,930

shear) of equal thickness, one-half of the above
tabulated loads for a piece twice the thickness of
one of the members will apply.

b. Connectors. For repair purposes, the allowable
load in pounds on one connector is provided in
table 3-2.

Table 3-2. Allowable Loads for Connectors.

When a joint consists of two members (single

Number of

faces of | Allowable
T . Diameter men th load
ype of connector of bolt (in) | WU | parallel to
“;’;’;Z‘r;;: ° | grain (1b)
bolt

Split Ring 2%2 .....ccoovvnne Ya 2 3,160
Split Ring 4 ..o Y 1 6,020
Split Ring 4 .............. Ya 2 6,140
Shear Plate 2% Y% 2 2,900
Shear Plate 4 ........... EA 2 4,970
Shear Plate 4 .................... Vs 2 6,720

3.4.i2 Timber-Repair Details
3.4.12.1 Stitch Bolts. Repair of end splits by stitch

halé nd 2
bolts is very Iomimon ana ncrmady is peucrmed

when a split opens up at the end greater than %
inch. It is particularly important to control the
splitting when the end split runs through the line
of bolts. It is not advisable to completely close the
end split with stitch bolts in the event that such
closure will throw excessive stress in the member.
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Stitch bolting in this case merely prevents further
deterioration of the condition. Stitch bolts to be in-
stalled in heavy timber members (nominal four
inches or larger) should be % inch in diameter and
long enough to accommodate the nut and a % inch
cut washer at each end. Stitch bolts for use in

nominal 3 inch lumber should be %6 inch in diam-

eter and those for nominal 2 inch lumber should
be Y% inch in diameter. Using larger bolts removes
too much wood from the end of the member thus
reducing the equivalent end distances. After tight-
ening the existing bolts, install the stitch bolts.
See figure 3-25.

3.4.12.2 Yoke Angles and Clamps. Figure 3-26 il-
lustrates the repair of a minor split occurring at

+h + nf ochnard h V.
or near the joint of a chord member. Yoke angles

or clamps are preferably used in this case since
stitch bolts would reduce the effective area of the
chord member. Note the boring of a small hole im-
mediately beyond the termination of a split. This
treatment has proved helpful in arresting contin-
ued splitting.

3.4.12.3 Steel Banding. High strength steel band-
ing such as that used to seal shipping cartons has

Y W e am e cm s

proved effective in arresting spread of splits. The
bands should be of high tensile strength steel 1%
inch wide and 0.035 inch thick. The strapping
should be applied with a Signode Model PH 2
stretcher which has no part remaining under the
strapping during tighening to cause slackening on
removal of the stretcher. The seals should be No.

QAQHIN writh fact
34SHOC with fastening accomplished with a model

SYC3435. See figure 3-27 for a typical steel band-
ing for arresting splits.

3.4.13 Typical Minor Repairs

3.4.13.1 Minor Splits by Stitch Bolts. Figure 3-25
illustrates the use of a stitch bolt in repairing
scabs In which end splits have developed. Also
shown is a stitch-bolted repair to wood columns in
which splitting and deep checking along the grains

1000 Spaiviillp A0 0T LASLALIE «2VA2 L€ pialils

have occurred. Except in unusual cases, it is not
necessary to stitch bolt columns unless the split is
developing at an angle of 1 to 14 or greater and if
the slope of the grain tends to carry the split to
the extreme edge of the column. This type of treat-
ment is effective in solid columns.
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DEEP CHECKS & SPLITS 3/8"

OR GREATER IN WIDTH

AND HAVING SLOPE OF

GRAIN GREATER THAN 1't0 14"

/—SPLICE

CHORD

o
&
o
(@]
<

SOLID COLUMN
NEW STITCH BOLTS
WITH WASHERS,
STAGGER 24 INCHES C.C.
|

BOTTOM CHORD

~

12 W
ﬂl LEND SPLITS IN SPLICE SCABS
r NEW STITCH BOLTS
WITH CUT WASHERS
N g / \

SPLICE

DETAIL SHOWING REPAIRED SPLICE

Figure 3-25. MINOR REPAIR OF SPLITS USING STITCH BOLTS.
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DIAGONALS -{+ VERTICAL

N

BOTTOM CHORD

BORE HOLE TO
ARREST SPLIT

CLAMPS OR YOKES AS CLOSE_____—= {”
TO JOINT AS POSSIBLE

Figure 3-26. TEMPORARY REPAIR WITH YOKE AND CLAMP.

STEEL STRAPPING = 1%'x 0.036 HIGH TENSILE

SEALS: NO. 34SHOC
SEALER: MODEL SYC 3436

TYP WEB MEMBERS

TYPICAL SPLIT ON THE END OF T
THE WEB MEMBERS ‘-—\

\ﬁ STEEL STRAPPING

A( N ”’ .
j \ BOTTOM CHORD
2-1%'x 0.035' STEEL STRAPPING

(HIGH TENSILE STEEL STRAPPING)

Figure 3-27. TYPICAL STEEL BANDING FOR ARRESTING SPLITS.

3.4.13.2 Chord Splice Repairs Figure 3-28 shows bers and the chord members were badly warped.

Yo i L Ladle 4hha anli i it
a lower chord splice in which both the splice mem- This condition usually occurs when trusses are



constructed of light material generally 2 inches
thick with depths 8 to 10 inches or greater. The
omission of outside splice plates and an inside
filler block between the chord was a contributing
factor to the conditions shown. The remedy is to
install outside splice plates using split rings and
the addition of an inside filler block for stiffness,
as shown in figure 3-28.

3.4.13.3 Split Lower Chord. Figure 3-29 illus-
trates the repair of a split in a lower chord. The
repair is accomplished by adding two splice plates,
one on either side of the lower chord and the out-

PIEPINUL.Jigh RS Fpuy mnsmnl mAaZaid
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the fracture. The procedure in carrying this splice
plate through the nearest joint is used if there is
insufficient room on each side of the fracture to
develop the full strength of the member when the
splice is bolted in place. Before applying the splice
plates, a small hole is drilled ahead of the split to
arrest further splitting. Next, a cilamp is applied of
sufficient size to draw the broken member togeth-
er. If a member has a thickness greater than 2
inches, a stitch bolt is placed through the member
to retain this position. Next, two splice scabs are
applied and bolted to the fractured member using
sufficient bolts on each side of the break to devel-

e bl £221) b b L f
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VERTICALS

80TTOM CHORD SPLICE BEFORE REPAIRS

NEW OUTSIDE SCABS
AT LEAST 12" LONGER THAN OLD SCABS :
9"MIN SPLICE 9" MIN ' \
N\, : h !
B G T @ Y
, ' AN

NEW BOLTS & SLOTTED WASHERS

ELEVATION OF SPLICE SHOWING REPAIRS

NEW BOLTS
EXISTING SPLIT RINGS NEW SCABS

- -

p & fhylewes g o e i &
£ ‘ | Di‘\“- =
CJEXISTING SCABS === NEW FILLER ZZ=
~+ TR —
o [d

NEW SPLIT RINGS IN SCABS
PLAN OF SPLICE SHOWING REPAIRS

Figure 3-28. TYPICAL CHORD SPLICE REPAIR.
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zany'|

BEFORE REPAIRS

__I.

{o
hz&? o
08
0

ELEVATION OF CHORD SHOWING REPAIRS

r‘ -
DRILL SMALL HOLE
TO ARREST SPLIT
STITCH BOLT STITCH BOLT
v )
F%. ‘\ ‘\ ' ’ ' ’CJ\ .F \ \
®, L JRIE & N
N @ m g .: LB,
L NN ’ll -4 [ﬁl CNEE AN
N\ = Y spUT N\
A STITCH BOLT NEW BOLTS & WASHERS
- NEW SCABS (SEE PLAN) I

NEW BOLTS

/ NEWSCAB
= = Al o ﬁ_\
e 1 P — =

i
s = of = al o
STIT(’:H BOLT T

STITCH BOLTS

NEW BOLTS & WASHERS (SEE NOTE)

PLAN OF CHORD SHOWING REPAIRS
Figure 3-29. REPAIR OF MAJOR SPLIT IN LOWER CHORD.

3.4.14 Repair of Complete Breaks.

3.4.14.1 Lower Chord Using Split Ring Connec-
tors. In many cases due to extreme knotty condi-
tions and the use of brash (brittle) timber, it will
be necessary to repair lower chords when one or
more of the members has completely failed. Figure
3-30 illustrates a typical repair for a failure of this
type. Note that split rings have been used, permit-
ting the use of fewer bolts and a shorter plate
than would be necessary for a bolted connection.
However, experience has shown that when such a
break appears near a panel point, it is good prac-
tice to carry the splice plates completely through
the panel point. The illustration also shows the in-

stallation of new filler blocks between the chord
members. A break of this type cannot be adequate-
ly repaired by adding splice plates to the failed
members alone, due to the difficulty in installing
split grooves on the inside face of the broken
member. Therefore, the splice plate, which would
normally be on the inside face of the broken
member, is placed on the outside face of the oppo-
site chord member where split rings can be readily

installed.
3.4.14.2 Failed Chords. Using Bolts Without Con-
nector Rings. Figure 3-31 illustrates an alternate

method of repair of the same type of failure as
shown. The same principles described in figure 3-
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32 apply here except that, inasmuch as split ring
connectors are not used, the entire repair can be
confined to the single broken member. In order to
develop the full strength of the failed member, it
is necessary by this method to use a considerably
larger number of bolts than required by the

LOWER CHORD BEFORE REPAIRS

COMPLETE BREAK

o

former method. It aiso is necessary to use ionger
pieces of repair timber. This method is not recom-
mended for large fractures and should only be
used when split rings and the equipment neces-
sary for their installation are not available.

WEB MEMBERS

-LOWER CHORD

3 oo L)
] ] H ’
% OO0,
)
|

1] A} A M Pl

LaMMMM

@@

%" STITCH BOLT /]

NEW 4” SPLIT RINGS & %” BOLTS "
NEW SCABS (SEE PLAN)

ELEVATION OF CHORD SHOWING REPAIRS

NEW SCABS

BREAK %" STITCH BOLT

?-.d _ = Ii _ z ﬁ/
L —— 4 \ 3= I o= - /

/ 3}3‘ ‘L t ) NEW FILLER
k2 ]

' = R | s : =i E
%" STITCH BOLTS ~— -
NEW BOLTS EXISTING S.R.S. NEW 4” SPLIT RINGS & %" BOLTS

PLAN OF CHORD SHOWING REPAIRS
Figure 3-30. REPAIR OF BROKEN CHORD USING SPLIT-RING CONNECTORS.



T™M 5-620/NAVFAC MO-111/AFP 91-23

MEMDEMRD

COMPLETE
BREAK

AL/

RAERR N\ | |/ AR AIRRR B,
! NE ==Y ‘. !
(ERAERENN \ /) BF A IERA

\
~ NEW BOLTS ~SLOTTED WASHERS J
NEW SCAB & FILLER (SEE PLAN) >

ELEVATION OF CHORD SHOWING REPAIRS

+o s

IV YR =2Vl
NEV DULIO G

EX'STIESPUT RINGS NEW SCAB
£ ,% & 7 —3
| I [ T I oli pel Hoy 3 LQ"T ':1 i F? Pl‘ T? T‘ 31
L N T I . IO / AN F O Y Y
e S S S S e e e

w
STITCH BOLTS /
NEW BOLTS & WASHERS

PLAN OF CHORD SHOWING REPAIRS

Figure 3-31. LOWER CHORD REPAIR BOLTS.
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%" STITGH BOLT

\OR CLAMP,~

w4

e

)

NEW VERTICAL EACH SIDE

-~ SEE MEMBERS 4-5

FILLER BLOCK
(BOLT & SPIKE

|

7

/
4

)
=

A1 rA
=S

%" STITCH BOLT
3” FROM EACH END

TRUSS ELEVATION AFTER REPAIRS
DIAGONAL 1-2 WITH MAJOR DEFECTS-REINFORCE WITH NEW PIECES

DIAGONAL 3-4 WITH MAJOR DEFECTS-REPAIR WITH CLAMPS
VERTICAL 4-5 WITH BOW & DEFECTS-REINFORCE WITH NEW PIECES

@)g

VERTICAL 2-3 WITH MINOR DEFECTS-REPAIRED WITH CLAMPS OR STITCH BOLTS

Figure 4-32. TEMPORARY WEB REPAIR.
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3.4.14.3 Web Members: Figure 3-32 shows a

1, . .
number of typical breaks and defects found in the

web members of timber trusses. In the case of
member 1-2, where breaks occur in both diagonal
members, it has been good practice to install com-
plete new diagonals bolted to each side of the
chords, as illustrated in the lower figure for both
tension and compression members. For compres-
sion members, either verticals or diagonals, re-
pairs can be carried out as illustrated in members
2-3 and 2-4. Neither of these repairs should be
used in the case of tension members, which should
only be handled by the method shown in 1-2. It is
frequently found that vertical compression web
members, due to being overstressed, are consider-

alle. Leeend 11laaad +
ably bowed, as illustrated by member 4-5. This

condition is best remedied, as illustrated in the

TM 5-620/NAVFAC MO-111/AFP 91-23

lower figure, by the application of a new vertical
stiffener holted to each side of the vertical with

vaaaTaaTL VA UTte WU THRviE: SalatT VaIN VUL vaL<R:  Yvavad

the necessary filler blocks and through bolts to
make a tight connection.

3.4.15 Repairs to a Bowstring Truss

To illustrate mass repairs to a truss, figure 3-33
combines typical separate failures examined in a
series of trusses. The upper chord, as is generally
the case of a bowstring truss, is in good condition;
but the web members show signs of lateral deflec-
tion and the lower chord has several serious
breaks. The lower chord has been repaired by in-
stalling new chord members for the full span,
using splices as described in paragraph 3.4.13.2
above and illustrated by figure 3-28. The repair of

tha wah mamhaore chawn in fioura 2- Q‘) 1c r‘n-

viiv VWON  LUVIMIMNULED D1IVYIVIL ik dipmwiyvy U

scribed in paragraphs 3.4.10.3 and 3.4.10.4 above.
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BUCKLED WEB MEMBERS
- U 5

BUCKLED WEB MEMBERS
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SPLICE 1
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Gk 'rnuss ELEVATIONS /
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/ ENLARGED JOINT, gpyicE PLATE
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~
SPLICE PLATE
TYPICAL BOWSTRING TRUSS IN NEED OF REPAIR

BUCKLED WEB MEMBERS REPAIRED WITH
2" X 4" BOLTED TO EACH FACE AND CUT TO

FIT BETWEEN CHORDSA\
=

%" X 8" BOLTS
SPACED MAX. 18"
BETWEEN SPLICES

oz
™~
l / 2" x 8" ADDED TO BOTH SIDES
OF EXISTING CHORD FOR FULL
Lo TRUSS ELEVATION LENGTH OF TRUSS
SPLIT RINGS NEW 2" X 8" SPLICE PLATE EACH SIDE

NEW 2" X 8” SCAB EACH SIDE

g— \ i £t 3 i i
1 I i ar )| b kil 1] 7
) i FHPUY t PUNRE EPY RS e o
\ %" x 8" BOLTS 3 l 4o : i -4 /
+ it tiby—ens - ~
y T T vt +

—
= - . P . riry—ehs 2
E EXISTING CHORDS (2" X 8")

EXISTING FILLER/ < 87)
SPLICE DETAIL

TYPICAL BOWSTRING TRUSS AFTER REPAIR
Figure 3-35. TRUSS REPAIR.
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3.4.16 Materials Used in Repair
241
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a. Slotted Washers. This type of washer can be
used as a filler in bolt tightening when the bolts
run out of takeup thread. The slotted feature
makes it unnecessary in most cases to withdraw
bolts from members. The center of gravity of the
washer is below the bolt center so that the danger
of the washer turning and falling off the bolt is
minimized. Slotted washers also can be used in
backing up thin-cut washers. Many trusses were
originally constructed using cut washers of small
diameter. When bolts are tightened, they have a
tendency to cup and press into the fiber of the
wood. When this condition occurs, a slotted washer
or other type of plate washer of proper bearing
surface should be placed behind the cut washer
before tightening.

b. Stitch Bolts. Frequently, it is necessary to pre-
vent cumulative splitting of members. Stitch bolts
are effective for this purpose, par ucularly in coun-
teracting minor end splits in compression mem-
bers. The stitch bolt consists of a relatively small
diameter bolt installed the depth of a member
with washers at each end. As stitch bolts require
the driliing of a hole the depth of the member,
with consequent reduction of cross-sectional area,
their use in tension sections must be employed
with caution.

c. Yoke Angles and Clamps. Yoke angles and
clamps may also be used to confine splits and

TM 5-620/NAVFAC MO-111/AFP 91-23

retard cumulative checking and splitting. Details
are shown in fisure 3-34. Since clamns and voke

=228 =2+ 232D R22I0T LA PSS Kilk S VAT

angles do not create a reduction in the net section
of a member, their use in a tension member is sat-
isfactory. It is particularly important, however, to
keep an assembly of this nature constantly tight-

d. Ring Connectors and Shear Plates. Figure 3-
35 details the type of 4-inch split rings and 4-inch
shear plates currently in use. The assembly of
both the shear plate and the split ring is indicated
and represents assembly for new or original work.
In many cases, it is desirable to replace wooden
scabs with steel plates, necessitating the use of
shear plates where split rings were originally used.
As the shear plate is of smaller diameter than the

split ring, some means of adapting this shear plate
to the cutout for the split ring must be used. For
this purpose, a shear plate bushing has been devel-
oped permitting a flush connection without fur-
ther dapping of the wood member. Additional dap-
ping is costly and may dangerously reduce the net
section of the member. This method is illustrated
by A and B of figure 3-35. Split rings and shear
plates are only effective when properly fitted to
the timber. This can only be accomplished success-
fully through the use of proper tools. Cutterheads
and accessories are available through regular
supply sources. This procedure is not applicable to
the 2% inch split ring since the comparable shear
plate is 2% inches.
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%" BOLTS & CUT WASHERS
2" BOLTS

_1“‘1/ \HH 4
=

N
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»
f]
U

SECTION

TYPE A TYPE B

i < 4 anaLe €

PLAN PLAN

®

" BOLTS & CUT WASHERS TYPE A

FOR 1 OR 2 MEMBERS UP TO 4” THICK

i#\

TYPE B

FOR 1 OR 2 MEMBERS FROM 4" TO 8" THICK

TYPEC

FOR DOUBLE MEMBERS SEPARATED

1 FROM 6"-10". FOR TRIPLE MEMBERS USE
TWO INSIDE BOLTS

== =5, =) IF MEMBERS ARE SEPARATED OVER 10"
USE INDIVIDUAL TYPE “A” CLAMPS

Figure 3-34. TYPICAL YOKE AND CLAMP DETAILS.
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4" SHEAR PLATE BUSHING

]
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|
|
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4” SHEAR PLATE
%" BOLTS, d = 13/16”

4" SPLIT RING CONNECTOR

1" BOLTS, d = 1-1/16"
WOOoD
B | STEEL] ]
STEEL
PLATE STEEL PLATE WOOD
DAP FOR
. A I SHEAR PLATE /~. ! | GROOVED FOR
4+ || SHEAR PLATE M IANT o SPLIT RING
INSTALLED Y
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o . o
REMOVE OLD SPLIT SHEAR PLATE
WooD: FING. DAP FOR SHEAR INSTALLED

a PLATE, & INSTALL L FLUSH WITH WOOD WOoOoD

- Duarnniiva wooD —
ASSEMBLING SHEAR PLATE WHERE ASSEMBLING SHEAR PLATE ASSEMBLING SPLIT RING
WOOD SPLICE PLATE IS REPLACED FOR WOOD-STEEL BETWEEN TWO WOOD MEMBERS

WITH STEEL CONNECTIONS
Figure 3-35. CONNECTION DETAILS
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3.4.16.2 Timber for Repair Purposes.

a. Species of Wood. If inspection reveals that
scabbing and reinforcing are necessary, it is of
prime importance that mistakes made in original
construction are not repeated in repair. Material,
design, and workmanship must be carefully consid-
ered. Only wood suitable for structural purposes
will be used in the lcpau of timber structures. The

most common structural woods are Douglas fir,
larch, southern pine.

b. Grades. Stress grades of structural woods are

ananificd far all ranairg Ganarally acrcantahla
specCiiiea 10r au repairs. uenerauy, aclepracid

grades to specify for repair purposes are obtained
from the latest edition of the “National Design
Specifications for Wood Construction” published
by the National Forest Products Association.
Record plans and original design analysis should
be closely studied to determine the original design
assumptions and conditions. In the absence of
these data, request guidance from the next highest
command supervisory authority.

¢. Painting Ends of Members. Wood dries more
rapidly at end-grain than at side-grain surfaces.
The tendency to check is, therefore, more pro-
nounced in the end grain. A moisture-resistant
end costing is recommended to protect such sur-
faces from checking during air seasoning. End
coatings will be applied as soon as possible to the
freshly cut end surface, for end checks, once start-
ed, tend to go deeper into the wood as drying pro-
gresses. End coatings may be divided into two

Alacana: thnaca that ara linnid at ardinarv tamnara.
Ciasses. undse unav are 1iyyuiu auv viuliial y weiupoi

tures and can be applied without being heated,
and those that are solid at ordinary temperatures
and must be applied hot. Two cold coatings being
tested at the Forest Products Laboratory, U.S. De-
partment of Agriculture (Technical Note No. 186)
are phenolic-resin varnish, pigmented with alumi-

num paste or powaer, ana Illleﬂ ndrueneu gl()bb Ull
Both are tough and easily applied. Hot coating ma-

terials include pitch, asphalt, resin, and paraffin.
rials include pitch, asphalt, re p

The Forest Products Laboratory maintains a list of
vendors of these materials.

3.4.17 Repair of Rafters, Purlins, and Bracing

Examine rafters, purlins, and bracing periodically
for damage primarily due to roof leaking. If rafters
or purlins sag from overload, they are repaired by
splicing additional member or members to the ex-

D o

1Suing ones.

[

3.4.18 Truss Bracing

A common fault of many trusses is the lack of ade-
quate bracing. Trusses require bracing to keep top
and bottom chords from bowing from a straight
line and to prevent them from tipping from a ver-
tical plane. The primary element for truss bracing
is the roof itself, therefore, purlins and joists
should be securely fastened to trusses. See figure
3-36. Trusses can be stiffened by adding bracing
and it is possible to minimize other repairs
through the provision of adequate bracing. The
most common types of bracing include the follow-
ing:

3.4.18.1 Top Lateral Bracing. Top diagonal brac-
ing is used in the plane of the upper chords. The
purlins act as struts. Usually two pairs of crossing
diagonals are used in each outside bay on each
side of the roof. These diagonals brace the trusses
together in pairs. The purpose of this bracing is to

stiffen the structure, as the diagonals have no

DULLATLL viiT DUz MLVKITy GO vl wiagliiials iiay i1

culated stress. See figure 3-38.

3.4.18.2 Bottom Lateral Bracing. Bottom lateral
bracing, together with the horizontal struts or run-
ners, are attached to the bottom chords of trusses
and serve to tie the trusses together. Usually,
bottom lateral bracing is not provided for big

trusses unless vibration due to heavv equipment or

4 MOOU0 WRILITOS VIVIQUIVIL QUT Vo atavy ipinTiiv Vi

machinery is anticipated. See figure 3-37.

3.418.3 Vertical Sway Bracing. Vertical sway
bracing is usually in a vertical or incline plane,
along the centerline, along a sloping plane, or be-
tween columns. It is used in connecting the top of
one truss to the bottom of the other. It is very

unseful during erection and it registe wind nracciire
useiul quring ereclion, and 1t résisis wina pressure

on the ends of the building. See figure 3-38.

3.4.184 Knee Bracing. Knee bracing is often used
in large structures, and it is used in connecting
columns to the trusses. This kind of bracing is
used more for rigidity than strength. It is always
designed as a compression member, while all other

hracsinge are nrafarahly dacionad ag tenginn mo

Oralliiigs are preieraciy aesigriea as itension meim-

bers. See figure 3-39.

3.4.19 Epoxy Repair of Trusses

Repair of trusses using pressure- injected epoxy
compounds has been economically and successfully
applied in recent years by comparison to conven-
tional repair methods such as replacement, scab-
bing, and stitch bolting. This method is particular-
ly useful when disruption of work activities below
the repair is of concern. The procedure consists of
three steps* preparation placement of injection

b anmd anAesr onn 1 s:minndine
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Figure 3-36. JOISTS FASTENED TO TRUSSES.
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BOTTOM LATERAL BRACING iFf REGUIRED iS USUALLY iN SAME SECTIONS AS
VERTICAL SWAY BRACING. MEMBERS FASTENED TO TRUSS OR TO HORIZONTAL

RUNNERS AND PLATE. WOOD OR STEEL RODS -—_\
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Figure 3-37. BOTTOM LATERAL BRACING.
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TOP LATERAL BRACING

DIAGONAL BOOF SHEATHING OR TONGUE-AND-GROOVE SHEATHING WELL APPLIED
TO JOIST OR PURLINS WHICH ARE IN TURN SECURELY FASTENED TO THE TRUSS IS

USUALLY SUFFICIENT FOR TOP CHORD LATERAL BRACING. IN SOME CASES HOWEVER
BRACING SIMILAR TO BOTTOM LATERAL BRACING SHOULD BE APPLIED IN THE PLANE

OF THE TOP CHORDS.

.

JERTICAL SWAY BRACING IN END SECTION AS A MINIMUM. POSSIBLY TWO SECTIONS
EACH END AND NEAR MIDDLE FOR LONG BUILDING. WOODEN MEMBERS OR STEEL
RODS. FASTEN TO TRUSS, ROOF STRUCTURE, OR RUNNERS.

<

—<———TRUSSES ———a-l'
|
I

N/ -

A\

COLUMNS ———y

N\

COLUMN AND WALL BRACING WHERE POSSIBLE. DIAGONAL SHEATHING WITH STUDS.

SECTION

Figure 8-38. TOP LATERAL AND VERTICAL SWAY BRACING.
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PURLINS OR JOINTS MUST BE SECURELY

FASTENED TO THE CHORD. WHERE POSSIBLE

EXTENDS TRUSS WEB MEMBERS TO MAKE  SCAB OR LAP
CONNECTION.

SCAB OR LAP

BRIDGING SHOULD BE INSTALLED BETWEEN
PURLINS OR JOIST. PURLINS OR JOISTS
SHOULD BE LAPPED OR JOINED BY SCABS
OVER SUPPORTS.

FRAMING ANCHORS MAY BE USED TO FASTEN

IAIAT TA TAD AUANA AF TDLHICS
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AN
7 NS
~ / \ ~

/ \
Pt o~
_ ////)LIERT}CAL SWAY BR\ACI@\:\\
-~ 7 7 \ N ~ o
// / / \ N\ T\\
- / // L/ \\| N | ~o
- v N ~_

I > ~ I

I ANEE BRACE BOTTOM LATERAL BRACING :

| %ﬂ

i Y !
KNEE BRACE

SOLID MEMBER WITH BOLTS OR BOLTS
SPLICE PLATE AT END AND CONNECTORS

DOUBLE MEMBER
WITH FILLER AT ¢

) |
| |
| i
I OR |
| i
| |
| |

AR

KNEE BRACE MAY CONNECT AT TOP ’“V*.’V.,’
OR BOTTOM CHORD PANEL POINT.

v

Figure 3-39. KNEE BRACING.
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several advantages to using epoxy repair when
repair conditions are favorable. Properly applied,
the repaired joint is actually stronger than the
original joint before it was damaged. However, this
is not true with other repair methods. The second
advantage is that epoxy repair requires little shor-

inae The third advantage ig that it igc cheaner (ag
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much as 50 percent) than conventional replace-
ment methods. The fourth advantage over other
methods is that the epoxy repair can reach inside
of the damaged joint. There are two major advan-
tages in the use of epoxy repair. First, tempera-
ture can be critical and must be considered before
starting repair. When the air temperature is high
(125°F or 51.7°C and above), epoxy repair should
not be attempted. Second, a determination of
whether the entire outside of the joint can be
reached for sealing must be made; all cracks and
openings miust be sealed before injection or the
joint will leak and may lose its strength.

3.4.19.2 Structural and Nonstructural Repair.
Epoxy repair can be divided into two broad types:
structural and nonstructural. Nonstructural appli-
cations include waterproofing, crack sealing, and
cosmetic repairs. Repairs of the nonstructural type
are usually quite simple because the goal is to pro-
vide a seal. The work effort is successful if the

ranair nrevents leaks Structural remair can be dif-
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ficult. Often the total damage is not visible. Cracks
may be very small or as large as 1 inch or more.
Sealing before injection can be difficult and, for a
successful repair, it must be complete. Epoxy must
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be injected into all voids for the repair to be suc-
cessful. More care and attention to detail are re-

quired than for nonstructural repairs.

H ypes of npuny Mpulr

3.4.20.1 Type A-1. Epoxy injection of cracked or
split members at truss joints.

3.4.20.2 Type A-2. Epoxy injection and reinforce-
ment of decayed wood.

3.4.20.3 Type A-3. Splicing and epoxy injection of
broken members.

3.4.204 Type B-1. Epoxy injection of longitudinal
cracks and splits away from joints.

3.4.20.5 Type B-2. Repair of bearing surfaces
using epoxy gel.

3.4.21 Strength of Epoxy Repairs.

Among the many factors affecting repair are the
many joint types that require repair. Figure 3-40
shows a group of truss joints. As can be seen in
the illusiration, the number of members, iap area,
grain orientation, and number of mechanical con-
nectors will vary. Other important factors are
thickness of members, age of wood, and crack
width between lapped surfaces. Planning a repair
effort should consider the following:

3.4.21.1 Degree of Damage. Because epoxy repair
is used to provide the shear resistance in lapped
members, the degree of damage is usually not im-

portant. As long as there are adequate lapped sur-

i VGaave LS aViip vAATIT &KiT & MRV QAT Dl

faces for bonding, the strength of the joint can be
completely restored. The major exception is decay.
Repairing a decayed member is difficult and re-
quires special expertise.

Do A ONn
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Figure 3-40. TYPICAL JOINTS IN TIMBER TRUSSES.

3.4.21.2 Effect of Mechanical Connectors. All
joints in wooden trusses must have some sort of
connector. In older trusses mechanical connectors
such as bolts, split rings, and toothplates have
been used. Often it is found that some connectors
have been omitted or, if the joint is badly dam-

aged, the connectors may have fallen out. After
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epoxy repair the strength of the joint is not affect-
ed by a missing connector. A glue line must fail
(or deform badly) before the load can be trans-
ferred to the connectors. The load required to fail
the glue line is usually greater than the connec-
tor’s ability to carry the load. When the glue line

fails, the connector will fail in most cases.



3.4.21.3 Width of Overlap. Tests have established
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affected by the width of the overlap.

3.4.21.4 Length of Overlap. Bonded double lap-
joint strength is directly related to the length of
the lap in relation to the thickness of the middle
member. Thickness of the lap does not add to the
strength of the repair.

3.4.21.5 Effect of Grain Orientation. Tests indi-
cate a load-capacity loss of a repaired joint as the

PR, ~— NOo 4i_ ONO

grain angle changes from 0° to 90°.

3.4.21.6 Effect of Glue-Line Thickness. The effect
of the glue-line thickness on joint strength is so
small that it can be discounted.

3.4.22 Characteristics of Epoxy Compounds

3.4.22.1 Chemical Grouts. Chemical grouts consist
of two or more chemicals which react to form
either a gel or solid. This is in contrast to cement

aroute which congist of solid narticles susnended in

grouts which consist of solid particles suspended in
a liquid.

3.4.22.2 Epoxy Resins. These resins are two-com-
ponent systems made of a resin base and a harden-
er (catalyst). Flexibilizers are sometimes added to
prevent cracking of the set glue due to movement
of the joint. Epoxy resins are available that cure
in high moisture areas. They have the following
characteristics:

P AL:14er $n smnncicd -
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chemicals.
b. Ability to cure without volatile byproducts.

c. Ability to cure without external heat.
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Once hardened epoxy resins will not liquify when
heated (thermosetting) but will soften. The re-
quired characteristics of epoxy resins to be used in
wood structural repair are shown in table 3-3.

Table 3-3. Mechanical Properties for Resins Used in

Repair of Wood Structures
Low High
Characteristics f'sgcofg% viscosity
material sealing gel
Pot Life (min)......ccccoocvcvmiininnnirernnnnn. 10-60 10-60
Initial Cure (hr) 1-8 1-8
Final Cure (day) .......ccccooeernreenneennne, 2-5 2-5
Viscosity (C/8)...c.covviiirneninininieieieienenas 200-500 | Nonsagging
Hardness (shore D) ..........ccccue.. 80-100 80-100
Modulus of Elasticity (k/in?) 0.4-0.6 0.4-0.6
Tensile Stress (k/in2) .................. 5-8 5-8
Compressive Stress (k/in?) ..o 5-10 5-10
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3.4.23 Steps in Epoxy Repair

There are four basic steps in the epoxy repair pro-
cedure. Each step is described in the following
paragraphs:

3.4.24 Special Member Preparations

The preparation of the repair area can range from
little to extensive. Individual judgment is neces-
sary to determine the preparations required. The
following items should be considered prior to any
epoxy repair:

3.4.24.1 Shoring and Jacking. In cases where ex-
cessive damage or deterioration has occurred, it
may be necessary to shore the member to prevent
additional movement during repair or to jack the
member back to a more normal pOSuwn DBased on
field observations of damaged buildings, jacking
has been required only in isolated instances. Three
reasons for considering jacking are: (1) to remove
excessive sag, (2) to relieve stresses, and (3) to close

‘large cracks. Jacking to relieve stresses is not rec-

ommended. Experimental studies have shown that
it is difficult to close cracks by jacking and that
the size of the crack is unimportant in the epoxy
repair process. Therefore, the only reason to jack a
truss before repairing would be to remove exces-
sive sag. Only if the sag/span ratio exceeds 1/240,
should jacking be considered. If jacking is neces-
sary, extreme caution should be exercised. Stress
reversals could cause member failures, especially

in the vicinity of the jacking points. The dlfferen-
tial movement may also damage attachments such
as roofing. In general a structural analysis of the
system should be conducted to determine the max-
imum JaCKlﬁg force perﬁ‘ussame if Jauung is nec-
essary, gages to measure the jacking forces should

be utilized during the operation.

3.4.24.2 Addition of Splice Plates. Some repairs
may require the addition of splice plates, e.g., a
broken member. The epoxy repair technique is
most effective for lapped joints in which the epoxy
is injected between the lapped surfaces to provide
shear resistance. For broken members, splices are
tacked on both sides of the broken member (as
shown in figure 3-41) to be later injected with
epoxy. Since most failures occur at joints already
consisting of lapped members, additional splice
plates are generally not necessary.

3.4.24.3 Removali of Moisture Source. For moist or
decayed sections, the moisture source must be
eliminated to protect the member from further de-
terioration. Although most epoxy formulations
adhere in moist environments, the moisture may
cause the decay to continue in encapsulated or ad-
jacent areas, and resulting in further deteriora-
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tion. If the moisture content exceeds 20 percent,
the member should be dried out before repair and
the source of the high moisture eliminated. For

trusses, the roof should be repaired so that contin-
ued leaking will not contaminate the repaired
member.

(A} DAMA

D TRUSS JOINT

(B) OLD SPLICE PLATE REMOVED AND
LONGER SPLICE PLATE ADDED

Figure 3-41

3.4.24.4 Reinforcement. For

members, reinforcing elements may be necessary.
Holes are drilled and fiberglass reinforcing rods

Inbert«eﬂ LU Iurln eu,nel a bLIUIlg LUIIIICLLUI debel n
between sound and unsound wood, or a stiffening

severely decayed

internal truss or frame for m(‘rpaqlng load carry-

ing capacity. See figure 3-42 Epoxy injection w1ll

g
[+
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*PARATION OF MEMBERS B

YA

bond the reinforcing members to the surrounding
WOOG EO provme 1n(,rease(1 btrengtn Dlﬁce llLtle ex-
perimental evidence is avallable, thls procedure

should not be used withou

analysis.
3.4.24.5 Cleaning. The area to be repaired should

be thoroughly cleaned, with all dust and debris



cleared to provide a good bonding surface. An air
jet from a compressed air source has been found to
be very effective for this purpose.

3.4.25 Joint Sealing.

The area to be repaired must be completely sealed
on the exposed surfaces except for injection and
bleeding ports. The success of the repair largely
depends on the effectiveness of the sealing. The

sealant used should be a high viscosity epoxy with
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a puttylike consistency (referred to as a gel). The
usual steps in the sealing process are as follows:

3.4.25.1 Port Setting. The placing of the ports
serves three purposes. First, a means is provided
for injecting epoxy into the interior of the dam-
aged area; second, a means is provided for venting
the air which is displaced by the epoxy during the
injection process; and third, a means is provided
for determining the penetration of the epoxy into

the damaged area.
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YED

SV - TRV Y-
QEVERELTY UEL

A
WOOD REMOVED

VOIDS FILLED
WITH EPOXY

TRANSITION ZONE
FROM DECAYED
TO SOUND WOOD

g

4

LL.A4

(A) JOINT WITH DECAYED WOOD REMOVED
AND REINFORCING IN PLACE

FIBERGLASS
REINFORCING

(B) EPOXY GROUT INJECTED INTO
ALL VOIDS

(C) MULTI-JOINT SECTION AFTER REPAIR

Figure 3-42. REINFORCED EPOXY REPAIR.

a. Materials. One of the most common materials
used for ports is Ys-inch-diameter copper tubing.
Also frequently used is small diameter (Y4 to %
inch) standard pipe. Plastic tubing has also been
successfully used. The primary requirements for
port materials are that the part should be bonda-
ble with the epoxy gel, and that it can be sealed or
closed during the injection itself.
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b. Placement of Ports. Ports are placed by drill-
ing holes with a diameter identical to the outside
diameter of the port. The port is inserted into the
hole and sealing gel is applied around the port.
The depth of the hole depends on its location and
bermn Dannllimes ¢hat ¢ha lrasr ¢4 o atrnanaafial Aeners,
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repair is insuring penetration into all lapped sur-
faces, the ports should be placed to maximize pene-



tration. Alternative placement methods are shown
in figure 3-43. One method is to place the port at
the juncture of the lapped surfaces as illustrated
by port type A in figure 3-43. The hole is drilled at
an angle to the surface while insuring that the
hole includes the lap area. The depth of the hole

should be approximately ‘% inch. The second
method is to drill holes perpendicular to the
lapped surfaces as illustrated by port type B in
figure 3-43. This method allows easier installation
and allows the penetration of multiple lap planes
by driliing the hole deeper. The hole should be
drilled deep enough to penetrate the lapped sur-
faces desired. For either method the port should
only be inserted approximately % inch into the
hole. After placement, the port should be sealed
with gel. The gel should be built up around the
port as shown in figure 3-44. It is important to
build up the gel to prevent leaking during injec-
tion and capping.
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c. Location and Number of Ports. The minimum
number of ports for single lapped surface is three.
Two ports are usually placed at the top and one at
the bottom as shown in figure 3-43, however,
placement may vary depending on the shape of
the lapped surfaces. For members oriented at an
angle-to-grain, three ports per lapped surface are
usually sufficient. Hence, the total number of
ports would be three times the number of lapped
surfaces at a joint. However, for parallel-to-grain
members such as splices, the lap area may be long
enough to justify additional ports. It is recom-
mended that two ports per lapped surface be pro-
vided (one top and one bottom) for every 2-foot
length of spliced members. Figure 3-45 shows in-
stalled ports inplace for typical joints. Another lo-
cation for ports would be the cracks and splits. It
is recommended that single ports be placed at the
extreme ends of all longitudinal splits with addi-
tional ports placed at 3-foot increments.
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Figure 3-43. ALTERNATE METHODS OF SETTING INJECTION PORTS.
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P s

Figure 4-45. INSTALLED PORTS IN PLACE.



3.4.25.2 Lap Joint and Crack Sealing. All cracks,
lap joints, bolts, holes, and defects must be com-
pletely sealed with gel. This sealing is usually per-
formed by hand using putty knives and trowels.
The gel must be thick enough to span the openings
and withstand pressures of 40 to 80 1b/in2. A cross
section of a crack covered with gel is shown iIn
figure 3-46. The thickness of the gel at the crack,
h, should be approximately equal to the crack
thickness, t. The gel is usually spread % inch on
either side of the crack. For cracks wider than
inch, a fiberglass cloth can be placed over the
crack and gelled over. This procedure prevents the
gel from penetrating too deeply into the crack and
provides a stiffening effect once the gel has hard-
ened. Care should be taken to apply the gel to the
surface only. Forcing gel deeply into cracks may
obstruct the injection epoxy and could prevent the
injection epoxy from filling the voids. The gel is

||\))))J)I|
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significantly weaker than the injection epoxy and
should not be counted on for strengthening the re-
paired joint. Special care should be taken in seal-
ing the following since experience has shown that
leaks often occur at these points.

b. at openings greater than Y4 inch.
¢. around bolts and washers.
d. around ports.

The entire joint or damaged area must be com-
pletely sealed. The injection epoxy has a viscosity
similar to thin paint and will seek the path of
least resistance when injected. Any small opening
will leak enough that the injection cannot contin-
ue without sealing the leak. Typical sealed joints
are shown in figure 3-47 and typical sealed splices
are shown in figure 3-48.

__t

L \crack

Figure 3-46. GEL APPLIED OVER LONGITUDINAL SPLIT.

3.4.25.3 Leak Testing. It is recommended that
joints be leak tested before injection. A suitable
procedure is to use compressed air. All ports
except one venting port and injection port should
be temporarily capped Compressed air (at 25 1b/
in2 pressure) is then forced into the joint. The
joint is then coated with a soap film and observed
for bubbles. All leaks are marked and repaired
after the film has dried. While leak testing may
seem tedious, experience has shown that the time
spent in leak testing is more than compensated for
by expedited injection. In addition, the joint has a
higher repaired strength when leaking is mini-
mized.

QA998 A
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rioration has resulted in a number of hairline
cracks which are difficult to visually detect.
Should leak testing reveal a large number of such
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cracks, it is recommended that the entire damaged
area be painted with a thick epoxy paint. This ap-
plication fills hairline cracks and small holes not
generally visible.

3.4.26 Epoxy Injection.

The next step is to pressure inject a low viscosity
two-component epoxy into the sealed joint through
the injection ports (figure 3-49). This can usually
be done by attaching the nozzle of the injection
gun to a single port (usually the lowest) and let-
ting the other ports serve as vents. As epoxy fills
the joint, the venting ports leak epoxy and are
sealed off. After all ports are sealed, epoxy injec-
tion should be continued to insure penetration into

viUldl SI10ULIG OO COIILAIIRCA W 120810 caecliallQll 118

the fibers. Care should be taken not to inject with
too much pressure or the seal might break. A max-
imum bozzle pressure of 40 1b/in? is recommended.
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When possible, the entire joint should be injected
from a single port.

3.4.26.1 Port Capping. Various methods can be
used to seal off ports during injection. One method
is to lightly tap wooden golf tees into the port.
Copper tubing can be bent or squeezed closed with
pliers. Wooden dowels can also be inserted. The
primary caution is that the seals should not be
broken in the process.

3.4.26.2 Leaking During Injection. Should a leak

develop during the injection, a mnr'k-drvmg nafoh-
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ing cement can be applied. Smce it is essentlal to
finish the injection before the epoxy initially sets,
a patching cement with a 2- to 3-minute pot life is
needed. Hydraulic cements which can be mixed

ye N cntan wwarl all Hat_malt oluiae have alan
with water work well. riot-meit £LUCS 11dVe aisy

been used successfully. Because of the porous
nature of wood, leaking will occur on occasion. No
injection should be attempted without a supply of
patching compound on hand.
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3.4.26.3 Injection Equipment. Injection is usually

accomplished with automatic equipment, although

hand equipment can be used. Typically, two posi-
tive displacement pumps geared to the specified
mix ratio feed the separate components into a
nozzle. Mixing is accomplished by forcing the
epoxy through static-mixing brushes in the nozzle.
As long as the flow is not interrupted for more
than a few minutes, injection can progress for
hours without damage to the nozzle.

3.4.27 Finishing
The initial cure time for many epoxies is 2 to 5
hours. Final cure is usually accomplished in sever-

al days After final curing. any temporary sup-

ports may be removed. If esthetlcs are 1mportant
the injection ports are removed and sealing gel
sanded smooth so paint can be applied to finish

the repair.
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(A) INITIAL JOINT FAILURE

(B) SEALED JOINT

Figure 3-47. TYPICAL SEALED JOINT.
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{A) INITIAL SPLICE FAILURE

(B) SEALED SPLICE
Figure 3-48. TYPICAL SEALED SPLICE.

3-70



TM 5-620/NAVFAC MO-111/AFP 91-23

Figure 3-49. EPOXY INJECTION IN PROGRESS.
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3.4.28 Injection Equipment
Although hand injection equipment can be used,
the utilization of automatic equipment is recom-
mended. Typical equipment is described in the fol-
owing sections.

4.28.1 Pumping Equipment. A typical pumping

nit is shown in figure 3-50. The specific parts are
numbered and described as follows:

a. Tanks—marked for ease of identification.

b. Pumps—positive displacement.

!E WE"

¢. Chain drive—geared to provide the correct
mix ratio of the two comnonents

i1iads 2 va Vi vadT VW VUL pRaTaivs.

d. Motor—driving mechanism for pumps.

» FRaoadlinac_trancfar anny
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mixing head.
f. Check valves—prevents mixed epoxy from

g2 Lot 9+ 14839,

penetrating feedline.
g. Pressure gages—monitor injection flow.

h. Quick disconnect couplings—attach to mixing
head.

3.4.28.2 Mixing Head. The mixing head is shown
in figure 3-51 with the specific parts numbered.

ibed as follows:

Thao narte are deser
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a. Feedline inlets—feed epoxy components into

mixing head

b. Mixing chamber—components mixed.
¢. Mixing brushes—epoxy is forced around
he!

e nozzles
(1) Insertion type
{(2) Ferrule and fitting for positive connection
to port
f. Hex head sealing plug—remove for cleaning.

DI D 71 ennlid PRV |
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One of the r difficulties associated with the
n
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epOXy 1cya1
neering inspection is one measure. However, 1t
may prove difficult to verify whether epoxy has
completely penetrated the damaged area. This con-
cern is often emphasized by the fact that workmen
may have relatively little experience with wood as
opposed to concrete repairs. The following proce-
dures are recommended for insuring a satisfactory

is quality control
1S {uaiity COnNuros.

epoxy repair
3.4.29.1 Epoxy Samples. In many cases laboratory
testing is not possible for wood repair in contrast

to concrete repair where test cylinders can be
taken. This lack of quality control can result in se-
rious problems for epoxy repaired members. Many



epoxies are very sensitive to mix proportions. The

standard injection equipment consists of two posi-

tive displacement pumps driven by a single motor
geared to obtain the proper mix. The two epoxy
components are mixed at the nozzle, thus a fairly
continuous flow prevents hardening of the epoxy
in the nozzle. However, crimped lines, malfunc-
tioning pumps, or line blockages can sometimes
occur. In severe cases the problem may result in
soft spots within joints. Frequent collecting of
small samples in containers will determine if the
epoxy is hardening as expected; this should be rou-
tinely done. It is recommended that a sample be
taken before the injection of each joint with a no-

(A) UNASSEMBLED HEAD
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tation as to the specific point being repaired.
Should the epoxy not harden properly, the jcint
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should be repaired by an alternative method.

3.4.29.2 Shear Block Specimens. The detection of
weak but hardened materials is much more diffi-
cult. One method is to inject shear block speci-
mens at the beginning of operations and after the
repair of every fifth member. A shear specimen is
cut into four shear blocks after curing and each is
tested in single shear. The failure stress level
should be approximately equal to the ultimate
strength of the wood (approximately 600 to 800 1b/
in2 for southern pine). This level of shearing
strength indicates a high-quality bond.

(B) ASSEMBLED HEAD

Figure 3-51. MIXING HEAD OF EPOXY INJECTION UNIT.

3.4.29.3 Coring. Another quality control probiem
is determining epoxy penetration into voids.
Coring techniques have been developed, but none
have proved completely satisfactory. The coring

SECTION V—(
3.5.1 General

An improvement in the heavy timber construction
field is the development of glued-laminated (Glu-
Lam) members. Large members are made up from
smaller standard dimension pieces of lumber and
formed into a variety of shapes and sizes. Glued-

laminated members have higher allowable unit

stresses than solid timber due to the dispersion of

devices are either time consuming, thus allowing
for only spot checks, or they destroy the sample
making it difficult to detect the epoxy.

GLUED-LAMINATED WOOD FRAMES

defects, such as knots, and the kiln-drying of the
lumber prior to lamination. One of the most popu-
lar types for buildings is the glued-laminated arch.
See figure 3-52.

3.5.2 Glued-Laminated Wood Beams

Beams built up of smaller pieces can also be

LRSS R [ NNy S RIS Y

snapea to fit architectural and structural requlr&
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ments in great variety. Some of these are iilustrat-
ed in figure 3-52.

2R921 NAfTontsnnm
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and
For a given span, deflection is more pronounced in
timber members than in steel or concrete. Much
more often deflection will be the governing factor
in design of timber beams and girders. Designers
usually have a camber placed in timber beams and
girders, based upon a full dead load and half of a

live laad Thic meancs that tha mamhar will annaar
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to arch upwards at midspan, when the roof has no
superimposed load, and flatten out level when it
supports a moderate snow load. Under an extreme
snow load, usually occurring once every genera-
tion, the beam will appear to sag as far downward
as it arched upward with no snow. In observing
this situation bear in mind that either the top or
the bottom of the beam could have been shaped in
fabrication to produce a haunch or some other
nonconformity. The camber or deflection may be
measured from a tight string line held at the same
glued surface line from one support to another.
However, since members may be shaped after
glueing, the only sure way is to consult design
drawings where a camber sketch is shown.

3.5.2.2. Decay. Designers were originally lead to
believe that glue-lam members were water resist-
ant. Consequently, many structures were built
with eXpOSéu beams and g“lruers Glue-lam arches
were anchored in exposed metal shoes which filled
with rain water. These areas are decaying badly

and need to be repaired by replacement including

Cambe
vanioer
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full protection from rainwater provided to the new
glue-lam members by complete covers.

3.5.3 Repair of Glued-Laminated Members

Glued-laminated members, having been kiln-dried
before gluing and being of smaller selected pieces,
do not ordinarily have the same defects as solid
wood members. In arches, periodic inspections
should be made to detect any delamination or sep-
arating of one piece in the member from another.
Minute cracks should be carefully examined; and,
if larger than Yie inch, they should be examined
by a competent structural engineer. Arches should

be examined for alignment and settling.

3.5.4 Corrective Measures

3.5.4.1 Arches. Adjustment of tie rods should be
made only as directed by a competent structural
engineer. Bolts and fasteners at the peak joint
should be tightened; however, since the material
has been dried, this should not be required as fre-
quently as connections in solid timbers. At the di-

rection of an engineer, steel plates, stitch bolts and
spikes may be used to repair arches that have sep-
arated or delaminated.

3.5.4.2 Beams. Beams may be required in the
same way, and lines for detecting sag or deflection
should be used.

3.5.4.3 Purlins and Joists. Purlins or joists are
usually fastened to these members with hangers.
Shimming of the purlins in the hangers can be ac-

complished with small wood wedges or shims.



TM 5-620/NAVFAC MO-111/AFP 91-23

. T
/7 \\ v N
/  \ N \

DUAL RADIUS

USUALLY THREE HINGED BUT LARGER SPANS CAN BE
DESIGNED AS TWO HINGED ARCH

SPRINGLINE NEAR BASE
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STRAIGHT LEG AND STRAIGHT TOP MEMBER
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A e

/7 \ ™ N
{ | 1

—u
I l_ BOOMERANG ARCH
SPRINGLINE SLIGHTLY BELOW KNEE
CONTINUOUS CURVE WITH STRAIGHT LEG SPANS: 30'-100' AND OVER
SPRINGLINE NEAR HEEL
SPANS: 25'-40'
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GLUED LAMINATED BEAM SHAPES
Figure 3-52. GLUE LAMINATED SHAPES.
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EXTERIOR WALLS

SECTION I—CLASSIFICATION OF WALLS

4.1.1 Structural Types

Exterior walls may be classified as load-bearing
walls (walls that support loads from floors, roof
and equipment plus their own weight), nonload-
bearing walls (walls that support only their own
weight), and curtain walls (walls that have their
own weight supported on structural members).

4.1.2 Material Classifications

Exterior wallis fall into four general material clas-
sifications, with a wide variety of materials and
nnnlwnhnnﬂ

4.1.2.1 Wood and Wood Products: Wood shingles,

weatherboard siding, plywood, prefabricated

panels.

4.1.2.2 Concrete and Masonry: Brick, concrete ma-

sonry units, reinforced concrete, precast concrete

panels, structural clay tile, stone, exterior plaster
PR

(stucco).

4.1.2.3 Metal: Corrugated iron and steel, alumi-
num sheeting, precut sheet metal, enamel-coated,
prefabricated steel panels, protected metals, pre-
fabricated panels.

4.1.24 Mineral and Chemical Products: Asbestos
shingles, asbestoscement sheets (flat and corrugat-
ed), prefabricated panels (flat and corrugated),
glass block and vinyl.

4.1.3 Finishes and Protective Coatings

As distinguished from exterior wall surfaces them-
selves, protective and decorative coatings fail into

4,2.1 Causes of Failure

4.2.1.1 Moisture. The most common failure of
wood and wood-products exterior siding is caused
by moisture. Prolonged weathering, leaks, and
cracks, which allow moisture to enter and collect
behind exterior coverings, are a source of eventual
problems. Condensation within and behind walls
also contribute to the problems of maintenance,
repair, and rehabilitation. Figure 4-1 demon-
strates the mechanics which may produce damag-

ing moisture behind paint and within walls and il-

several general categories. See Tri-Services
Manual, “Paints and Protective Coatings,” for in-
formation regarding their application and mainte-
nance. Exterior plaster (commonly referred to as
stucco) is the application of a portiand cement
plaster to the exterior wall surface. Chapter 5 of
this manual discusses the materials and applica-

vdilds d114QilNal QIoULsSsSCo LINT 1Aalllildls Al e

tion of interior portland cement plaster in detail.
Exterior plasterwork is similar to interior plaster-
work except that the exterior plaster finish coat
normally contains a waterproofing agent.

4.1.4 Maintenance and Repair

Regardless of the material used in the construc-
tion and finish of exterior surfacing, it is necessary
that maintenance measures appropriate to the sit-
uation be planned and carried out on a regular
schedule. Where repair is made to existing types of
construction and material, it is best to match the
as-built specifications as nearly as possible. Im-
proved construction
should be constantly examined to prevent or offset
similar failure. Where weathering, normal wear or
other reasons dictate a requirement for repair, re-
placement or refinishing of an exterior wall, con-
sideration must be given to either matching (or du-
plicating) existing material, replacement of the
entire covering, or a compietely new finish over
the existing surface.

atariala
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lustrates the use of a vapor barrier to avoid these
conditions.

4.2.1.2 Inferior Workmanship and Material. Infe-
rior materials used in initial construction may

allnwxy Ao
allow early warping and cracking, or in instances

of green lumber, bleeding of sap. Painting on wet
material may cause early scaling, which in turn
exposes areas of the wood to severe weathering. In-
sufficient, loose, and displaced nailing will eventu-
ally cause problems.

-
1
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4.2.1.83 Structural Failures. Settlement of founda-

tione which in turn causes disnlacement and mis-

tions, which in turn causes displacement and mis
alignment of framing members, may crack, misa-
lign and damage facing material. Occasionally, a
framing member may fail under loading conditions
which exceed those for which it was designed or
because of inferior material. This in turn can
cause displacement and damage to siding. A fact
that is frequently overlooked in maintaining wood
siding is that nailing or adhesion methods of fas-
tening sheathing on the framing (studs or furring
strips) provide strength to the basic structure, as
well as form a covering. It follows that broken or
loose siding detracts not only from weatherproof-
ing functions and appearance, but also from the
strength of the structures as well.

4.2.2 Maintenance and Repair

4.2.2.1 Inspections. Regularly scheduled inspec-
tion will determine the need for timely mainte-
nance procedures. Neglect of maintenance and
repair measures leads to greater and more costly
problems. Painting and surface treatment must be
kept in good repair. Specific structural repair and

improvement methods are presented below. It is

4-2

important to determine the cause of failure and
correct it before surface renairs are made

LOIITOL 20 POAVIT 2RILGLT ITpalls &IC 1Iiae.

4.2.2.2 Causes of Damage. Siding material may be
damaged by normal weathering; severe wind,
snow, and ice; falling tree branches; fires; vehicle
collisions; spillage of grease, fuels, and chemicals;
and vandalism.

4.2.2.3 Patching, Renailing and Resurfacing.
Make a careful check to determine that existing
structural, functional and material conditions war-
rant repair to the existing wall rather than com-
plete residing, insulation, or other overall repair
or rehabilitation. Where existing situations are
satisfactory, replace damaged material with like
material. Cut out sufficient areas beyond the dam-
aged part to obtain good jointing and sound nail-
ing. Tighten nails in existing material to be left in
place. Be sure that material receiving the new
nailed pieces of sections are sound and true. (See
chapter 3 for framing repair.) Cover replacement
wood with finishes or paint matching the original

design. When * as-bullt plans are avallable, it is
well to examine the original construction detail for
assurance that out-of-vision construction and utili-

ties will not be damaged.
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4224 Repair of Wood Shingles. Warped, split, or
curled shingles should be removed with a ripper
and replaced in a similar manner to roofing shin-
gles. See Tri-Services Manual, “Roof Maintenance”
(TM 5-617, AFM 91-31, NAVFAC MO-113, and
MCO P11014.9)

4225 quu 0
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Prefabricated Panels. Panel
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TURE CONTROL IN EXTERIOR WALLS.

and faulty caulking. It is usually more economical

and satisfactory to replace damaged or deteriorat-
ed panels rather than to attempt patching.

4.2.3 Residing

When existing siding does not meet functional re-
quirements, careful consideration will be given to
residing over the existing material. At this time it

is well to consider factors in connection with insu-
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lating qualities of the material to be used. If the
walls are already suitably insuiated within, siding
or shingles may suffice. If new or additional insu-
lating qualities are required, careful consideration
should be given to the insulating factors of the
new material. These considerations include wheth-
er present walls are vented or depend on porosity
so vapor may reach the outer air, and what effect
the addition of material may have on the existence
or nonexistence of a vapor barrier within the wall,
and the effectiveness of the present airspace in the
wall structure. When a qualified engineer has de-
termined what type of material is to be used, the
following general rules apply for placing insulat-
ing or wood sidings.

49231
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be repaired to provide a sound, substantially
smooth, true surface having adequate nail-holding
capacity and the ability to hold the new siding
firmly.

4.2.3.2 Over Unusual Construction. Where struc-
tures have thin level siding or similar materials
applied directly to studding, which sometimes may
be widely spaced, it is appropriate to fasten to the
existing wall properly sized wood strips, placed at
the nailing location for the new siding. These
strips will serve as adequate nailing bases provid-
ed they are shimmed to true line and are properly
secured.

4.2.3.3 Over Other Material. Where it is deter-
mined that wood siding should be on a building
which has an existing surface, such as asbestos-
cement or metal, which will not act as a nailing
base, it is necessary to use wood nailing strips
which are secured through the existing siding and
into the wall studs. Otherwise, all old siding and
the old sheathing may have to be removed down to
the existing studding and then replaced with new
sheathing as well as siding.

4.23.4 Residing Over Stucco. New siding will not

mava fkn n]r‘ nfnnnn,

General. The old wall to be recovered will

4 11T Vi VYTCLITE VVaiz

T,
be applied over cld stuccc. Remove th

nails, and lath, and apply new siding on existing
walls.

4.2.3.5 Other Considerations. Whenever siding is
replaced or added to existing siding, proper consid-
eration must be given to placement of asphalt-
saturated felt underlays, flashing at windows and
doors, termite protection, proper surface treat-
ments, and other items pertinent to good construc-
tion practices. These considerations will be de-
pendent upon the existing conditions.

4.2.3.6 Moulding, Flashing, and Caulking. When
residing, the new siding may butt against or over-

4-4

lay the opening trim. If it overlays the trim, it
should be finished by an abutting metal or wood
staff moulding. If it butts against the opening
trim, adequate and appropriate flashing or caulk-
ing must be used.

4.2.3.7 Gutters and Downspouts. New or rehabili-
tation work involving the repair or replacement of
gutters and downspouts will be phased to insure
continual drainage of roof runoff. This will pre-
vent storm water damage to the new work or to
tha nau no nrior tn giirfans trantmma s

e N
the new SiQing pr 1v1 L0 suriace ur cauucub, ana wiil

prevent water from entering uncovered wall areas.

4.2.3.8 Underlay. On residing work where the
sheathing or old wall surface is not in sound condi-
tion, an underlay of sheathing paper must be ap-
plied to prevent the infiltration of wind and mois-
ture. Apply the underlay as the application of the
siding progresses, applying only the amount of ma-
terial which can be covered by the end of each
day’s work. Use only enough small nails or staples
to hold the underlay in place until covered with
siding.

4.2.4 Vapor Barriers

A vapor barrier is the best means of nreventing

xS pPFva MAIIITT I8 WIT OO0V CAIS UL pPi ventiin,

condensation by keeping the vapor from reaching
a cold surface. When existing buildings have not
been provided with a vapor barrier and condensa-
tion problems exist, some relief may be obtained
u_y use of vapGi‘-i‘eSLBbaub puuu, on interior wall
faces. However, application of a vapor barrier on
the inside of the warm side of the exterior wall is
preferable. There are a variety of vapor barrier
materials, such as impregnated paper, plastics,
and metallic sheets. In most instances where a
vapor barrier is to be appueu within a wau, it is
best to use an insulation board, batts, or similar
material with an integral factory-applied vapor
barrier. This accomplishes the purpose and incor-

porates insulation at the same time.

4.2.5 Ventilation

Venting of walls, attic, and crawl space to allow
escape of vapor to the outside air will help over-
come the problem of condensation. Walls may be
ventilated by vents which are designed to prevent
the entrance of rain or snow and are screened
against insects. Vents with screens may also be
placed in attic space and crawl space. Vents may
be placed in loft spaces, below flat roof decks, in
gable walls (louvered), in roofs (by installing insect
screens at the eaves), and wall vents in crawl
spaces. See figure 4-2.
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Figure 4-2. TYPICAL METHODS OF ATTIC VENTILATION.

Exterior wall insulation has proved its worth
manyv times. In maintenance of structures, ques-

AiiGaiiy  vaiialsS.

tions concerning the sufficiency or deﬁcxency of in-
sulating qualities of walls (as well as ceilings and
roofs) often arise. Some of the considerations re-
garding its use are discussed below.

4.2.6.1 General. The use of insulation varies to
meet climatic conditions of the area in which a
building is located, the use of the building, and the
structural features of the building itself. The eco-

and mnn]vnnd hoat (or
egquaiiz

foofnvo of eaving
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of the combined conditions c1ted above w111 deter-
mine the best type and method of application of
insulation for a specified use. Fireproofing quali-
ties and condensation control must be considered,
as well as the insulating value of the product to be
used. For consideration of double-glazing (storm
sash) and weather stripping in conjunction with
insulating, see chapter 7 of this manual.

22 ne Tam Amennan A

42.6.2 Types and Uses of Insulation. Increasead in-
sulation reduces annual energy costs and increases
initial installation costs and annual maintenance

A111IVIQAZ Rid allllual 11l

4-5



TM 5-620/NAVFAC MO-111/AFP 91-23

costs. The greater amounts of insulation produce
unusual installation problems and increase the ini-
tial costs disproportionately to the energy saving.
The optimum amount of insulation can only be de-
termined by complete analysis of costs and sav-
ings. See appendix C, paragraph C.2.2.3. According
to the DOD Construction Criteria Manual (see ap-
pendix A), buildings to be heated to 7T0°F (21°C)
must have a factor in walls of 0.1 either in new
construction or in repair renovation work.

a. Roll blankets mav be used where access to the

AWVid AMARianT VY saaly MIUE TV AATI T GAVLVULDD VU viaT

space between studs permits their use and fasten-
ing. Space must be thoroughly accessible and free
of obstacles.

b. Batt blankets may be used in areas similar to
those for rolled material.

¢. Loose material (pellets or wool) is best suited
for areas where access is through a small space.
Intrawall areas between the studs and attic spaces
may be poured with loose insulation material. It
may also be forced in under pressure by com-
pressed air. This form of insulation is particularly
adaptable to small areas around windows and
doors and in wall utility compartment vents.

d. Other tvnes of insulation include rigid and

NSUaITL Vs Vi AliDRlRAQuaViL ddiVaalT dap [-3810%

semi-rigid composition board, which includes stiff-
ening material, such as fiber, to make a material
self-supporting. It is used most generally for pe-
rimeter insulation, such as around concrete slabs
or as sneauung under the mumg uuuby batts are
formed from insulation, but with no envelope or
vapor barrier to break the flow of air through the
material. It may be used when no vapor barrier is
required or where a separate vapor barrier has
been provided.

4.2.6.3 Placing Insulation. It is most satisfactory
to place roll or batt insulation between the studs
of a wall while either the inside or outside surface
of a building is uncovered. Thus, when resheathing
the outer surface of a wall or replacing the inner
surface, consideration should be given to installing
insulation. When both wall faces are covered, it is
necessary to pour loose insulation from the top or
force it in by compressed air from some opening in
the wall. In any case, care should be exercised to
fill all small crevices and to pack material into
confined spaces, particularly around piping and
wiring. The vapor barrier side of insulation should
face toward the warm side of the wall. In placing

any tyna ar kind of inaulatian falla -
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turer’s instructions for proper thickness, form and
fastening. Figure 4-3 illustrates application of in-
sulating batts, blankets, and utility batts to stand-
ard wood-constructed walls. Figure 4-4 shows
methods of placing insulated material on masonry
and metal sidewalls.

a. Batts and Blankets. In figure 4-3, the follow-
ing steps are demonstrated for batts and blankets:
Cut insulation to stud height plus 3 inches for top
and bottom, nailing ﬂange exposed Start at top of

otizd S;mamna A [ P 1

stud space and work down if roll blankets are
used. Batts can be installed from floor up. Staple
or nail flanges to stud at 5 to 6-inch spacing.
Make sure vapor barrier faces building interior.
Press insulation closely together at joint so that no
voids are left. Make sure vapor barrier is not
broken by spaces at joints. Insulate with special
care on the cold side of pipes and drains. Compress
insulation behind pipes where possible or pack
with utility batts or pouring wool or scraps from
batts or blankets. Cut and apply vapor barrier to
provide vapor protection.

b. Utility Batts. In figure 4-3 the following steps

are described for utility batts: Stack 15 by 10 inch
nhllfv bats bhetween studs. If the 15 inch dimen-

sion is placed horizontally, batts fit between studs
spaced 16 inches on center. With the 15 inch di-
mension vertical, two batts can be packed into the
space between studs on 20 inch center. Tack vapor
barrier paper over the insulation to prevent con-
densation. For complete vapor protection, the
vapor barrier must be continuous at joints. Apply
roll or batt blankets to furring strips following di-
rections given for wood sidewalls.

¢. Metal Buildings. See figure 4-4. Attach fur-
ring strips to purlins or girts of the metal building
on a standard spacing to tack roll blanket insula-
tion. Staple or nail roll blankets to furring strips.
Make sure vapor barrier is continuous to prevent
condensation on steel sheets. Cover with desired
finish.

4.2.7 Exterior Steps

Wooden exterior steps are subject to considerable
weathering and mechanical abuse. Wood columns
and posts supporting exterior steps and platforms
should be set in concrete with wood parts no closer
than 4 inches to the ground. Ease of access to
these structures will make inspection simple and

ronair 1n ]‘nofnﬂ
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NOTE:

o DENOTE STEP IN THE INSTALLATION
OF INSULATION-SEE TEXT FOR
EXPLANATION.

Figure 4-3. PLACING BATTS, BLANKETS AND UTILITY BATTS IN WOODFRAME WALLS.
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NOTE:

a DENOTE STEP IN THE INSTALLATION
OF INSULATION-SEE TEXT FOR
EXPLANATION.

METAL SIDEWALLS

.& \
S

Figure 4-4. PLACING INSULATION INSIDE MASONRY AND METAL SIDEWALLS.

4.27.1 Treating Porch and Walkway Flooring.
Treated lumber should be used if available. How-
ever, if it is not available, immediately upon deliv-
ery at the building site, treat all matched or
square-edged flooring and planking to be used on
the exterior with a preservative sealer before it is
exposed to the weather. Immerse boards fully for
not less than 15 minutes in a slow-drying wood
sealer. After treatment, carefully stack lumber
and protect it until ready to use. Before installa-
tion, dip or brush-coat all cut ends of flooring with
sealer; after installation, apply a brush coat of
sealer to any surfaces which have been abraded,
planed, scraped, or sanded. Square-edged material
laid with open joints should be used for open walk-
ways in hospitals and other installations where
open joints are not objectionable.

4.27.2 Repairs. Normally, the component mem-
bers may be repaired by replacing the damaged
parts in kind. Use sound material, 2 or 3 inches
thick, for stringers, and space them more than 24

inches on centers. Cut stringers to form treads,

using planks of sufficient width to provide at least
5 inches of uncut lumber along and parallel to the
bottom edges of the stringers. Maintain uniform
tread widths and riser heights throughout the run.
Treads are formed of 2 x 4’s or 2 x 6’s or a combi-
nation of the two sizes spaced % to Y2 inch apart.
Risers are left open. Set lower ends of the stringer
on concrete footings at least 4 inches above the
ground.

4.21.3 Replacements. Expected utilization of th
building and extent of damage are the determin-
ing factors as to which of the following methods
may be the more economical for complete replace-
ment:

a. Replacement in kind using salvageable mate-
rial supplemented with new material.

b. Concrete steps and platforms with metal pipe
railings.

4.2.8 Porches

The same maintenance generally applies to porch
flooring and supporting members as for framing.



Treatment of material and procedures are as dis-
cussed in paragraph 4.2.7.1 above. Care will be
taken to maintain porch flooring and rails in good
condition.

4.29 Loading Platforms

Particuiar attention must be given to inspection
and maintenance of loading platforms due to the
congideration of constant application of changing
live loads to the floor surface. Movement of large
quantities for heavy materials, the impact of fall-
ing loads, and the constant hazard of vehicles col-
liding with the platform framing call for frequent

TM 5-620/NAVFAC MO-111/AFP 91-23

inspection and maintenance. Framing is generally
replaced or reinforced to match the existing struc-
ture.

Repair of existing canopies or construction of new
canopies wili be restricted to areas and conditions
as prescribed by the installation engineer. Repairs
are ugually made hv rpnlamno‘ the Anmnond part

or parts in kind. New canopies, when permltted,
will be of the most economical construction con-
sistent with the expected utilization of the build-
ing concerned.

SECTION III—CONCRETE AND MASONRY

4.3.1 General

The frequency of maintenance for masonry and
concrete exterior walls is less than that for most
other exterior materials. Leakage through con-
crete walls is caused by cracks in the concrete and,
in rare cases, porosity of the concrete. Most defects

Aras avin lanlraca
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are due to the expansion and contraction of the
structural members. Other common causes are set-
tlement, excessive floor loadings, and poor work-
manship in the original construction.

4.3.2 Mortar

S P e |

4.3.2.1 General. Mortar made from suuu-quauu_y
material, mixed and placed under proper weather
conditions and in a workmanlike manner helps
produce weather-resistant, durable masonry.
4322 Defects and Damage. Weathering may
cause a spalling of mortar joints under the best
conditions. Poor mortar mixes are usually at fault
when the face of the masonry walls is marred by
stains and efflorescence. Impure water containing
acids or organic matter and improper sand in the
mortar mix not only cause stains through bleeding
(spillage of water over a masonry surface during
construction or curing), but also accelerate weath-
ering of the mortar joints.

4.3.3 Repointing

Repointing with the best materials and skill work-
manship will correct the most common fault, de-
fective mortar joints.

4.3.3.1 Removing Old Mortar. Since removing
mortar by hand with hammer and chisel is diffi-
cult and expensive, most masons who specialize in
repomung use porl.auw electric-driven gxinuing
wheels to simplify the job. Cut out cracked or open
mortar joints to a depth of at least % to 3% inch.
Remove all dust and loose material with brushes,

compressed air, or water jet. If water is used, no
further wetting of the joints may be needed unless
the work is delayed.

4.3.3.2 Recommended Mix. Use mortar of about
the same density as the original mortar, or use a
prehydrated mortar mix in the following propor-
tions by volume: 1 part of portland cement, 1 part
of lime putty or hydrated lime, and 6 parts of
sand. Prehydrate the mortar by mixing it about 2
hours before use, adding only about half the
mixing water, to eliminate excessive original
shrinkage and voiume change.

4.3.3.3 Application At the end of the 2-hour
Cur ulg per wu, WOrK the mor tiar, auuiﬁg‘ enougn aa-
ditional mortar to make the mixture plastic, but
not enough to make it run. Be sure the joints are
damp, and then apply the mortar by packing it
tightly into the joints in thin layers. Tool the
joints to smooth, compact, concave surfaces. If
openings in the mortar are small, cutting out the
jGii‘uS is unnecessary, and xuuuwuxg pruusuure may
be used. Mix grout in proportions by volume: %
sand, ¥ portland cement, ¥ limestone flour, pow-
dered flint, or fine hydrated lime. Wet the joints,
and apply two coats of grout, brushing it vigorous-
ly into the joints.

4.3.3.4 Protection. Protect all fresh repointing
from direct exposure to hot sun and drying winds
until it has set hard.

4.3.4 Efflorescence

4.3.4.1 G@General. The source of efflorescence of
walls can be found if close inspection is made
when it first appears. The immediate remedy to
prevent recurrence of efflorescence is to check
causes of excessive moisture that contacts the
wall, such as defective flashings, gutters, down-
spouts, copings, and mortar joints. If it appears at
the edges of the masonry unit, the mortar prob-
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ably is at fault. Efflorescence at
unit indicates that the masonry uni

may be responsible.

4.3.4.2 Cause of Efflorescence. Efflorescence on
masonry usually appears as a light powder or crys-
tallization and always indicates trouble. Aside
from its unsightly appearance, it is evidence that
enough moisture may be penetrating the wall to
cause disintegration of the masonry. The two con-
ditions which generally produce efflorescence are
the presence of water-soluble salts (in masonry
units, mortar, or both) and moisture which depos-
its salts on the wall surface when water evapo-
rates. This latter may be excess moisture caused
by extra soaking of units before laying, or mois-
ture taken up during storms after erection of the
wall.

4.34.3 Water-Soluble Salts. Soluble salts may be
present in brick, hollow tile, concrete blocks, or
mortar. Tests have shown that only a small per-
centage (probably not more than 10 percent) of
well-burned clay and sand-lime brick and hollow
clay tile contributes to efflorescence. Secondhand
brick, because of its uncertain origin and previous
contact with mortar and plaster of unknown com-
position, may cause efflorescence. Concrete blocks
are often made of materials containing efflorescing
salts. Portland cements, limes, and sands used in
mortars often contain soluble salts that cause ef-
florescence. The Wick Test for efflorescence, as de-
scribed in ASTM C-67, is recommended for deter-
mining the presence of soluble salts in masonry
units and mortar ingredients.

4.34.4 Excessive Moisture. Since moisture is nec-
essary to carry soluble salts to exterior masonry
surfaces, efflorescence is evidence that construc-
tion faults have permitted moisture to enter the
wall. Excessive moisture in walls may be caused
by defective flashings, gutters, downspouts, cop-
ings, or improperly filled mortar joints Location of
eIIl()TeSceﬁce uoes not always mean [naE water lS
entering the wall at that point. Streaks on the
wall from the top down or patches some distance
from the top might indicate defective gutters or
copings. Patches of efflorescence are sometimes
caused by opened mortar joints or projecting brick
courses without enough wash (upper surface of the
brick which is sloped to shed water). Water may
also enter openings at windowsills and around
window and door frames. Efflorescence close to the
ground may indicate ground water drawn up by
capillary action.

4.3.4.5 Efflorescence Analysis. The following
checklist is helpful in determining causes of efflo-
rescence:

the center of the
it o

and morta

S

4-10

a. Age of Structure. Determine the age of struc-

time the efflorescence appeared. If the

structure is less than 1 year old, the source of the
salts is probably the cement in the mortar, and
the source of the water is usually construction
water. However, if the structure is more than 2
years old, construction details should be examined
for possible leaks in the wall or the adjacent con-
struction. The sudden appearance of efflorescence
on an established building previously free of efflo-
rescence is normally attributed to a new entry of
water into the construction assembly.

b. The Location of the Efflorescence. The location
both on the structure and on the masonry unit or
mortar joint should be carefully noted. The loca-
tion of the salt crystals on the joints or the mason-
ry units may help in determining the source of the
salts. The recent use or occupancy of the building
should also be noted. Has the building been vacant
for some time? Has it been altered, expanded or
modified?

c. The Condition of the Masonry. Careful exami-
nation of the profile of the mortar joints, the con-
dition of the mortars, the type of workmanship,

the condition of caulked joints, the condition of

-
=
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ure at the

flashing and drips, and deterioration or eroding of
mortar joints in coping or in sills should offer
clues as to the entry paths of moisture into the
construction.

d. Other Source of Water. If the usual sources of
moisture have been eliminated, consideration
should be given to other sources, such as condensa-
tion on the walls, leaking pipes, faulty drains, and
condensation on heating and plumbing lines. It
should be emphasized that these are rare and un-
usual sources of moisture for efflorescence. The
principal sources of moisture should be thoroughly
examined before these secondary sources are con-
sidered.

4.3.5 Types of Cracks

4.3.5.1 Horizontal Movement. Cracks in this cate-
gory are usually long cracks in the mortar joints.
They generally occur along the line of the floor or
roof slab or along the line of the lintels over win-
dows and doors, resulting from horizontal move-
ment of the slabs involved. Where these cracks
turn a corner they frequently rack down (or up) as
shown in figure 4-5. Racked-down corners are dis-
cussed in paragraph 4.3.8.4 below.

4.3.5.2 Settlement. This usually results in diago-
nal cracks that reach from the lintel of one
window or door to the sill of an adjacent window.
These cracks generally follow the mortar joint



with an occasional break through the masonry
units.
4.3.5.3 Deflection. Vertical and diagonal move-
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ment cracks usually occur in lintels and beams

and are the result of excessive deflection, or some-
times shrinkage. See figure 4-6.

TYPICAL HORIZONTAL MOVEMENT CRACK
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TYPICAL RACKED-DOWN CORNER

Figure 4-5. HORIZONTAL MOVEMENT AND RACKED DOWN CORNER.
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Figure 4-6. DIAGONAL MOVEMENT CRACK.

4.3.5.4 Shrinkage. Haphazard cracks in mortar as
well as in concrete, resembling a road map, are
the result of shrinkage. These cracks seldom
amount to more than hairline cracks, and seldom
are a cause for concern.

4.3.5.5 Miscellaneous. Various combinations of
the cracking discussed may occur or may be com-
bined smgry or Luuecbi‘vely with other 1&1111?65,
such as excessive short-term loading from the ele-

ments; external damage from vehicles or objects;

failure of support through deterioration; failure at-
tributed to uncalculated secondary stresses such as
creep, vibration or impact; or progressive minor
failures resulting in a major failure.

426 Repair of Cracks

----- LA g e

4.3.6.1 General. Before any attempt to repair a

A prtem Anetse e tmmwracdiondioam k1)
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be made to determine the cause of the crack. The
cause should be corrected first. Repairs to cracks
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in masonry have often resulted in an unsightly ap-
pearance. Cases exist where fine hairline cracks
were chiseled out and repointed with mortar when
such work was entirely unnecessary. In exposed
walls, it is extremely difficult, if not impossible, to
chisel out a joint and repoint it without producing
a repaired area noticeably different from the sur-
rounding masonry. The repaired joint in such
work will be noticeable from an appreciable dis-
tance, whereas the hairline crack is barely visible.
A few instances exist where the pointing mortar
was left recessed below the surface of the block,
thus actually defining and calling attention to the
crack. Another erroneous practice in repair is to
fill the crack with plastic caulking compound or a
bituminous material having a color dissimilar to
that of the masonry surface, resulting in an objec-
tionable appearance. In considering the repair of
cracks in concrete masonry walls, the following
precautions should be observed.

a. Do not attempt to repair cracks as soon as
they appear. Observe the crack periodically over a
period of time to determine whether further crack-
ing or widening of the crack will occur. Determine
the cause of the crack and correct. No attempt
should be made to repair cracks in a new wall,
unless such action is absolutely necessary to pre-
vent the entry of water, or for similar reasons.

b. Do not attempt to repair a fine crack by chis-
eling out a deep grove and repointing. Repair fine
cracks by filling or bridging over with a cement-
based wash or paint.

¢. Do not caulk cracks above grade with light
plastic or dark bituminous caulking compounds
which will contrast with the wall finish. If such
materials must be used, seal the caulking by coat-
ing with shellac or aluminum paint and then paint
to match the surrounding area.

d. In filling joints with cement-sand mortar, size
the sand to the width of the crack. Be sure to
moisten the old concrete or mortar surrounding
the crack to develop good bond and cure the new
mortar by keeping it damp for 2 or 3 days. Do not
apply waterproofing above or below grade until
the pointed wall has dried (set).

e. Seal cracks below grade to prevent moisture
from entering or passing through the wall.

4.3.6.2 Determination of Method of Repair. If the
cracked masonry units to be repaired are in a wall
of some prominence, where patching would be an
eyesore, the cracked masonry units shall be re-
moved and replaced. If the final appearance of the
wall is of little consequence, the cracked masonry
units may be patched in a manner similar to the

4-12

repair described for cracks in joints, using any pro-
cedure determined feasible and economical.

4.3.7 Concrete Repairs

4.3.7.1 Routing and Sealing. Repair large cracks
by first cutting them out to a depth of about 1
inch and a width of %2 inch. Remove all dust and
loose material with brushes or compressed air. If
the cracks have been caused by initial shrinkage
or expansion of the structure, fill them with
mortar. If they are caused by an accepted recur-
rent movement of the structure, fill them with
caulking material. Before applying mortar, wet
the crack and adjoining surfaces thoroughly. Then
neatly apply a slurry of portland cement and sand.
Use 1- to 3-mix cement-sand mortar. To reduce
about 2 hours before using it, adding only about
half of the mixing water. At the end of the 2-hour
curing period, rework the mortar and add enough
water to make the mortar plastic, but not enough

tha 1

to make it run. Pack the mortar in oranle in
VNS ALARABRNS AV A WARide A AW 411 ViIT viauvn i1

fairly thin successive layers and tool it to a smooth
surface, slightly in front of the adjoining surfaces.
Shrinkage will be further reduced by keeping the
patched portions damp for 48 hours. Caulking ma-
terial should conform to Federal Specification TT-
C-598. Use Grade 1 for gun application and Grade
2 for knife application. Grade 2 will shrink less
than Grade 1. Before applying the caulking mate-
rial, swab the cracks with a cloth moistened with
turpentine or mineral spirits. Do not use thinners
in the caulking material. Do not apply primers.
They usually stain the concrete and seal the pores,
preventing a good bond. To place caulking com-
pounds in cracks or expansion joints that have
previously been filled with caulking, first remove
the old caulking to a depth of % inch.

4.3.7.2 Repairs Using Epoxies. The use of epoxies
for bonding broken surfaces is the most successful
method for sealing cracks in concrete.

a. Cracks as narrow as 0.003 inch can be sealed
with epoxy compounds. Wide cracks in horizontal
surfaces may often be sealed by pouring the epoxy
compound into them; but in vertical surfaces and
in the narrowest cracks in horizontal surfaces, ap-
plying the sealant by pressure is necessary. The
usual practice is to drill holes approximately %
inch deep and % inch in diameter into the crack
from the face of the concrete at 6- to 12-inch cen-
ters and inject a solvent to flush out the defect.
Valve stems or other types of entry ports are fas-
tened in these holes with an epoxy compound. The
smaller the cracks, the closer the valve stems
should be placed. The surface crack between the
valve stems is sealed with a high viscosity epoxy

>
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or other compound that will contain the pressure
of the injection process.

b. The injection process begins by pumping a low
viscosity epoxy compound into the valve at the
lowest exevauon ull(/ll Lne epoxy leVEI TeaCneS Lne
adjacent valve. All valves in the circuit are then
capped. The highest pressure used safely without
causing relative movement between parts of the
structure is applied to force the epoxy compound
into hairline cracks. The pressure should approach
100 1b/in 2 if possible and should be maintained
from 1 to 10 minutes or more. The pressure is then

released, and more epoxy compound is pumped
throuch the same valve until the succeeding valve

VAIIVWEBil VAAT DRRiAIT YeRa Y MMiivil vaiT OSWRULTTRRLLD

is capped; the process is repeated with successive
valves until the crack has been completely filled,
pressurized, and all valves capped. If larger quan-
tities of grout than anticipated are required, fur-
ther investigation is necessary. Cores are often
taken later to check penetration and strength.

4.37.3 Chemical Grouting. Chemical grouts con-
sist of solutions of two or more chemicals that
recat to form a upl or a solid precipitate, as op-

ATVNvY v o aviiiaa & SVLIC pPaeipiials;

posed to cement or clay grouts that consist of sus-
pensions of solid particles in a fluid. Cracks as
narrow as 0.002 inch have been sealed in concrete
with chemical grout. The advantages of chemical
grout inciude applicability to a moisture environ-
ment, wide limits of control of gel time, and appli-

oratinn on varv fina fracturega DNDicadvantaces are
LALlVIl Uli VU1 ) 1T LLIAVUUITE: WiSQUVTQlivapvy ki

high cost, high degree of skill and expertise for
satisfactory use, and shelf-life considerations and
safety precautions required for successful use.

a. The ultimate goal of grouting is to place a cer-
tain grout at some predetermined location. Down-
hole grout placement can be accomplished by sev-
eral means. The simplest grouting situation is to
pump or pour the grout directly on a surface or

intn an anan hola ar fracture. The simnlest down-
A1IVV Qi Vt"-’ll AAVIAIVC Vi LicAavviad e A AT DAllapraSY NANS VY aa

hole method using pressure for placement would
be the use of one packer to prevent the grout from
coming back up the hole while it is being pumped.

b. Selective down-hole grouting for an apprecia-
ble hole can be accomplished by placing two pack-
ers, one above and one below the area to be treat-
ed, and then injecting the grout. Another selective
grout placement method is by use of “tubes a man-
chettas ”’ Thig method entails using a tube with a

V1T VGO, AT VAIVR TiWWR2AS Wwdiiip @& vieay Yravasd a

smooth interior that is perforated at intervals and
sealed into the grout hole. The perforations are
covered by rubber sleeves, “manchettes,” which
act as one-way valves. Selective grout placement is
obtained by a double packer arrangement that
straddles the perforations. The annular grout
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sleeve is designed to burst under pressure which
permits grout to flow into the formation.

c. A slotted or perforated pipe may be driven
into a formation and then grouted, or an open-end

inae mav ha drivan tn o dagirad alavation and tha
PipPe may O€ Grivell U0 a Gesireda €:eévaiidn ana unen

grout. The open-end pipe can be kept open by plug-
ging the open end with a rivet or bolt during driv-
ing. When the desired elevation is reached the
pipe is raised several inches to allow the rivet or
bolt to work free from the open end when pressure
is applied by grouting. The pipe may also be un-

nluogoed hv nlacing a smaller rod ingide the iniec-

plugged by placing a smaller rod inside the injec
tion pipe to total hole depth and slightly beyond.

d. Using the two-solution process, drive a perfo-
rated pipe a certain distance and inject the grout
solution. This process is continued until total
depth is reached and then grout solutions of the
remaining chemicals are injected to complete the

raantion ac tho nina 1 avtracrtad
ATaviivii ad uviiT Plyc 10 Tavliawvvou.

e. Selective placement of grout can be accom-
plished without the use of packers. This involves
grouting a pipe in place, lowering a gun perfora-
tion unit that contains either shaped, charged pro-
jectiles, or a special jet charge, and firing the pro-
jectiles or jets to penetrate the pipe some distance
into the formation. Either of these methods glves
access to previously grouted formations and virgin
formations. Elevation and direction can be dictat-
ed by this operation.

4.3.74 Small Cracks in Concrete. Repair small
cracks by thoroughly wetting and then brushing
cement-sand grout into them. Mix grout in propor-
tions, by volume or equal parts of portiand cement
and dry sand, passing a No. 50 sieve. Liquid shall
be added to produce a mix suitable for brushing.
Cement and sand shall be selected to produce a
shade of grout that matches existing concrete.
Brush the grout vigorously into the cracks. After
the cracks have been filled, keep them damp for

ahasd 20
abuvul vv llUullS

4.3.7.5 Large Broken Areas. Repair large broken

concrete areas hv cutting out enouch loose con-

LVIAVITUVC KL TAS Viavvazigp CiiVupai AVUDT VUL

crete to expose the metal reinforcement. Remove
all dust and loose materials. Wet the existing sur-
faces thoroughly and then cost them with a neat
cement-sand slurry, as recommended for large
cracks. Then apply the new concrete of a mix cor-
responding to that of the existing concrete. Mixing
and application should conform to the applicable

requirements. After the concrete is applied, keep it
damp for 48 hours.

4.3.7.6 Precast Concrete Walls. Most precast slabs
and panels are of dense, high-strength concrete.
Webs are usually thin. Repair large cracks in mon-
olithic concrete. Do not attempt to cut channels in
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precast slabs or panels. Repair small cracks as in-
dicated in paragraph 4.3.7.2.

4.3.71.7 Concrete Spalling. Repair concrete spalling
using a 2-part polymeric mortar system. Remove
all loose and unsound concrete by hammer and
chisel. Remove small concrete pieces with a wire
brush. Remove loose rust scale and all nonadher-
ent rust from any exposed reinforcing by chipping
with handtools and by wire brush. Clean all dust,
oil, or other bond-inhibiting materials from patch

area. Be sure depth of natph area is compatible

with patching materlal Before placing the patch—
ing material, thoroughly clean, dampen, and
brushcoat the area to be repaired. Mix only the
amount of mortar that can be used during the pot

1ifa of tha ananifin nradint Datnh awan writh nale
11I€ Ul Ui Spoluil proGulit. rawil aica wiul poiy

meric repair mortar. All surface preparation,
mixing, and placing must be in strict accordance
with the manufacturer’s printed instructions. All
work must be finished plumb, smooth, and neat to
match adjacent existing areas. Protect the repair
and keep it damp for the curing period specified
by the manufacturer.

43.7.8 Structural Concrete Patching. Repair de-
fective or discolored concrete with a 2-part poly-
meric mortar system. Remove concrete in question
to a depth of no less than 1 inch. Make all cuts
perpendicular to the concrete surface. Remove all
loose concrete pieces with a wire brush. Before
placing patching material thoroughly clean,
dampen, and brushcoat the area to be repaired.
Mix only the amount of mortar than can be used
during the pot life of the specific product. Patch
area with polymeric repair motar. All surface
preparation, mixing, and placing must be in strict
accordance with the manufacturer’s printed in-
structions. All work must be finished plumb,
smooth, and neat to match adjacent existing areas.
Protect patch and keep it damp for the curing

nawrind
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4.3.7.9 Grouting Bolts. Grouting bolts into exist-
ing concrete beams, walls, and slabs using a 2-part
epoxy grouting compound with an added aggre-
gate. Remove dust, grease, standing water, and all
other deleterious materials from bolthole. Remove
dirt and grease from the bolt and dry it sufficient-
ly. Mix only the amount of grout that can be used
during the pot life of the specific product. Fill the
boithole to a predetermined depth with epoxy
grout. Set the bolt in the hold and work it up and
down, lightly tapping it to insure complete embed-
ment. Check the bolt projection and plumbness
and secure in position using a template to insure
proper location. Pack or pour additional grout into

e o pAE 2. 10 LH 2 0 8 e U2 pRAtal atttllLizL 1L 222

the hole, if required. Allow grout to set for time
period specified by manufacturer before applying
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load. Use a heavy liquid grout for horizontal sur-
faces and a gel consistency grout for vertical and
overhead surfaces. All surface preparation,
mixing, and application of grouting compound
must be in strict accordance with the manufactur-
er’s printed instructions.

4.3.7.10 Bonding Toppings to Existing Concrete.
Use a 2-part epoxy concrete adhesive to bond con-
crete toppings to existing concrete floors. Remove
all dust, laitance, oil, and other deleterious materi-
al from the existing concreie siab by sandbiasting
or other means of abrasive cleaning available.
Remove all standing water from the area to be
covered. Mix only the amount of adhesive that can
be used during the pot life of the specific product.
Apply the adhesive with airless sprayer, roller,
brush, or squeegee evenly to the surface at the
coverage specified by the manufacturer. All sur-
face preparation, mixing, and application of the
adhesive must be in strict accordance with the
manufacturer’s printed instructions.

4.3.1.11 Concrete Floor Overlays. Refinish existing
concrete floor slabs using a 2-part polymeric
mortar overlay. Prepare surface to be covered to
the requireu prome of the speculc proaucn to be
used. Remove all deteriorated concrete and exist-
ing toppings, dirt, oil, and other bond-inhibiting
materials by sandblasting, scabbler, or other avail-
able means. Sweep or vacuum dust off entire sur-
face. Repair all cracks in the existing slab with a
low viscosity epoxy grout. Wash entire surface
prior to overlay application and allow it to air dry.
Apply overlay mortar to the surface and finish to
the desired final surface condition. All surface
preparation, mixing, placing, and finishing must
be in strict accordance with the manufacturer’s
printed instructions. Provide joints in the overlay
topping in the exact location of joints in the exit-
ing slab. Saw-cut joints immediately after gverlay

TREY gERIatY RollRRRLGLTL) Qi Uveliay

has set or preform joints by inserting steel or plas-
tic strips in the existing joints. Preformed joint
strips shall not project above the top of the overlay
and shall be removed after the overlay has stiff-
ened. Tool a Y-inch radius euge after the JOlnt
strip is removed. Protect the new overlay and keep
it damp for the curing period specified by the man-
ufacturer.

4.3.7.12 Surface Sealants. Protective surface coat-
ings are used primarily to improve the durability
of concrete by preventing or inhibiting the intru-
sion of moisture, chemicals, or waterborne salts
but can also be used to lengthen the life of repair.

Typical materials emploved as protective surface

SJreTTe 2RTITILRIS CIllpalote AVWVOLVUIYL oullalce

coatings include boiled linseed 011 (generally mixed
with mineral or petroleum spirits or turpentine),



petroleum oil, silicones, epoxy-resin coatings, as-
phalt materials, rubber and rubberized asphalt, or
curing compounds. Epoxy coatings are the most ef-
fective under sustained exposure because they do
not require repiacement as frequently; but they
are more expensive. Impervious coatings such as
anayv-ragin coatings should never be annlied to the
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surface of concrete slabs on grade that may be sub-
sequently exposed to freezing unless it is certain
that the concrete can resist frost action in a criti-
cally water-saturated condition.

a. Methods of Application. Sealers may be ap-
plied to old surfaces by airless spray, roller, brush,

lamh’es waal annlicatar or trowel denendino on the
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product. High viscosity sealers such as bituminous
applications for below-grade concrete exteriors are
generally applied with brush or trowel and may
require reinforcing mesh to enhance resistance to
tear or rupture. Some epoxy, rubber, and acrylic
sealants may be applied by airless spray equip-

ment. Most sealants may be applied by brush or

13031V, AVAUSY SUGRIQREw 211G Paal

lamb’s wool application. The manufacturers rec-
ommended applications should always be followed.

b. Surface Preparation. Sealants require clean
surfaces for proper penetration. Surfaces should be
free of existing coatings, dirt, oil, grease, or other
contaminants. The type of sealant selected will de-

tarmine tho annraonriate mathod for cleaning. Par-
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ticular care must be taken in cleaning surfaces for
application of epoxy sealants or films, which re-
quire water or sandblasting. The manufacturer
will identify the appropriate cleaning methods
which are detailed in paragraph 4.3.9.

4.3.8 Brick Repairs

4.3.8.1 Mortar Preparation. Lay new brickwork in
mortar mixed in the proportions by volume of 1
part portland cement, 1 part lime paste, and 6

parts sand, or of 1 part masonry cement and 3

parts sand. Add sand so that it is distributed uni-

formly throughout the mass. Then add water
gradually until the mortar is plastic enough for
use. Portland cement and masonry cement (type
ID) should conform to ASTM Specification C-270.
Lime paste should be made with puiverized quick-
lime or with hydrated lime that has been allowed

to soak for at least 72 hours before use. However,

hydrated lime processed by the steam method
should be soaked not less than 12 hours before
using it. Pulverized quicklime should conform to
Military Specification MIL-L-14519C. Ten percent
shouid pass a No. 20 sieve, and 30 percent should
pass a No. 50 sieve. The chemical composition and
fineness of hvdrated lime should conform to Feder-
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al Specification SS-L-351 and should not contain
more than 8-percent free (unhydrated) calcium
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oxide and magnesium oxide. Lime paste, after
soaking as recommended herein, should pass the
plasticity test for Type F lime given in Federal
Specification SS-L-351. Sand should be sharp,
clean, and free from dirt, siit, organic matter, and
other impurities. Mixing water should be clean

freshwater and free from excess acids, alkalies
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and other deleterious matter.
4.3.8.2 Bricklaying. Handle bricks so that their

faces and edges w1ll not be damaged. Be sure that
masonry beds are clean and properly wetted.
Porous soft brick should be wetted before laying in
hot, dry weather to reduce the rate of absorption
of water from the mortar. The amount of wetting
is determined by the type of brick and the weather
conditions. Glazed brick has little or no absorption;
therefore, it should be laid dry. Lay the bnckwork
in the bond that matches the adjoining existing
work. Use batts only for closures. Completely fill
all joints between bricks with mortar. Form bed
joints with a thick, smooth layer of mortar. Avoid
furrows. Form cross joints by applying a full coat
of mortar to the entire side or end of the brick to
be laid, as the case requires, and then shove the
mortar-covered end or side tightly against the
bricks already in place. Do not merely butter the
corners of the brick to be laid and then attempt to
fill the empty mortar joints after the brick is in
place. Form longitudinal joints as recommended
for cross ioints or anlv a full thickness of mortar
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to the bricks laid prev1ously, and then shove the
next brick in place. Lay closure bricks with full-
bed, longitudinal, cross joints, placing the bricks
carefully without disturbing the bricks already in
place. Do not ailiow any dry or butt joints. Buiid in
metal fasteners, flashing, etc., as the work pro-
oresses. Keen ioints uniform in thickness, alioning
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and tooling them to match joints of existing work.
Remove all loose and excess mortar.

4.3.8.3 Brick Walls. Common defects in brick
walls are open vertical joints, cracking, spalling,
and porosity. Efflorescence and leakage of rain-
water through the walls usually result from such
defects. Inadequate or improperly designed and
constructed flashings also cause serious leakage.
Open, vertical joints result from failure to fill the
joints with mortar in laying the brick. Cracking
may result from settlement, expansion and con-
traction, misalignment, or some other serious
structural defect in the building. Spalling results if
bricks are soft or tend to pG‘v‘v’dcl and crack, or
when moisture freezes within the masonry. Porosi-
ty in brick walls is rare and can result only from
the use of porous brick or mortar. Mortar contain-

ing large aggregate or poor-quality brick may
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produce this porous condition. An engineering in-
vestigation of the causes of structural defects
should govern the nature and extent of major re-
pairs. Cracked and open mortar joints should be
repaired as recommended. Where masonry cracks

appear at windows, doorways, offsets, and like
placeg, an expansion joint or control joint should
be provided at those locations to minimize the
effect of foundation movement.

4.3.84 Racked-Down Corners. On masonry

projects having concrete floor or roof slabs, build-

ings may have sections of masonry damaged or
loosened at the corners. This occurs where the hor-
izontal movement cracks along the side and end of
a building meet. Frequently, the horizontal crack
not only continues around the corner, but also
forms a diagonal crack in a downward direction
that meets a similar crack from the other sxue,
forming a “V.” The masonry units inside this V
are loosened and must be reset. See figure 4-7.
The following procedure may be used to accom-

plish the repair:

THE HORIZONTAL MOVEMENT CRACK LINE

SPLINTERED BRICK REMOVED

FRACTIONAL TOOTHING BRICK REMOVED

a. Remove all the bricks inside this V, including
any masonry units that have been broken. See
figure 4-7. This forms regular sides and helps to

hold or lrpv the new masonrv units in nlace
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b. After the masonry units are removed, the
good masonry units should be cleaned and as
many new matching ones obtained as necessary.
Relay the bricks in mortar up to and even with
the horizontal crack running along the side and
end of the building. Making all joints the same
width as the original joints matching the old
mortar will result in a very presentable job. As the
masonry units are relaid, the backup masonry
units should be coated with mortar, so that the
newly laid masonry units will be bonded to them.

c. Partially fill with mortar the top joint that is
on line with the horizontal crack. This can be done
by pushing the mortar into the joint with a
narrow pointing trowel. When about half the
depth of the joint is filled, fill the remainder with
sealing compound. This system of mortaring only
half a joint supports the brick above but forms a
weak plane along the top of the racked-down
areas. If movement occurs the mortar joint break
but the relaid bricks remain in place. The sealing
compound keeps the joint watertight.
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4.3.8.5 Parapet Creep. Unequal expansion of roof
slabs and masonry parapets sometimes causes
parapet corners to creep. When this happens, the

horizontal mortar ioint at the top of the slab (or
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the nearest through-wall ﬂashmg) usually shears
open. The corner parapet will then extend beyond
the face of the wall below. If creeping continues to
the point that cracks extend through the parapet

and concrete apuus from the spanurel Deam, and
both brick and mortar begin to break off, an engi-
neering investigation for major repairs is neces-
sary. In most cases, approximately 20 feet of the
parapet, beginning at the corner, must be re-
moved. A new section of parapet, doweled into the
wall below, is then laid. A vertical expansion joint,
1 inch wide, is provided at the juncture with the
existing parapet. Through-wall metal flashing and
a continuous seal of bituminous plastic cement
must be provided at the bottom of and in the ex-
pansion joint. Plastic cement should conform to
Federal Specification SS-C-153.

4.3.9. Cleaning Masonry and Concrete Walls

4.39.1 General. The appearance of many struc-
tures has been irreparably marred by improper
cleaning methods. A cleaning method that works
well on hard surfaces can be harmful to soft stone



and glazed finishes. A method that cleans marble
or glazed surfaces may be entirely unsatisfactory
on rough-textured surfaces. Cleaning methods safe
for a masonry surface may cause damage to the
mortar Jomts If the surface to be cleaned has
more than one kind of masonry, one cleaning
method may not be safe or effective on all. The
material to be cleaned and the type of stain to be
removed will determine the cleaning process to be

used.

4.3.9.2 Concrete. Many chemicals can be applied
to concrete without causing injury. Chemicals

having an acid reaction must be handled with cau-
tion Even weak acids mav roughen the concrete
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surface if left for long periods of time. Stains
caused by iron, cooper, bronze, aluminum, fire,
and oil are discussed below. Old long-neglected
stains may require repeated treatments. Deep

staining may be removed with a poultice or by the

“bandage’’ treatment.

4.3.9.3 Masonry. Masonry units of low a

and those with smooth (or glazed) surfaces general-
ly respond readily to proper cleaning methods and
resume their original appearance. Highly absorb-
ent or rough-surfaced units are more difficult to
clean. When the staining material fills the pores of
the unit, attempts to remove the stain may

remove part of the surface, destroy its texture, or

change its appearance. The principal methods of
cleaning masonry structures are with steam and
water, sandblasting, and various liquids and
pastes.

4.39.4 Steam Cleaning. Cleaning with high-pres-
sure steam and water, sometimes called cold-steam
cleaning, is effective and economical. It removes
grime from surfaces of concrete and masonry
building without harming the surfaces. After
steam cleaning, masonary surfaces retain their
original finish and natural color tones without the
roughened surfaces and dulled edges caused by
sandblasting or the dead, bleached tone caused by

acid cleaning.

a. Equipment. Use proper equipment for steam
cleaning. Much of it can be improvised, but the
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needs of an installation may make buying or rent-
ing equipment advantageous.

(1) Steam Supply. A continuous supply of high-
pressure steam must be assured before cleaning
operations begin. A truck-mounted portable boiler,
together with its accessories, is generally a satis-
factory source. Steam pressure for cleaning old
buildings is preferably 150 lb/in? and never less
than 140 1b/in2. For cleaning new work 120 lb/in?

is preferred; however, never less than 100 lb/in? is
needed. Boiler capacity of about 12 horsepower for

o
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each cleaning nozzle is necessary. The pressure
with which the steam and water mixture is driven
against the wall, not volume of discharge, is im-
portant in steam cleaning.

(2) Nozzle. The cleaning nozzle is a most im-
portant accessory; it should be a mixing type,

having a water control valve and automatic steam
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shutoff. One efficient type has a very narrow open-
ing 4 inches long and can deliver an extremely
fine spray at a high velocity. Operating two clean-
ing nozzles from each length of scaffold is good
practice.

(8) Water Supply Hose. An ordinary garden
ose is suitable for carrying water from the

o the mixing nozzle.

om the source

n:r

(4) Steam Supply Line

steam couplings and hose, or suitable pipe and fit-
tings, or a combination or both, to convey steam to
the mixing nozzle.

Use hla‘h-nraaen re
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(5) Rinsing Hose. In addition to the hose sup-
plying water to the steam-cleaning nozzie, have
another hose with ordinary garden-type nozzle and

alhiibAfl +n Fliigh +h
shutoff to flush the walls with water occasionally.

b. Procedure for Steam Cleaning. Cleaning is

done by high-velocity projection of a finely divided

1e by high-velocity projection of a finel divide
spray of steam and water against the masonry sur-
face. The mixture of steam and water spray enter-
ing minute surface depressions and openings dis-
solves and dislodges grime, soot, and other extra-
neous matter, which is later flushed down the wall
by the rinsing hose. Experimentation with the
cleaning equipment quickly shows the operator the
best angle and distance to hold the nozzle from the
wall and proper regulation of steam and wet
values for most effective work. Work on one 3-foot-
square space at a time. Pass the nozzle back and
forth over the area, then flush with clear water
before moving to the next space. Alkalines, such as
sodium carbonate, sodium bicarbonate, and trisodi-
um phosphate, are sometimes added to the clean-
ing water to speed the cleaning action. Although
they aid cleaning, some salts are retained in the
masonry and may appear on the wall later as ef-

ﬂ "‘l\ Fad b | T
florescence. To cut down the amount of salts re-

tained, wet wall units thoroughly with clear water
before beginning the cleaning operation. Immedi-
ately after cleaning, wash the wall with enough
clear water to remove all possible salts from the
wall face. Removal of surface dirt sometimes re-

veals stains. A mild acid wash may be necessary to
remove them. After the stains are removed, steam
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the treated surface again and flush with water
from the rinsing hose to remove all trace of acid
wash. Steel scrapers or wire brushes may be neces-
sary to remove hardened deposits that cannot be
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removed by steam cleaning. Use scrapers sparingly

and carefully to avoid damage to masonry surface.
Use brushes of fine spring-steel wire to grind off
the hard deposit without digging into or scratching
the masonry surface. After hard deposits have
been removed by scraping or wire brushing, flush
off surface with water, treat it with the steam-
cleaning nozzle, and flush again to remove any
loose dirt which might cause future streaking or
discoloration.
4.3.9.5 Sandblast Cleaning. Sandblasting cleans
rust and scale from structural steel and many
other metal surfaces efficiently. When used on ma-
sonry surfaces, it eliminates mortar smear, acid
burn, efflorescence (which is inherent in acid
cleaning), and chemical stains. Do not use this
method on marble, terra cotta, glass, or units with
glazed or other special surfaces or textures. Al-
though it cleans effectively, it often destroys the
original surface of the masonry unit. It tends to
dull sharp edges (arrises), to blur ornamental
detail and caring, and to roughen surfaces. Stone
cleaned by sandblasting, especially limestone, ap-
pears whiter, but this whiteness is caused partly
by the fact that the stone surface has been abrad-
a. Equipment Used for Sandblasting. Use a %-
inch hose if maximum air and sand pressure is re-
quired, or a l-inch hose if volume, rather than
pressure, is required. For use against brick, a pres-
sure in the range of 60 to 120 ib/in2? through a Y-
inch sandblast nozzle is recommended. The quality
of sand needed varies with the donfh of nnfhno‘ to

be done and the type of materlal to be cleaned
Fine, white urn sand, which is rounder and cuts
less than sharp sand, is recommended for use on
brick. Placing a canvas screen around the scaffold
Keeps sand from S(.au,enng and makes it pt“)SSiuw
to salvage about 75 percent of the sand. Usually,
four men are required in a sandblasting crew: one
attends the air compressor, one at the nozzle, and
two on the ground to handle the hose, scaffold,
sand, etc.

b. Procedure for Sandblasting. In sandblasting,
compressed air forces sand through a nozzle
against the surface to be cleaned. The sand re-
moves accumulated grime and a layer of the sur-
face. The thickness of the layer removed depends
on the type of sand used, the air pressure, the
volume of sand applied, the nearness of the nozzle
to the surface, and the length of time that the
sand is applied to one area. Sandblasting can be
used safely on hard brick by an experienced opera-
tor using caution, and on sand finish with extreme
caution. The nozzle operator should experiment

with his equipment on a small, secluded area to
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=10

determine how far to stand from the wall, which
pressure is best, and the angle at which sand will
clean the surface, but not etch it. The operator
should concentrate on hitting the brick surfaces,
and not the mortar joints. When hardness between
masonry units and mortar joints differs widely,
aaudblaoulus may cut dccyly into the mortar. If
this occurs, joints must be repointed. Roughened
surfaces produced by sandblasting gather soot and
dirt quickly; therefore, the application of a trans-
parent waterproofing is desirable. This coating fills
surface pores, tends to make the wall self-cleaning,
and prevents rapid soiling of surface by smoke and
dust.

4.3.10 Chemical Cleaners

4.3.10.1 General. Acid and caustic concentrations
and space mixtures are used to clean many interi-
or and exterior surfaces. The cieaning material
used depends on the texture of the surface to be
cleaned, the age of the structure, the material or
stain to be removed, and the capabilities of the
cleaning crew. The most satisfying results will be
obtained by balancing all the above factors and ob-
serving a trial application on a sheltered area.
Many burned-clay surfaces, concrete surfaces, and
glazed (or polished) surfaces of tile, marble, and
glass can be cleaned by hand-scrubbing with a
white soap powder d1ss01ved in soft water, using
ordinary fiber scrub brushes. Rinse surfaces thor-
oughly with clear water after scrubbing them.

4.3.10.2 General Precautions in Using Acids. Do
not use acid solutions to clean limestone and simi-
lar materials unless experienced operators and
expert supervision are available. Acid washes tend
to eat into stone surfaces and pit them. They usu-
ally bleach, producing an unnatural appearance,
and may cause yellow stains to appear later. If
acid solution is not thoroughly washed from the
masonry pores after cleaning, the destructive
action continues for some time. When mixing acid
solutions, always pour acid into water. Handle acid
solutions carefully because they are harmful to the
skin and especially to the eyes. When working
with acid cleaners, wear goggles, gloves, and pro-
tective clothing, and keep a supply of running
water at hand. Use only wooden containers and
fiber brushes when cleaning with acids. Do not use
metal containers or wire brushes and steel wool to
scrub the walls because small steel particles
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become lodged in crevices, producing rust spots
and stains.

4.3.10.3 Removing Mortar Stains.

a. General Cleaning Procedure. Make the clean-
ing operation one of the last phases of the job. Do



not start before the mortar is thoroughly set and
cured. Remove large particles of mortar with
wooden paddles and scrapers before wetting the
wall. In some cases it may be necessary to use a
chisel or wire brush. Presoak the wall. Saturate
the masonry with clean water and flush off all
loose mortar and dirt. Protect the area below the
surface being cleaned. Keep all masonry below
soaked with water and flush off all acid and loose
mortar. Protect ornamental shrubs and pedestri-
ans, as réquired. Clean only a small area at a time
(approximately 10 to 20 square feet). It may be
necessary to reduce this area when heat, sunlight,
warm masonry, or warm winds increase the reac-
tion rate of the acid or accelerate drying. Rinse
the wall thoroughly with plenty of clean water

after scrubbing.

b. Cleaning Dark- and Light-Colored Brick with

Nonacid Solution. Follow directions outlined in
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paragraph 4.3.10.3(1), General Cleaning Procedure.
Scrub wall with a solution of Yz-cup trisodium
phosphate and Y2-cup household detergent, dis-
solved in 1-gallon clean water. Use stiff fiber brush
only.

c Cleaning Dark Brick with Acid Solution. Acid
cleaning should be used only in difficult cases.
Follow directions outlined in paragraph 4.3.10.3(a),
General Cleaning Procedure. Mix 1 part clean,
stain-free commercial-grade, hydrochloric acid
(muriatic) with 9 parts clean water in a nonmetal-
lic container. Pour acid into water; never pour
water into acid. Apply and scrub the brick with a

) A, hasrivng ma mma nawta

10ng-nandled fiber brush naviig no uu:oahu. paris.

d. Cleaning Light Brick with an Acid Solution.

TTea tha came nracedure as for nlnnrnna dark brick
UOT LIIT DALlIT PIULTUMILILT Qo 1Vl vivQiiiay NAGRL 2 Ara Ay

except mix 1 part of the highest grade ac1d (chemi-
cally pure) available to 15 parts clean water; then
neutralize the acid immediately after cleaning.
Neutralizing can be accomplished by flushing the
wall with a solution of potassium hydroxide or
sodium hydroxide, mixed at the rate of %2 pound of
hydroxide in 1 quart of water (2 lbs/gal). Allow
this solution to remain on the wall for 2 or 3 days.
The white salts left on the wall by the hydroxide
may be hosed off or will be removed by a heavy
rain.

e. Cleaning Glazed Brick and Tile. Glazed brick
and tile should be carefully wiped clean with a soft

Aladl seridélai o fow minntae aftar laving A final
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cleaning with a soft sponge or brush and ample
water will usually do the job. In more difficult
cases, use the same procedures as used for clean-
ing dark- and light-colored brick with nonacid so-
lutions, paragraph 4.3.10.3(b); do not use metal
cleaning tools, brushes, or abrasive powders. A
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second method for cleaning is the method de-
scribed for cleaning light brick with an acid solu-
tion, paragraph 4.3.10.3{d), using no more than 1
part high-grade acid (chemically pure) to 25 parts
clean water. Never use acid to clean salt-glazed or

metallic-glazed masonry units.

[. Efflorescence Stains. Follow the steps outlined
in paragraph 4.3.10.3(a), General Cleaning Proce-
dures. Efflorescence can frequently be removed by
water applied with a stiff scrubbing brush. In
those cases where the water procedure does not
remove all the stain, the surface can be scrubbed
with a solution of hydrochloric (muriatic) acid
mixed at the rate of 1 part commercial-grade acid

to 9 parts water.

g Vanadium Stain. Green stains are usually
caused by salts of vanadium and can be removed
by the method for neutralizing described in para-
graph 4.3.10.3(d).
4.3.10.4 Paints and Similar Coatings.

a. Whitewash, Calcimine, and Cold-Water
Paints. To remove whitewash, calcimine, or cold-
wacer pdlnlb, Wdhﬂ Lne burlace Vv‘wn an aua SOlU"
tion of 1 part muriatic acid and 5 parts water.
Scrub vigorously with a fiber brush as the solution
foams. When coating has been removed, wash the
wall with water from an open hose until all traces
of acid are removed. If a paint film is old, crum-
bling, and flaking, scraping with wire brushes and
metal scrapers may be necessary. While this
method is effective, it may leave metal particles,
which later cause rust stains in the wall surface.

b. Oil Paint, Enamels, Varnishes, Shellacs, and
Glue Sizings. Remove oil paint, enamel, varnish,
shellac, or glue sizing by applying a paint remover
that is left on until the softened paint can be
scraped off with a knife or flushed off with water.
After the paint is removed, wash the wall thor-
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(2) Trisodium phosphate—2
of hot water.

(3) Caustic soda—2% pounds to 1 gallon hot
water.

(4) Sodium hydroxide—1 part dissolved in 3
parts water and added to 1 part mineral oil. Stir
mixture until emulsified; then stir in 1 part saw-
dust or other inert material.

pounds to 1 gallon

(5) Soda ash and quicklime—equal parts mixed
with enough water to form a thick paste. Leave
this mixture on the wall for 24 hours before scrap-
ing off. if the oil-paint is very thick and hard, this
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method may fail, in which case sandblasting or
burning may be the best way to remove it.

4.3.10.5 Iron Stains. Iron stains can usually be
recognized by their resemblance to iron rust or by
their proximity to steel or iron members in the

1diie T narn nennc AL mncnwnda ~Aw aneened
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may be stained if curing water contains iron. This
stain can generally be removed by mopping the
surface with a solution of 1-pound oxalic acid dis-
solved in 1l-gallon water. After 2 or 3 hours, rinse
with ciean water, scrubbing at the same time with
stiff brushes or brooms. Some spots may require a
second mopping and scrubbing. For older, deeper
stains the following methods are recommended:

a. Method 1. Dissolve 1 part sodium citrate in 6
parts lukewarm water. Mix thoroughly with 7
parts lime-free glycerin. Add to this solution
enough whiting (chalk powder) or kieselguhr to
make a paste poultice stiff enough to adhere to the

eurface when annlied with a nuttv knife or trowsel

wea alavT RAVAL QpUprasTia Yravad & puwUvy sasaaiav U

to a thickness of Y2 inch or more. Allow a mini-
mum of 2 days for drying. Scrape off and wash
thoroughly. If the stain has not disappeared,
repeat the treatment. This treatment has no inju-
rious effects, but its action may be too slow for bad
stains. Ammonium citrate produces quicker re-
sults, but may injure a polished surface slightly,
making a repolishing necessary.

b. Method 2. The sodium hydrosulphite combina-
tion ‘“‘bandage practice” method is more satisfac-
tory for removing deep, intense iron stains. Make
a solution by dissolving 1 part sodium citrate crys-
tals in 6 parts of water. Dip white cloth or cotton
batting in this solution, place the cloth over the
stain, and leave it there for 15 minutes. On hori-
zontal surfaces, sprinkle a thin layer of hydrosul-
phite crystals over the stain being treated with
sodium citrate, moisten with water, and cover with

a nacta nf whitinae and mnfnr (‘.lvn varticral anr.
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faces the sodium citrate treatment. Place layer of
whiting paste on plasterer’s trowel, sprinkle on a
layer of hydrosulphite crystals, moisten slightly,
and apply to stain. Remove treatment after 1
nour II leIE on wnger, a DlaCK Stdlrl may uevelop
Wash treated surface with clean water. If inspec-
tion shows incomplete removal of the iron stain,
repeat the cleaning operation, using fresh materi-

als.
4.3.10.6 Fire and Smoke Stains.

a. Method 1. Fire and smoke stains can some-
times be removed by scouring with powdered
pumice or a grit scrubbing powder After removing
the surface stain u‘y’ SCour 11‘15, the uéep-Sé&téu stain

can be removed by applying the trisodium-phos-
phate-chlorinated-lime solution. Fold a white
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canton flannel cloth to three or four thicknesses,
and saturate with the liquid. Paste this saturated
cloth over the stain, and cover with a slab of con-
crete or sheet of glass, making sure the cloth is
pressed ﬁrmly against the stained surface. If the

surface is vertical devigse a method to hald tha
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saturated cloth firmly against the stain. Resatur-
ate the cloth from time to time. Wash surface
thoroughly at end of treatment.

b. Method 2. Make a smooth stiff paste of trich-
lorethylene and powdered talc and apply as a
troweled-on poultice. Cover poultice with glass or
pan to prevent rapid evaporation. Allow time to
dry. Scrape off and wash away all traces of treat-
ment material. Trichlorethylene gives off harmful
fumes; therefore, see that closed spaces are well
ventilated when using this stain remover.

4.3.10.7 Copper and Bronze Stains. Copper and
bronze stains are usually green, but may be brown
in some cases. Mix 1 part dry ammonium chloride
(sal ammoniac) and 4 parts powdered talc, add
water, and stir to a thick paste. Trowel Y4-inch
layer of paste over the stain and leave until dry.
When working on polished marble or similar fine
surfaces, use a wooden paddle to scrape off dried
paste. An old stain may require several applica-
tions.

4.3.10.8 Oil Stains. Oil penetrates most concrete
readily. Qil spilled on horizontal surfaces should
be immediately covered with a dry powdered mate-
rial such as hydrated lime, fuller’s earth, or whit-
ing. Sweep up the powdered material, taking as
much of the oil as possible. Scrub with a 10 per-
cent acid soiution (phosphoric or muriatic) contain-
ing a detergent, and wash with water. If treatment
is made soon enough, there will be no stain. How-
ever, when oil has remained for some time, one of
the following methods may be necessary:

a. Method 1. Mix 1 pound trisodium phosphate
in 1 gallon water, and add sufficient whiting to
make a stiff paste. Spread a layer of Y%-inch thick-
ness over the surface to be cleaned. Leave paste

until it dries \awub 24 uuum), remove and wash
surface with clear water.

b. Method 2. Saturate white canton flannel in a
mixture of equal parts of acetone and amyl acetate

and place it over the stain. Cover the cloth with a

slab of dry concrete or sheet of glass. If stain is on
a vertical surface, improvise means to hold cloth
and covering in place. Keep the cloth saturated
until the stain is removed. Covering saturated
cloth with glass tends to drive the stain in, while
the slab of dry concrete will draw out some of the

oil.



4.3.10.9 Ink Stains.

a. Blue or Black Inks. Stains from different
types of inks require different treatments. Because
of their acid content, ordinary writing inks may

atch concrete, To remove a stain of this type, make

a strong solution of sodium perborate in hot water.
Mix it with whiting to form a thick paste. Apply it
in a Y-inch layer, and leave until it is dries. if
some of the blue color is visible after the poultice
is removed, repeat the process. If only a brown
stain remains, treat it by Method 1 recommended
for iron stains. Sodium perborate may be obtained
from any druggist. Some blue inks contain Prus-
sian blue, a ferrocyanide of iron. These stains
cannot be removed by the perborate poultice,
Javel water, or chlorinated lime poultice. They
yield to treatment by ammonia water applied on a
layer of cotton batting. A strong soap solution ap-
plied in the same way may also be effective in
some cases.

b. Bright-Colored Inks. Many red, green, violet,
and other bright-colored inks are water solutions
of synthetic dyes. Stains made by this type of ink
can usually be removed by the sodium perborate
poultice that is recommended for ordinary writing
ink stains. Often the stain can be removed by ap-
plying ammonia water on cotton batting. Javel
water, conforming to Federal Specification O-S-
602, may be used in the same way as ammonia
water, or mixed to a paste with whiting and ap-
plied as a poultice. A mixture of equal parts of

hlormabed lime and whiting reduced to a paste
with water can also be used effectively as a poul-
ticing material. Use a chlorinated lime conforming
to the requirements of Federal Specification O-C-

11 ey 3 M 3
114 for Type II, Grade A chlorinated lime.

¢. Indelible Inks. Many indelible inks consist en-
tirely of synthetic dyes. Stains may be treated as
recommended for that type; however, some indel-
ible inks contain silver salts, which cause a black
stain. This stain can be removed with ammonia
water applied by bandage. Several applications are

srmtraller smaAancon sy

usuaiy necessary.

4.8.10.10 Tobacco Stains. The following method is
usually effective in removing tobacco stains. Dis-
solve 2 pounds of trisodium phosphate crystals,
conforming to Federal Specification O-S-642, in 1
gallon of hot water. In a shallow, enameled pan,
mix 12 ounces of chlorinated lime, with enough
water to make a paste. Add the water slowly and
mash the lumps as they form. Pour thls mixture
gallon stoneware _]ar, and add water until the jar
is full. Stir well, cover the jar, and allow the lime
to settle. Add some of the liquid to powdered talc

until a thick paste is obtained. Apply it with a
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trowel as a Ya-inch poultice. To apply the paste
with a brush, add about a teaspoon of sugar to
each pound of powdered taic. When it is dry,
scrape it off with a wooden paddle or trowel. This

mixture is a strong hlps:mhlncr nm'-\nf and is corro-

sive to metals. Care should be taken not to drop it
on colored fabrics or metal fixtures. If the stain is
comparatively light, use a scrubbing powder as a
poulticing material. Stir the powder into hot water
until a mortar consistency is obtained. Mix it thor-
oughly, and then apply the mixture to the stained
surface in a Y%-inch layer. Permit it to dry. In
most cases, make two or more applications, if nec-
essary.

4.3.10.11 Urine stains. To remove urine stains,
use the method recommended for tobacco stains. If
the stains remain, saturate cotton batting in the
hqulds recommended, and paste it over the re-
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mauung stains. MSuLuxaw tl l

sary.

4.3.10.12 Rotten Wood Stains. Damp rotten wood
will produce a chocolate-colored stain that is read-
ily distinguished from most other stains. The
treatment recommended for fire stains is best. Re-
moval of the stain will be accelerated if the sur-
face is first scrubbed thoroughly with glycerin di-
luted with four times its volume of water.

4Q1ﬁ 192 f‘nffoo Stains. Coffee stains can be re-

moved by applymg a cloth saturated in glycerin
that is diluted with four times its volume of water.
Javel water of the solution used on fire stains is

also effective.

4.3.10.14 Iodine Stains. lodine stains gradually
disappear however, they may be removed quickly
Dy apply‘mg alcohol and CO‘V‘&ﬂﬁg the spot with
whiting or powdered talc. If the stain is on a verti-
cal wall, it may be removed by applying some alco-

hol to the stain and covering it with a paste of
talcum and alcohol.

4.3.10.15 Perspiration Stains. Secretions from the
hands or oil from the hair may produce stains on
concrete. The stain is brown or yellow and may be
mistaken for an iron stain. The best treatment is
nman wannmrmaandad fan fFirea gtain Nanan gta:l
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may require several treatments.

G
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4.3.11 Glass-Block Masonry
4.3.11.1 General. Glass-block panels require little

maintenance other than occasional cleaning and

periodic inspection of joints. The glass-block panels
can be seriously damaged by superimposed loads
transmitted through excessive deflections in beams
and lintels, differential settlement of foundations,
or by impact. The cause of serious damage must be
investigated and corrected prior to making repairs.
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4.3.11.2 Materials. The following materials are
used in glass-block masonry:

a. Glass block is a hollow, partly evacuated
block constructed of translucent, pressed glass,
which is formed of two halves fused together at a

. .
hich tamnaratiira Tha avnnaad faraa ara a nami-
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nal 6-inch (6% inches), 8-inch (7% inches) and 12-
inch (11% inches) square with a nominal 4-inch
(3% inches) thickness.

b. Mortar should conform to N-type mortar as
described in ASTM C-270. A waterproofing mix-
ture approved by the glass-block manufacturer
may be used with the mortar.

¢. Oakum shall be a nonstaining type treated to
prevent mildew and dry rot.

d. Premolded expansion strips shall be of %-
inch-thick fibrous glass material or other material
recommended by the glass-block manufacturer.

e. Joint reinforcement shall be fabricated of gal-
vanized wire consisting of two 9-gauge paraliei
wires spaced 2 inches on centers with a 14-gauge
cross wire welded at not more than 8 inches on
centers.

f. Wall anchors shall be perforated (hot-dip gal-
vanized after perforation), 20-gauge, steel strips.

&. Asphalt emulsion shall be the type and manu-
facture recommended by the glass-block manufac-
turer.
4.3.11.3 [Installation of Glass Blocks.

a. General. Good workmanship is essential to
obtain watertight glass-block panels. Manufactur-
er’s instructions and recommendations should be
carefully studied. Minor deviations are permissible
but should be for a good, valid reason.

b. Procedure. The sill area to be covered with
mortar shall receive a heavy coating of asphalt
emulsion not less than Vs inch thick. When the
emulsion coating is thoroughly dry, place a full

mortar-bed _]omt Do not furrow the mortar bed.
Place the expansion strip in the jamb and head
using asphalt emulsion as an adhesive. Set the
first course of block. All joints must be full and

. ammemamen san atanl tanla $a ban hlanlo

not furrowed. Do not use steel tools to ap O010CKS
into position. Blocks shall be laid in a regular
straight-line pattern with vertical and horizontal
joints continuous. Horizontal joint reinforcing
shall be installed where indicated, or in accord-
ance with the following general rule:

—For blocks 6 inches square, one tie every
fourth course.

—For blocks 8 inches square, one tie every
third course.

—For blocks 12 inches square, one tie every
second course.
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Reinforcing ties shall be spaced so as not to occur
in the top joint of panels. Place the lower half of
the mortar-bed joint. Press the reinforcing tie into
place. Cover the panel reinforcing with the upper
half of the mortar bed and trowel smooth. Panel
reinforcing must run from end to end of the panel.
Endlaps shall not be less than 6 inches. Reinforec-
ing must not bridge expansion joint. Wall anchors
for anchoring the glass block to the masonry or
concrete construction shall be spaced not more

than 2 fant An nantare vamtinally Damals .o Y |
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feet high may have a single anchor in each jamb.
All panels more than 2 feet high shall have at
least two anchors in each jamb. Anchors shall be
crimped at jambs to provide for expansion and
contraction. Anchors shaii extend not iess than i0
inches into the structural jamb and 1 foot into the
glass-block joint and shall be completely bedded in
the center of the mortar joint. While mortar is
still plastic, joint shall be raked back a sufficient
depth to expose the edges of the block as sharp,
clear lines. While mortar is still plastic and before
final set, the joints shall be tooled slightly concave
and smooth. The recess left between the face of
the glass-block panel and the structural jamb (or
head openings) shall be rammed full with oakum
to within % inch of the exposed surface of the
glass block. The recess grooves left in front of the
oakum shall be fully caulked on both interior and
exterior to provide a watertight and weatherproof
joint. Rake out other spaces requiring caulking to
a depth equal to the width of the space. Remove
surplus mortar from the faces of the glass block
and wipe dry.

4.3.11.4 Repair of Glass-Biock Masonry. Gilass-
block masonry panels require little maintenance
other than occasional cleaning and periodic inspec-
tion of joints, except when damaged. The causes of
damage must be corrected before repairs are
made. To repair panels, use the following methods:

a. Remove cracked and broken glass blocks.

b. Chip off fragments of broken glass adhering to
undamaged blocks, taking care not to damage wall

tine and annshare
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¢. Clean old mortar from exposed wall tiles and
anchors and from mortar-bearing edges of adjoin-
ing blocks.

d. Replace panels using materials and methods
that match existing work as closely as possible.
Mortar will be proportioned with 1 part portland
cement and 1 part lime putty and 4 parts sand.
Two parts mortar cement may be substituted for
portland cement and lime. Mix the mortar to stiff
but workable consistency. Mortar for glass block
masonry should be drier than for brick masonry.



TM 5-620/NAVFAC MO-111/AFP 91-23

SECTION IV—METAL SIDING

4.4.1 General

The type of material used for metal siding may
vary; but, generally speaking, each type requires
similar maintenance and repair measures. Under
conditions of foundation settlement, heavy wind
and snow loading, heavy falling objects, and colli-

ginon hy vahinlag it naccihla far matal hnildingg
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to sag, lean, or become damaged. In the event of
settlement and subsequent misalignment of struc-
tural members and displacement or bending of
siding, it is necessary to correct the basic problems
as outlined in Chapter Z of this manual. Where
severe wind conditions or vibrations affect the sta-
bility of metal siding, it may be necessary to place
additional bracing and fasteners. This should be
done as directed by a structural engineer or as
outlined in the siding manufacturer’s instructions
on sheeting and fasteners.

4.4.2 Routine Maintenance

Measures must be taken to keep all bolts, clips,
rivets, nails, and other ties and fasteners tight and
in place. Where corrosion has destroyed the effec-
tiveness of a fastener, treat or repliace it immedi-
ately. Where stresses may have damaged the

siding connection with the faqfnnpr nafr‘h as nec-
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essary with matching material and replace the
connector to assure a positive connection. Use
stainless steel or aluminum nails and neoprene
washers to assure trouble-free service. They not
only waterproof the joint, but also prevent corro-
sion. It is often advantageous from the standpoint
of maintenance to use double-headed nails in plac-
ing corrugated metal siding. Where sections of
metal siding have been bent badly or cut, remove
and straighten the section, making neat and work-

manlike patches where expedient. Where damage

is severe, replace the panel with a matching sub-
stitute. Buildings that are subject to damage from
vehicles should be provided with bumper guards to
prevent vehicles or forklifts from striking the
siding. Where metal buildings have interior insula-

tion, take care not to damage existing construction
and utilities when repairing or renlacing metal

[=2010 S Y N ] 4022 ITpailllls CpriQviiiy  12:Tuva

wall coverings. Keep ventilators in metal buildings
clean and clear of obstruction. Keep door-sliding
devices and locks in adjustment and tightly fas-
tened.

4.4.3 Steel Siding

4.43.1 General. Steel siding with protective coat-
ings is designed to give reasonably long service.
Damage from abrasion may expose the steel core
to corrosion or reduce the thickness of protective
coatings. Unless the damaged areas are repaired,
touched up, or reccated as necessary, serious
damage may result. If structural changes to a
building make it necessary to cut existing steel
siding, treat the affected areas to prevent corro-
sion. Protected steel siding is of the standard cor-
rugated {or deep corrugation types) with the steel
core protected at the factory with coatings or a
combination of coverings and coatings. See ficure

G2 2aLII O LOVeIAAs Kk LUauilig OUT 1ipui T

4-8. The sheets are resistant to flame spread. The
surface is weather resistant, water repellent, and
resistant to fumes, chemicals, and corrosion. The
color coats are stable to heat and light and resist-
ant to chalking. Siding sheets are furnished, com-
plete with all flashings, fastenings, and accesso-
ries. Interior and exterior surfaces of the sheets
are provided with a bituminous (black) or colored
synthetic-resin, factory-applied weather surfacing.
Protective coverings or coatings are applied by one

of the following methods.
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Figure 4-8. TYPES OF PROTECTED METAL.

a. Type A (felt protected, zinc-adhesive) The

slannad gtanl sara 1o dinnad in a hath Af maltan
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zinc, fusing the zinc to the steel. While the zinc is
in a molten state, a layer of unsaturated felt is
pressed over it, on each side of the sheet, squeez-
ing the felt fibers into the zinc. The exterior or in-
terior surface is finished with a heavy bituminous
compound or a color coating of synthetic resin.

b. Type B (felt protected, plastic-adhesive). The
cleaned steel core is given a phosphatising treat-

ment coated with a rugt inhibhitive nrimer and a

ment, coated with a inhihitive primer, and
resinous adhesive. A layer of impregnated felt is
rolled onto both sides of the sheet with the appli-
cation of heat and pressure. The sheet is then
given a protective coating of bituminous compound
or alkyd-resin color compound.

C. Type C (Ashalt-protected, mineral-coated). The
cleaned steel core is coated on all surfaces with a
rust-inhibitive coating. The sheet is then heated

and nrantad with adhacive Aftar tha snatad shaat
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has been cured, two separate coats of bituminous
compound are applied. After application of the
second coat, a layer of mineral mica is applied to
both sides of the sheet by heat and pressure. A
synthetic-resin color coating may be applied over
the bituminous-compound coatings.

03
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4.43.2 Cleaning of Steel Siding. Before repairing,

tonching 1n ar rannating nlaon tha affantad qwnns
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Remove all flaked coating and rust with a stiff
fiber brush. Remove dust, chemical deposits,
grease, and dirt. Scrape off thick deposits of grease
with a trowel, putty knife, or wooden spade before
using the detergent cieaner. Remove rust with a
wire brush. The coatings for protected steel are pe-
troleum asphalt compounds. They can be softened
or dissolved by organic cleaners and solvents. Do
not use naphtha, bensol, xylol, gasoline, or carbon
tetrachloride for cleaning protected steel. If asbes-
tos felt is encountered, refer to paragraph 4.5.3.

4.43.3 Repair of Steel Siding. To insure compat-
ibility, recoating compounds conforming to the
manufacturer’s specification should be used in re-
coating protected steel. Recoating procedure is as
follows: )

a. Type A and B Materials. For small areas
(under 10 square inches) of steel core exposed, coat
the exposed steel, including a width of about 1
inch of the adjoining asbestos felt- and bituminous-
covered surfaces, with asphalt primer. Allow the
primer to dry for at least 24 hours and then apply
bituminous plastic cement. Build up the plastic
cement to form a continuous plane with adjoining

surfaces. When the cement has been exposed to



the weather for at least 24 hours, apply a coat of
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brushing consistency with a suitable solvent and
apply it at the rate of about 1 gallon to 125 square
feet. Overlap adjoining area about 1 inch. For
large areas (10 square inches or more) of steel core
exposed, prime the metal surfaces and about 1
inch of the adjoining areas as recommended for
small areas. Then apply a brush coat of bitumi-
nous compound, using about 1 gallon for each 75
square feet. While the compound is still wet, apply
48- by 48-mesh, unbleached muslin weighing 4
ounces per linear yard, or a porous, tough mat of
fiberglass reinforced with random continuous glass
yarns and bonded with a resinous binder compati-

hla with hitnminoue cnatinoce Refore ngine muglin
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soak it in clean water until all sizing has been re-
moved, and hang it up until it is damp dry. Apply
the damp muslin or the fibrous glass mat firmly
and evenly into the bituminous compound. Provide
a continuous pieat in the musiin in the center of
and parallel with each low corrugation of the pro-
tected metal roofing and siding. At side or end
laps, pleat the muslin or the glass at the edges of
the overlapping sheets of protected steel and tuck
the muslin or glass into the crevice between the
sheets. Immediately after the muslin or glass is in-
stalled, apply a brush coat of the bituminous com-
pound recommended for the first coat. Cover the
muslin or glass completely. Allow this coat to dry
for at least 24 hours. Then apply a final coat of the
bituminous compound at the rate of 1 gallon for
each 75 square feet over the repaired area.

b. Type C Material. For small areas (under 10
square inches) of steel core exposed follow the
treatment recommended for Type A and B materi-
als, except that the final coat should be of asphalt-
base emulsion. While the coating is still tacky,
cover it completely with 160-mesh mica topping.
For large areas (10 square inches or more) of steel
core exposed, prime the steel surface, including a
width of about 1 inch of the adjoining bituminous

covering, as recommended for smaller areas. Then

annly a hruch cnat of aenhalt-hage emulgion at the
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rate of 1 gallon for each 75 square feet. While the
emulsion is still wet, apply muslin or fibrous glass
mat as recommended for Type A and B materials.
Immediately after the muslin or fibrous glass is in-
stalied, apply a brush coat of the asphait emuision,
covering the muslin or fibrous glass completely.
Allow the emulsion to dry for at least 24 hours.
Then apply a final coat of the emulsion at the rate
of 1 gallon for each 75 square feet. While this coat
is still tacky, apply an overall coat of 160-mesh
mica topping.
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4.4.3.4 Rusted and Loosened Fasteners. Replace

nawmnninn_waabanad haltse and anrawra writh o
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bolts or screws. If the old holes are too large for
the new fasteners, drill new holes in an adjoining
solid portion of the sheet. Use stainless-steel,
sheet-metal screws for fastening sheets to each
other, and use stainiess-steei self-tapping screws to
fasten sheets to structural steel. Clean the rust
from old holes, cover them with muslin or fibrous
glass patches, and recoat them as recommended
for repairing large areas of exposed metal core.

4.4.3.5 Caulking Side and End Laps. If water is
entering the building through the laps, caulking of
the laps is usually necessary. Before caulking,

however, be certain that all fasteners in the vicini-
fv nf tha laalre ara ticht Ramnuva all Airt anAd
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debrls from the laps. Using a caulking gun, lay a
continuous bead of plastic cement along the edge
of the protected steel siding. Then force the
cement into the lap with a putty knife or a small
poinied trowel. After the cement has been worked
into the lap, smooth off the exposed cement and
remove any excess cement.

4.4.3.6 Painting. Recoat or paint protected metal
if the existing coatings are dry and brittle and re-
coating or painting will extend the life of the pro-
tected metal for several years. Recoating or paint-
ing should be done during warm weather. It
should not be done while it is raining or when the

eurfaces are wet, Re gure the surfaces are clean

Dilei aRvon VAiT Dtaiiaven Ri v wiLKRii.

Type C material cannot be painted or recoated
unless the surface mica is removed or has disap-
peared. Refer to Tri-Services Manual, “Paint and
Protective Coatings” (TM 5-618, NAVFAC MO-

r or

116, AFM 85-3).

4,437 Unpainted Surfaces. If the existing sur-
faces have not been painted, coat them with bitu-
minous compound conforming to DoD Specification
DOD-C-2687B. Before applying the compound to
dry and brittle surfaces, apply a coat of asphalt
primer conforming to Federal Specification SS-A-
701. Allow the primer to dry for at least 24 hours.

Thin the bituminous compound to brushing con-
sistency with a suitable solvent. Use 4-inch paint
brushes with coarse, stiff bristles to apply the coat-
ing.

4.4.3.8 Painted Surfaces. If the existing protected
steel siding has been previously painted with alu-
minum paint that has deteriorated or flaked off,
repaint it with aluminum paint. Be sure to remove
all loose and blistered paint before repainting. For
repainting, use aluminum paint mixed in the pro-
portions of 2 pounds of aluminum paste-pigment,
Type II, Class B, to 1 gallon of Type I, Class B,
mixing varnish for aluminum paint. Apply the

4-25



T™M 5-620/NAVFAC MO-111/AFP 91-23

paint at the rate of about 1 gallon to 140 square
feet. Best results are obtained by spray applica-
tions rather than brushing. The use of brushes
may cause bleeding of the bituminous coating un-
derneath. If local conditions make brushing rather
than spraying necessary, use a 3- or 4-inch, soft
long-bristled brush. Lay the paint on the surface,
working in one direction only. Work rapidly, do as
little brushing as possible, .and do not brush the

paint into the surface. Follow the applicable por-
tions of the Tri-Services Manual, “Paint and Pro—
tective Coatings,” in applying the paint. Be sure
that all areas are covered. Aluminum paint has a
tendency to “leaf” 1mmed1ately after it has been
Masinalhing 11 an  inair £ Ainantly naiméad
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area usually results in a spotty job.

4.4.4 Aluminum Siding

444.1 General. Aluminum siding material coated
with IaCLOT’y' xarx‘unawu, pOW"v’iﬁYx-ui.iOi‘iuc film is
available as a protected metal siding. Aluminum
unbacked lap siding 0.024 inch thick is bonded at
the factory with a laminated, polyvinyl-fluoride
film finish not less than 1.5 mils thick on the face

side. The back coating is a factory-applied, corro-
sion-inhibiting coating.

4.44.2 Cleaning of Aluminum Siding. Before re-
pairing, touching up, or recoating, clean affected

arcas. Removae all longe oar torm acheatng falt
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flaked coating, and rust with a stiff fiber brush.
Remove dust, chemical deposits, grease, and dirt.
Use synthetic detergent cleaner to remove chemi-
cal deposits and grease. Thick deposits of grease
can be scraped off before using cleaner. The coat-

ings of most protected metal are petroleum as-
phalt comnounds that can be softenad or dicenlvad
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by organic cleaners and solvents. Do not use
naptha, benzol, oxylol, gasoline, or carbon tetra-
chloride for cleaning protected metal. For further
information on cleaning aluminum surfaces, refer
to the Tri-Services Manual, “Paint and Protective
Coatings.”
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pairs to the polyvinyl surface can be made with an
enamel paint recommended by the siding manu-
facturer. Extensively damaged siding should be re-
placed.

SECTION V—MINERAL AND CHEMICAL PRODUCTS

4.5.1 General

Developments in combining chemical and mineral
elements have produced hard-surfaced, weather-re-
sistant materials for exterior wall finishes. These
materials require little maintenance except to
keep fasteners secure and to remove stains ac-
quired from other sources. According to manufac-
turer’s instructions, painting could be accom-
plished; however, military regulations prohibit
doing it unless exception to policy is obtained.

4.5.2 Asbestos-Cement Siding

Asbestos fibers have been found to be injurious to
health when breathed under certain conditions. As
a result, some products such as asbestos fiber insu-
lation and asbestos cement shingle siding have
been removed from the market and laws exist re-
stricting their usage. Although these high visibili-
ty products have been discontinued, asbestos and
asbestos products continue to be manufactured
and sold under their trade names. Usage of these
products is considered perfectly safe provided some
caution is exerted, particularly with disposal. Any
operation such as sawing, cutting, or pulverizing,
which might create dust, should be avoided. Limit-
ed cutung may be done when the operator wears a
dust mask and disposes of the residue without per-
mitting it to become windborne. Since many mili-
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tary installations have large numbers of buildings
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covered with asbestos-cement shingles which must
be retained, the following paragraphs pertaining
to its handling are contained in this manual. At
such time that the appearance and usage makes
replacement advisable, new siding of aluminum,
steel, or vinyl with insulation should be installed

as outlined in apnendix C
ed 1n .

Vv

4.5.3

Asbestos containing materials are found in vary-
ing degrees and locations in structures built
through 1979. With the passing of the Clear Air
Act, the use of sprayed on asbestos-containing fri-

ahlae materiale wae hannaed in noaw sonatrnustian
acie maleriais was tanned in new Jconstruclion.

Much non-friable and encapsulated materials con-
tinued to be used and still remain in place with
little hazard.

Asbestos-cement, for example, was used in the
manufacture of water pipe and roof and siding
products. The laws pertaining to the repair, re-
moval and disposal of asbestos-cement and other
ACM continue to change. Operation and Mainte-
nance personnel are referred to Service manuals,

regulations or other guidance on asbestos control

and abatement and to nublications of the Environ-
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mental Protection Agency, the Occupational
Health and Safety and Administration and appli-
cable State and local agencies.



4.5.4 Translucent Structural Panels

Siding produced from combining polyester resins,
fiberglass, and plastics may be encountered in
some new construction. As is the case with other
flat and corrugated sidings, it is important to keep
fastening devices tight and replace broken panels.
Replacement fasteners will be similar to those rec-
ommended by the manufacturer of the product in-
volved. It is obvious that siding material should

match that existing in the building. Cleaning of

trancliinant aciding e naramaiint haranea it ie naad
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for lighting and decoration. Choice of detergents
and chemical cleaning solutions must be within
limitations of the manufacturer’s recommenda-
tions, or severe damage may result.

4.5.5 Solid Vinyl Siding

Solid vinyl siding is a pigmented polyvinychloride
compound, extruded into 0.035-inch-thick shapes
and is available in both vertical and horizontal
patterns. The material is lugluy dirable and avail-
able with long-term guarantees for useful appear-

ance life.
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4.5.5.1 Maintenance. Painting is usually not re-
quired until after 20 years of installed life. The
surface is easily cleaned with a mild detergent and
water.

4.5, 5 2 Repair. Damage to the panels is not nor-
mally anticipated, but should it occur the manu-
facturer’s recommendation for replacement should
be followed. This requires use of the manufactur-
er’s special tool to disengage the panel at the top
or end of the panel where it overlaps a flashing.
Disengage the top of the damaged panel using the
tool to disengage the locks. Remove the nails at
the top of the damaged panel, and remove it. In-
stall the replacement by hooking it into the top
lock of the panel immediately below the repair
and nail the top of the panel into place. Use the
manufacturer’s tool to lock the panel above the
repair into the top lock of the replacement panel
by slipping the tool across the top of the replace-
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ment panei.

SECTION VI—EXTERIOR INSULATING SYSTEM

4.6.1 General

A variety of exterior insulating systems have been
recently developed and used in new construction
or added to existing structures. These systems
employ a layering of insulation board, reinforcing
fabric, synthetic plaster, or copolymer adhesive
and synthetic plaster or copolymer finish. Most
can be installed directly onto masonry, concrete,
metal and wood frame structures. Most products
are relatively maintenance-free; however, they are
susceptible to damage. Repair and maintenance in-
formation for two types of commercial products is
as follows.

4.6.2 Dryvit

4.6.2.1 Maintenance. No routine maintenance is
required. Under normal conditions there should
not be any cracking or peeling The surface may

De Wasnea WIEH aewrgenb or paulwu Wibll an CKI:U'
rior latex paint if a color change is desired.
4.6.2.2 Repairs. Repairs should be attempted only
when the ambient temperature is above 40°F
(4.5°C) and rising, and has been at least 40°F or
above for at least 24 hours. The manufacturer’s
recommended repair procedure for heavily dam-
aged areas is as follows:

a. Using a disk grinder, expose the smooth base-

ot Do lawnw annwavimataly 9 +a 2 innhae all
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around damaged area. Use an aluminum oxide
disk of No. 48 grit.

b. Cut all components of the Dryvit system out
of the damaged area. This includes the finish coat,
the base coat, the reinforcing fabric, and the insu-
lation board. Clean the exposed substrate of any
old Primus adhesive. Cut a piece of Dryvit insula-
tion board to fit neat and snug and rasp for pre-
cise fit. Apply Dryvit mixed Primus adhesive fully

over the back of the Dryvit insulation board to a
thickness of about 3 inch.

¢. Apply the Dryvit insulation board to the sub-
strate. Cut Dryvit reinforcing fabric so that it will
cover patch area lapping on to exposed base-coat
layer.

d. Apply Primus adhesive mix to the face of the
insulation board. With a margin trowel, embed
Dryvit reinforcing fabric into the mixed Primus
adhesive. The reinforcing fabric should be covered

unith Primne adhaciva ta nrndiinsa o 11nmifarm haan
VVAivil 4 2ILUS QAULIVOIYTD W PIVUULT a Jiiiiviilil vasc-

coat surface.

e. Using masking tape, mask off the area expos-
ing approximately % inch of the existing finish.
After approximately 24 hours, the finish coat can
be applied.

f. Trowel on a new finish coat over the new and
existing base coat.

g. Allow the Dryvit finish to set up for approxi-
mately 10 minutes, depending on weather condi-
tions. Remove tape from the wall.
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h. Feather edges of patch to blend inconspicu-
ously with texture of surrounding areas. After
patch has dried there will be a slight color varia-
tion between the patch and the surrounding area.
This should become less conspicous in the time as
environmental conditions blend the color of the

CidViiUViiinnCIlavis VValeivilils watlal e el

patch to the surrounding area. In order to be sure
of proper color, Dryvit finish should be matched to
the original batch number of the exiting Dryvit
finish. Where the Dryvit insulation board is not

neavuy uamagea, it does not have to be !'eplaceu

4.6.3 Sto
4.6.3.1 Maintenance. No routine maintenance is
required. The finish is permanent, colorfast, and
scrubbable.
4.6.3.2 Repair The manufacturer lists the follow-

nnnnnnnnn nrnanaditras far nuineatiira damacad rnr.
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ners, and patching finishes. The minimum ambi-
ent temperature is 38°F (3.4°C) for at least 12
hours. It is easier to repair a large area than a
small one. Make patch large enough to work with.

a. Scrape off the Sto finish from the wall ap-
proximately 2 inches around the damaged area. Be
careful not to damage the ground coat and mesh
in this area.

b. Carefully cut the Sto reinforcing fiberglass

mesh to approximately 1 inch from the outer pe-
rimeter of the existing finish.

¢. Remove the damaged area by cutting out a
plug around the puncture leaving a strip of good
polystyrene between the mesh and the damaged
area.

Qhrmana any maining
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the substrate.
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e. Cut a piece of polystyrene to fit the opening in
the system. Make sure the fit is precise to avoid
any thermal breaks.

f- Rasp plug to match thickness of existing poly-
styrene if needed before applying to substrate.

& Apply adhesive to the back of the polystyrene

and put in place with firm pressure making sure
the plug is adhered to the substrate.
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h. Cut a piece of mesh to butt existing mesh.
Apply reinforced plaster over area where mesh is
to be placed.

i. Embed mesh in reinforced plaster, keeping
same thickness of existing ground coat. Allow rein-
forced plaster to dry before applying finish.

J. After reinforced plaster has set, prepare area
to receive finish. Using masking tape, cover exist-
ing finish around natched area.

L3P 42422022 QAU PEWIASW &L

k. Apply finish and float out to match texture of
wall.

l. Remove masking tape and use paintbrush to
blend wet finish into the dry finish.

m. In repairing corners, the polystyrene must be
replaced back far enough on the wall to allow
proper adhesion of polystyrene used to replace
damaged area. Make sure corner is double
wranned with Sto reinforced fiber mesh at least
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2% inches.

n. To repair patching finish only, scrape off the
Sto finish approximately 1 inch around the dam-
aged area. Using masking tape, cover existing
finish around patched area. Apply finish and float
out to match texture of wall. Remove masking
blend wet finish in

tana and nging ntn
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dry finish.
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CHAPTER 5
INTERIOR WALLS, PARTITIONS, AND CEILINGS

SECTION I—

(2 VA UP B AV

5.1.1 General

This chapter considers the various types of interior
walls, partitions and ceilings and describes meth-
ods and procedures for their maintenance and
repair. In addition to the requirements for
strength, color, durability, and other qualities for
constructlon purposes, properties directly affecting
safety, acoustical characteristics and thermal insu-
lation value of the finish material must be consid-

ered.

5.1.2 Types of Interior Walls and Partitions

Interior walls and partitions are usually construct-
ed of wood studs, metal studs, blocks, or structural
clay tile with a plaster, gypsum board or ceramic
tile finish. Others are constructed of giazed struc-
tural units, brick, block (painted or unpainted),

metal or oglass.
ass
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5.1.3 Types of Ceilings

Ceilings are usually gypsum board, plaster, acous-
tical tile, or metal, either applied directly to the

unuersiue Ul bne IIUUI' or l'UUl 1ruuung or supporbeu

by a suspended grid system.

5.1.4 Interior Finishes

5.1.4.1 Plaster. The various types of plaster are
similar in composition and application but are de-
signed for specialized uses.

a. Gypsum Plaster. Gypsum plaster is most gen-
erally used in ordinary construction because it can
be readily applied to furred and lathed surfaces of
exterior masonry and directly to interior masonry.
It can be applied over metal lath and gypsum
products. High-grade, high-strength gypsum plas-
ter is generally limited to use in neuropsychiatric
sections of hospitals. Gypsum plaster should con-
form to ASTM C-631 and C-28.

VI W AN vl &l

b. Lime Plaster. Lime plaster, found in many
older buildings, is similar in application to gypsum
plaster but should not be used in conjunction with
gypsum products. Lime plaster should be repaired

with like material.

c. Keene’s Cement Plaster. Keene’s cement plas-
ter produces a hard, moisture-resistance surface,
suitable for spaces given hard use, particularly

INTRODUCTION
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wainscots, and areas subject to continued mois-
ture, such as baths, kitchens, and certain hospital
areas. Keene’s cement plaster should be applied

P PRSI (PR Sy acn o

only over a gypsum plaster base and should con-

form to Federal Specification SS-C-161A.
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plaster may be applied directly to interior mason-
ry walls and over metal lath; it should never be
applled over gypsum products. It is recommended
for use in plastering walls and ceilings of large,
walk-in refrigerators and other cold-storage spaces,
basement spaces, toilets, showers, janitorial clos-
ets, and similar areas where Keen'’s cement piaster
is not economically justifiable.

e. Insulaiing Plasier. Insulating plaster differs
from other plasters in that lightweight vermiculite

and perlite are used as an aggregate instead of

Qi pPUIiIVT QLT WSTQ [=3 83 D+ vHAVE AAIBVTORN

sand. It is lightweight, prov1des some thermal in-
sulation, and gives a fire-retardant surface, to a
degree determined by its composition and method
of application.

5.1.4.2 Tile. Ceramic tile, structural clay tile,
glazed structural units, and similar water-resistant
materials are commonly used for interior walls
and wainscoting where moisture conditions and

alannlincaa ara fantare Strnectural clav tila 16 nead
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primarily for interior partitions and for backup for
brick walls. Tile finishes and wainscoting are used
in toilets, baths, kitchens, and certain hospital
spaces.

5.1.4.3 Wallboard. Gypsum wallboard should con-
form to ASTM C840 or C-36. It is composed of a
gypsum core encased in a heavy manila-finished
sheet on the face side, and a strong liner paper on
the back. Hard-pressed fiberboard may be used as

waingerating only whan honkad with nancamhbiigts
WaillsCOling Oniy winen oO0alkea wiul noniémousti-

ble material, such as gypsum wallboard. Structur-
al-type fiberboard should conform to Federal Spec-
ification LLL-B-810. Where moisture resistance or
extra strength is required, Class II or Class IV
treated fiberboard should be used; otherwise, Class
I is satisfactory. Wallboard, in general, is used
where conditions of occupancy do not subject it to
severe services.
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5.1.4.4 Metal. Interior walls, partitions, or ceil-
ings of metal (steel, aluminum, etc.) are normally
used in industrial and office-type buildings and
structures to withstand hard use or to contain haz-
ardous operations. Other common uses of metal in-
clude office partitions, toilet partitions, and sleep-
ing cubicles.

5.1.5 Functions and Characteristics

5.1.5.1 General. In the maintenance and repair of
buildings and structures, care should be taken to
maintain the effectiveness of interior finishes as to
fire resistance, insulation and acoustical functions.
5.1.5.2 Fire Resistance. Conventional wall con-
struction materials, such as gypsum block surfaced

ith nlactar rnqnn-n:i 'I-nn]znncc brick con-
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crete, hollow tile, and concrete block, are consid-
ered nonhazardous and noncombustible. Partitions
or ceilings constructed of assemblies of wood or
metal studs or joists or of metal, gypsum, or wood
lath, surfaced with cement, lime, or vermiculite
plaster, are considered nonhazardous. A sheet-
metal covering applied directly to wood joists or
over old plaster ceilings, although superior to
highly combustible materials, offers little resist-
ance to fire and increases the effort required to ex-
tinguish fires in concealed spaces, such as between
joists.

5.1.5.3 Insulation. Noncombustible materials used
for insulation of buildings and structures against
heat or cold, such as mineral or glass wool, have a
secondary effect of increasing fire resistance, if
they stay in place and do not settle to create voids.
Rigid insulating boards of polyurethane and per-
lite are also used on walls.

5.1.5.4 Noise Control.

a. Sound Absorption. Acoustical materials ap-
plied on walls, partitions, and ceilings absorb noise
and aid hearing by reducing echoes and reverbera-
tion. Porous or low-density materials, similar to
those used for thermal insulation, are commonly
applied in theaters, auditoriums, and other areas
where good acoustics are required. The materials
should be noncombustible or fire-resistant, such as
mineral and glass wool and laminated gypsum
wallboard attached to the framing with resilient
clips.

b. Exterior Sound. Insulation from exterior noise
is sometimes part of the interior sound-absorption
problem. The best resistance to noise penetration
usually can be obtained with heavy rigid walls and
floors, or multiple-layer construction separated by
airspaces Such construction keeps out sound by

plcvcuuug the vibration of wall or floor. Au_y me-

chanical connection across the intervening air-
space in a structurally separated wall increases
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5-2

sound transmission. For hollow walls not structur-
ally separated, such as ordinary wood-stud parti-
tions, a fill of noncombustible material between
the studs slightly improves the sound insulation.

5.1.5.,5 Cleanability. In general, ceramic tile,
gl%s, g}md-fubcd masonry, and similar hard-sur-
faced materials are more easily cleaned and are
more resistant to moisture and staining than plas-

ter, wood, and metal.
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5.1.6.1 Lath. Metal lath should conform to Feder-
al Specification QQ-L-101. It may be expanded
metal, woven wire mesh, or woven wire fabric,
with a paper or other backing. Gypsum lath or
rock lath, conforming to Federal Specification SS-
L-30D, is available in solid, perforated, and insu-
lating types. Expanded metal lath should be used
to replace wood lath in all rehabilitation work. It

ﬂ}\l\l‘ll‘ "\n 3
hould be placed with the long side of the sheet

perpendicular to the supports, and then be nailed
or stapled to wood supports and wired to metal
supports. In hanging laths for ceilings, the joints
should be broken so alternate sheets run through,
to avoid plaster cracks. When gypsum lath is used,
all joints should be staggered so that joints do not
meet on the same stud or at the ceiling line.

5.1.6.2 Furring. Furring consisting of wood or
metal strips serves as a framework for lath; it may
be used to level uneven wood partitions or ceiling
framing or masonry wall surfaces, or to provide a
dead airspace in walls for insulation.

5.1.7 Plastering Accessories

Dslsl aBZBN 2221 AALSCSSVITS

To obtain a satisfactory plaster surface, a number
of accessories are required.

5.1.7.1. Grounds. Grounds are wood strips of uni-
form thickness installed around all openings, at
the bottom of walls near the floor, at the top of
wainscots, at chair-rail heights, and other places
where trim is required. They serve as a guide in
bringing the plaster to a uniform thickness for an

aven n"rfn
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ter is finished, and furnish means for fastening the
interior trim to the walls. Temporary wood
grounds are often used in gauging the thickness of
the scratch and brown coats of plaster.

5.1.7.2 Base Screeds. Base screeds, like plaster
grounds, serve as a guide to gauge the plaster
thickness and as plaster stops. Screeds are used at
the bottom of plaster walls where the plaster joins

the floor base, or where it 1n1nq the wainscot in
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walls with tlle or other 51m11ar materials used as
bases or wainscots.



5.1.7.3 Corner Beads. Corner beads should be in-
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a dual purpose: as a plaster stop gauge for acquir-
ing a uniform surface finish, and as a reinforce-
ment to strengthen plaster corners to prevent
them from being broken off. Corner beads are
manufactured in two all-metal styles: the bullnose
bead, which is a wide-radius bead and is designed
especially for corners receiving unduly hard use;
and the standard bead, which has a very small
radius and is designed to provide sharp, clean cor-
ners. A corner bead suitable for installation on
plasterboard (dry wall) corners is a fabricated
product consisting of a %-inch hard metal strip,
formed to a right angle and glued under pressure
to a 2-inch strip of fabric or tough, treated paper.
Specially constructed beads are available for form-
ing arches and other irregular corners.

5.1.7.4 Corner Lath. The corner lath is an angle-
shaped strip of lath with 2- or 3-inch legs, usually

lnSLdlleQ dL an uueriur Ve['ubd.l or IlUI'lLUIlLdl pldb-
ter corner as a reinforcement to prevent cracking

TM 5-620/NAVFAC MO-111/AFP 91-23

of the plaster. Corner laths may be procured in
preformed strips or be cut from metal lath sheet
and formed on the job to fit the particular corners
in which they are to be installed. Corner laths
should be fastened at the edges, with staples used
over wood and lath and wire over metal lath.
Corner laths should not be fastened by nailing
through into the framing because stresses in the
structure will then be transmitted directly into the
plaster, causing a crack.

5.1.7.5 Strip Lath. A strip lath, as the term indi-
cates, is a strip of metal lath, 4 or more inches
wide, intended for application over joints of dis-
similar plaster-base materials where the surfaces

to be plastered lie in the same plane and cannot

}\D offectivelvy handed or tied tocathar withant tha
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help of metal lath strips. Each corner of a door,
window, or other opening in a plastered surface
will have a 12- by 24-inch strip of metal lath fas-
tened over the plaster base at an angle in relation
to the opening of approximately 45°. Such addi-
tional reinforcing is not required over metal lath.

SECTION II—REPAIR AND MAINTENANCE OF PLASTER AND TILE

5.2.1 Appiication of Piaster

5.2.1.1 Preparation. Before plastering is started,
the plaster base, whether masonry or lath, and the
grounds should be inspected. The existence and lo-
cation of plumbing, heating, and electrical outlets
should be checked.

5.2.1.2 Bond. A secure bond between plaster and
base is necessary to develop strength and resist-
ance to damage in walls and ceilings. A “mechani-
cal” bond is formed when plaster is pressed

S R tha mach Af matal lath Aar tha halag af nar
thr Uu5u the mesh of metal 1ath or the noies of per-

forated board lath, forming keys on the other side.
A “suction” bond is formed when plaster is applied
over nonperforated gypsum or insulation board
lath and over a masonry base. In suction bonding,
the small, needlelike plaster crystals penetrate the
surface pores of the base by suction; when the
plaster sets, the base and plaster become “welded”
together. When perforated board lath is used, both
mechanical and suction bonds are developed.

5.2.1.3 Plaster System. Plaster is applied in a
series of coats called scratch, brown, and finish.
Application and mixes vary to meet conditions im-
posed by original construction on which the plas-
work is generally adv1sable over metal lath whlle
two-coat work often suffices over masonry and
gypsum lath and gypsum partition tile. Consider-
ation will always be given to the use of light plas-
ter aggregate, such as perlite and vermiculite, for

insulation value and to materials with fireproofing
characteristics, such as gypsum board, metal lath
and other components, for wall surfaces under
repair. Proper drying and settling of one coat
before another coat is applied is necessary for good
plastering. Adequate ventilation is required for
good drying. If the entire building is enclosed and
heated, fans may be used to eliminate dead air-
spaces and facilitate drying.

a. Scratch Coat. The scratch coat consists of a
mixture of sand or ugnLWélgnB aggregate and pxas-
ter. The sand or aggregate is increased for a
scratch coat over masonry. Sufficient material and
pressure must be applied to form full keys on
metal lath or a good bond on masonry. The scratch
coat is left with a rough surface to accept the next

coat.

b. Brown Coat. The brown coat is similar to the
scratch coat except that sand or aggregate content
is increased. It is applied after the scratch coat has
set firm and hard. The brown coat is laid flush to
the grounds, straightened to form a true surface
and left rough.

o Finich Cont Float or sand fini
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by using a rubber or carpet float. The float finish
of gypsum vermiculite should be placed only on
base coats of gypsum lightweight aggregates. Rec-
ommended proportions for this finish coat are 1
part gypsum gauging plaster, 5 parts lime putty,

1141 L34
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Y to ¥s part fine, white sand or lightweight aggre-
gate fines.

5.2.2 Causes and Signs of Plaster Damage
Cracks, holes and looseness in plastered surfaces
are signs of excessive internal or external stresses.
They may be caused by poor workmanship, such as
improper proportions or application of the plaster,
imperfect lathing, and poor atmospheric conditions
during plastering; or by moisture infiltration or an
excess of moist air generated inside a building
frame. External stresses that cause plaster damage
should be investigated and corrected before repairs
are made to the plastered surfaces themselves.

5.2.3 Plastering Equipment

Equipment for making minor repairs consists of a
spatula or putty knife, a small diamond-shaped
pointing trowel, a sharp chisel, a linoleum knife, a
hammer, and a shallow mixing pan.

5.2.4 Patching

5.2.4.1 Structural Cracks. Generally, two coats of
patching material are required to repair wide
structural cracks.

a. The first coat may be a job mix composed of 1
part fibered gypsum plaster and 2% parts plaster-
ing sand, by volume, mixed with clean water to a
uniform color and workable consistency.

b. Material for the second coat may be either a
neat gypsum panuer or a mix of 1 part hydrated
lime and ' part calcined gypsum mixed with
water to a suitable consistency.

¢. A small amount of casein glue added to the
above mix insures easier application because it
tends to retard the setting time of the mix. The
addition of glue also prevents shrinking of the mix
and helps form a better bond with the old plaster.

d. In lieu of the mixes described in (a) and (b)
above, a commercial patching plaster may be used.
This material, known as spackling compound, is a
mixture of plaster of Paris and powdered glue,
which is mixed with clean water to the consistency
of soft putty.

e. The quantity of any patching material must
not exceed that which can be applied within 30
minutes after mixing. Plaster materlal should not
be retempered (by adding water) once it has begun
to dry out and harden. Retempered plaster placed
on the wall will dry and become soft and crumbly.
5.2.4.2 Map Cracks. Best patching results in the
repair of medium-width map cracks are usually ob-
tained by use of the spackling compound described
in (d) above.
5.2.4.3 Hairline Shrinkage Cracks. One method of
filling hairline shrinkage cracks is to mix spack-
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ling compound to a thin paste and scrub it into the
cracks.

5.2.5 Repair of Gypsum and Lime Plaster

Identification of failures in gypsum and lime plas-
ter surfaces, possible causes, failure and methods
of repair are discussed below.

5.2.5.1 Structural Cracks. Structural cracks are
easily identified because they are usually large

and well defined, extending across the surface and
nnhrn]v through the nlaster. Thev generallv devel-

....... through the plaster. They generally
op durmg the first year after completlon of con-
struction and, in most cases, can be successfully
and permanently repaired. However, before re-
pairs are initiated, the cause of the failure should
be determined from an eﬁg‘meermg sLanupmm and
necessary precautions taken to prevent recurrence
of the failure. Structural cracks may extend diago-
nally from the corners of door and window open-
ings, run vertically in corners where walls join,
run horizontally along the junction of walls and
ceilings, or occur in walls where two unlike mate-
rials join.

a. Causes. Structural cracks may be caused by
one or more structural defects, such as foundation
settlement; failure of masonry wall section by
shrinkage or cracking; sagging, warping, or shrink-
age of wood frame members; insufficient bracing of
wood frame members, or use of undersized or im-

properly bpdl.«t!u wuuu ll aliie lIlClllbUlb

b. Repair. To repair a structural crack, use a li-
noleum knife or chisel to cut out and remove loose
material. The crack must be formed to a V-shape
to provide adequate keying action by making the
surface opening narrower than the bottom of the
crack. Care should be exercised to widen the crack
only enough to insure a good bond between patch-
ing plaster, old plaster, and lath. Expanded metal
or wire lath should be cleaned and the mesh
opened so that, when patching plaster is forced
into the opening, a good key is formed. Break out
the key between wood lath so that a new key can
be formed when patching material is forced into
place. Thoroughly wet wood lath before applying

pntc}nna nlaster. Brush out all loose mnfprla]
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remove all grease or dirt from surrounding surface
areas, and wet the edges of the groove. Press the
first coat of patching plaster firmly into place, fill-
ing the groove nearly to the surface; allow it to set
until nearly dry but not hard; then complete the
patch by applying a coat of finish plaster, strike
off flush, and trowel smooth. If the edges of the old
plaster and the wood lath are not thoroughly
wetted, they serve as a wick to draw the water
from the fresh plaster, causing it to dry out,



remain chalky, and crack around the edges of the
patch. In applying the plaster, special attention
should be given to the edges of the patch to insure
a firm, solid bond between old and new plaster.

5.2.5.2 Map Cracks.

a. Map cracks are less noticeable than structural
cracks. They penetrate through the plaster but do
not extend entirely across the surface and general-
lv occur as a series of irregular cracks running at
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various angles, embracing areas 6 inches or more
in width and up to several feet in length. Map
cracks are generally caused by improper bonding
between the plaster and lath or masonry base and
indicate inferior workmanship, the use of poor
quality materials, or a combination of the two.

b Ronnir Normally man cracke are ranaired in
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much the same manner as described for shrinkage
cracks. Where large areas are badly cracked, the
repair method for loose plaster, described in para-

graph 5.2.5.4a, may be used.
5.2.5.3. Shrinkage Cracks.

a. Shrinkage cracks are sometimes referred to as
crazing and resemble map cracks in appearance
but are ordinarily confined to the finish coat. They
do not extend entirely through the plaster surface,
and cover a much smaller portion of the wall or
ceiling surface. Shrinkage cracks generally result
from careless workmanship, too rapid drying of
the surface, insufficient troweling, troweling while
the surface is still too wet, or by not troweling

until the surface had become too dry.
b. Repair. Normally shrinkage cracks are re-
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paired by filling with spackling compound. Where
shrinkage cracks penetrate the base course and
are of such extent that they will not retain such a
paint mixture, they should be cut out and repaired

in the same manner as described for structural
cracks.
E9284 Holes Holes are renaired in the same
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manner as structural cracks. Cutting out the loose
plaster surrounding the hole requires extreme
care not to loosen an unnecessary amount of sound
plaster.

a. Loose Plaster. Loose plaster is indicated by
bulging and cracking of large areas of the plaster

1inwfana Mha aviant Af lancanad nlactor ran ha Ao
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termined by lightly tapping the surface with a
small hammer, with the resulting sounds indicat-
ing the extent of the loose area. Loose plaster may
result from excessive moisture caused by leaks in
the roof, seepage through an exterior wall, piumb-
ing leaks, or heavy condensation. This excessive

moisture causes the nlaster to loosen. In some
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cases, the plaster may bulge or sag but continue to
hang in this condition quite a long time before
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falling, held together only by the hair or fiber in
the base coat. Occasionally moisture causes the
fastenings holding the lath to the structural frame
to corrode, permitting both the lath and plaster to
bulge or sag. Another cause of bulging plaster is
the use of incompletely hydrated lime in the plas-

tar miv In lacralitiae wharae hich hijmid ia nwass
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alent, moisture causes a continued hydration of
the lime, which weakens the plaster and destroys
the bond between plaster and base. This condition
usually occurs in the spring and summer months,
starting from the first to third year after plaster-
ing and continuing indefinitely.
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b. Lepair. Before u':paul 18 the aammageda piastier,
it is necessary to locate and eliminate the source
of moisture. To prevent loose plaster from falling
until permanent repair can be accomplished, tem-
porary repair may be made by securing the loose
plaster with a section of wallboard nailed securely
to the wall or ceiling over the area affected. Nails
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the plaster and obtain a firm bearing in the studs
or joists. Repairs of a permanent nature should be
made as soon as practicable. Remove all loose plas-
ter around the break, working back in the sur-
rounding area to a point where solid plaster (well
keyed to the lath, which, in turn, is solidly secured

to the structural frames) is reached. Remove defec-
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tive lath and replace with suitable plaster backing,
such as metal lath or plasterboard, and securely
refasten all lath that has become loosened.

5.2.5.6 Old Plaster Surfaces. Old, worn, crumbling
plaster is repaired in the same manner as loose
plaster. However, in the attempt to repair old plas-
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fected areas sometimes causes areas of apparently
sound plaster to fall. This is evidence that the
entire plaster surface has deteriorated to the
extent that replastering of the whole area is neces-

sary.

5.2.6 Repair of Keene’s Cement Plaster

Keene’s cement plaster is much harder and less
susceptible to damage from moisture than gypsum
and lime plasters and therefore requires much less
maintenance and repair. Keene’s cement plaster is

narmally necad in areaag enhiact tn avonccive mni
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ture conditions, such as showers, toilets, baths, gal-
leys, laundries, machinery and equipment rooms,
and similar spaces. When repairs of Keene's
cement plaster surfaces are necessary, the same
principies described above for repair of gypsum
plaster apply, with the exception that Keene’s

cement nlaster should be used, in accordance with
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manufacturer’s instructions, instead of patching
plaster and gypsum plaster.
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5.2.7 Repair of Portland Cement Plaster

L£onne cithinatad
Surfaces subjected to hard use or exposed tc mois-

ture, such as walls and ceilings of large walk-in re-
frigerators and cold storage spaces, exterior sur-
faces such as undersides of canopies and marquees,
and other locations where, for economical reasons,
Keene’s cement plaster is not justifiable, are often
coated with portland cement plaster. The types of
failures and methods of repairing portland cement
plaster are basically the same as described above
for gypsum plaster. In patching small areas, the
edges of the surface surrounding the defective area
must be thoroughly and continuously wetted for at
least 1 hour before application of the patching ma-
terial. Just prior to applying the patch, dust the
entire edge of the exposed plaster with a light coat
of portland cement. Press the first coat of portland
cement plaster, composed of 1 part portland
cement, 3 parts plastering sand, and % part lime
putty, firmly into the groove or hole nearly to the
surface, using particular care to insure that no
voids are left around the perimeter of the patch.
Scratch or roughen the surface of the patch with a
wire brush or nail to make a base for receiving the
finish coat. Thoroughly cure the patch by keeping
it moist for at least 72 hours; then let it dry thor-
oughly, for not less than 7 days, prior to applying
finish coat. Just prior to applying of the finish
coat, moisten the patch thoroughly and firmly
press the plaster into the remaining cavity, float
to a smooth, even surface, and then trowel to the
same texture as the surrounding surface. Keep the
patch moist for at least 3 days.

5.2.8 Material Handling Precautions

All material in bags or bundles should be stacked,
blocked, interlocked, and limited in height so that
the pile is stable and secure against sliding or col-
lapse. Judgment must be used in stacking and

storing materials in any structure. Concentrated

loads of stored materials can exceed the allowable
uniform live load by 100 percent, if the loads are
stacked adjacent to outside walls or over beam and
column supports. Never stack materials in the
center of joist spans. When material is piaced in or
encroaches on passageways, it should be located to
present the least possible hazard. Limits of allow-
able loads will be determined through consultation
with structural personnel of the installation engi-
neer organization.

5.2.8.1 Cement and Lime.

a. Bags of cement and lime should not be
stacked more than 10 bags high without stepback,
except when restrained by walls of appropriate
strength.
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b. The bags around the outside of the stack
should be placed with the mouths of the bags
facing the center of the stack.

¢. During unstacking, the entire top of the stack
should be kept nearly level and the necessary step-
backs maintained.

d. Handle cement and lime in paper bags with
care to prevent bags from breaking.

e. Store lime and cement on off-the-floor plat-
forms in dry spaces. Lime must be kept dry in
storage to prevent possible premature slaking,
which could cause fire.

5.2.8.2 Personal Protective Measures. Workmen
will observe the following precautions:

a. Wear heavy gloves when handling metal lath.

b. Wear goggles for eye protection when han-
dling cement and lime.

c. Wear shirts with closed neck and wristbands
and insure that exposed parts of the body do not

come in direct contact with lime,

d. Avoid wearing clothing that has become stiff
and hard with cement or lime; such clothing irri-
tates the skin and may cause infection.

e. Personal cleanliness and frequent washing are
effective preventives of skin ailments.

5.2.9 Replacement Application of Ceramic Tile

5.2.9.1 Scratch Coat. A scratch coat for applica-
tion as a foundation coat must be not less than %
inch thick and composed of 1 part cement to 3
parts sand, with the addition of 10-percent hydrat-
ed lime by volume of the cement used. While still
plastic, the scratch coat is deeply scored or
scratched and cross-scratched. The scratch coat
should be protected and kept reasonably moist
during the seasoning period. All mortar for
scratch and float coats must be used within 1 hour
after mixing. The retempering of partially hard-
ened mortar should not be permitted. The scratch
coat must be applied not more than 48 hours, nor
less than 24 hours, before starting the setting of
title.

5.2.9.2 Float Coat. The float coat should be com-
posed of 1 part cement, 1 part hydrated lime, and
3% parts sand. It must be brought flush with
screeds or temporary guide strips, well placed to
give a true and even surface at the proper distance
from the finished face of the tile.

52.9.8. Setting Wall Tile. Wall tile should be
thoroughly soaked in clean water before it is set.
It is set by neatly troweling a skim coat of port-
land cement mortar on the float coat, or applying
a skim coat to the back of each tile unit, and im-
mediately floating the tile into place. Joints must



be straight, level, perpendicular, and of even width
not exceeding Yis inch. Wainscots are built of full
courses, which may extend to a greater height, but
in no case more than 1% inches lower than the
specified or figured height. Vertical joints must be
maintained plumb for the entire height of the tile
work.

5.2.9.4 Grouting. All joints in wall tile should be
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cement immediately after a suitable area of tile
has been set. The joints should be tooled slightly
concave and the excess mortar cut off and wiped
from the face of tile. Any interstices or depressions
in the mortar joints after the grout has been

cleaned from the surface should be roughened at
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before the mortar. All joints between wall tile and
plumbing or other built-in fixtures should be made
with a light-colored caulking compound. Immedi-
ately after the grout has had its initial set, tiled

wall surfaces should be given a protective coat of

noncorrosive soap or other approved protection.

5.2.10 Application of Tile in Existing Construc-
tion

Wall tiles installed over existing and patched or
new plaster surfaces in an existing building are
completed as described in paragraph 5.2.5, except
that such wall tiles are applied by the adhesive
method

AT AL,

5.2.10.1 Priming. Where wall tile is to be in-
stalled in areas subject to intermittent or contin-
ual wetting, the wall areas should be primed as
recommended by the manufacturer of the adhesive
used.

5.2.10.2 Adhesive Application. Wall tile may be
installed either by the floating method or by the
buttering method. In the floating method apply
the adhesive uniformly over the prepared wall sur-
face, using quantities recommended by the adhe-
sive manufacturer. Use a notched trowel held at
the proper angle to insure a uniformly spread
coating of the proper thickness. Touch up thin or
bare spots by an additional coating of adhesive.
The area coated at one time should not be any
larger than that recommended by the manufactur-
er of the adhesive. In the buttermg method, daub
the adhesive on the back of each tile in such

amount that the adhesive, when compressed, will

5.3.1. General
Dry-wall construction usually consists of a gypsum
wallboard finish. However, other manufactured
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form a coating not less than s inch thick over 60
percent of the back of each tile.

5.2.10.3 Setting Tile. Joints must be straight,
level, plumb, and of even width, not exceeding Y
inch. When the floating method is used, one edge
of the tile is pressed firmly into the wet adhesive,
the tile snapped into place in a manner to force
out all air, then aligned by using a slight twisting

movement. Tile should not be shoved into place

Joints must be cleaned of any excess adhesxve to
provide for a satisfactory grouting job. When the
buttering method is used, tile is pressed firmly
into placed, using a “squeegee” motion to spread
the daubs of adhesive. After the adhesive partially
sets, before it is completely dry, all tiles must be
realigned so that faces are in same place and
joints are of proper width, with vertical joints
plumb and horizontal joints level.

5.2.10.4 Wainscots. Wainscots are built of full
courses to a uniform height. The wainscot height
may be auJubu:d somewhat to accommodate full
courses, but the adjustment should not exceed 1%
inches from the norm.

5.2.10.5 Grouting. The adhesive should be allowed
to set for 24 hours before grouting is done. Joints
must be cleaned of dust, dirt, and excessive adhe-
sive, and should be thoroughly soaked with clean
water before grouting. A grout consisting of port-
land cement, lime, and sand, or an approved
ready-mix grout may be used, but the grout must
be water resistant and nonstaining.

5.210.6 Caulking. Nonstaining caulking com-
pound should be used at all joints between built-in
fixtures and tile work, and at the top of ceramic
tile bases, to insure compxeue Wabei‘pi‘l‘)ﬁuug Inter-
nal corners should be caulked before corner bead
is applied.

5.2.11 Repair of Ceramic Tile

Cracked and broken tile should be replaced
promptly to protect the edges of adjacent tile and
to maintain waterproofing and appearance. Timely
pointing of displaced joint material and spalled

areas in joints is necessary to keep tiles in place.

5.2.12 Cleaning

Newly tiled surfaces should be cleaned to remove
job marks and dirt. Cleaning should be done ac-
cording to the tile manufacturer’s recommenda-

tions to avoid damage to the glazed surfaces.

sheet materials and wood products are also used to
provide interior wall construction other than wet
plaster. When the following items are used, the
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eral Specification or Standard cited: gypsum board
(AA-L-30); hardboard (LLL-B-810); particle board
(ASTM C-208); plywood (Product Standard PS-1-
66 or Commercial Standard CS-35-61); acoustical
unit prefabricated (SS-S-118A). This chapter deals
with the maintenance and repair of these types of
dry-wall construction.

5.3.1.1 Repair.

a. Fixed-Wall Construction. Maintenance and
repair of interior wall boarding generally requires
that nails, screws, and other fasteners be kept in a
secure condition. Cracks in plaster-type boards
may be repaired in a manner similar to plaster
repair. Joints which fail in dry-wall construction
must be recemented and taped. Broken panels usu-
ally are best repaired by replacement of a com-
plete panel. When repairs are completed, finish to
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nailing, screwing, or gluing, must be at least equal
to the “as built” construction.

b. Nonload-Bearing Partitions. Nonload bearing
partitions carry no load other than their own
weight and are used under floors or roofs that are
trussed or framed with beams and girders to carry
the superimposed load to the structural frame.
Nonload bearing partitions can be less substantial
than load-bearing partitions and are usually
placed after structural frame, roof, and floors are
in place. Periodic inspection of these partitions
will be made for marks, dents, scratches, cracks
and other surface damage. These nonload-bearing
partitions can be repaired, strengthened, plumbed,
and aligned without regard to the structural frame
or ceilings and may be removed to provide other
interior arrangements of space.

¢. Trim and Wainscot. Trim and wainscot mate-
rial will vary to suit design requirements for dif-
ferent interiors. Wood trim and wainscot must be
kept nailed, screwed or otherwise secured. When
broken areas occur, they should be repaired or re-
placed with like material and fastening devices.
Ceramic tile may occasionally be patched with
plaster or plastic materials, but it is usually more

suitable to extract the broken piece and replace it
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repair, and new joining material placed where
severe spalling occurs. Synthetic moldings must be
kept securely fastened to the wall so moisture and
dirt do not collect between them and the wall.
Mastic of the type used in the original construc-
tion should be used for repair or replacement of
moldings and wainscots of this type.
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5.3.2.1 Nailing. Secure gypsum wallboard to sup-
ports with 13s inch by 0.101-inch, blued, helically
threaded, tapered screwnail with medium diamond
point. Space nails not less than ¥ inch from edges,
5 to 7 inches apart on ceilings, and 6 to 8 inches
apart on walls. Drive nails with heads slightly
below the surface, but do not use a nail set.

5.3.2.2 Finish Joints. Square-edge sheets are rec-
ommended for temporary construction. Sheets
with Y- to %e-inch bevel on the long edges are
used where the joint is featured. The recessed-edge
sheet is used where a concealed reinforced joint is

desired. Finish of recessed joint consists of filling
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tape is imbedded. A thin covering coat of cement is
applied over the tape. Second and third coats of
cement are applied after preceding coats are dry.
When the last coat of cement is dry, the joint
should be sandpapered smooth and level with the
rest of the wall.

n Wallhoard

5.3.2.3. Gypsum Backing. For backing glazed or
other wallboard linings and wainscots, use gypsum
plasterboard, conforming to Federal Specification
SS-L-30. Install boards horizontally with joints
staggered. Secure to supports with 13-gage, blued
or cement-coated, 1%s6-inch flathead nails, spaced
about 4 inches apart on all bearings.

5.3.2.4 Limiiations. Maximum spacing of bearings
should not exceed 24 inches. Gypsum board should
not be installed in damp places such as showers
and bathrooms. Do not use gypsum board as a
base for attaching tile or other materials with ad-
hesives.

5.3.3 Double-Thickness Gypsum Wallboard

5.3.3.1 Planning. A double thickness of gypsum
wallboard is produced on the job by laminating
two thicknesses of 3%s-inch gypsum wallboard,
using a special adhesive to bond the layers. The re-
sulting walls are strong, can stand heavy abuse,
and are very resistant to cracking and sound

tranamisgion. On walls not more than 8 feot 2

inches in height, the first layer is applied vertical-
ly, with edges centered on and nailed to studs. The
second layer of wallboard is then applied horizon-
tally across the studs. Where the ceiling is be-
Lw_eeﬂ O leel/ anu O IeeL 0 m(,nes, Lne gap lS ﬁiiea mn
with scrap strips and concealed by the baseboard.
Where wall lengths exceed 12 feet, vertical end
joints are staggered to fall between, not on, fram-
ing members. Use wood cleats on the face of the
board to hold the ends in place until the adhesive
has set, and then remove them. Use 12-foot panels,
wherever practical, to minimize end joints. Where



walls exceed 8 feet 3 inches in height, it is more
practical to apply the first layer of wallboard hori-
zontally, breaking all end joints between studs,
where 12-foot boards will not span the wall length.
The face layer is then applied vertically, with full-
length boards extending from floor to ceiling,
eliminating all the joints. Where joints in the first
and second layers are parallel, they should be
offset at least 10 inches. Edges of the face layer
should be centered on and temporarily nailed to

the studs.

5.3.3.2 Application. Make a thorough inspection
of the framing before applying the first layer of
wallboard. Studs and joists should be in true align-
ment. Soil pipes, bridging, fire stops, etc., must not
protrude beyond framing members. To insure
proper application of the second or face layer of
wallboard, a definite plan for erection should be
formed before the first layer of the board is ap-
plied. Ceiling height will determine whether the
base layer is vertical or horizontal. Apply the base
layer with 13%-inch by 0.10l-inch blued, helically
threaded, tapered screwnails with medium dia-
mond point spaced 8 inches on centers. Cut the
face layer panels to correct size. Prepare the lami-
nating adhesive cement in accordance with the
wallboard manufacturer’s recommendations. Using
a notched spreader blade, spread the mixed
cement uniformly over the entire back surface to
the extreme edges of the board. After the board is
in place, wipe away any cement forced out along
the edges. When the face layer is applied horizon-
tally, apply the first sheet to the upper wall. With
temporary nailing, secure the board in place until
the cement has set. Secure long edges by nailing
wherever they occur on or across framing mem-
bers. On walls, space nails in the center of the
board 16 to 24 inches on centers. Following appli-
cation of the upper panels, place the lower face
panels. Butt the top and lower panels closely
together.

5.8.8.3 Finishing Nail Holes and Joints. All tem-
porary nails should be countersunk at least ¥
inch with %s2-inch nail set. This is done after the
face layer has been in place long enough for the
cement to dry. Cement dries in 24 hours, but
under adverse conditions, allow 48 hours. Fill nail
holes with a joint cement mixed to a puttylike con-
sistency. For tapered joints, spot nail holes with
joint cement and then finish as normal tape-rein-
forced, recessed joints. Butt or square-end joints
are treated the same as tapered-edge joints. How-
ever, finishing coats of joint cement are feathered
wider (approximately 24 inches) because there is
no taper in which to imbed the tape.
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5.3.3.4 Spreader Blade. A metal cement spreader
blade is recommended. With blades made of other
materials, the cement tends to accumulate in the
notches and dry, preventing proper spreading
action. Stainless steel or galvanized steel make the
best spreaders. The spreader should have the ap-
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blade should be kept reasonably clean at all times.
A 10-inch blade is most effective for spreading the
cement.
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5.3.5 Insulation Board

Make all joints between boards over solid bearings
and bring edges of board into moderate contact,
but do not spring into place. Nail boards with 1%2-
inch, blued plasterboard nails spaced 6 inches on
centers along edge bearings and approximately 12
inches on centers at intermediate bearings.

5.3.0 naru I'I'CSSC(I l‘ mernoaru

This type material may only be used as wainscot-
ing when backed with noncombustible material,
such as gypsum wallboard. When a structural-type
fiberboard is required, use %s-inch material con-
forming to Federal Specification LLL-B-810.
Where moisture resistance or extra strength is re-
quired, install Type II fiberboard; otherwise, Type
I is suitable. Installation is similar to that de-
scribed previously for insulation board. Make cer-
tain that materlal is preexpanded before installing
Type II fiberboard in areas subject to moisture or
steam, or in very humid localities. To do this,
scrub the fiberboard on the screen side with a stiff
broom and cold water until it turns a very dark
brown (chocolate), or a decided black in the case of
the black-treated board. Following this, stack the
wetted boards face to face and wetted back to
back, and allow them to remain in this position
overnight or preferably for 36 hours.

5.3.7 Glazed Wallboard

Glazed wallboard suitable for wainscots consists of
a base material with a factory-applied finish. It
may only be used when backed by noncombustible
material. The base may be made of asbestos fiber
and cement formed under pressure into dense,
monolithic sheets, a structural-type fiberboard, or
a hard-pressed gypsum sheetrock. Finish on ex-
posed face is a factory-applied gloss coating. A va-
riety of colors are available, such as white, ivory,
yellow, peach, green, blue, red, and black. In addi-
tion to these colors, other finishes give the appear-
ance of several woods, such as walnut, mahogany,
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knotty pine, cak, and red gum. Most boards are

made in 4-foot widths and lengths of 4 to 12 feet.
Thickness range from Y% to % inch. The 3-inch-
thick boards can be applied by nailing over furring
strips, in which case make all joints over solid
bearings and secure with 1% inch, 18-gage brads,
driven % inch from edges on 4- to 6-inch spacings
and about 12-inch spacings through the body of
the board. An alternate method of installation con-
sists of spreading an adhesive over a smooth, solid
backing of noncombustile material such as gypsum
wallboard. Cut and fit glazed boards to a close fit.
Lay the board on the adhesive-coated wall or ceil-
ing and push ﬁrmly into place. Do not spring into
place. Clean off any excess adhesive that may
appear at joints, using cleaner recommended by
the board manufacturer for that purpose. Immedi-
ately after setting the board in position, insure
solid contact with backing by placing previously
prepared braces. Leave the braces in place until
the adhesive sets, usually overnight. For some ap-
plications, brads may be used to support the
boards while the adhesive sets. The nails may be
either countersunk or withdrawn and the holes
filled with material matching the board finish.
Panel effect, if desired, is obtained by installation
of moldings over board joints and around openings.
These moldings are available in a variety of sizes,
colors, and materials, such as wood, plastic, metal

alloys, and stainless steel.

5.3.8 Plywood Linings

Plywood acceptable for interior wall and ceiling
linings will be equal to or better than three-ply
softwood plywood, interior grade, not less than Y
inch thick, manufactured in accordance with the
requirement of Product Standards PS 1-66. It may
be used when backed with noncombustile materi-
als. Face veneer may be Douglas fir or other
softwood or hardwood with smooth surface suita-
ble for painting or staining. The economical proce-
dure generaily calis for the instaiiation of the
larger size sheets. Before starting the installation,
see that stud, furring and ceiling joist spacings do
not exceed 24 inches on centers. Make all joints,
including end joints, over solid bearings. Fit panels
close but do not force into place. Secure with six-
penny nails spaced 6 inches on centers on interme-
diate bearings. Plywood for wainscots is usually
set with the grain running horizontally. Plywood
for wall lining is set with the grain running verti-
cally. Grain of plywood on ceiling should be paral-
lel with the long dimension of the room.
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539.1 Placmg When applying interior surfacing
materials, install furring strips vertically, spaced
not more than 2 feet on centers. It is also advanta-
geous to place other furring strips so that each
sheet of surfacing material is supported horizontal-
ly at distances of about 4 feet on centers. Wood
furring strips supporting metals lath and plaster
are spaced 16 inches on centers. Furring strips are
also installed around all openings or wherever
proper installation of wall, partition, or ceiling
lining requires their use.

5.3.9.2 Fastening. Furring strips may be secured
to masonry walls by the methods given below.

a. Cut or case-hardened naiis piaced on 2Z-foot
centers provide a simple and satisfactory way to
fasten furring strips to walls or ceilings. The wedg-
ing action of a cut nail gives additional holding
power. Furring strips are leveled or plumbed by
inserting wooden wedges under the nailing point.

b. The same procedures used for nailing are used
for bolting. Toggle bolts or butterfly bolts can be
used to attach furring strips to hollow-core mason-
ry material. The use of bolts requires drilling a
hole in both the strip and the masonry. This
method is slower than nailing and should be used
only when the superior holding power of a bolt is
required.

¢. Powder-Actuated Tools. The deveiopment of
powder-actuated tools has provided a means of fas-
tening any construction material to steel or con-
crete with great speed and ease. A wide variety of
pins and studs are available to suit the needs of
the job at hand. The pins are placed in the tool,
similar to a handgun, and fired into place by a
special powder charge. These tools can be used to
fasten furring strips to masonry, as well as for a
variety of other uses. The tool requires a trained
operator and observation of prescribed safety pro-
cedures.

5.3.10 Furring in Ceilings

5.8.10.1 General. Ceilings are furred to obtain
straight surfaces and to correct any difference in
level on the underside of the joist. Furring strips,
spaced 12 to 16 inches on centers, are run perpen-
dicular to the underside of the floor or ceiling
joists and secured with 10-d nails. These strips are
brought to even surface by working from leveled
furring strips extending around the perimeter of
the ceiling.

5.8.10.2 Fastenings. Furring strips intended to

vt nlactar Aar annnctinal m
support plaster or acoustical materials on the ceil-

ings should be nailed and tied securely by 16-gage
wire to the underside of the joists. When wooden



joists are used, convenient hangers are formed by
driving 10-d nails into each side of the joists. A
wire extending from one nail to another, looped
and drawn taut across the furring strip, forms a

secure anchor. When open-web joists are used,

5.4.1 General

In the course of necessary repairs to buildings and
structures, fire protection features will be reexam-
ined and any deficiencies corrected promptly. Ade-
quate fire protection is a function of design, but
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and structures, change in occupancy, or introduc-
tion of increased operational hazards may require
upgrading of protective features or additions to
them. In any case, the effectiveness of fire protec-
tion features depends on regular inspection, care,
and maintenance. (Fire protection standards may
be obtained from the National Fire Protection As-
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sociation (NFPA) Standards.) (Air Force Standards
are found in AFM 88-15.) The extremely rapid
flame spread that occurs on the surfaces of com-
monly used materials has been the cause of many
catastrophes. In view of the past record, the use of
combustible wall and ceiling finishes (including
wallboard and acoustical units) having high flame-
spread ratings is prohibited. Certain interior fin-
ishes that have a rapid flame-spread rating were
widely used in the past and remain in use in some
buildings The generation of smoke and fumes re-
sulung from the combustion of material must also
be taken into consideration. Interior wall and ceil-
ing finishes are applied over structural framing of
a building and cover a considerable portion of the
individual walls or ceilings. Such materials include
decorative finishes, acoustical corrections, and sur-
face insulation. Surface coverings of wallpaper, not

nwnnndineag NNOE innh thinl Ar a matarial with nn
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greater fire risk than wallpaper, do not contribute
significantly to fire hazards when applied over a
noncombustible base. Generally, plaster finishes
have been accepted by building codes, and wall-
paper or paint finishes over noncombustible sur-
faces are considered nonhazardous if any coatings

ava naot annliad one aver the other
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5.4.1.1 Noncombustible Interior Finishes. Fire re-
sistance and flame spread are different properties
of construction materials. Fire-resistant ratings
have been established for wall, partition, and ceil-
ing construction by responsible and extensive labo-
ratory tests. Conventional wall construction, such
as brick, concrete, hollow tile, and concrete or

gypsum block units surfaced with plaster of the re-
quired thickness, is considered nonhazardous and
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noncombustible. Similarly, partitions or ceilings
constructed of assemblies of wood or metal studs
and joists, or of metal, gypsum, or wood lath sur-
faced with cement, lime, or vermiculite plaster
have nonhazardous interior surfaces and, depend-
ing on the assembly, the required fire rating

13229 vial  K[SsSTalil 12 4 \v) il T AQaviiig.

Sheet-metal covering applied directly to wood
joists or over old plaster ceilings, although superi-
or to highly combustible materials, offers little re-
sistance and increases the effort required to extin-
guish fires starting in concealed spaces between
the joists.

5] T - 225 PN B« JU,

5.4.1.2 Insulation and Sound Control Materials.
Insulation and sound control problems are similar,
principally because the same materials (treated
and untreated) are often used for insulating build-
ings for heat or cold (thermal insulation) and for

sound control (acoustical correction).

5.4.1.3 Fire Resistance. Noncombustible insulat-
ing material, such as mineral or glass wool, may
increase fire resistance if it will stay in place and
not settle and produce voids. Standard fire tests
have shown that mineral wool in the hollow
spaces between studs increases the fire resistance
of metal lath and sand gypsum plaster on wood
stud partitions by about 30 minutes. For gypsum
board facing on wood stud, the fire resistance is in-
creased by 10 to 20 minutes.

5.4.2 Alterations

When alterations are necessary to existing build-
ings, the fire protection features should be reexam-
ined to correct deficiencies and provide such addi-
tional measures as the new use requires. The fol-
lowing features are most important.

5.4.2.1 Firewalis. Firewalis are protection against
the horizontal spread of fire only if they are

intact. and if openings were nermitted. are nroner-

intact, and if openings were permitted, are proper-
ly protected against passage of smoke or heat. In-
terior finish repairs must be accomplished without
damage to firewalls, and finishes applied should
have a flame spread rating equal to finishes used
on other interior walls for a particular occupancy.
When hazards are increased in existing buildings
firewalls should be added

111LCT VY Q11O [=ISAVAC PRV S T auucu aD
needed to subdivide the space into suitable limited
fire areas; this can often be done economically by

and etriictnracg
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increasing the fire resistance of existing walls and
installing fire doors. If area limitations require
firewalls through combustible roof structures, the
walls should be parapeted.

5.4.2.2 Vertical Openings. The enclosure of verti-
cal openings is most important in preventing the
vertical spread of fire. In fact, it is probably the
largest factor in connection with life and property
safety in multistory buildings. If masonry walls
cannot be placed around open stairways or eleva-
tor shafts in an existing building, metal lath and
plaster, or other lightweight construction of equal
fire resistance, may be used. Any enclosure is pref-
erable to open stairs or elevator shafts.

5.4.2.3 Horizontal Openings. All wall openings
will have fire protection features appropriate to
the occupancy of the building and structure. This
is especially important for areas where hazardous
processes are carried on or hazardous materials
are stored in buildings or structures with a large
total floor area. The adequacy of horizontal open-
ing protection should be checked and preserved in
the course of interior repairs. If swinging fire
doors are used to replace sliding doors, such doors
must swing in the direction of the emergency
exits.

5.4.24 Concealed Spaces. Concealed spaces ex-
posed in the course of repairs will be checked for

the presence of combustible debris. Materials used
for insulation will be noncombustible. Any draft
stop helps slow the spread of fire, but complete
fire stopping may be difficult in open-joist chan-
nels and stud-spaced wood construction. Fire stops
should be used between the wood joist and sills.
The use of fire-retardation paint or solution may
be helpful in particular cases, but this provides
only a temporary measure of protection.

5.4.2.5 Skylights. Skylights and other small struc-
tures on the roofs of buildings should have a fire-
resistance rating appropriate to the construction
and occupancy. Skylights should be maintained to
insure their effectiveness in preventing the en-
trance of fire and venting interior fire or explo-
5.4.2.6 Ventilation Ducts. Ventilation or exhaust
and intake ducts extending through roofs or walls
should be of noncombustible materials. Ducts
should be cleared of obstructions as required. Ven-
tilation hoods, ducts, and filters in kitchens should
be periodically cleaned to remove grease accumu-
lation that may cause fire. Devices to prevent the

entrance of sparks or brands, such as baffle plates,

vanes, dampers, and metal screens, should be

checked regularly for proper setting and good con-
dition.

SECTION V—ACOUSTICS

5.5.1 Acoustical Problems

Acoustical materials applied on walls, partitions
and ceilings of theaters, auditoriums, and many
other occupancies absorb noise and aid hearing by
reducing echoes and reverberation. Two acoustical
problems are to be considered. One is the treat-
ment of a room or building to keep out exterior
sound, and the other is the treatment of a room in-
sound absorption or diffusion to reduce objection-
able noise levels.

5.5.1.1 Exterior Sound. Insulation from exterior
noise is sometimes part of the interior sound-ab-
sorption problem. The best resistance to noise pen-
etration usually can be obtained with heavy rigid
walls and floors, or multiple-layer construction
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separated by airspaces. Such construction keeps
out sound by preventing the vibration of the wall
or floor. Any mechanical connection across the in-
tervening airspaces in a structurally separated
wall increases sound transmission. For holiow
walls not structurally separated, such as ordinary
wood stud partitions, a fill of noncombustible ma-
terial between the studs slightly improves the
sound insulation.

5.5.1.2 Sound Absorption. For best results, sound
absorption requires porous or low-density materi-
als, but it is impossible to set rules applying equal-
ly to every installation. However, it is necessary to
use only noncombustible materials that do not
have surface flame-spread characteristics and will
not add fuel to a fire that may occur in the treated
spaces.
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SECTION I-GENERAL

6.1.1 Types of Fioors and Coverings

Floor materials found in buildings and structures
for various occupancies include wood, concrete,
terrazzo, magnesium oxychloride, clay tile (quarry
and ceramic mosaic), mastic, metal, cork, and
rubber. Conductive floors are normally peculiar to
operating rooms and delivery suites in hospitals
and dispensaries. Spark-resistant floors shall be
placed in ammunition storage areas, where explo-

gives are stored Common floor coverines include
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linoleum, vinyl tile, vinyl-asbestos tile, asphalt tile,
cork tile, rubber tile, and resinous coatings for
monolithic floors. Floor structures, finishes, and
coverings should be suitable for the operations
conducied on them. All components shouid be
maintained in such a manner that the complete
floor will give satisfactory service. No operations
which mlght impair the floor structure, covering
or finish should be conducted until suitable modifi-
cations or protective measures have been under-

taken.

6.1.2 Types of Stairs

Maintenance instructions are provided herein for
interior and exterior stairs of wood, concrete, ter-
razzo, metal, and composition materials.

6.1.3 Inspection of Floors, Floor Covering, and
Stairs

6.1.3.1 Floors. Wood floors should be checked
quarterly for loose nails; warped, cupped, or loose
boards; raised ends; slivers; cracks; loose knots;
raised nails; and water or other damage from im-
and wood decav.
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Concrete floors should be inspected annually for
dusting, spalling, cracking, and settling. Terrazzo
floors should be inspected annually for loose or
broken segments and damage from improper
cleaning. Magnesium oxychloride floors should be
checked annually for water and other damage
from improper cleaning. Clay tile floors should be
inspected annually for missing, loose, or broken
tiles, open joints, and damage from improper
cleaning. Mastic-topped floors should be checked
annually for damage from improper cleaning. Con-

ductive floors should be tested for conductivity

with an ohmmeter at least quarterly or after
repair, and a permanent log should be maintained.

Onandunsntiva flaoaring will maat tha sondiintivity wa
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quirements of the National Fire Protection Asso-
ciation (NFPA) Standards. Metal floors should be
inspected annually for corrosion.

6.1.3.2 Floor Coverings. Floor coverings should be
checked annually. Asphalt and vinyl tile coverings
should be inspected for missing, loose, and broken
tiles, or open joints; serious indentations; burns;
and damage from improper cleaning. Linoleum
and other flexible sheet coverings should be in-

spected for loose seams, buckling, serious indenta-
tions, and damage from improper cleaning.

6.1.3.3 Stairs. Interior and exterior stairways
should be inspected at least quarterly for adequacy
of support and safe condition of components. Stair-
ways should be checked, as appropriate, for
or rotted wood framing:

fin
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settled, cracked, or spalled concrete; and for rusted
or loose metal supports or parts or loose nails on
wood stairs. Treads should be inspected for loose
or broken tread nosing, excessive wear, paint or
tread covering deterioration, and loose, eroded, or
slippery tread sufaces. Exterior treads should be
Hand-
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sloned (or drilled) so as to drain properly
Sigoped (Or ariiieq) s¢ 10 grain proper.y.

rails should be inspected for loose fastening and
material deterioration. Newel posts and balusters
should be checked for looseness and missing parts.

£14 Cuotadi
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Proper and timely custodial care will materially

e 1-f. of floors and finishes. The Military
Custod1a1 Tri-Services Manual (TM 5-609,
NAVFAC MO-125, AFP 91-30 and 92-1) provides
Commanders at DOD installations with methods of
accomplishing custodial services and establishes

cleaning standards.

6.1.5 Safe Floor Loads

CAUTION: Do not load floors beyond their de-
signed safe load capacity. Permanent and easily
read signs or placecards, conspiciously showing the
safe load capacity in 1b/ft 2 of the floor, should be

~lannd Annlk flan Laeadl A~ Q...nL
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must not be stored where they will be subject to

maigtiire ar avtrama haat and cald Old brittla

nil
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paper can be softened by dampening the backing.
The following table (table 6-1) is a guide to sand-
paper selection for floor finishing:

TABLE 6-1: Guide to Sandpaper Selection for Floor

Finishing

Grade Type Use

2 Preliminarv removal of
€ JLoensnssesvnsnssonersanasanee NS P Cdierccsssrecsontsrcnnsss] & AT RARARR2IG: J Avasnavy Va

stubborn varnish,
shellac, floor oil, wax,
and deep-penetrating
filler compounds. Not
to be used for cutting
into wood surfaces.
S ORUOROR Open.......ccccerneune Used in place of No. 3%
for surfaces of less
resistance; is preferred
if it does the required
work.
2V e Open......cooeenrvenne Preliminary removal of
floor finishes such as
shellac, wax, floor oils,
alcohol stains, and
lacquered surfaces.
2.ereererrreresenn e Close.......ccvverererene Use instead of No. 2 and
No. 2% open coat
where surface permits
cutting without
gumming. Closed coat
should be used in

nreference to gnen

preference to oper
coat whenever
practicable.

1% i Close......cccccorueuenne Use as a first paper on
all new floors.

) SOOI Close.....cccooereeceunnne Use as followup for No. 2
and No. 2% in all
cases.
Lo Close.....ccceevereneens Use the same as No. 1
open coat to provide a
smooth floor finish.

L eeereereereneseenesreeene Close......coevervrennene. Use as final finish on
most floor work.

Y0 & %0 covercreenirnenne Close.....cccoeevreeenns Use as final finish on
best hardwood floor
work.

% & Y0 .o Close......cccovreeneee Use for finishing fine

woodwork such as
furniture and for
rubbing down paint
and varnish finishes.

b. Procedure. Old varnish, shellac and wax mate-
rial should be removed from the floor with the
proper type of abrasive paper. First, go over the
floor twice diagonally with coarse paper, avoiding
deep abrasive marks in the wood; then finish with
fine paper or steel wool parallel with the grain.
See figure 6-1. No attempt should be made to cut
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wood in the removal operation. Edges that cannot
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scraped. The floor should then be sealed and
waxed as described in paragraph 6.2.3.2. The final
sanding for parquet flooring must be with a disk
sander. Additional information on floor sanding
may be found in the Tri-Services Manual, ‘“Paints
and Protective Coatings.”

6.2.3.4 Use of volatile Liquids.
a. Safety Precautions. In exceptional cases, when

old floor finishes cannot be removed by sanding or
scraping with an abrasive, highly volatile liquids
may be used. These liquids, as well as those used
in floor refinishing, include paint and varnish re-
mover, varnish, liquid paint, and shellac, which
have flashpoints as low as 40°F (4.5°C). Refinishing
should be done only under expert supervision,
with attention to the following precautions:

(1) Use rubber gloves and face masks (respira-

fnvc\ whan workineg with hichlv valatila lionide
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varmsh, varnish remover, liquid paint, and shel-
lac.

(2) Remove from the area all personnel not en-
gaged in the work.

(3) Provide all possible natural ventilation.

(4) Disengage the main electric switch for the
entire building and work under natural light. If
this is not practicable, disconnect all electric appli-
cances in the vicinity, including such equipment as
water coolers and soft-drink dispensers, before ap-
plying volatile liquids. Do not reconnect the appli-
ances until the liquids have completely dried on
the floor.

(5) Shut off the main gas valve for the build-
ing. If this is not practicable, extinguish the pilot
lights on all gas equipment and do not relight
them until the volatile liquids have completely
dried.

(6) Prohibit smoking and the use of open
flames during application of the liquids and for 1
hour after they have completely dried.

(7Y MNaan onlv a emall area of flaor at a tima
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(8) Restrict the amount of liquid on hand to
that needed for the immediate operation; immedi-
ately return any unused liquid to its proper stor-
age place. Do not use open containers for storage.

(9) Provide covered metal containers for used
cleaning rags. Remove the cans before securing
the building.

(10) Place the residue from sanding machines
in cans, wet it down, and promptly remove the
cans from the building.
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threshoid. Finish uuor‘lng oy machine sauulng
Hand scrape around edges and other surfaces not
accessible by machine.

6.2.5 Patching Wood Floors

6.2.5.1 Procedure. If floor damage requires re-
placement of strips or planks, the following proce-
dure should be observed:

a. Make two longitudinal cuts in the damaged
strip or plank. See figure 6-2, detail A.

b. Remove the section between the two cuts by
cutting the strip with a chisel at midpoint. See
figure 6-2, detail B.

¢. Remove the remainder of the damaged strip,
taking care not to damage the tongues and grooves
of adjoining boards. See figure 6-2, detail C.

d. Remove the lower part of the groove of the
new closure strip or plank. See figure 6-2, detail
E.

e. Insert the tongue of the closure into the
groove of the adjoining board for face nail with
two eightpenny, annular-ring finishing nails.
When possible, the end joints should be located so

wnils w2rill Antnam tha iniot Tn nawr slacsiiwa araas
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of flooring laid in mastic on concrete, remove the
existing mastic and apply new mastic of the type
recommended by the flooring manufacturer before
installing the new closure.

f. Set exposed nails. See figure 6-2, detail D.

g. Dress the new portion to the level of the adja-
cent floor by sanding both areas to a continuous,
smooth plane.
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fi. Dry-sweep the area to remove all particles o
dust.

i. On open-grained woods, brush on a paste filler
conforming to Federal Specification TT-F-336.
After the filler has partially dried, rub it into the
pores of the wood with a circular motion using ex-
celsior or burlap. Wipe the surface lightly to
remove any surplus filler. Inadequate filling is in-
dicated by pockmarks and results from wiping off
too much of the filler or from unusual absorption
by the wood. Eliminate such deficiencies by repeat-
ing the filler application.

J. Seal and wax the floors as described in para-
graphs 6.2.3.2 and 6.2.3.3 or finish to match exist-

ing.

6.2.6 Creaking Floors

Creaking in an old floor may be the result of one
or more causes such as shrinking or warping of
the uoarus, insuflicient initial naumg, 1OOSen1ng of
the subfloor, warping of joints, or the presence of
building settlement which throws the floor out of
level. If the boards have lifted from the joists,
place a wood block on the loose spot and drive
down with a heavy hammer or maul. A piece of
old carpet or other material placed under the
block will prevent marring the finished floor. If
floor will not stay down, drive several nails
through both finish and subfloor into the joists to
draw the floor down tight. Drive nails heads to
within Y% inch of floor, then finish driving and set
with nail set. Fill holes over nail heads with putty
or plastic wood, colored to match floor finish.
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6.2.9.2 Maintenance. Sweeping wood-block floors
with a stiff bristle broom or a power sweeper
should keep them dirt-free. In areas where accu-
mulation of dirt and oils requires more than
normal sweeping, the floor may be scraped with a

metal scraper or cleaned with a power buffing ma-

Al A
chine equipped with a wire-bristle brush or coarse

steel wool pads. Oil or water spills should be re-
moved immediately and the area covered with an
oil- and water-absorbing compound conforming to
Federal Speciﬁcation P-S-865. The compound
should be swept up after it has absorbed the oil or
water. Do not use water on wood-block flooring.
Water enters the pores of the blocks or the cracks
between them and causes the floor to warp or
buckle.

6.2.9.3 Repair. Wood-block floors are generally re-
paired by replacement of splintered, cracked, and
loose blocks with new blocks, matching the origi-
nal materials as closely as possible. Methods of re-
pairing floors are as follows:

a. Large Areas. When large areas or the entire
floor surface must be replaced, the new floor
should be installed according to specifications for
the original floor. If the materials originally speci-
fied cannot be obtained, they should be matched as
closely as possible, and the manufacturer’s recom-
mendations followed. Both coal-tar pitch and as-
phalt products are used in the installation and
treatment of industrial wood-block floors. Materi-
als of the respective types used in the original in-
stallation should be used for replacement. Coal-tar
pitch and asphalt are not compatible and must not
be in contact with each other. Test existing mate-
rials to determine their composition. Concrete may
be used to replace large areas of deteriorated
blocks where operational conditions permit and
where the weight of the concrete will not exceed
the design limitations of the structure. Concrete
provides the hardness and toughness necessary to
resist heavy loadings but does not provide the re-
siliency needed for foot comfort or for protection of

TM 5-620/NAVFAC MO-111/AFP 91-23

tools or parts that may be dropped. Repair wood-
block floors with concrete as follows:

(1) Lay out the area to be repaired in rectan-
gular lines and include all defective and loose
blocks.

(2) Remove all blocks within the rectangular
area.

(3) Clean the subfloor of all loose particles,
dust, oils, and grease.
(4) Proportion, place, and finish the new con-

crete as described in naragranh 6.3.4
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(5) Replace all expansion joints and install
new expansion joints in the concrete every 20 feet
in both directions.

(b) Small Areas. Small areas of wood-block
floors are repaired by replacement of deteriorated
or loose blocks with small blocks, matching exist-
ing materials as closely as possible.

(1) Remove all deteriorated and loose blocks in
the area

2iT KRITQR.

(2) Thoroughly clean the subfloor, removing
all loose particles, dust, oil, and grease.

(3) Be certain that the subfloor and surround-
ing blocks are thoroughly dry. Then, apply one
coat of the floor manufacturer’s recommended
primer to the subfloor and sides of the surround-
ing wood blocks.

(4) When the primer is thoroughly dry, apply

a coat of coal-tar pitch or plastic bituminous
cement, as suitable to the subfloor in the quanti-
ties necessary for permanent adhesion between the

subfloor and wood blocks.

(5) Fit the individual blocks or strips of blocks
into place, matching the existing floor lines as
closely as possible. Fill any voids of less than one
full block with a section of a block cut to fit.
Retain existing expansion joints.

(6) Fill the joints and finish or seal the floor,
as necessary, according to the manufacturer’s rec-
ommendations.

SECTION III—CONCRETE FLOORS

6.3.1 Maintenance

Concrete floors of proper composition, installation,
and curing require comparatively little mainte-
nance unless they are exposed to the following:

11alilT WiiTSS wil) QiT TAPUSTR WU waio 222N

severe abrasion and heavy vehicle loads from in-
dustrial traffic; the deteriorating effects of grease,
oils, and food acids such as are encountered in
kitchens, sculleries, bakeries, meat-cutting plants,
and similar food preparation spaces; or caustic
soaps and solutions. The corrosive agents in highly

acidic or alkaline liquids attack concrete floors
and cause spalling, pitting and other deterioration;
such floors may be overlaid with resinous (epoxy,
polyester) industrial (tru-welded-on) type topping
or with resinous terra 330. When trucking is done
over concrete floors, as in aisles of warehouses,
trucks should be fitted with wide-faced wheels
with rubber tires. If vehicle abrasion and shock
continue to raise maintenance demands, the appli-
cation of heavy-duty topping to the concrete
should be considered. CAUTION: Avoid painting
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it would be more economical to resurface or re-
place it with concrete of the proper quality. Con-
crete surfaces often have numerous hairline cracks
and crazes as a result of improper curing. If the
cracks are not {00 deep, they may be eliminated by
grinding the floor. Concrete floor surfaces are
ground by the method used in finishing terrazzo
floors, which requires highly skilled labor under
adequate supervision.

6.3.4 Resurfacing

6.3.4.1 Suitability of Floors. Wearing surfaces of
concrete floors that are spalling or abrade easily
under foot traffic should be resurfaced or covered.
Old floors that have been subjected to service too
severe for the quality of the surface can be resur-
faced with a heavy-duty topping. If the floor design
load permits and if raising the floor level is not ob-
jectionable, a new topping can be placed directly
on the old slab.

6.3.4.2 Preparation. All dust, paint, grease, oil,
and loose materials should be cleaned from the old
floor before it is resurfaced. Areas that have the
original troweled finish should be roughened with
a pick or grinding tool. Expansion and construc-
tion joints should be retained. Whenever practica-
ble, the new topping should be at least 2 inches
thick and reinforced with 2- by 2-mesh galvanized
welded wire fabric, 21 pounds per 100 square feet,
placed approximately in the middle of the thick-
maga N~ a mawur snnorata
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6.3.4.3 Concrete Mixture. New concrete should
consist, by volume, of 1 part portland cement, 1
part graded sand, and 2 parts pea gravel or
crushed rock, graded from Y% to % inch. It should
be of the stiffest consistency practicable so that
the strike-off board or straightedge may be used in
a bd.wulg motion. Not more than 4 gallons of
mixing water, including the moisture in the aggre-
gates, should be added for each sack of portland
cement. Use not more than 5 gallons when float-
ing is done by hand. The concrete should be mixed
for at least 1% minutes after all ingredients, in-
cluding the water, are in the mixer.

PP hoaca alalkh
6.3.4.4 Application of Finish. Keep the base slab

thoroughly moist for a 24-hour period before plac-
ing the finish, but allow no pools of water to
remain when the wearing course is placed. Broom
a thick coat of neat cement grout into the surface
of the slab for a short distance ahead of the top-
ping. Before the grout has hardened, place the
wearing course and bring it to the established
grade with a straightedge. Compact the wearing
course by rolling with weighted rollers or tamping
with iron tampers. Float the surface with a wood
float or power-floating machine, making sure no

T™ 5-620/NAVFAC MO-111/AFP 91-23

water remains on the finished surface. Test the
surface a with straightedge to detect high and low
spots and eliminate them. Finish the surface with
a steel trowel. Allow the concrete to become hard
enough that mortar wiil not accumulate on the
trowel. In the final troweling, a ringing should be
produced as the trowel is drawn over the surface.
Do not sprinkle dry cement or a mixture of dry
cement and sand on the wearing course to absorb
moisture or stiffen the mix. This will make the
surface weak and produce cracks and crazes. Cover
the concrete with wet buriap as soon as it has
hardened enough not to be damaged by the cover-

ing, and keep it wet for at least 7 days.

6.3.5 Heavy-Duty Floors

Concrete floors in receiving rooms, loading plat-
forms, and other locations that are subjected to
impact from falling objects, heavily loaded steel-
tired trucks, or sliding loads usually require pro-
tection, such as steel floor grilles or surface treat-
ment.

6.3.5.1 Grilles. Steel floor grilles are set in con-
crete, with openings between the grilles filled with
concrete. Grilles should be installed according to
the manufacturer’s recommendations. The top sur-
faces of the grilles should be level with the fin-
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6.3.6.2 Surface Treatment. Metallic monolithic

eurfaca treatmant consiste of o fastorv.nranarad
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mixture containing iron aggregate, suitable for ap-
plication as a part of a new concrete topping by
the dusted-on method. The mixture should be free
from nonferrous metal particles, oil, grease, and
soluble alkaline compounds. It should be water-ab-
sorbent and contain not more than 0.075 percent

nF watoer-enluihle matarial A prament-dignergcing
warer-stiuoie materiai. an Cemeni-Qispersing

agent and a pozzolanic material that will combine
with free lime to form a water-insoluble compound
should be combined with the metallic aggregate.
In applying the finish to the topping, strike off the
topping true and screed it to the finished eleva-
tion. Apply the dry mixture over the freshly

arrandad caneorata at a 11nifarm rata AFf BN nanndg
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per 100 square feet of surface. After the mixture
has absorbed water to a uniform appearance, rod
it with a straightedge to a uniformly true surface.
When absorption is complete, compact the finish
by rolling with heavy rollers or by floating with
motor-driven floats of the metal disk type. Add

matarial ta low enate 1ntil o nnifarm anneoaransa
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is obtained. Follow the compaction with troweling
by hand or machine to produce a smooth, hard,
and impervious surface. Cure heavy-duty floors as
recommended in paragraph 6.3.4.4.
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more of the methods described for cleaning wood
floors.

6.3.9.3 Roughness. Old concrete floors that are
rough, spalled, rutted, cracked, or in otherwise un-
satisfactory condition, must be repaired before
laying a flexible floor covering. Frequent repairs
or replacements are necessary when coverings are
laid over deteriorated floors, especially those sub-
jected to wheeled traffic. Use complete concrete

JYwYOAe 220008 RGN, UIRC LRLALPASRS LRULIRISLS

pabches cement grout, quick-set patching cement,
crack filler, or other suitable materials and meth-
ods, to obtain a smooth surface. See chapter 2 for
details on concrete-slab repairs If the concrete
fioor is in such condition that patching is impracti-
cable, a trowel-on type of underlay should be in-
stalled.

6.3.9.4 Alkalinity. Concrete floors are usually al-
kaline and may be coated with free lime. This can
be detected by applying a 1-percent solution of
phenolphthalein in alcohol (obtainable at any
drugstore) to the concrete surface. Dampen several
spots on the concrete with water and apply a few

anattarad Avrane Af tha nhannnhthalain If tha ~Aran.
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crete is alkaline, the drops will turn red or purple.
Test the suspected floor at several points. Floors
shown to be akaline and floors on which strong
caustics or alkali solutions have been used to
remove paint, varnish and similar materials are
neutralized by washing with a 10-percent solution

af muriatic acid and water Ringe the floor to
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remove acid and lime. Allow enough time to dry
thoroughly before applying the covering cement.

6.3.9.5 Dampness. All types of flexible floor cover-
ing can be laid over suspended concrete floors
which have underfloor ventilation. Allow sufficient
time (2 or 3 months may be required, depending
on the weather) for a new floor to dry before cov-
ering is applied. Open windows for natural ventila-
tion during daytime, but close them at night to
shut out damp air. Concrete with a hand-troweled
surface treated with a hardener also dries slowly.
If boxes, mats, or other objects with large fiat-
bottom surfaces have been on the concrete floor
for a long time, they should be moved and the
area inspected for wet spots, which indicate that
moisture may be coming up through the concrete.
This moisture is usually not seen on exposed areas
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because it evaporates as fast as it reaches the sur-
face. When dryness of floors is in doubt, one or
more of the following tests should be performed:

a. Flat Sheet Test. Place pieces of flat glass,
rubber, or other waterproof sheets at several
points on the floor. Remove the covering after
about 24 hours. It may be assumed that the floor
is dry if no moisture shows on the concrete. If
moisture shows, allow additional time and apply
heat and ventilation to assist in drying.

b. Putty Ring Test. Form rings of putty about 6
inches in diameter and % inch high at several
points on the concrete. Inside each ring drill one

ar tun 1. ta 1o innh diamatar halas ahasd 1
or two Y- to ‘2-incn-aiameter noles about 1 ulbu

deep. These holes will allow any moisture in the
slab to escape. Place a level teaspoonful of granu-
lated, anhydrous calcium chloride in a small dish
in each putty ring and cover with a piece of flat
glass, pressing the glass down on the putty to keep
out all outside air. If the floor is damp, beads of

moisture will appear on the glass cover in 24 to 48
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hours and the calc1um chlorlde will be partly or
completely dissolved. If dampness is noticeable,
repeat the test at weekly intervals until the calci-
um chloride does not dissolve.

c. Adhesive Patch Test. Spread patches of adhe-
sive about 2 inches square in each corner and at

several snots elsewhere on the floor. After 24
43A00C 1 [0 3
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hours, test the adherence of adhesive with a putty
knife. If the adhesive peals off, moisture is rising
too rapidly for a satisfactory installation of any ce-
mented-on covering. Allow additional time for
drying.

6.3.9.6 Preparation of Floor for Rug or Carpet

COonorinage Oonorata flanre that ara 0 ha Anvara A
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with carpets or rugs should be sealed to prevent
damage from the dust that seeps through the cov-
erings. Prepare the floor by the following process:

a. Thoroughly clean the floor, exposing the true
wearing surface so as to disclose any defects. Patch
honeycombed areas and fill cracks with mastic.

b. Apply proper surface treatment as described
under the applicable portions of paragraph 2.2.13.

c. If nailing strips for fastening the carpet to the
floor were not installed when the floor was con-
structed, provide suitable fasteners in the concrete
surface.

SECTION IV—-TERRAZZO FLOORS

6.4.1 General

Terrazzo traditionally has been a form of mosaic

AR i8S

flooring made by embedding small pieces of
marble in mortar and polishing. Today, this tradi-
tional material is obtained by combining selected

marble chips in a matrix of portland cement or,
more recently, in synthetics or resinous matrices.

6.4.1.1 Cementitious Terrazzo. Generally, cementi-
tious terrazzo is a mixture of marble chips and
portland cement. These terrazzo floors are usually

e_11
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oxychloride-type flooring.

Table 6-2.—Specifications Prepared By American
Standards Institute Association.

ANSI designations Title

ABB.1 e Preparation of subfloors for Oxy-
chloride-Composition Flooring.

ABB2 ..o General Purpose, Oxychloride-Com-
position Flooring and Its Installa-
tion.

ABB.3 e Heavy Duty, Oxychloride-Composi-
tion Flooring and Its Installation.

A88.4 .o Basecoat, Oxychloride-Composition
Flooring.

ABB.S o Nonslip, Oxychloride-Composition
Flooring and Its Installation.

AB8B.6 oot Terrazzo, Oxychloride-Composition
Flooring and Its Installation.

ABB.T oeeeririveeecrreeeeesneens Industrial Granolithic, Oxychloride-
Composition Flooring and Its In-
stallation.

ABB.8 .o Oxycement Underlay and Its Instal-
lation.

6.5.1.2 General-Purpose Type (A 88.2). General-
purpose type, most commonly used, is usually
mixed and laid in a solid color through the full
thickness of about 2 inch. This general-purpose
flooring, when troweled to a dense, smooth, semig-
lossy wearing surface, results in a floor with a
wearing hardness only slightly less than that of

Tennessee pink marble.

6.5.1.3 Heavy Duty (A 88.3). Hard, coarse aggre-
gates give a wearing surface suitable for heavier
service required in light industrial plants and
other areas subjected to hard usage. This flooring
is generally laid to a thickness of not less than %
inch.

6.5.1.4 Industrial Granolithic (A 88.7). This is a
terrazzo type since the aggregate is crushed gran-
ite, trap rock or similar hard stone chips. This
floor, usually laid to a thickness of % inch, is fin-
ished by mechanical grinding but not such as will
produce a polished surface. The finished floor is
extremely tough and durable and will meet the de-
mands of extra hard usage.

6.5.1.5 Nonslip (A 88.5). This flooring is furnished

in two types: Type I, General Purpose Nonslip, and
Type II, Heavy Duty Nonslip. Crushed rock is re-
placed in part with an abrasive aggregate to
produce a nonslip surface. Other types of oxychlo-
ride flooring may be made nonslip by use of abra-
sive materials in the wearing surface.

6.5.1.6 Terrazzo (A 88.6). Oxychloride terrazzo is
produced by the use of marble or other chips of
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varying size and color and a matrix o
color.
6.5.1.7 Preparation of Subfloors (A 88.1). This
specification describes the preparation of new and
old concrete, wood, brick, stone, metal and ceramic
tile subfloors prior to the application of an oxy-
chloride floor.

6.5.2 Materials

Refer to manufacturer’s standard specification for
information relative to dry-mix compositions, ag-
gregates, gaging solutions, water, metal anchoring
mediums, liquid bonding mediums, division strips,
and other components necessary to insure a proper
cementitious flooring instailation.

6.5.3 Miscellaneous Requirements

6.5.3.1 Preparation. Prior to the start of any floor-
ing operations, all pipe rails, radiators, space heat-
ers, water coolers, and other items of equipment
that will interfere with the installation of the floor
should be disconnected and removed from the
work area. Check the present floor framing to see
that it is of such design, structural strength, and
rigidity to withstand, without appreciable deflec-
tion or movement, the maximum service to which
the finished floor will be subjected. When resetting
the removed equipment necessary provision must
be made in all connections to accommodate the in-
creased thickness of the new flooring.

6.5.3.2 Insulation. All new and existing pipes
which will pass through the floor should be sepa-
rated from the flooring by being wrapped with at
least two turns of asphalt-saturated felt leaving
sufficient clearance to permit free movement of
the pipe. Trim the insulating felt flush with the
finished flooring. Retard the possible passage of

amnlra Aar fiimoe hvu lanocaly nanlkina +ha anana ha
Siuvnv Vi 1uUIVE V) 1UVSTl)Yy pavnillig ulic opauvc ucT

tween flooring and pipe with glass wool, rock wool
or other fire-resistant material. Metal surfaces,
such as knothole covers, which will be in contact
with the composition flooring should be given a
coating of bituminous paint.

6.5.3.3 Fitting Doors. Doors which swing over the
new flooring should be removed and sufficient ma-
terial cut from the bottom edge to provide about

Ya-inch clearance. The cut edges should be given a
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coat of spar varnish or paint before the doors are
rehung.

6.5.3.4 Thresholds. Thresholds of hardwood
should be provided at all interior and exterior
doors. Thresholds will have a vertical surface abut-
ting the new flooring and a 30° bevel on the exteri-
or.
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6.6.1 Ceramic Tile

Ceramic tile is glazed or unglazed, manufactured
in small squares, hexagonal, rectangular, and cir-
cular shapes about % inch thick, and is often ar-
ranged in mosaic patterns. The pieces are usually
factory-assembled on paper sheets in the required
pattern, laid on a mortar setting bed, pressed

firmlv on the mortar and tamned true and aven
iirmiy on the mortar, ang tampeg true ang even

with the finished floor line. Grout is then forced
into the joints, filling them completely, and is fin-
ished flush and level with the floor line.

Quarry tile is unglazed and manufactured in
square and rectangular shapes, ranging from 2-3%
to 9 inches wide, and 2-% to 12 inches long, with
varying thicknesses. Tiles are laid individually on
a mortar setting bed with joints about Y2 inch
wide.

6.6.3 Repair of Tile Floors

Replace broken or badly stained tiles and reset
loose tiles in the following manner:

6.6.3.1 Remove the damaged or loose tiles.

6.6.3.2 Clean the mortar from the edges of the
surrounding tile.

6.6.3.3. Roughen the concrete underbed to pro-
vide a good bond for the new setting cement.
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6.6.3.4 Dampen the underbed and edges of the
surrounding title and place the setting mortar
mixed in the proportion of 1 part portland cement
to 3 parts sand.

6.6.3.5 Set the tile, tamping it to the level of the
finished floor.

6.6.3.6 Fill the joints with grout or pointing
mortar, matching the color and finish of the joints
of the original floor as closely as practicable. If the
mortar in the existing joints has deteriorated,
cracked, or crumbled, thoroughly clean the joints
of all loose mortar and repoint them with grout or

nointineg mortar Gront ininte s inch ar lage wida
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with neat portland cement grout of the consistency
of thick cream. Point joints ¥ to Y inch wide with
pointing mortar consisting of 1 part portland
cement to 1 part pointing sand. Point joints wider
el D

than Y inch with polnung mortar con31smng of 1
part portland cement to 2 parts pointing sand.
6.6.3.7 In locations such as food preparation
areas, where the floor is directly exposed to the ef-
fects of corrosion agents, use acid-resistant joint
material to fill the joints. The acid-resistant mor-
tars are proprietary products and should be mixed
in accordance with the manufacturer’s recommen-
dations. They are composed of both powdered and
liquid resin cement and should be resistant to the
effects of oils, fats, greases, organic and inorganic
acids, salts, alkalies, and mineral solvents.

SECTION VII—MASTIC FLOORS

6.7.1 Description and Use

Mastic coatings applied on concrete or rigid wood
floors provide a resilient floor finish that is suita-
ble for a variety of uses. Mastic topping, when
hard and cured, forms a tough, dustless flooring
that is highly resistant to abrasion and shock from
vehicles. Neoprene-type coating similar to that
used in mothballing equipment can be obtained in
a variety of colors and makes an excellent resilient
floor finish. The mastic topping should be finished
to a thickness of not less than Y inch above the
highest section of existing floor, with additional
thickness as required. Free edges should be feath-
ered.

6.7.2 Preparation of Floor

The concrete floor to be topped should be cleaned
of all dust, dirt, and other foreign matter by vigor-
ous sweeping, airblasting (operators must wear
safety glasses), or other suitable means. Oil or
grease can be removed with a solution of % pound
of common household lye or trisodium phosphate

dissolved in 1 gallon of hot water. The hot solution
should be applied to the greasy surface and al-
lowed to remain for about 10 minutes. Then the
area should be scrubbed with a stiff bristle, fiber,
or wire brush. The area should be mopped, flushed
with clean water, and mopped again. This action
should be repeated until all the cleaning com-
pound is removed. Care must be exercised to keep
the cleaning compound away from skin and eyes.
After the concrete has been cleaned and is still
damp, a specially prepared emulsified asphalt
primer is applied and allowed to dry to a tacky
state. Then, the floor is topped with either cold or
hot mastic.

6.7.3 Cold-Laid Mastic

Cold-laid bituminous mastic floors are usually laid
in layers. Coatings consist of a fibrous mastic. The
mastic material is similar to the primer but is
ground with enough asbestos and finely powered
siliceous material fillers to make a very thick,
pasty, fibrous mass. When a coating is dry, suc-
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ture, hot water or steam, and damaging solvents,
greases, and oils.

6.9.3 Care of Installed Equipment

Before covering is laid, all pipe rails, radiators,
space heaters, water coolers, and other equipment
that will interfere with installation of the covering
should be disconnected and removed from the
work area. When the equipment is reset, necessary
provisions should be made in all connections to ac-

commodate the increased thickness of the floor.
Pipe passing through the flooring should be

LApPT =222 L1208 (204 LLIllls 211U

wrapped with at least two turns of asphalt-saturat-
ed felt and the space between pipe and flooring
loosely packed with glass wool or similar fire-re-
sistant material.

6.9.4 Adhesives

Adhesives for use with felt- or fabric-backed flexi-
ble floor coverings should conform to the floor-cov-
ering manufacturer’s recommendations. Under dry

Asés -
conditions, most linoleum pastes show high adhe-

sive strength, but few have sufficient resistance to
moisture to suitably bond floor coverings to sub-
floors in humid locations. Lignin paste is suitable
for bonding linoleum and felt-backed materials in
ary locatlons only bumar resm anu TeSiﬁ'Oil ce-
ments show fair resistance to moisture. Cements
and primers for use above grade floors with as-
phalt-saturated flexible floor coverings should be
of the asphalt-emulsion type or as recommended

by the floor-covering manufacturer.

6.9.5 Underlayments on Wood Floors

Lining felts and floor coverings may be applied di-
rectly to wood floors providing there are no cracks
or ridges Otherwise, plywood hardboard, or other

unaerlaymenr, may De requlreu

6.9.5.1 Rigid and Semirigid Board Types. Plywood
should be laid face side up to receive the finish
floor. It should be three-ply sheathing grade con-
forming to commercial standard CS 45-55 and be a
minimum of Y% inch thick with exterior glue. In-
creased thickness may be necessary, depending on
the structural adequacy of the subfloor or to
achieve uniform alignment with adjacent existing
finish floors. Whenever possible, plywood should
be laid so that the face plies are at a right angle to
the wood subfloor. When the subflooring is laid di-
agonally, the face plies should be laid at a right
angle to the joist or sleepers. Hardboard is less de-
sirable as underlayment than plywood. If used, it
should be laid with the back or rough side up, to
receive the bonding paste. Plywood and hardboard
underlayment should be face-nailed to the existing

groovea underlayment nails plubcd § inches or
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center at the edges and 12 inches on center in the
middle of the sheet. Nails should be driven flush
with the surface of the board. Staples should never
be used as underlayment fasteners.

6.9.5.2 Troweled on Types. When using underlay-
ments of the troweled-on type, follow the manufac-

turers re(,ommenaauons IOI' mlxmg, appucamon,
and curing.

6.9.6 Crack Fillers for Wood Floors

All holes or cracks in wood floors or underlay-
ments should be filled with a suitable crack filler
before flexible coverings are laid. Crack fillers
should adhere tightly to crack surfaces, have mini-
mum shrinkage, and resist crumbling or powder-
ing under traffic. Factory-prepared commercial
fillers should be applied according to the manufac-
turer’s recommendations. Job-mixed fillers are
composed of 90 parts fine sawdust and 10 parts a
fast-drying organic vehicle, such as lacquer, shel-
lac, or an approved commercial shellac substitute.
Filler is made by adding the vehicle to the sawdust
until a medium-stiff, easily worked paste is ob-
tained. Only the amount that can be used in ap-
proximately 80 minutes should be mixed at one

t3mmnn Mha Hllaw chanld ha ranl-ad 3 LAalas o |
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cracks, smoothed off flush with the surface of the
floor or underlayment, and allowed to dry for at
least 1 hour before the floor covering is laid.

07 Vilmvl Qhaaé TN He v
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6.9.7.1 Vinyl sheet flooring is available in a wide
variety of product characteristics including color,
texture, and resilience. They may be used in a va-
riety of environments based on the thickness of
wear layer and conditions of the floor structure.
Flooring should conform to Federal Specifications
L-F-475 or L-F-1641. Installation practices and
maintenance as specified by the manufacturer
should be followed in all cases.

6.9.7.2 Job Preparation.

a. Job Inventory. The room should be measured
wall to wall in at least two locations each for
length and width, making allowances for door-
ways. An additional 3 inches should be included in
each measurement. When more than one width of
material is to be used, an additional allowance of 3
inches is required per run for fitting the first and
successive sheets. Length allowance must consider
pattern repeat characteristics of the flooring. Some
flooring patterns require sheet reversal at the
seams which must be considered prior to cutting.

b. Removing Old Sheet Flooring. CAUTION:
Most sheet vinyl floorings contain asbestos or

3 o "4 Il\ﬁ"ﬁ ‘l'}\ l\l‘\ A ¢ nNa
r in which may cause serious bodily
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when high sanitary standards must be maintained.
When exceptional abuse or severe accident makes
repair necessary, new units to replace the dam-
aged ones can be inserted easily.

6.9.8.2 Characteristics of Asphalt Tile. The follow-
ing are important characteristics of asphalt tile:

a. Color Variations. Asphalt tile is manufactured
mainly by converting batches of several raw mate-
rials into units of the finished product. Due to the
human element involved and variances of raw ma-
terials, such a process naturally results in slight
variations in tile colors. These color variations,
which are characteristics of the product, are not

noticeable in desions and natterng of two or more
ngticean.e 1n gesigns ang paiterns of more

colors. Differences in shade are generally noticea-
ble when floors are laid in solid colors. However,
the effect can be minimized by mixing the tile
from several cartons as the tiles are applied.

b. Effect of Grease and Oil. Since asphalts and
asphaltic resins are soluble in oil and grease, it is
obvious that ordinary asphalt tile is not adapted
for use in kitchens, gas and oil stations, machine
shops and adjacent office areas, behind meat
market counters, or in mess halls.

c. Effect of Acids. Although asphalt tile has con-
siderable resistance to acid, it is destroyed by high

concentrations and is not recommended for use on
flanre e¥ynneed to strono acid solutions. It mav he
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used satisfactorily in laboratories if spilled acids
are normally removed immediately.

d. Effects of Temperature and Sunlight. Asphalt
tile is not adapted to outdoor locations exposed to
the sun or to use on floors subjected to continued
or intermittent extremes of cold and heat.

e. Effect of Moisture. Although asphalt tile is not
affected by the normal dampness in concrete slabs
on ground or by moisture resulting from normal
maintenance, it is not recommended for floors con-
stantly exposed to wet conditions. it is not suitable
for use in shewer stalls or adjacent floor areas or

for open porches and other outside locations. Con-
tinued exposures to water impairs the cement at
joints, eventually shrinking the tile so that it loos-
ens from the subfloor.

6.9.8.3 General-Purpose Asphalt Tile. General-
purpose asphalt tile and base should conform to
requirements of the Federal Specification SS-T-
312. A preferred size is the standard 9 x 9 inches.
Other available regular sizes are 12 x 12 and 18 x
24 inches. Other sizes in square and rectangular
shapes are made by one or more manufacturers
but are not always carried in stock. Several sizes
in octagon and hexagon shapes and half tiles for
diagonal installations are available at extra cost.
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ness, weighing approximately 1% and 2 pounds
per square foot, respectively. The Y-inch-thick tile
is recommended for most installations. Straight
and cove-bottom types of base are furnished in
heights of 4 and 6 inches. General-purpose asphalt
tile is divided into Groups A, B, C, and D, accord-
ing to color and cost. Group A colors, plain and
very dark, are most economical in cost. Group B,
at a slight additional cost, covers the dark plain
and marbelized colors. Group D colors are light,
plain and marbelized, and the most expensive. It
should not be inferred that the more expensive tile
is of better quality, but simply that because of spe-
cial pigments and resins the manufacturing cost of
light-colored tile is greater than for dark-colored
tile. Grease-resistant tile and base is obtainable in
two classes: Class I, which is resistant to edible oil
and alkali; and Class II, which is resistant to min-
Crdl Ull. auu du&uu \JlaSS 1 lb re(.ommen(lea IOI' ln'
stallation in dining spaces of mess halls and areas
where oil spillage may occur. Grease-resistant tile
is more expensive than any of the general-purpose

tiles.

6.9.8.4 Preparation of Subfloors. Refer to preced-
ing paragraphs for descriptions of wood and con-
crete floor preparation and the installation of un-
derlayments.

0o Tro__ am _
6.5.8.5. Lining Felt. Lining felt for application

over new or reconditioned wood-strip floors should
be an asphalt-saturated asbestos fiber or rag felt of
a type made specially for use under asphalt tile. A
dry felt is not satisfactory because it gives too soft
a cushion under the tile and permits excessive in-
dentation of tile under loads of chairs and other
pieces of furniture. Also, a dry felt may split and
crawl when subjected to moving traffic. Procedures
for laying felt are described in paragraph 6.9.7.3.1.
Felt is not required when asphalt tile is laid over
plywood, hardboard or smooth concrete.

6.9.8.6 Adhesives. Use only adhesives approved by
manufacturer of the asphalt tile.

a. Linoleum Paste. Linoleum paste is used to
secure lining felt to wood-strip flooring.

b. Asphalt Base Primers. Primers for use on con-
crete floors and mastic underlay shall be of the fol-

lowing tvneg:
wing types:

(1) Emulsion-Type Primers. This primer is a
homogeneous emulsified asphalt of such consisten-
cy that when mixed with water it can easily be
brushed to full coverage on the floor. This type of
primer should be used only on suspended concrete
floors that have heated or well-ventilated spaces
underneath.
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manent projections and recesses. Lay so that joints
fit closely and form straight lines. Avoid squeezing
the joints, as tile will expand and buckle with an
increase in temperature. Embed each tile firmly to
prevent movement under traffic. When heated, as-
phalt tile can be cut with a linoleum knife or
scored uéép1y to give a clean break. npply heat
slowly to back of tile to prevent blistering. Asphalt
tile cutters are recommended for making straight
cuts. A pin vice fitted with a steel phonograph
needle is a convenient tool for scoring. Make a
pencil mark at each end of the piece to be cut,
place a straightedge between the two marks, and
score a deep scratch along the straightedge. Snap
off the piece of tile, making sure to start the pres-
sure at one end of the scratched line rather than
at the center of the piece. This method of cutting
can be done only with the grain, never diagonally
or across the grain. Exposed job-cut edges should
be sandpapered smooth.

e. Cove Base. The installation of a 4-inch-high
cove base as part of the asphalt tile flooring may
be desirable. However, in areas where cove base is

subject to frequent bumping by furniture or floor-
furnishing equipment, rubber tile appears more
durable than asphalt tile. Vinyl cove base may
also be used. Some base materials are furnished in
prefabricated outside corners which are easy to in-
stall and give a neat appearance to outside corner
work. Instructions furnished by the manufacturer
of the base material used should be followed in the
selection of materials and fitting the base in place.

f Removing Asphalt Cement Spots. If asphalt
cement oozes up at joints or is smeared on tile sur-
faces during the setting, scrap off immediately
with a putty knife and rub with a cloth saturated

with a mild nautral soan. If this does not remove
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all trace of the cement, use 00 steel wool and a wet
scouring powder, rinse off the clear water, and dry
the surface.

6.9.8.9 Finishing. Improved appearance and
longer useful life will result if asphalt tile floor is
cleaned and waxed before being put into use.
Cleaning, especially wet washing, and waxing
should be postponed untile tile has properly
bonded to subfloor or underlay. Should water or
wax get under tile before cement has hardened,
the bond may be destroyed and the tile will curl
and break. As a precautionary measure, tile
should not be cleaned or waxed for 2 weeks after
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protect tile with a covering of paper, fabric, or
wood walkways.

a. Prewaxing at Factory. Factory-waxed tiles
eliminate the necessity of waxing after the tile is
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laid. Prewaxing also protects the surface of tiles
against damage during transportation and instal-
lation. However, even factory-waxed tiles must be
protected if tile is laid before construction is com-
pleted. Cover tile floors with building paper, fabric
or boards, especially at entrances and along traffic

dlSIUD

b. Initial Waxing. Water-emulsion waxes, free

fram nile Qnr] vnlatila nrganie enlvante and ~ran
Ad\Jii1 LA A\A YVitAaviiw vlsul‘lv GVIYULILVO (23 88V 3 vULY

forming to Federal Specification P-W-155, are
safest for use on asphalt tile floors. Do not use
paste or liquid waxes containing solvents such as
gasoline, benzine, turpentine, or oils. Such solvents
wiil soften asphait tiie and cause the colors to run.
Best results are obtained by initial application of
two thin coats of water-emulsion wax. Allow ap-
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proximately 30 minutes for each coat to dry to a
hard, medium-bright finish. Drying time depends
to a large extent on room temperature, humidity
and ventilation. A higher gloss is produced by use
of a power-driven buffer. Wax must be dry when
buffed.

6.9.8.10 Radiators on Asphalt Tile. A radiator or
6.9.8.10 Radiators on Asphalt Tile. A radiator or

other heavy fixture on legs should not be set di-
rectly on asphalt tile. The weight of the radiator,
together with the softening effect of heat, may
cause the legs to sink into tile, resulting in bulges
and breaks. If tile is laid before the radiators are
set, cut holes in the tile and insert a hard material
to form bases for the legs. Ceramic tile, iron wash-
ers, or other metal disks of the same thickness as
the tile make satisfactory bases. A piece of 1l-inch
pipe, ground on the outside to form a die punch, is
helpful in cutting holes for radiator leg bases.
When tile is laid over concrete, ball bearings can
be used for leg bases instead of the materials sug-
gested above. Heat asphalt tile and tap the ball
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bearings down with a hammer. In the event radia-
tors have been set before tile is laid, raise the radi-
ator, slide tile underneath, and place a heated ball
bearing under each leg. Weight and added heat of
the radiator will force the ball bearing down to the
concrete subfloor.

£0Q11 Tls Arn Qinzee Thaondo Mo lansra ac
6.9.8.11 Iie on Stair ireads. Do not leave as-

phalt tile with unprotected edges on stair treads
and landings. Suitable metal, plastic, or wood edg-
ings must be fastened to the tread nosing to pro-
tect tile edges and eliminate the tripping hazard.
Do not use edging strips which have concealed hor-
izontal flanges because the tile may crack at the

roar adoe of flange
rear egge of iiange.

6.9.8.12 Precautions. Preparation of new subfloors
and the reconditioning of old subfloors should be
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given special attention before laying tile. Asphalt
tile floors should not be installed until other
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trades have completed their work. When necessary

to install the asphalt tile floor before other trades

have completed their work, protect the finished
floor with building paper or other suitable materi-
al. See that temperature of room and all materials
is maintained at 70° to 80°F (21° to 26.7°C) for 24
hours after installation. Install asphalt tile only
over subfloors that are smooth, firm, and free from
oil, grease, and other foreign matter. Do not lay
asphalt tile over any resilient floor such as cork
tile, rubber tile, linoleum, or dry felt. Asphalt tile
should not be laid over a below-grade wood floor or
one that is springy or has loose boards. Legs of
lockers, desks, cases, cots and other items of furni-
ture not subject to frequent moving will be provid-
ed with suitable furniture resets or wood blocks to
prevent excessive indentation. Do not install as-
phalt tile where it will be exposed to excessive
water, such as in open porches, kitchens, dish-
wash rooms, shower compartments and adjacent
dressing spaces. Use the type of adhesive recom-
mended by the tile manufacturer for each particu-
lar installation. Directions for use of adhesives are
usually on the labels of the containers. Never use

sweeping compounds containing free oils, sand, or

other abrasives. Avoid as far as possible, the use of
gasoline, turpentine, benzine, and similar solvents
as cleaning agents. Should it be necessary to use
one or more of these materials, keep the room well
ventilated, and see that no open flame is nearby.
Use safe water-emulsion-type waxes. Do not use

waxes known to contain oils or other solvents, As-

phalt tile in toilet rooms should not be waxed, es-
pecially around urinals, as uric acid dissolves the
wax and will leave a spotty appearance. Frequent
damp mopping is the best method of cleaning.
Before using a new cleaner or wax on the asphalt
tile floor for the first time, moisten a white cloth
with a material and rub over the surface of one or
two tiles. If tile color shows on the cloth, a solvent
has dissolved part of the tiles’ surface and the ma-
terial is not safe for use on asphalt tile. A safe pro-
cedure is to get the advice of the asphalt tile man-
ufacturer before purchasing an unknown cleaner

or polishing material.

6.9.9 Vinyl-Asbestors Floor Tile

6.9.9.1 Material. Vinyl-asbestos tile conforming to
the requirements of Federal Specification SS-T-
312 consists of thoroughly blended composition of
a tnermoplasmc Dlnuer, asbestos uuers, mineral
fillers, and pigments. The binder consists of a PVC
resin or a copolymer resin compounded with suita-

ble plasticizers and stabilizers. Tile shall be 9 or 12
inches square and ¥ inch thick.
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6.9.9.2 Recommended Installations. Vinyl-asbes-
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floors directly or with a lining felt depending on
the condition of the floor. Normally, a lining felt is
used with strip flooring, and direct application is
used over plywood and hardboard. Vinyl-asbestos
tile is not applied on or below grade subfloors. The
one exception is a concrete floor which has a mem-
brane wawrprommg vinyl-aSueSLOS can be bonded
directly to metal or concrete stairs.

6.5.5.3 Preparation of Subfioors. Refer to the pre-
ceding paragraphs and use vinyl manufacturer’s
recommendations for descriptions of wood and con-
crete subfloor preparation and the installation of
underlayments.

6.9.9.4 Installation of Tile. Conditioning the ma-
terials and work area and laying vinyl tile is ac-
complished in much the same manner as described
for asphalt tile in paragraph 6.9.8.8. Additional
specific recommendations of the vinyi tiie manu-
facturer relative to lining felt, adhesive, and in-
stallation procedures will be followed closely.

6.9.9.5 Maintenance After Installation. Vinyl
P, mo e mae Ancinct Flaneo
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After installation is completed, the floor will be al-
lowed to set for 4 or 5 days before beginning main-
tenance. This will allow the adhesive to set and
become thoroughly hard. A sufficient first cleaning
action can be accomplished by use of lukewarm
water and a mild soap or other cleaner recom-
mended by the tile manufacturer. Rinse with clean
water and mop dry. Never leave any standing

water, If the floor has become badly soiled during

installation, it should be given a machlne bufﬁng
with 00 or 000 steel wool, after which steel wool
particles and dirt are removed by vacuum cleaner
or soft broom sweeping. A machine buffing with a
soft bristle brush immediately after the first wash-
ing or steel wool treatment should bring back the

Aariginal olaca waving aha annnT
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plished when the floor is laid and cleaned. After
installation is completed, allow at least 24 hours
before heavy furniture or other equipment is
moved on the floor. The weight of fixed and mova-
ble furniture and other equipment often causes in-
dentations in resilient floor coverings. Legs of
chairs, desks, tables, etc., should be fitted with
wide-diameter, flat-faced metal or composition

gliders or cups specially designed for the purpose.

Where the design of the equipment does not
permit the use of gliders or cups, blocks of wood of
ample size will be placed under the bearing
corner.



Cork tile may be laid on wood or concrete floors
that are not in direct contact with the ground.
Tiles are made of raw cork and resins, are un-
backed, and are % inch thick. They have good du-
rability but only fair resistance to grease and alka-
lies. Tiles should be laid according to the manufac-
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6.9.11 Rubber Tile and Sheet

Rubber-tile flooring may be laid on concrete floors
in direct contact with the ground if the floor is not
below grade. Siabs on grade must be membrane-
waterproofed to receive rubber tile and sheet.

Rubber tiles are Aqnal in ﬂnrahlhf‘v and mainte-

nance requirements to linoleum and vinyl tiles.
For slip-resistant floors, rubber-sheet floor cover-
ings are made with a wearing surface of a com-
pound of natural, synthetic, or reclaimed rubber,
with or without a backing of cotton or fabric.
Rubber sheeting conforms to Federal Specification
ZZ-M-71d. Finished surfaces have longitudinal, di-
amond-, pyramid-, or knob-shaped corrugations.
Thicknesses range from Y% to Y% inch and widths
from 24 to 42 inches. Rubber tiles and sheets are
laid according to the manufacturer’s recommenda-

6.9.12 Repair of Resilient Floor Coverings

6.9.12.1 Repairing Linoleum. Repair comparative-
ly small areas of damaged linoleum by laying out
the area along rectangular lines and laying an
oversized section of new linoleum over the dam-
aged area. Cut th

1ch the two lavers simulta-
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fit. Remove the duluugcu
section and clean the exposed underfloor of adhe-
sive, dust, and dirt. Replace damaged felt lining.
Apply a linoleum adhesive to the exposed surface
and fit the new linoleum in place. Roll the area
with a linoleum roller and place weights of suita-
ble size on the patch to assure proper adhesion.
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tile by removing the damaged section and replac-
ing it with new material. Tile is more easily re-
placed than linoleum because of its smaller size.
After removing damaged tile, scrape the exposed
area level, and clean off ail mastic, dust, and dirt.
Replace damaged felt lining. Install new tile in

suitable cement or mastic in accordance with tha
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manufacturer’s recommendations.

6.9.12.3 Resurfacing Cork Tile. Improve the ap-
pearance of cork tile after abuse of long service by
sanding the tile with No. 1-%2 sandpaper, followed
by finish sanding with No. 00 paper. After each
sanding, sweep the floor to remove cork dust.
Aftor tha final candinog wach tha flanr with o sun.
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thetic detergent cleaner, rinse it by damp-mopping
with clean water, and dry it. Apply two or three
coats of water-emulsion wax suitable for cork tile.
Buff the wax with a polishing machine after each
coat has dried.

nanngly ta ingnra
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6.9.13 Maintenance of New Resilient Floor Cov-
erings

Newly installed resilient floor covering should be
maintained in accordance with Tri-Services
Manual “Military Custodial Services Manual” (TM
5-609. NAVFAC MO-125. AFM 91-30)
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SECTION X—RESINOUS FLOOR FINISHES

6.10.1 General

Resinous floor finishes (also known as seamless
coating systems) are a relatively new development.

As such, only very limited experience has been
L£A0 DUl VILI.J +y 141111VCU VapTiiviive AR [Viwiwd 9y

gained in the selection, installation, maintenance,
and repair of these floor systems. The resinous
floor system is composed of the resins, hardener,
and fillers. The resin is the binder which holds the
mass together and bonds the floor coating to the

base floor. The hardener converts the liquid resin
into a solid. The filler, which can be any material
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fairly inert to chemlcals, adds to impact strength
and brings the coefficient of thermal expansion of
the resin closer to that of the base floor. Despite
convenient classifications into generic types of
resin binder, chemical analysis by the National In-
stitute of Science and Technology indicates that

there is not always a clear distinction between
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these types. No matter what the generic type

(epoxy, polyester, polyurethane) the prepolyrner
and catalyst (hardener) must be chemically de-
signed for the particular floor coating. The proper-
ties and performance of the combination of materi-
als will vary widely with the particular formula-
tion. The resin binders may also be combined with
other ingredients, such as aggregates, to provide a

wearing surface.

6.10.2 Materials

Outlined below are the components for the resin-
ous floor. It must be stressed that these compo-
nents must be from the same manufacturer and
formulated for the particular resinous floor cover-

ing. Materials must be stored for at least 24 hours

at a temperature of not less than 50°F (10°C).
Methyl methacrylate (MMA) based acrylic reactive
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resin systems generally cure down to 24°F 4.5°C)
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(and lower) and do not require special storage

before use.
NOULIVA vV o

6.10.2.1 Primer. Primer, a material recommended
by the manufacturers of the resin, will penetrate
mto the pores of the substrate (base floor). The
primer must blend with the topping to form a per-

manent monolithic floor-covering system.

6.10.2.2 Resinous Binder. This is the basic resin-
ous material which will constitute the major ingre-
dient in the floor-covering system.

6.10.2.3 Catalyzers (Hardeners). A catalyzer is a
product which will catalyze or harden the resin
binder when added in the correct proportions and
thoroughly mixed.

61024 FKillers. This material is comnosed of
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inert mineral or cellulosic ingredients best suited
for the resin binder. Normally, fillers are used to
impart the color and physical characteristics to
the floor covering.

6.10.3 Types

Resinous floor coverings are classified hv D’pnprlr
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type of resin binder and subclassified by method of
application. Some resinous floor coverings are gen-
erally known as decorative, brush-on or roll-on,
monolithic flooring. This type of covering is closely
related to floor enamel. Another type of covering
is mixed with the aggregate in a concrete mixer

and ja tr~awalad Aan 1in tho camoa mannar ag a AonNn-
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crete topping. A third type also resembles a con-
crete floor topping, but the aggregate is decorative,
usually marble chips, and after hardening it is
ground with a grinder.

6.10.3.1 Epoxy. Epoxy coverings may be brushed-
on (rolled-on), troweled-on industrial or thin-set
terrazzo.

6.10.3.2 Polyester. Polyester coverings may be
troweled-on industrial or thin-set terrazzo.

6.10.3.3 Polyurethane Polyurethane coverings
may be brushed-on (or rolled-on) or troweled-on in-
dustrial.

01N 9 A A th..] AA th ~

f acry 1 1 e MMA _hacad »raan.
0.1V. 0.4 lveELitye zucwbu _ybubc

tive systems are used from brushed-on (rolled-on)
coatings to self-leveling and troweled-on decorative
industrial and commercial type floors. They can
generally be trafficked 1 to 2 hours after applica-
tion.

In addition to the types mentioned above, it is ex-
pected that advances in technology will develop
new seamless floor (and wall) covering systems
which will consist of layers of different generic
types such as an epoxy base and a polyurethane

6.10.4 Floor Systems Selection
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pends on the ability of the system to withstand ex-
posure conditions. Polyesters are suitable for re-
sistance to detergents but not for exposure to
strong alkaline solutions like sodium hydroxide.
Epoxies should not be used where resistance to
oxidizing acids or resistance to temperature more

than 130°F (54.5°C) are requlrea MMA-based 8ys-

tems are excellent against heat shock, mechanical
impact, salts, alkalies, nrcnnm and inorganic acids
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but should not be used where solvents are spilled
regularly. Where doubt exists as to the suitability
of a particular resinous material, inquiries should
be directed to the next highest echelon of com-
mand.

6.10.5 Preparation of Substrate

This is the most critical phase of the installation
of resinous floor-covering systems. Most bond fail-
ures have been traced to improper preparation of
the substrate surfaces. In the case of newly poured
concrete surfaces, the concrete must be a mini-
mum of 28 days old. A distinction should be made

hatwurann naur nAannwata aviating ala at mand

MTLYWTTILL LITVYW LUIILVITUWVO alld UAiDbllls Bxaba thal’ 11ceu
rehabilitation work. New slabs are prepared by
sandblasting and abrasive, steel shot blasting. Old
slabs should be prepared mechanically by sand-
blasting or abrasive blasting, scarifying or scab-
bling. The substrate surface must be swept clean
and must be free of paint, oil, grease, or any other
material that will affect the bonding or the
smoothness of the applied floor covering. In the
case of a concrete slab, the surface should be
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etched with a 10-percent solution of muriatic acid
applied by mopping or brooming. Allow the acid to
remain about 10 minutes or until the bubbling
ceases. Thoroughly wash the surface with clean
water, removing all residue. Allow the surface to
thoroughly dry. Cracks or uneven areas of the sub-
strate must be patched or repaired with materials
recommended by the resin manufacturers.

6.105.1 Priming. When the surface is thorouchlv
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dry, the primer is applied insuring that the entire
surface is coated without flowing and collecting in
depressions.

6.10.5.2 Application. The interval between prim-
ing and application of the resinous floor covering
is in strict accordance with the manufacturer’s in-
structions. The coating 1s applied to the finished
thickness depending on the type of resin, the expo-
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sure of the floor bUVUlillg, and the decoration de-
sired. Thicknesses range from %6 to % inch.
Cove bases are normally cast-in-place, resinous,



covering material with a l-inch radius curve and
are from 4 to 6 inches high.

6.10.5.3 Finishing. Brush-on (or roll-on) types are
finished with a sealer if required by the manufac-
turers. Troweled-on types are troweled to a uniform
smooth finish. After curing, in accordance with
the manufacturer’s directions, a sealer coat is ap-
plied. Thin-set terrazzo must have the exposed sur-
face ground smooth after the curing is completed.
Grout is applied and worked into pinholes and
other voids. Excess grout must be removed as soon
as possible. After the grout has cured, the surface
should be ground to a smooth uniform finish.
After the final grinding, the surface must be
washed with a neutral cleaner and rinsed with
water. When the surface is thoroughly dry, the
sealer coat is applied.

6.10.5.4 Protections. All completed work should be
protected until the floor is placed in service. This
is especially true when other construction oper-

ations are in Progress.
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6.10.6 Maintenance and Repair
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Nesinous 1i00rs are maintainea tne same as lerraz-

zo floors. Normal custodial services provide the
necessary maintenance. Due to the recent use of
these floor covering materials, few floors have
been repaired. When repairs have been made,
MMA- and polyester-based systems have proved to
be the most successful because the new resins
bond munohthmal}y to the existing systems with-

leaving cold joints. The damaged area and 6
mches adjacent to the damaged area are complete-
ly removed down to the substrate (base floor). The
substrate is prepared as for a new floor (see para-
graph 6.10.5). The resinous material is leveled with
the existing floor covering. Aggregate or decora-
tive chips are added if required. When curing is
completed, some systems may require grinding the
edoes smooth. Present pnractice indicates that the
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preparation of the substrate is the key to success-
ful resinous floor repairs.

SECTION XI—STAIRS

6.11.1 Repairs

6.11.1.1 Wood Stairs. Exterior wood stairs are
subject to weathering and mechanical abuse. Nor-

mally, damaged components should be removed
and replaced in kind. Maintenance on interior
wood stairs usually involves treads. Squeaks indi-
cate loose treads, which can be corrected by driv-
ing finishing nails through the treads into the
riser or carriages, or by removing the molding
under the tread overhang, driving wood wedges be-
tween the tread and riser, renailing the tread
tightly, and replacing the molding. In open string
stairs, a tread that is worn but not split or broken
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may be removed and reversed. Spht, broken, or
otherwise seriously damaged treads should be re-
placed with new boards. Housed treads that
cannot be removed may be repaired by leveling
the worn surface with asphalitic mastic or other
suitable plastic materials and covering the tread

with a suitable floor covering. Plain and nonslip

nosing of steel, brass, bronze, aluminum, and
molded hard rubber are commercially available
and should be applied according to the manufac-
turer’s recommendations.

6.11.1.2 Concrete Stairs. Concrete stair treads
that are cracked, chipped, or spalled may be

patched according to recommendations in para-
graph 6.3.2.

6.11.1.3 Terrazzo Stairs. Terrazzo stairs, because
of the nature of the material and general condi-
tions of use, usually require limited maintenance.
Cleaning for removal of discoloration may be nec-
essary and should follow the procedure recom-

mended in paragraph 6.4.3.

6.11.1.4 Metai Siairs. Metal Stairs, especially
when exposed to the weather or corrosive agents
Rusted fasteners should be replaced and properly
secured.

6.11.2 Application of Coverings

The elimination of hazards may require the appli-

The elimination of hazards may require the ap
cation of slip-resistant coverings on treads of exte-
rior or interior stairways. Some types of bitumi-
nous-base coverings are furnished with a slip-re-
sistant wearing surface, which makes them effi-
c1ent materlam IOI' use on delI' Lreaub t\ IIllﬁeTal'
surfaced, nonslip covering, consisting of silicon
carbon grains coated on a heavy, tough semisatur-
ated fabric, is also available commercially. The
fabric has a backing of pressure-sensitive adhesive.
Rubber mattings may also be applied to treads to
reduce slipping hazards.
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SECTION XII—CARPET

6.12.1 General

Carpeting is a common authorized floor covering
for uses in quarters and select administrative, rec-
reational, and education facilities. Guidelines on
the selection and characteristics of authorized car-
peting may be found in Engineer Technical Letter
1110-3-323, “Carpet in Army Facilities,” NAVFAC
Design Manual 14.2, “Carpet Selection Guide,” and
Air Force Design Manual.

6.12.1.1 Care and Maintenance. Routine custodial
care and maintenance of carpets should be main-
tained to avoid excessive wear caused by surface
soil penetrating to the lower pile and backing. Pro-
cedures for care and maintenance are in the Tri-
Service Manual (TM 5-609, NAVFAC MO-125,
AFM 91-2 Military Custodial Services.

6.12.1.2 Repairs

a. Spot Repairs. Small repairs to carpet

a. Spol fvepalrs. Small repalrs U

pile mav
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be made by resetting individual tufts in the affect-
ed area. This procedure may be used in cases of
small burns or serious stains where the carpet
backing is unaffected. Carpet pile should be cut
down to the backing and stubs removed. New indi-
vidual tufts should be stripped from a piece of
scrap carpet or from an inconspicuous part of the
existing carpet by unraveling the edge of the
scrap. Prepare the area to be repaired with a thin
coat of latex adhesive and install individual tufts,
doubled, into the carpet backing using a tuft-set-
ting tool. The tufts should be installed from the
edge or corner of the repair and as close together

ag nnegihla Mrimming ar cantla nulling af tha tiifie
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will provide a smooth surface.

b. Plug Method. Larger repairs or repairs involv-
ing damage to the backing may require the remov-
al of a portion of the carpet and replacement with
a matching plug. A piece of matching carpet
should be placed over the affected area and
aligned to insure that the pattern and direction
matches exactly. The carpet may be temporarily

tarkad in nlace whila enttine. Ileine a cheot-maeatal
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disk plug or metal straightedge, cut both layers of
carpet being careful not to fray the edges or
damage tufts. Avoid cutting into the carpet pad-
ding. Replace the damaged area with the new plug
to insure a proper fit. Seams should be taped with
4-inch-wide carpet seaming tape as recommended
by the carpet manufacturer. The tape should be
bonded with carpet seam adhesive. Insert the
patch insuring a proper fit and allow the area to
dry, undisturbed, for a minimum of 6 hours.
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6.12.2 Replacement

If carpeting is to be removed and replaced, the
floor should be inspected and prepared by remov-
ing and replacing deteriorated or loose underlay-
ment or subflooring. Large cracks in concrete
floors should be repaired as outlined in paragraph
6.3.9.6.

6.12.2.1 General Installation. Install carpeting
after other finishing operations, e.g., painting,
have been completed. Room humidity and temper-
ature must be within limits recommended by the
manufacturer and no less than 60°F (15.6°C), for 24
hours before and after installation. Planning for
the replacement should minimize the number of

seams with no seams occurring perpendicular at
doorways.

6.12.2.2 Installing Carpet Guards. Carpet guards
should be installed wherever the edge of carpet is
exposed to traffic. This should be precut to the
exact dimensions of all openings except where an-
other device, such as expansion joint cover systems
or thresholds, are located with an integral carpet
binding bar.

6.12.2.3 Installing Tackless Carpet Stripping.
Standard tackless carpet stripping should be in-
stalled around the perimeter of the room at a dis-
tance of not more than % inch from the wall base.
61224 ,nefnnrnrt narml Crchinn Clarnat snah
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ion is usually laid with the slip-resistant face
down; however, check with the cushion manufac-
turer for the recommended method. The cushion
should be cut approximately 6 inches longer than
required to butt to the tackless strip and trimed in
place after it is secured. The cushion may be se-
cured using tacks spaced 6 inches apart around all
edges, taped with 4-inch-wide tape as recommend-
ed by the manufacturer, or spot cementing to the
subfloor. All seams should butt tightly and run in
the opposite direction of any carpet seams. NOTE:
In large rooms or when excess shifting of carpet is
anticipated during installation, the carpet may be
laid out in the room prior to installing the cushion
and turned back to allow installation of the cush-
ion. Once the cushion is secured in place it should
be trimmed to butt with the tackless strips and
edge guards.
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than 3 inches larger than the net room size. Instal-
lation begins in one corner of the room away from
openings. Stretching the carpet onto the tackless
strip is done with a knee kicker or power stretcher
which have been adjusted to insure that the teeth
do not become exposed through the backing of the



carpet. To start the installation, the carpet should
overlap the walls approximately 1%z inches in the
starting corner. The carpet should be kicked onto
the tackless strips and trimmed 6 inches in each
direction from the corner. The carpet should be
kicked onto the tackless strlps for up to 3 fee
from the corner angling the kicker slightly away
from the corner.
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corner set, the carpet should be stretched in
length by installing the second corner. This should
be the corner farthest from the beginning along an
adjacent wall, not opposite. The length stretch
should use a power stretcher with a head placed
three inches from wall. The carpet is held on the
tackless strip with a spreader which is released
slowly to allow the carpet to hook onto the strip. A
kicker is then used to install the corner in the

same way as the beginning corner and the entire
starting wall between the two corners.
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6.12.2.7 Width Stretch. The width stretch is per-
formed in the center of the wall opposite the two
corners previously installed. The carpet is secured
to the strips in the same manner as the length
stretch. Instead of using a kicker, the power
stretcher is used to secure the entire half of the
wall beginning at the point of stretch halfway
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toward one corner and then the other. The base of
the power stretcher should not move during the
width stretch installation.

6.12.2.8 Completing the Stretch. The installation
should continue along the wall opposite the begin-
ning wall using the power stretcher with no angle
to the tubes. This is followed hv both end walls,

also using the power stretcher in a stralght
stretch.

6.12.2.9 Cutting. Excess carpeting along walls
should be trimmed with a trimmer or sharp utility
knife with approximately Y-inch excess. The
excess is then pressed into the gully between the

tackless strin and the wall
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7.1.1 General
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Exterior doors are more subject to abuse and
weathering than interior doors, but, in general, de-
fects and corrective measures are similar.
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Doors should be inspected quarterly for poor fit-
ting, including loose or broken battens; deteriorat-
ed or damaged frames; paint deterioration; materi-
al damage; cracked or broken glass; split or
cracked wood panels; warped or dented metal;
warped or broken screening; broken or inoperative

hawdurawa (lanka hingag and glidere)
naraware UULnAD, 111K TD, allu 811Gers;.

7.1.3 Wood Doors

7.1.4 Butt-Hinged Doors

Mechanical injury to mullions, headers, jambs, or
hardware usually causes trouble with large wood-
batten framed and braced doors. Decay, resulting
from exposure to weather or shrinkage of door
members, also causes distortion or failure. Fre-
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the door to bind at the bottom and open at the top.

7.1.4.1 Checklist for Repair
Effective remedies may be determined by first

checking the following:

a. Examine the jamb opening to see that the
inge and lock sides are nlumb and parallel,
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b. Check the doorhead to see that it is level.

¢. Check anchorage of the jamb.
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d. Check anchorage of hinges.

e. Check lock faceplates for projection beyond
the face of the door.

f. Check all members for swelling, shrinking, or
warping.
7.1.4.2 Repairs. The following procedures apply
when the door itself has shrunk or is warped, swol-
len, or sagged.

a. When a door shrinks, remove the hinge leaves

and install a filler (cardboard or metal shim) at
tha outer edoe of the iamb and hinge mortice. This
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forces the door closer to the jamb at the lock edge.
If the hinge pins do not bind, the door will operate
satisfactorily. Each hinge should be shimmed

equally to prevent the door from becoming hinge
bound. When the door has swelled, place shims in
the inner edge of the hinge mortice as shown in
figure 7-1.

b. Restore a warped door to its normal shape by
removing it and laying it flat. Weighting it down
may also be necessary If it is still warped after a
reasonable lengLn of ume, battens screwed to the
door help restore it to true plane. Screw eyes, rods,
and turnbuckles help straighten a door by gradual-

ly pulling it into place.

c. Install a diagonal batten brace from the top of
the lock side to the bottom of the hinge side to
repair a sagging door permanently. The diagonal
brace must cover the joint between rail and stile
and be securely fastened to both members, at top
anu DOEl}Om, ana onner mtermealaié rau memoers
Temporary repair is made by installation of a wire
stay brace equipped with turnbuckles and placed

diagonally in the reverse direction from a batten
brace.

d. Doors or door members may require rebuild-
ing because of neglect or abuse. Remove the door
to a flat surface and replace the damaged member.
Carpenter’s clamps assist in holding door members
square while nails or screws are driven.

e. Trim the door when the preceding methods
fail to correct the trouble. However, do not cut
doors immediately following rain or damp weath-
er. When dry, the door may fit too loosely.

7.1.5 Wood Panel Doors

Failures in panel doors are similar to those in
large wood doors. In addition, doors are subject to
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dead bolt and strike plate, or between the latch-
bolt and strike plate.

7.1.5.1 Locking. Trouble with the locking appara-
tus is generally caused by defective knobs or locks.
Check the knob to determine whether the spindle
is worn or only loose. Where a lock does not move
smoothly, replacement may be necessary, although
repair of worn parts or lubricating with graphite
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7.1.5.2 Rattling. An excess of space between the
door and stop head causes the door to rattle. Re-
moval and refitting of the head stop while the door
is closed remedies this difficulty. The door may

also rattle because of too much play between the
latchholt and strike mlate, Correct this condition
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by moving the plate back toward the stop.

7.1.5.3. Loose Hinges. Hinges become loosened if a
door is too tight on the hinge edge and binds
against the hinge jamb. If the door has plenty of
clearance on the lock side and the entire pin
seems to move slightly when the door is closed,
loosen both hinges at the frame and insert card-
board under the jamb leaves along the outer edges.
To make a uniform space between the jamb and
the door, insert a strip of cardboard under the
inner edge of the top hinges in the leaf which is
fastened to the jamb. This usually corrects the
trouble by pulling the upper part of the door
closer to the jamb. However, considerable space
above the door and along the outside (lock edge)
may result. In that case, loosen the screws in the
leaf of the bottom hinge, which is attached to the

jamb, and insert cardboard under the other edge.
If the hinge has been pulled loose and the wood
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screws have damaged the wood fibers on either the
door or jamb, the holes may be plugged with wood
plugs or filled with plastic wood.

7.1.5.4. Warping. A warped door that has spring
inward or outward at the hinge edge is impossibie
to close without considerable pressure against the
bulging part. This trouble is generally overcome
by placing an additional hinge midway between
the other two to hold the door straight. If another
hinge cannot be obtained, temporary repair is
made by shifting the hinges outward or inward on
the jamb, as shown in figure 7-1. Adjust stops ac-
cording to the position of door when closed and
latched.

7.1.5.5 Settling and Shrinkage. Settling of the
foundation or shrinkage and deflection of framing
members often causes trouble at door openings.
When the greatest settlement is on the hinge side
of a door, the door will tend to become floor-bound
at the lock side. When settlement is greatest on
the lock side, the door will bind at the head jamb.
As a result, the bolt in the lock will not be in
alignment with the strike plate, making it impossi-
ble to lock the door securely. Vertical settiement

7-2

and horizontal deflection will cause the jamb open-
ing to become out of square. On most wood doors,
the simple correction is to plane as required at
either the top or bottom rail for proper clearance.

Another method, more complicated but producing
better results, is to lift off the strike nlate and nail
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or screw a wood strip extending up and down the
entire length of the door frame, as shown in figure
7-2. It is necessary to cut a hole in this strip for
the latchbolt. An alternate method is to remove
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the door, extending the entire length. Countersink
all nails or screws, and place putty over all holes.

7.1.6.6. Latching. When the latch does not oper-
ate because of poor alignment with the strike plate
(figure 7-3), enlarge the hole in the strike plate by
filing. If the bolt strikes squarely on the plate and
requires removal of as much as ¥ inch of metal,
remove the strike plate and raise or lower it as
necessary.

7.1.5.7 Uneven Side Margins. It is seldom neces-
sary to plane a door if trouble is caused by loose or
improperly morticed hinges. However, if planing is
necessary because side margins are uneven and
the door strikes at top or bottom because of settle-
ment of the frame or similar causes, locate the
points of friction. It is easier and less noticeable to
plane the hinge edge. Bevel the lock edge of the
door about % inch to facilitate closing. If the door
still strikes aiong the iock edge, plane the hinge
edge and cut in the hinge leaves flush with the
surface, if necessary.

7.1.5.8 Sticking. Damp weather often causes a
door to stick. Absorption of moisture results in
swelling of the framework and door. If the door
has an even margin along the top and bottom
edges and if the hinges are firm, the hinge edge
must be planed. It is best to plane the hinge edge

because hinges are more easily removed and re-
morticed than the lock. Take care not to plane off
too much wood. When it is necessary to trim a
door for better fitting, carefully mark the amount
to be planed, allowing clearance on all sides of ap-
proximately the thickness of a dime. To determine
the correct amount of wood to be removed, set the
door hard against the hinge side, wedge it plumb,
and scribe the desired thickness of material to be
planed off. When planing or cutting is completed,

repaint the edges before rehanging the door.
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CARDBOARD
< SHIM UNDER
-BH  OUTER EDGE
MORTISE CARDBOARD
SHIM UNDER RECESS
INNER EDGE (PREVIOUSLY FILLED
_] BY HINGE)
J HINGE MAY
BE MOVED
JAMB JAMB SIDEWISE,
INWARD, OR
OUTWARD

Figure 7-1. HINGE ADJUSTMENT FOR BINDING OR STICKING DOORS.
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Figure 7-2. VIEW OF DOOR JAMB SHOWING FILLER STRIP.
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Figure 7-3. POOR ALIGNMENT OF LATCHBOLT WITH STRIKER PLATE.

7.1.5.9 Bevel. Proper bevel for wood doors of 2
feet 8 inches to 3 feet in width is about %6 inch
per 1 inch of door thickness. On doors of smaller
width that are of equal thickness, the bevel should
be increased proportionately to the decreased
width of door. On wider doors, the bevel can be de-
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the door. See figure 7-4.

7.1.6 Metal Doors

7.1.6.1 Types. Metal doors, commonly used in
warehouses, hangars, stockrooms, mess halls (gal-
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trial operations require them, are of various types:
metal, clad, hollow metal, and solid metal, with
variations including interchangeable glass and
screen panels.

7.1.6.2 General Maintenance. Because most metal
doors and fittings are shop designed and fabricat-
ed, it can be assumed that they will maintain their
shape and mechanical operating abilities provided
hinges, locks, and other fittings remain secure in
their fastenings. This is accomplished by checking
screens, nuts and bolts, and special fasteners and
operating devices regularly and keeping them
tight and in good order. Building settlement, me-
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chancial ianure, ana Coulsicn may
gation and corrective measures for a basic cause of
misalignment in the structure framing itself.
Frames must be plumb and corners square so that
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the door fits its opening with proper clearances.
Weatherproofing and caulking must be main-
tained in a workmanlike manner. Mechanically
operated doors must be removed and straightened,
repaired, or replaced. Repair material and finish-
ing should match the existing material. Shop
repair of metal doors should meet acceptable
standards for welding, riveting, and sightliness.
Replacement of surface metal on fireproof, metal-
clad wood doors must be weathertight and of mate-
rial of the same gage as originally provided. Serv-
ice doors in mess halls (galleys), stockrooms, and
other areas where personnel pass in and out fre-
quently with arms loaded should be provided with
kick plates and with bumper protection to prevent
slamming against walls.

71
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Fire doors are specifically designed and installed
to restrict the spread of fire and smoke in facili-
ties. They are usually of metal, metal clad, or
wood construction with or without lights as de-
scribed below and are classified in accordance with
NFPA Standard 252 or other approving authori-
ties.

7.1.1.1 Types of Doors. The most common types of
doors, as described in NFPA Standard 80, “Fire
Doors and Windows,” are composite doors of wood,
steel or plasic bonded to a solid core; hollow metal
doors; metal-clad doors of metal over wood cores;
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sheet metal doors; rolling steel doors; curtain-type
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Figure 7-4. DOOR BEVEL FOR NORMAL WIDTH OPENINGS.

7.1.1.2 Inspections. Doors must be kept operable
at all times and should be kept closed. Mainte-
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nance inciuaes Irequeiniv Iinspeduidii Oi 0inges,

catches, closers, latches and stay rolls. Lights, if
any, and door face coverings, chains or cables,
should also be inspected. In addition, metal- and
tin-clad doors should be inspected for dry rot.
Areas surrounding doors should be inspected for
blockage and doors 1nspected for tampermg such
as wedges to keep the door open or devices which

inhibit their opening.
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71.1.7.3 Maintenance. NFPA Standard 80 and the
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manufacturer’s recommended maintenance should
be followed. Lubricate guides and bearings and
adjust chains and cables on counterbalanced doors
as needed to insure proper operation. Replace
worn hardware immediately. Broken light panels
should be replaced with at least Y4-inch-thick wire

glass raults m Iace Coverlnga snoum De unmeul-
ately repaired as described in paragraph 7.1.5.2.

7.1.8 Hangar and Warehouse Doors

Doors used in hangars and warehouses are com-
monly of the rolling type and motorized; they
impose extreme loads on the narrow bearing sur-
face of suppornng rails. lney requlre SpeCiauLeu
maintenance in accordance with the manufactur-
er’'s recommendations. If major warping or dis-
placement of sliding panels occurs, engineering
personnel should be consulted on repair. Settling
or failure of roof trussing can cause displacement
of overhead rails and guides, imposing stresses on
the panels. Maintenance of large metal areas of
doors is similar to that for metal sidings, as recom-
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ating large doors should be maintained according
to the manufacturer’s recommendations.
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a. Keep rails, guides, springs, and rollers secure
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tion.
b. Keep upper rails and rollers lubricated ac-

cording to the manufacturer’s recommendations.

¢. Check and maintain alignment of rollers and
rails.

d. Check guides for security and alignment.
Straighten bent guides.

e. Repair damaged glazed sections promptly.

f. Inspect and lubricate motors as recommended
by manufacturer.

g Keep hinges and springs free from dirt,
debris, and corrosion, and lubricate them regular-
ly. Replace sprung or broken hinges and springs
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and other door fittings.

h. Keep locks and latches lubricated and in good
repair.
7.1.8.2 Adjustment to Hangar Door Guides. The
methods used in adjusting door guides depend on
the type of door mechanisms involved. The de-
tailed procedures explained herein are for a par-
ticular type of construction. However, the princi-
ples applied in the adjustment of this door can be
used on many types of door and truss configura-
tions. The causes of binding of sliding hangar
doors in timber truss-type hangars are discussed in
paragraph 3.4.9.3.

a. Considerable difficulty has been encountered
in hangars containing Pratt trusses with a span of

120 foet TJanallv the trucses gvar the doore carrv
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considerable additional loads, for the door canopy

and guides are cantilevered out bevond those
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trusses. The 120-foot trusses are usually erected
with a 4- to 6-inch camber, and the door guides are
adjusted for a fixed distance from the deck. The
distance between truss chords and door guides
'v'v'ill, therefore e, vary, the greatesu differences bemg
at the center of the span.

b. A practical means for adjusting the door
guides is to raise the outriggers at their point of
contact with the bottom chord of the door trusses.
This is accomplished by driving oak wedges be-
tween the outriggers and chords. Before raising
the outrigger, it will be necessary to notch the sills
supporting the bulkhead; otherwise, the entire
bulkhead will be raised with the outrigger. It may
be necessary to raise the canopy to relieve the
strain when driving the wedges. One jacking
tower, made up of 6 x 6-inch timbers, and suitable
cross bracing, should be constructed for this pur-
pose. By setting the tower under each outrigger, in
turn, and jacking it to its predetermined height,
the wedges can be installed and the jack removed.
All bolts connecting the outrigger to both trusses
should be loosened while performing this oper-

¢. In some hangars, the arrangement of outrig-
gers and door guides is somewhat different. These
guides are bolted to the underside of the outrig-
gers, with a spacer timber between the flange of
the “T” guide and the underside of the outrigger.
The guides can be adjusted in this case by remov-
ing the space timber, and, in its place, installing a
correct number of shims or blocks to bring the
guides to the proper grades. Where corrections are
made in this manner, it will be possible to readjust
tne gulaes aE a 1awr uaw, lI neCéssaf‘y, Dy remov-
ing some of the shims. The only equipment re-
quired for this work, other than the usual mechan-
ic’s tools, will be a portable scaffold of sufficient
height to reach the canopy.

d. When making adjustments to the doors, the
wheel adjustment should be taken up as much as
possible and the wheels well greased. Check the
rails and chip away any concrete rubbing against
the flange of the wheels. The door rails should be
kept clean at all times. It is recommended that the
operation forces be instructed to sweep out the
tracks daily. Exercise extreme caution when ad-
justing door guides, for the guides have only a few
door at the top; and, if the
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guides are raised too much, the doors w111 tumble
over, probably with disastrous results. Adjust-
ments to door guides should not be made by cut-
ting material from the stem of the “T” rails, as
this only reduces the bearing surface of the guides.
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7.1.9 Cold-Storage Doors

Doors in cold-storage rooms, including meat track
doors, should be checked for tight closing. Latches
should be adjusted if necessary. Hinges and latch
mechanisms should be lubricated regularly. Gas-
kets should be cleaned and checked for necessary
replacement. Special attention should be given to
low-temperature installations, where nonfreeze-
type (electrical resistant) gaskets are used. Doors

should be inspected for damage or deterioration,
and bumper guards checked. Ceilings and walls
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should also be inspected for loose insulation,
cracks, or other defects in wood, cement, or mastic
finishes. Wall and corner guards should be
checked for condition. Meat tracks should be
secure. To reduce deterioration, tracks should be
cleaned and repainted as necessary.

7.1.10 Detention Doors

Detention doors should be inspected regularly for
security of locking devices. Breakout alarms at-
tached to door locks should be checked for oper-
ational readiness. Electrical or pneumatic controls
for simultaneous locking and unlocking of doors in
large, cell-block installations should be checked by
qualified personnel. Locking devices and hinges
should be lubricated regularly.

7.1.11 Storm Doors

Storm doors are commonly made of w

i
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num, with appropriate glazing. Wood storm doors
should be maintained and repaired according to
the manufacturer’s recommendations.

7.1.12 Screen Doors

q{"‘ﬂﬁl‘l AMN Ilﬂ!ln]]y made ":'r}th wmrl or aluuu-

num frames, should be fitted with wire guards and
wood or metal push bars on the inside to avoid
pressure on the screening in opening them. Doors
should be sized or trimmed to allow proper clear-
ance at the head, jambs, and bottom. Too much
clearance will defeat the purpose of excluding in-
sects, but doors should not stick or bind, which
causes damage to the frames under traffic. A sag-
ging screen door can be straightened by the use of
a metal rod with a turnbuckle. One end of the rod
is fastened to the face of the frame, at the center
of the intersection of the bottom rail and the outer
vertical rail. The other end is fastened as high on

the face of the l-nngn rail as it will reach. The

turnbuckle is then turned to shorten the rod and
thus lift the bottom rail. Doorframes are main-
tained as recommended in paragraph 7.1.3. Screen
maintenance should conform to recommendations
in paragraph 7.2.8.
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SECTION II—MAINTENANCE AND REPAIR OF WINDOWS

7.2.1. Periodic Inspection

Windows should be inspected for loose-fitting or

damaged frames, illfitting or broken sashes,
cracked or broken glass, deteriorated putty,
broken or worn sash cords, and missing or broken
hardware. If atmospheric conditions cause ordi-
nary putty to crumble quickly, plastic glazing com-
pound should be substituted. Leaks may be caused
by material shrinkage. Frames and cover molds of
wood windows should be inspected, along with
sills, jambs, and heads of metal windows. Open
joints should be caulked. A slight shrinkage of
putty away from the glass can often be corrected
by needle glazing with a soft plastic compound.
Rust spots on metal sashes and frames should be
wire-brushed or sandpapered, cleaned with a rag
saturated with mineral spirits, and then spot-
painted.

7.2.1.1 Types of Windows. The following discus-
sion is extracted from Building Construction, Ma-
terials and Types of Construction by Whitney
Clark Huntington and Robert E. Mickadet, courte-
sy of John Wiley and Sons, New York. The usual
types of windows, regardless of materials in their
construction, are illustrated in figure 7-5. The
glass areas in these examples are subdivided in
various ways which may have no significance to
the tvne of window illustrated. Some windows may
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include only a single pane of glass. Subd1v151ons
may be made to permit the inclusion of ventilating
units, for convenience in cleaning, to limit glass
size for safety, for architectural effect, or for other
reasons. Various types of windows or sashes are
often combined as a single window opening.

7212 A fixed window (figure 7-5(A)) makes no

provision for natural ventilation.
7.2.1.3 For double-hung window (figure 7-5(B)),

both sashes slide vertically, with the weight of

each counterbalanced by sash weights, spiral
spring balances, or tape spring balances s*milar to
clock springs. The sash is easily operated and edge
friction will hold it in any set position. For a
single-hung window, only the lower sash operates.
Some types are arranged so that the sash can be

A A Frn +tho 1 1
removed from the inside.

7.2.1.4 One or both sashes for a horizontal-sliding
window (figure 7-5(C)) may be arranged to slide.
Some types are also arranged so that the sash may
be removed from the inside. Heavy sashes are
often provided with nylon rollers for ease in oper-
ation. Sashes are sometimes suspended from roll-

PRGNS ST I, AP BY SIS R

ers uperduug VIl UV IlCd.u bl aCns.

7.2.1.5 In general, any hinged window is a case-

ment window. It mav swing out or in and mav bhe
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hinged at either side, the top, or the bottom but
the term is usually applied only to side-hinged
windows. An outswinging casement window with
two sashes is shown in figure 7-5(D). Each sash
swings on extension hinges attached to the hang-
ing stile of the sash and the jamb of the frame.
The extension provides an open space between the
hanging stile and the jamb to facilitate cleaning
the outside. For an inswinging casement window
(figure 7-5(E)), extension hinges are used to make
the sash swing clear of the inside surface of the
wall. One or more casements of either type may be
included in a single opening. For example, three
sashes could be included by providing a mullion
between a single sash and a pair of sashes. Out-
swinging casements are more widely used than in-
swinging. The folding window (figure 7-5(F)) is a
form of outswinging casement window with the

‘ t70% L'l L\.“(f 1 1 1
two sashes hinged together on their meeting stiles

rather than each to its outside stile. Projection
arms are arranged so that the sash operate sym-
metrically.
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7.2.1.6 A horizontal-pivoted sash (figure 7-5Q)) is
pivoted at the center. Such sashes are often ar-
ranged in a row to form a continuous or ribbon
window located in a sawtooth roof or monitor and
are operated in unison from the floor by a me-
chanical operator.

7.2.1.7 A vertical-pivoted sash (figure 7-5(G)) is
often arranged to swing in a full circle.

7.2.1.8 Sashes may be top-hinged and outswing-
ing, top-hinged and inswinging, or bottom-hinged
and inswinging (figure 7-4 (I), (J), and (K)).

7.2.1.9 Projected windows have ventilation sashes
which operate like the outward-projecting window
shown in figure 7-5(L). The ends of the arms are
pivoted to the stile of the sash and to the frame.
Dnoes are atwcnea EO tne wp rau OI Ene SaSl'l ana
move vertically along the stiles, guided by tracks
attached to the vertical members at the sides of
the opening. An inward-projecting window is
shown in figure 7-5(M). If the latter is located at
or near the bottom of a window, it i1s called a
hopper ventilator (figure 7-5N)). If several out-
ward-projecting ventilators are located vertically
adjacent to each other and are arranged to be op-
erated simultaneously by a single operator, the
window is called an awning window (figure 7-5(0)).
Fixed meeting rails sometimes are provided be-
tween adjacent sashes. The downward movement
of the top rail of the projected sash provides an
opening through which the outside of the outward-
projecting sash can be cleaned.

7.2.1.10 A jalousie window (figure 7-5(P)) is simi-
lar to an awning window except the ventilating

units are heavy glass slats from 3 to 8 inches wide
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attached. Adjacent edges of the slats overlap %2
inch or more to exclude rain and reduce air infil-
tration. There is considerable air leakage when
closed, and they are usually used only for enclosed

porcnes or wnere alr wandge 15 !l()b UUJGLUUIldUle
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7.2.2 Wood Windows

7.2.2.1 Causes of Failure. Window failures may
result from various causes, the most common
being weathering. Weathering causes loss of putty
and paint with subsequent deterioration and rot-
ting of wood members; binding of parting or stop
heads; windows forced out of shape by settling,
shrinking, or twisting of the building frame; swol-
len or improperly fitted sashes; broken or uneven
sash cords; and sashes stuck from paint in the
pulley stile.

7.2.2.2 Binding. When it is determined that the
sash in a double-hung window binds because of
pressure against the parting bead, thorough
waxing of parts in contact prevents much unneces-
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sary labor. Binding of horizontal sliding sashes is
aiso relieved by this procedure. When the inside
stop beads of a double-hung window press too
tightly against the sash, reduce the thickness of
beads by planing, sanding, or scraping along the
edge adjacent to the sash, or move the beads frther
from the sash. Carefully plane the top or bottom
rail to relieve binding in horizontal-sliding sashes.
After planing, coat the sash with linseed oil and
wash it when the oil has dried.

7.228 Settlement. Careful nailineg freguentlv ro-
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stores the shape of frames that are forced out of
shape by settling, shrinking, or twisting of the
building. Cutting the sash is not recommended as
a remedy.

7.2.2.4 Swelling. Do not cut any window that will
resume its original size when properly dry. Cut or
plane a sash or frame that is swollen by moisture
only when it is determined that the member is too
large, even when dry. Remove and plane a sash
when the vertical edge binds against the pulley
stile or running face of the window frame. To
locate high spots on the sash, rub the sash stile
with chalk and then slide the sash from closed to

open nnmhnn two or three times. Hich snote on

osition three times. High spots on
the sash are indicated at points where the chalk
has rubbed off.

7.2.2.5 Bowing. Occasionally a parting bead be-
comes too long, causing a bow in the middle. In
this case, remove the bead from the frame and cut
Y% to Y4 inch from one end.

7.2.2.6 Broken Cords. Broken or missing cords call
for careful removal of the stop bead. Remove the
lower sash from the frame. Knot the cords to pre-
vent them from running through the pulley after
the window is detached. Remove the parting bead
to remove the upper sash. Install new cord, then

replace the upper sash, parting bead, lower sash,

and aetnn hand in that Ardar An ananaminal PR |
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efficient substitute for a broken cord or pulley is
the sash control spring. This spring can also be
used in lieu of barrel bolts and other devices for
the control of a nonbalanced sash. Proper sash op-
eration requires that the combined ciearance of
the two edges be s to %6 inch. When installing a
control spring on a new sash or old sash removed
from the frame, nail a spring to each edge of the
sash so that the top of the spring is 6 inches below
the top rail of the upper sash, or 6 inches below
the check rail or lower sash. Use two 16-gage, %-
inch-long brads for each spring. When installing
the spring on an inplace sash, raise the lower sash
at the high point and hold the spring with prongs
toward the frame. Push the spring up between
sash and frame, using enough pressure to flatten

7-9
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the top spring curve to permit it to siide upward.
Install the spring on the opposite side of the sash
in the same manner. Lower the upper sash to the
low point and follow the same installation instruc-
tions as above, except push the spring downward.
No nails or screws are required.

7.2.2.1 Balancing Adjustment. When a sash with
spiral or pullman-type balances is out of balance,

follow the manufacturer’s directions for balance
adjustment. Attempts to repair such sashs without

comphance with prescrlbed directions may result
in further damage.

7.2.3. Metal Windows

Maintenance and renair of metal windows ig nsu-
Malnienance ang repalr of metal wingeows 1s

ally considerably less than that for wood. General
repair is similar to that for metal doors. Rusting,
warping, and sticking of operating devices are the
most common failures. It is important to lubricate
mechanisms reg\uaﬁy‘ and to neep 1a5uening‘ de-
vices secure. Problems of alignment caused by
building settlement must be adjusted in conjunc-
tion with overall corrective measures, which may
involve stabilizing the foundation and framing.
Caulking must be maintained in good order to pre-
vent leakage of moisture and air.

7.2.4 Vinyl Windows

Vinyl windows have frames and lineal components
of solid PVC or PVC<clad wood or aluminum or
other combinations of PVC and metals. These win-
dows can have low coefficients of heat transmis-
sion and air infiltration which give them an ad-
vantage over some other types of windows; howev-
er, they can be more expensive and their selection
must be based on life-cycle cost analysis similar to
that described in appendix C for vinyl siding.
Vinyl windows are low maintenance by compari-
son to wood types. The vinyl used is resistant to
cracks, peelmg, blisters or other surface defects.
Painting is unnecessary for vinyl; however, vinyl
clad wood may require painting to the interior sur-
face.

7.2.5 Venetian Blinds

Venetian blinds, when permitted by criteria,
should conform to Federal Specification AA-V-
00200B. Head boxes, usually installed between the
reveals of jambs, should be set level on brackets
designed to allow convenient removal and replace-
ment without damage to the blinds or adjacent

7-10

surfaces. Brackets should be secured in place with
screws, nails, or other fasteners. Replacement of
worn tapes and cords is the major maintenance
problem with venetian blinds. A check for broken
or bent slats should be made when cords or tapes
are replaced, since slats can only be replaced by
removal of the cords.

7.2.6 Caulking and Sealing

7.2.6.1 General. Caulking and sealing compounds
are used to seal and waterproof exposed joints
around wood and metal frames that are built into
exterior concrete and brick, stone, concrete block,
glass block, and other masonry. This includes con-
trol joints in masonry construction. Caulking com-
pounds are used in wood construction for sealing
joints around door and window frames. See figure
7-6. Factors which influence joint design and
choice of joint sealant are briefly discussed so that
these principles may be applied with understand-

ing to the maintenance program.

7.2.6.2 Joint Designs. In movable joints, the ele-
ments to consider in the design are their spacing,
sizes, and shapes Since the ability to expand and
contract varies a great deal with different sea-
lants, the percentage of expansion required gener-
ally determines the sealant to be used. It is there-
fore necessary to calculate the anticipated expan-
sion and contraction of the joint due to tempera-
ture changes. The coefficients of thermal expan-
sion of the building material to be sealed, and the
spread between the winter low and summer high
temperatures will be used in the design and shape
of movement. The type of sealant can be selected,
based on service conditions and movement. The
maximum strain that a particular sealant can
endure can be determined in the laboratory by
testing to failure at different temperatures. Repu-
table manufacturers will supply dependable data.
The maximum working elongation in movable
joints will be 10 percent for caulking compounds
and a single-component elastomer, and 25 percent

for rubber-base sealants. For example, a joint is
calculated to move Y% inch in width durine tha
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period between the high and low inservice tem-
peratures. Using the maximum working elonga-
tion of 25 percent for rubber-base sealants, the
Jjoints would be 1 inch wide. Then following the
rule of thumb that the joint sealant shouid be one-
half the width of the joint in depth, the joint
would be 1 inch wide by % inch deep.
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7.2.6.3 Sealing Aid and Techniques.

a. Appearance. Well-designed joints have a good
exterior appearance, provide economical mainte-
nance, and assure weathertight joints.

A1 s sion

b. Backup. Backup material is used to control
depth of sealant in a deep joint cavity. This mate-
rial should be flexible enough to allow the sealant
to assume the shape in compression or tension as
indicated in figure 7-7.

A s aon ~lcdas s alhaanhed i
A NONmoiSture-aosor b.ng material

should be used. Of the resilient materials, the ex-
truded closed-cell flexible foams and sponge rubber
will be used for expansion and control joints.
Tubes or beads of polychloroprene or butyl may
also be used.

haonlrian

vavnupy

c. Primer. A primer is required on the sealant
contact surfaces of porous construction materials.
Depending on weather conditions, primers will dry
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in approximately 1 hour; coverage will average
about 200 square feet per gallon, depending on po-
rosity of the material to be primed.

d. Cleaning Solvents. Solvents will not be al-
lowed to air dry without wiping. Perchloroethylene
is used for removing waxes from surfaces to be

analad UMD nanhthlana ia 11gad far slaaning in
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acrylic glazing and for edges of shatterproof glass.
Recommended solvents from glass manufacturers
also should be considered. Use a mixture of equal
parts of xylene and acetone or toluene or methyl
ethyl ketone for cleaning the glazing surfaces of
aluminum curtain-wall sashes. Ammonium bifluor-
ide or muriatic acid may be used to clean masonry

MASKING
TAPE B

_t
Ay

/ PRIMER

surfaces receiving the sealant. After the surfaces
are cleaned, neutralize the muriatic acid with a
dilute solution of household ammonia, wash the
joint cavity with clean water, and allow to dry.

e. Joint Accessibility. Where practical, a joint
should be designed to be accessible for inspection
and repair. When a joint becomes inaccessible
after construction has been completed, the sealant

ahonld ha a mara narmanant tuyuna sarnagidanad +ha
SnCUG o€ a more PULI11ALITIILV LY PT LVILIDIUTICU uuuu

that which would be used for the accessible joint.

f. Tip Size. Select the proper tip size for the gun

APRC,. ROTATNY UL Ve vip SLLT AVE sl guail

S0 that the sealant will extrude and fill the joint
cavity in one pass.

TOOLED SEALANT
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Figure 7-7. RAKED MORTAR JOINT CAVITY.

&. Tooling. Tooling the sealant forces the sealant
into the joint cavity, insures good surface contact,
and finishes off the exterior surface of the joint.
Tooling white or light-colored sealants should be
done with a dry or water-wet tool only. Solvents,
detergents, or soapy solutions frequently used by
applicators to allow the tool to slip freely, may dis-
color sealant surfaces.

h. Masking. Masking either or both surface
edges of the joint cavity provides a straight line to
the joint, protects wall surfaces from smears, and
allows sealant to overlap slightly on the wall, pro-
Vluulg a better surface seal. nypubntxuu is suggest-
ed prior to priming, especially on light-colored ma-
sonry or other porous surfaces. Most primers dis-
color somewhat with age or weather exposure.
Staining is easily noticeable in areas at ground
level, entrance ways, steps, etc. Fresh sealing com-
pound smears can be removed from masonry by

scraping smears off immediately and rubbing

-1
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clean with methyl ethyl ketone, acetone, or a simi-
lar solvent.

7.2.6.4. Surface Preparation.

a. Sieel Surfaces of Movable Joints. The surfaces
in the joint cavity to be in contact with the sealant
will be cleaned of all permanent or temporary pro-
tective coatings before the sealant is applied.

b. Steel Surfaces to Tight or Nonmovable Joints.
The sealant may be applied over the permanent

coating. ’Fpmnnrnrv nrotective coatings will he re-
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moved to bare metal before applying the sealant.

c. Aluminum Surface of Movable or Nonmovable
Joints. The aluminum surfaces in contact with se-
lants will be cleaned of the temporary protective
coating. Solvents, when used for cleaning, will be
as recommended by the applicators of the coating,
and the solvent will be the nonstaining type. Lint-
less paper towels should be used for wiping off the
solvent cleaner and coating. The use of rags tends
to be too long, which results in the surfaces not

being well cleaned or wiped of. Masking tape is



also used for temporary protective cover on the
area to be in contact with the sealant. This tape
should be removed just prior to the application of
the sealant.

d. Contact Surfaces of Joint Cavities. Joint
cavity contact surfaces that have come in contact

writh mnld.ralanga agante curing comnounds. gili-
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con water repellents, floor hardeners, and other
surface treatments will require prior cleaning
preparation before sealants are installed. Wire
brushing, sandblasting, masonry saw cutting, or
other similar preparation may be required to clean
the joint cavity in wood, concrete or masonry con-
etrlmhnn
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7.2.6.5. Sealants. The following general require-
ments and intended uses will be considered in se-
lecting sealants. When colors are required, they
should be those standard with the supplier. For
unusual conditions, the purchaser and the suppiier
should agree on an acceptable color when cured.

Daointine gver a cured sealant ig nermissible. but
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the supplier should again be consulted. The paint
material should have some flexibility when cover-
ing movable joints.

a. Basic Types. The basic types of joint sealants
are the so-called caulking compounds, the one- and
two-component rubber-base sealants, the one-part
elastomeric sealants (also tapes and beads), and
preformed gaskets. Each type is manufactured in
several different materials. No one material or
joint design will satisfy all conditions for a good
sealant installation. Each type of sealant has its
limitations. Combinations of sealants make some
of the most effective seals. Poor joint design, use of

armmrnnmiata analanta nd nnnr workbmanchin in
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preparing surfaces and applying the sealants will
cause failure of the joints and sealants.

b. Bulk-Type Compounds. Broadly classified,
sealing and caulking materials are the bulk type,
supplied in cartridges, cans, or drums and applied
either by gun or knife, or the preformed types,

supplied in extruded shapes, tapes and beads.

(1) The principal ingredients of oil- and resin-
base caulking compound are vegetable, hydrocar-
bon or drying oil, and resins mixed with asbestos
fibers and other inert ingredients. It is ready-
mixed for immediate use and can be applied under
ordinary building conditions, 40° to 100°F (4.5° to
37.8°C). It is for use in wood or metal fixed joints
and in very limited movable joints. It has a short
life expectancy unless used where it will be regu-
larly painted, coated, or have other protective cov-
erings.

(2) Two-component types that are rubber base
and chemical curing are liquid polysulfide poly-
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mers and polyurethane polymers. The ambient
temperature at the time of application will be 40°
to 80°F (4.5° to 26.7°C), and the inservice tempera-
ture will be —60° to 200°F (—-51.1° to 93.3°C). They
lequue accurauexy controlled prex‘nixmg and care-
ful application and cure to a rubbery material
with high adhesion. Their intended uses includes
expansion and movable joints in concrete, mason-
ry, and metal; perimeter sealing of metal frames
in exterior walls; curtain-wall construction as joint
sealer, and beading and settling of glass and

nanale Tha calfllavaling tvno ie n1cod for ininte In
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horizontal surfaces, and the nonsag type for joints
in vertical surfaces.

(3) Single-component types that are rubber
base and chemical-curing include sulfides, sili-
cones, and polyurethanes. The ambient tempera-
ture at the time of application will be between 50°

and 100°F (10° t5 27 Q°(Y avpant that tha qilicona
anda i1vv f uv 10 9i.0 v), eXCepl tnatl tne siicone

type will be between 0° and 120°F (—17.8° to
48.9°C). The inservice temperatures will be from
—20° to 200°F (—28.9° to 93.3°C), except that the
silicone type will be from —80° to 350°F (—62.2° to
176.6°C). The sealants are premixed and ready for
immediate application. They require careful han-

dling and gtaraca and hava a raolatively lana
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curing time. They are intended for use in locations
similar to those for the two-component compounds
although the curing times, application tempera-
tures, and other factors will dictate which com-
pound wiil best serve the joint.

(4) Nonskinning compounds, which are polybu-
tenes or blends of polybutenes and polyisobuty-
lenes (butyl) mixed with asbestos fibers or other
inert ingredients, are ready-mixed for immediate
use. Ambient temperature at time of application
will be from 0° to 100°F. Inservice temperature
range will be from —60° to 200°F. The material is
nondrying and the exposed surfaces are tacky. It is

ta he 11gad in fivad and i1nmovahle ininte hatwoan
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metals or glass, as bedding compounds, in interior
joints in protected locations, and in glazing metal
curtain-wall construction. This type of sealant may
be used below grade.

7.2.7. Glazing

7.21.1 General. Glazing repair consists of sash re-
conditioning and replacement of broken glass.
Maintenance often involves only replacement of
loose, deteriorated, or missing putty. Glazing items
in buildings and structures generaily shoulid be re-
placed using the same type of materials used in
the original work. The quality of replacement ma-
terials should be improved only when justified by
obvious inadequacy of the failed materials, and
when planned future use of the buildings or struc-
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ture warrants it. Consideration may be given to
providing double-pane insulating window glass
where it can be economically justified. It should be
noted that glass size is sometimes specified by the
so-called ‘‘united inches method,” which is the sum
of the length and width of the size specified, i.e.,

nae w 1a. N1 3 £ 19
one-half the perimeter. Example: Glass size of 12

inches wide by 15 inches long would be specified as
27 united inches.

7272 Flat Glass. Flat glass used for glazing
sash, doors, and other uses will conform to require-
ments of current Federal Specification DD-G-
1403.

a. Clear Window Giass. Clear window giass,
Type II, Class 1, Quality 96, is recommended for

replacements in hospitals, administration build-

ings, and other similar structures. The use of
Quality 96 in quarters and service buildings will
afford a savings in material costs. The following
schedule may be used as a guide for thickness and
size of installed clear window gilass: Singie-
strength glass should be used in sheets 400 square
inches to 7 square feet in area; above that limit,
glass %6 inch thick should be used where plate
glass is not required.

b. Polished Plate or Float Glass. Polished, clear-
vision plate or float glass is used around promi-
nent entrances, in large openings, for air deflec-
tors, shelving, bulletin board doors, and projection
booth observation ports. Polished plate glass

18495949 8 % VST s Y&RVaVIAL VaaSiile AA VT

should be Type 1, Class 1, Quality 96, and have a
nominal thickness of Y4 inch.

c. Wire Glass. There are two kinds of wire glass,
Type III, Class 1: A (flat) and B (corrugated). Flat
wire glass, usually % inch thick, is used in doors,
windows, fixed sidewall sashes, and some sky-

3 3 1 5/ o h
lights. Corrugated wire glass, %s inch or more

thick, is used mostly in skylights. Clear, flat wire
glass, polished on two sides, is used in windows
and doors of detention, storage, and other build-
ings where security and clear vision are necessary.

d. Obscured Glass. Figured glass, Type III, Class
1, Kind A, Form 3, Quality 911, Finish F1, not less
than % inch Lnl(.l(, is used where clear vision is
not necessary or is undesirable. Such locations
would include windows and doors in toilets, baths,
dressing rooms, operating rooms, surgical dressing
rooms, shops, garages, and warehouses. Figured or
ribbed glass, smooth on one side, is desirable for
use in doors and windows of buildings such as
shops, garages, and warehouses where clear
is not required.

e. Heat-Absorbing Glass. Heat-absorbing glass,

Type 1, Class 2, Style A (or Style B), is installed in
the sash of control towers and other spaces where
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occupants are exposed to direct or reflected rays of
the sun. This d]nm is annnrn"u Y inch thick

clear, ground, and pohshed Its solar-heat reflect-
ing and luminous-transmittance qualities are de-
scribed in current Federal Specification DD-G-
1403. Where clear vision is not required, the rolled
figured, biue-green, obscure glass should be used.

f- Light-Diffusing Glass. Figured glass, Type I,
Kind A, Form 5, Quality 11, Finish FZ, is usually
not less than % inch thick. The surface design
may be a series of cylindrically shaped lenses on
each side of the glass, with the lenses on one side
running at right angles to the other. An alternate
design is a series of parallel rows of circular lenses
one each side, with the centers of the lenses on
one side haifway between centers of the Ienses on
the opposite side. Depending on the manufactur-

er’s standards, circular lenses mav he enaced Y or
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Y2 inch on centers. This lens-type glass is especial-
ly desirable for use in borrowed-light partitions
and in spaces where an even distribution of light
in all parts of the room is necessary.

& Colored Glass. Sheet glass, Type II, Class I,
Quality 95, is acceptable for use in the exterior
sashes of chapels. It is a hammered or ngured-pat—
tern sheet not less than % inch thick. Generally,
it is amber in color. Several other colors a

able. o o

h. Shatterproof Glass. Shatterproof glass is in-
stalled to advantage in observation windows in
engine-test rooms, detention rooms, and other
places requiring a high resistance to breakage.
Glass may be tempered or laminated, not less than
Y% inch thick, and polished on both sides. Tem-
pered glass is made by reheating the glass until it
is somewhat soft, and then cooling it quickly in a
bath of oil or against a metallic surface. It with-
stands heavy impacts and great pressures, but a
comparatively light blow with a pointed object on
or near the edge may break it because of internal

stresses resulting from sudden cooling. This type

of glass may fly apart violently when broken.

Laminated glass gives protection against ﬂymg

pieces of broken glass. The glass is built up in the
manner of a sandwich, with a sheet of transparent
adhesive bond between two sheets of glass. If a
break occurs, the plastic stretches, serves as a
cushion, and holds the sharp fragments.

i. Insulating Glass. Double-pane and triple-pane
insulating glass, each of the same nominal thick-
ness, is separated by not less than %se-inch dehy-

. .
drated airspace and hermetically sealed at the fac-

tory, Dehydration should be guaranteed for a
period of not less than 10 years. Glazing tech-

are avail-

~ QA V&as~©



niques for insulating glass may be found in para-

graph 7.2.7.10.

7273 Putty. Putty for wood-sash cr]arnna must
2.1.3 Putty. Putty for wooda-sash glazing must

conform to current Federal Specification TT-P-
00791. Types I and II may be used interchange-
ably, but Type II is recommended for filling holes
and cracks where a harder material is desirable.
Putty and compound for metal-sash glazing must
conform to current Federal Specification TT-G-
410. I and II are both suitable for interior
and exterlor work. Type I is an elastic glazing
compound that dries on the surface but remains
slightly soft and plastic underneath. It is recom-
mended for use, in addition to wood or metal
beads, on doors, transoms, and skylights, where re-
peated shock or vibration may be encountered. Oil
or other adulterants should not be added to putty
or compound on the job. Putty or glazing com-
pound should be stocked in relatively small quanti-
ties so that it will be fresh when used. A 30-day
supply is suggested as sufficient for ordinary in-

atallation noade One gallaon of nuttv or comnound
Staalicn neeas. vne ga.fn O puilty or compouna

will normally bed and face glaze approximately
100 linear feet of %-inch rabbet, 150 linear feet of

Y-inch rabbet, or 200 linear feet of 3s-inch rabbet.
7.27.4 GQlazier’s Points and Clips. Glazier’s points
for wood-sash glazing should be standard zinc tri-
angles of approximately Y2-inch equilateral. Wire

ivma Far smotal windawe varv hy tuna of windaw A
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reserve supply for maintenance work should be
available at all times.
7.27.5 Paint.

a. General Painting is mentioned here only to
serve as a reminder that it must be accomplished
prior to glazing or reglazing. The selection and ap-
plication of paints and other protective coatings
are covered in detail in a separate Tri-Services
“Paints and Protective Coatings” (TM 5-

manual

pest 3105 1Y

618, NAVFAC MO-110, AFM 85-3).

b. Wood-Sash Primer. Good maintenance and
repair practice requires that wood-sash glass rab-
bets be primed or sealed before the glass is set.
Shellac and quick-drying varnish should not be
used as primers because they dry to hard glazed

curfacas that mav nrevent a ticht putty bond

surfaces that may prevent a tight putty bond.
¢. Wood-Sash Finish Paint. Surfaces of jambs,

stop beads, and sashes in sliding contact may be

finished with penetrating sealer in lieu of paint.

d. Metal Sash. Metal should be cleaned and
primed before glazing or reglazing is done. Red
lead-base, ready-mixed paint is suitable for touch-
up or compiete priming.

7.27.6 Glasscutting. Insofar as possible, glass

chnild he nurchacad and stocked in sizes that can
BIIUULIU UT pPUITIIAOTU Qiilu SUULIATW 222 Dia0 viidlv Ll

be used without cutting. Glass of special sizes is

T™ 5-620/NAVFAC MO-111/AFP 91-23

cut in the shop. For glass sizes, measure all four
sides of the sash and deduct %6 to ¥ inch in the
pane size for irregularities in the sash. Minimum
equipment required for glasscutting consists of a
table, a common wood or metal T-square, and a
glasscutter. The table should be about 4 feet
square with front and left edges square. Mark off
the surface of the table vertically and horizontally
in inches. A thin coating of turpentine or kerosene
on the glass line to be cut is helpful in lubricating
the action of the cutter wheel. A sharp cutter
must be carefully drawn only once along the line
of the desired cut. Additional strokes of the cutter
may result in breakage. Allow about 5 percent for
breakage in cutting and qnfhng When extensive

MiTGNaGH 2ii Vialvaiig Qiild SUGvaiL 2431 TAUVCLIOLY

cutting is anticipated, a commercially manufac-
tured cutting board is available that incorporates
the above-mentioned minimal equipment plus a
spring-loaded grip for the glasscutter that slides
along the bar, assuring good, clean glasscutting.
This board is used in a vertical position and occu-
pies very little floor space.

7.21.7 Preparation Before Glazing.
a. Old Wood Sashes. Clean all putty runs of

broken glass fragments and glaz1ers points.
Remove loose paint and putty by scraping. Wipe
the surface clean with cloth saturated in mineral
spirits or turpentine, prime the putty runs, and
allow them to dry.

b. New Wood Sashes. Remove dust, prime the

nuttv rune. and allow tham to Arv All naw waond
uvu A WilDy AL CRirVYY VALV ALL VYV L AALL AU YY AAAYAVAV Y

sashes shall be pressure-treated for decay protec-
tion (see Tri-Services manual, ‘“Military Entomolo-
gy Operations Handbook,” Chapter 8, Section 5,
NAVFAC MO-310, TM 5-632, AFM 91-16).

¢. Old Metal Sash. Remove loose paint or putty
by scraping. Use steel wool or sandpaper to

[}

.

ramova gt (Naan tha enurfacas thaoranchly wi itk
rémoive rusSt. uiall uif surialeés umirGuginiy wiin a

cloth saturated in mineral spirits or turpentine.
Prime bare metal and allow it to dry thoroughly.

d. New Metal Sash. Thoroughly clean the sash
with a cloth saturated in mineral spirits or turpen-
tine to remove dust, dirt, oil, or grease. Remove
rust with steel wool or sandpaper. If the sash is
not ou'r‘eauy 1aaory-pnr‘ueu, pfu‘ﬁé it with rust-in-

hibitive paint and allow it to dry thoroughly.

f7 9 ’7 R Sotting Glace Do not olaze aor reclaza avta_

CvLuivg T eleos. ArU 11UV £IALT Vi 1TH1ALT Tales

rior sash when the ambient temperature is 40°F
(4.5°C) or lower unless absolutely necessary. Sash
and door members must be thoroughly cleaned of
dust with a brush or cloth dampened with turpen-
tine or mineral spirits. Lay a continuous s inch
thick bed of putty or compound in the putty run.

See ficure 7-8. The glazed face can be recognized

225 =iT 4 41T QL0 G0 Ll 2T ITLORILCG

as the side on which the glass was cut. If the glass
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has a bowed surface, it must be set with the con- cal. Press the glass firmly into place so that the
nawvn aida in Wina olaogg 1a gat with ¢hn $urigd vrawd: had mittder wrill 11 211 S el a et bl e
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PUTTY ROLL

BED PUTTY v GLAZIER'S POINT

Figure 7-8. SETTING GLASS WITH GLAZIER POINTS AND PUTTY.

a. Glazier’s Points. When glazing wood sash,
insert two glazier’s points per side for small lights
and about 8 inches apart on all sides for large
lights. When glazing metal sash, reuse the wire
clips or metal glazing beads. See figure 7-9.

b. Putty. After the glass has been bedded, lay a
continuous bead of putty against the perimeter of

tha aglacefare nnttvy riin Prace tha nuttv with o
Vil slm LAV P“VVJ L Wik, 1 AVOU viiv puavey ¥Yyivii

putty knife or glazing tool with sufficient pressure
to insure its complete adhesion to the glass and
sash. Finish with full, smooth, accurately formed
bevels with clean-cut miters. Trim up the bed
putty on the reverse side of the giass. When giaz-
ing or reglazing interior sash and transoms,
whether fixed or movable. and interior doors, use

waiCLIICl 11ACQL O 1LV L0, Q210 244501202 LQQVVIs,

wood or metal glazing beads. Exterior doors and
hinged transoms should have glass secured in

7-16

gside wood or metal olazine haade
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bedded in putty. When setting wire glass for secu-
rity purposes, set wood or metal glazing beads, se-
cured with screws, on the side facing the area to
be protected. Wood sash putty should be painted
as soon as it has surface-hardened. Do not wait
longer than 2 months after glazing. Metal sash,

Tvne I, elastic comnound. should bhe naintad imma.
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diately after a firm skin forms on the surface. De-
pending on weather conditions, the time for skin-
ning over may be 2 to 10 days. Type II, metal sash
putty, can usually be painted within 2 weeks after
placing. This putty should not be painted before it
has hardened because early painting may retard
the set. The paint should completely cover the

2210 KGRIV SRR RRLLPACWLy LUV uae

putty and extend approximately Y% inch onto the
glass surface to serve as a seal.
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FACE GLAZED

FACE GLAZED
NOTE THAT POINTS AND CLIPS ARE USED IN FACE GLAZING
METAL SASH
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STOP GLAZED

7

STOP GLAZED

Figure 7-9. WINDOW GLAZING.

7.217.9 Cleaning. Clean the glass on both sides
after painting. A cloth moistened with mineral

anirite will remaove nuttv etaing, Ammonia acid so-

SPILLWT TVALL ATV prwvyy L0383 ¢~

lutions, or water containing caustic soaps must not
be used. When scrapers are used, care should be
exercised to avoid breaking the paint seal at the
putty edge.
7.27.10 Insulating Glass. Two major types of in-
sulating glass are currently manufactured which
are designed to improve the U-value of the glass
unit. These are double- and triple-pane units with
hermetically sealed airspaces separating the
panes. The panes are separated by a dessicated
spacer, which absorbs moisture from the airspace,
and are permanently sealed.

a. Preparation of sashes and frames should
fallaw tha camae nroceduras ontlined in n.qrno’rnnh

AULIUTY  UIIU SQUIIT i UVTalai TS Uiavillalia aas A

7.2.7.7. The sash must be of sufficient w1dth to ac-

commodate the size unit to be installed. Sufficient
allowance must include a glazing leg minimum of

b. Two setting blocks spaced at the quarter
points should be of neoprene or lead construction
with manufacturer’s recommended hardness and
length.

¢. Unit must be installed square.

d. A weep system should be incorporated into
any insulating glass installation to drain excess
moisture away from the unit. Weep holes should
be a minimum 3%-inch thickness and installed
three per unit.

e. Glazing methods are illustrated in figure 7-10.
The tape method utilizes a high-quality rubber ma-

terial suitable for specific installations with a re-

lease paper on one sxde. The tape is fitted to the
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opening with corners butted, not overlapped, joints
sealed, and the paper removed just prior to instal-
lation. Constant pressure is maintained against

the tane from proper ston degion. The tape and

ViAU VRpT 1A Vs poa vi Svop UTSipil 4 23T (-3 8101

wet seal method utilizes the same procedure as the
tape method except that a Y%-inch clearance is al-
lowed between the top of the tape and the top of
the stop which is filled with an elastomeric sealant
of polysuifides, siiicones, urethanes or acrylics.
The edge of the sealant should be leveled to im-

nrove weathernroofing. The wet glazing method re-

PAVYT YWOQUiITL pPiUViaiIE. A LIT WY patafaily 12T VIAVNR AT

quires the use of space shims on the face of the
stops at intervals of 18 inches on center maximum.
The sealant is forced into the existing space using
a caulking gun or power equipment. Putty and
glazing compounds should not be used with insu-
lating glass. Several structural glazing gaskets are

also available for installing insulating glass as

OV QR VGRIAGARIT  AVL A wWAaiialy 1D AR VIS

shown in figure 7-10.
f. Glazing systems which apply pressure to the

edge c;;'— él—;s; vf:m: _;aterprmﬁng should be main-
tained at a pressure of 4 to 10 pounds per linear
inch of perimeter or as recommended by the man-

ufacturer Avoid pressure on the marginal edge

7.2.7.11 Safety Requirements. Handling and cut-

tino olage ereates a sarioug cutting hazard. Annro-
‘Illls slm VIVAWEDS G UVIIVWMU VWVVIIEE Lilisii v, dappi v

priate gloves and other personal protective equip-
ment must be provided. Adequate procedures for
the disposal of cuttings and broken glass should be
established.

7-18

7.2.8 Window Screens.

Included in this category are half-length sliding
window screens, full-length window screens, and
£reend ;mnsmnle s

11Xea porcn screemns.

7.2.8.1 Screen Cloth. Mesh screening in current

1180 ie mada nf camnarativaly ehnrt livad ctanl Ar
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iron wire, either painted or galvanized. Continued
use of such painted or galvanized screen cloth is
not recommended for other than planned, short-
use buildings. Do not use steel or iron wire screen-
ing in tropicai zones. The use of corrosion-resistant
material, such as copper, bronze, aluminium or

nlnghn is recommended for most screening needs

ART VALY aD ATVVLLLILRAINTNR AV ALVEV SvaTRILLLLE  1ATTuS.

Bronze wire is recommended for installation in
barracks, dining facilities, and similar buildings
where rough usage may be expected. Commercial
bronze, better known as brass, is not recommended
for use in areas subject to excessive condensation

and salt air. Shipments of screening delivered on
requisitions for bronze should be tested to see that

=222l 20D RIRAALT 242020 T WO W SCT viiAv

brass has not been substituted.

7282 Wire and Mesh Sizes. The diameter of
metal or plastic strands and the size of the open-
ings are important. Screen cloth having mesh
openings no larger than 0.0475 inch is recommend-
ed for all installations. Screen cloth suitable for

most locationeg ia the 18 ¥ 18 magh nar inch mada
AIVIOV AVVQRUIVILID A0 UiV AU A 141U 11TOL1 pPUL L1IViL LIAUT

with 0.011-inch-diameter strands. Screen cloth rec-
ommended for tropical areas is type with the
0.015-inch-diameter strands, with opening sizes no
greater than 0.0475 inch.
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Figure 7-10. INSULATED GLASS GLAZING TECHNIQUES.

7.2.8.3 Replacing Broken Screen Cloth. A too
large, free screen area is one of the causes of early
screen failure. A screen area between supports
will be no more than 2 x 3 feet, if possible.

Window screens eventually require repair of

screen cloth, refastening of screening, or repaint-

ing. When screen is broken and replacement is
necessary, cut a piece of screen cloth large enough
to permit tacking to frame. Tack new screening
along one end completely, holding it tight as tack-
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ing proceeds Then tack opposite end, pulling wire
from end to end, as well as along the side which is
being tacked. Finally, tack along other two sides
which should require practically no pulling. Do
not pull mesh out of shape, and keep strands par-
allel to sides of frame. Then replace molding
which, when fastened down firmly, takes up any
remaining slack in the wire. Prompt repair of tear
will often preclude replacing entire screen. To
repair a screen, cut a piece of screen cloth slightly
larger than the torn opening. Bring the edges of
the tear back to their original position as nearly
as possible, and cover with the patch piece. Sew
edges of patch to existing screen with fine wire or
monofilament fishline.

7284 Screen Protection. Push-bars and hardware

e UT AJUTTTIy 4 i UWELveUive i e Qi QI8 11&L

cloth guards are screen savers, especially where

traffic is heavy. Fasten wood or metal push-bars

annravimataly AR inshas ahava tha flanr Haoxd
approximateiy 49 1ncnes aodve une 1100r. nara-

ware cloth guards extend from lock rail to bottom
rail and may be either Ye-inch-square mesh, 19-
gage steel wire of l-inch, diamond mesh woven
from 16-gage steel wire. Guards should be given
black finish. They should be set close against the
screen and firmly secured at all edges.

7.2.8.5 Screen Storage. Removable window screens
should be taken down in the fall and stored in a
dry place during the winter months. Do not store
screens on a concrete floor or on the ground. In-
spect screen frames and screen cloth before plac-
ing them in storage. Make necessary repairs and
paint frames. Patch or replace damaged screen
cloth. If signs of rust or corrosion are detected,

brush clean and apply a protective coating.

SECTION III—BUILDERS’ HARDWARE

7921 Matal
1.0.1 1iCLas

7.3.1. General. The composition of materials in
builders’ hardware is of fundamental interest. It
often affects the ability of the product to maintain
appearance and durability and can have an impor-
tant bearing on the worth of a product under a
particular circumstance. Except for the few in-
stances where plastics, woods, and ceramics are
used, builders’ hardware is made of metal. Selec-
tion of the base metal and finish depends on such
factors as use, exposure to elements, and appear-
ance desired. Also, hardware in a room should har-
monize in design and finish. In this discussion
“base metal,” which is the material out of which
the basic portions of the hardware item are manu-
factured, is differentiated from “finish, ” which de-

notes the surface characteristics of the product.
The finish may be simply the result of treatment
of the basic metal, or it may be achieved by the

addition of a second metal or other product.

7.8.1.2 Base Materials. Basic metals used in build-
ers’ hardware are brass, bronze, iron, steel, stain-
less steel, aluminum, and zinc. Competition be-
tween producers of the various metals, which may
be cast, extruded, forged, or wrought, is frequently
keen, especially with changes in production capac-
ity and technology. Although not metal, plastics
are being used in a manner similar to a base
metal in manufactured hardware products.

Tice wmmssuedon o

a. Cast Metal. Cast metal is pruuuu:u Dy pouring
molten alloy into premolded forms. This method
results in a versatile shape which can be ma-
chined, etched, or carved to yield a great variety of
designs. It is very durable, withstands considerable
abuse, and will take a fine finish in brass and

7-20

bronze. However, castings are costly to produce
and thicknesses are not as uniform as forging and
extensions.

b. Extrudes. Extruded shapes are produced by
forcing or drawing semimolten metal through dies,
like a chef uses a pastry bag. Designs having
linear characteristics are possible. Extrusions are
very durable but limited in application due to re-
strictions of cross sections that can be designed or
formed. Generally, extrusions are limited to brass

and aluminum.

c¢. Forged Metal. Forged metal is hammered,
pressed, or rolled into shape. A smooth, dense
product results from this process, the value of
which relates to the thickness of the metal. Forged
metal has considerabie tensiie strength due to the
uniform denseness of the metal. It has excellent
finishing and machining capabilities. Many items
that were formerly cast are now forged. Material
with thickness greater than 0.080 inch is accepta-
ble in lieu of cast material.

d. Wrought Metal. Wrought metal is rolled into
flat sheets or stripes. The products are formed by
punching or diecutting into the desired forms. It
may be thick, as in a hinge, or thin, as in a push-
plate.

e. Brass and Bronze. Brass and bronze are metal
alloys, the greatest portion of which are copper
and those containing smaller amounts of other
metals, notably lead and zinc. Bronze differs from
brass in that it contains some tin. Differences in
color result from the proportions of the various
metals included. Cast brass has a yellowish color,
while cast bronze has a reddish hue.



[ Steel. Steel is widelv used in builders’ hard-

. St | is widely used in builders’ hard
ware. It is stronger than iron. Ordinary carbon
steel contains not only iron but portions of other
elements such as carbon, manganese, phosphorus,
and sulfur. Exposed to the weather, carbon steel is
likely to rust. Its wide use results largely from its
strength and lower cost. Most of the builders’
hardware items made of wrought steel are formed
in flat sheets by dies in heavy presses.

g. Stainless Steel. Stainless steel is an iron prod-
uct of which there are about 40 standard types.
Each contains substantial amounts of chromium
and small quantities of a number of other ele-
ments. A majority of types also contain apprecia-
ble nercentages of nickel. Because it is highlv rust-
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resistant, has a higher luster finish, and is easily
maintained, stainless steel is prized as a builders’
hardware material. The popularity of this metal
has increased; most manufacturers now provide a
large range of stainiess-steei products, such as
locks, trim, door-closure arms, butt hinges, kick
plates, push- and pull-plates. It is very desirable

when extreme, rugged use is expected.

h. Aluminum. Aluminum is now in many ways
in builders’ hardware. It is usually alloyed with
about 4 percent of other elements. Cast, forged,
and wrought products are obtained by much the
same processes as are other metals. Pressure-cast

aluminum is freguentlv used as a substitute for
aiuminum 1s Irequently useQ supstitute

cast iron in miscellaneous items, such as door-
stops, handrail brackets, and hooks.

i. Powdered Metal. Powdered metal is pressed
into shape and then sintered in a furnace. For ad-
ditional strength, it may be sintered again. The
process is employed to form a range of products

e traminiig matala
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J. Cast Iron. Cast iron’s characteristics are its
long-wearing qualities, natural lubrication, brittle-

2VIIR "W oAl 11 Yle&Raivats 28 1al ILRR2ILatlQll;, RPILUT

ness, low tensﬂe strength, and tendency to rust.
Cast iron contains 92 percent iron and small quan-
tities of such other elements as carbon, manga-
nese, silicon, phosphorus and sulfur. The metal is
poured into sand molds to achieve the desired
shape.

M e iron is cast iron

treated by bakmg or anneahng to make it tough
and shock-resistant. When properly cast and an-
nealed, malleable iron can be bent and even knot-
ted without breaking. Many manufacturers use
malleable iron in items like pulls and closure arms
to reduce the possibility of breakage and provide

vnc:e{»on o tn aetreagg
TSl 1Ce U0 stress.

L Forged Iron. Forged iron’s greatest use in
builders’ hardware is in the manufacture of spe-

cialized or decorative trim often imitative of early-

TM 5-620/NAVFAC MO-~111/AFP 91-23
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produced by hammering a red-hot bar of iron into
the desired shape. Forged iron is almost pure iron,
with only about 1 percent of other elements.

m. Zinc. Zinc has long been used in builders’
hardware as a coating over iron and steel, since it
resists rust. Many products are made using die-
cast zinc as a base metal. It is easily cast, ma-
chined, and plated.

»n Dlrotineg Mha wanid aduvanaa Af wlacdia $an
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ogy has led to the development of durable and
serviceable materials such as Bakelite, nylon,
delrin, lexan, lucite, and formica. Although plas-
tics are becoming more widely used, they have
many shortcomings and are not as acceptable as
metal. However, plastics have been successfully
used for kick plates, mop plates, door-edging lock

mechanisms, knobs, pulls, and hand levers.
‘2 1.3 anchoc Natural finichag talka tha cnlar nf

the base metal in the product and may be either
high or low luster. Applied finishes result from the
addition by plating of a second metal, a synthetic
enamel, or other material.

a. Finishes. Finishes for builders’ hardware have
undergone tremendous changes in recent years.
New techniques and finishes have been intro-
duced, changes in popularity have taken place,

and some finishes have been dropped. The prepa-
ration given base materials prior to finishing con-
sists generally of machining, buffing, and polish-
ing. Polished brass and bronze finishes are pro-
duced by buffing or polishing the metal to a high
gloss before applying a synthetic coating. Satin
brass and bronze natural finishes are obtained by
dry-buffing or scouring, and the resultant finish is

~RAilillp VI S0 Gy &R0 UIIT ITSnAWANV LAIAASI

then coated. Uncoated finishes of brass or bronze
are used where natural oxidation of the entire ex-
posed surface yields the desired result. Oil rubbing
of uncoated bronze produces a dark oxidized finish
suitable for some decors. The chromiums, polished
and satin, are brass, bronze and nickel plating of

builders’ hardware has been done for scores of
A A A2CAA A TY TAL ALRAD LA A 0 NAViLG AUV QLUVUL OO Vi

years, usually by means of an electrolytic process.
Oxidizing is also used, especially where the designs
are ornamental.

b. Coatings. Coatings are used to prevent tar-
nishing or oxidation of plated brass and bronze fin-
ishes. The original color and sheen of natural
metals can be maintained for a iong time with the
use of modern, synthetic coating treatments.

—— |

C. nuucuaug nuuuluug forms a prote ctive and
uniform oxide on aluminum, giving 1t a hard,
tough skin. A variety of color anodized finishes,

such as black and oxidized bronze, are avallable.
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d. Finish Standards. Although the National In-
stitute of Science and Technology, U.S. Depart-
ment of Commerce, some years ago prepared prod-
uct standards for the finishes used with builders’
hardware, the Door and Hardware Institute (DHI)
has updated the standards, consistent with current
practices in the industry. DHI Standard 1301,
Finish Standards, lists 96 standard finishes and
their nearest U.S. equivalents. Samples of selected
standard finishes may now be obtained from DHI.

7.3.2 Hands of Doors

The dictionary lists no less than 91 connotations of
the word “hand.” This well demonstrates the spe-

rinlicad lanonaoca of hnildare’ hardwara and tha
CiailZ8G ianguagc O OulL:GQlrs fAarGwarc anG uid

need to understand the language. In the builders’
hardware industry the position of the hinges on a
door, in terms of right or left, as viewed from the
outside of a building, room, or space to which the
doorway leads, determines the hand. The hand of
a door is a term used to indicate the direction of
the swing of the door. See figure 7-11. The outside
is the side from which security is necessary. In a
series of connecting rooms (as in a hotel suite) the
outside will be the side of each successive door ap-
proached from the entrance. For two rooms of
equal importance with a passage between, the out-
side is the passage side. Strictly speaking, the door
itself is only right or left hand; the locks and the
latches may be reverse bevel. However, it is neces-
sary to include the term reverse and to specify in
accordance with the conventions shown here. This

will prevent any confusion as to which side is the
outside, This is especially important when differ-
ent finishes are desired on the opposite sides of the
door. Although the hardware items specified may
be reversible, or even universal, it is good practice
to identify the hand completely, in accordance

P Py ey Awn atnbad T'hw o »momans

with the convention here stated. For a person
standing outside, the rule is that an inswinging
door is regular bevel and an outswinging door is
reverse bevel. Hardware in general may be:
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7.3.2.1 Universal. Used In any position (e.g., a
surface bolt).

7.3.2.2 Reversible. Hand can be changed by re-
volving from left to right, or by turning upside
down or by reversing some part of the mechanism
(e.g., many types of locks and latches).

7.3.3 Hinges

7.3.3.1 General. There are four basic applications
of hinges: full mortise, half mortise, full surface,
and half surface. See figure 7-12. Within each type
there are various styles, each designed for a par-
ticular situation. In addition to these there are
other design types, such as olive knuckle, modern

naumelle and nivote, Hingeg are furthar claccifiad
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by such characterlstlcs as mounting or movement
control. A butt hinge is a type designed for mortis-
ing into the butt edge of the door and into the
rabbet of a door frame. A spring hinge contains
One Or more spnngs to move the door into a closed
position. See figure 7-13. It may be either single or
double acting. A checking floor hinge is a device
which combines top and bottom points for hanging
the door with a controlled-speed closing mecha-
nism. Top, intermediate, and floor pivots make
possible installations to solve special design prob-
lems and to enable transfer of weight from the
jamb to the floor.

7.33.2 Elements of Hinges. Swaging is a slight
offset of the hinge at the barrel, which permits the
leaves to come closer together and improves the
operation and appearance of the door. A leaf is

one of the two attaching plates, which, when fas-
tened together by the hinge pin, form a complete

cie cLilel 22T 2223BT Al AVAIIL & VUL pITW

hinge. Bearmgs (ball oil-impregnated, or antifric-
tion) offer the highest qualities in ease of oper-
ation and durability. Nonrising pins are a feature
of quality hinges. Close tolerances, especially in
the pin, prevent excessive wear, and are an impor-
tant characteristic of high-quality, heavy-duty
hinges. Hinges are available in brass, bronze,

stainless steel, and carbon steel.
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Figure 7-11. HANDS OF DOORS.
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Figure 7-13. SPRING HINGES.

7.3.3.3 How to Specify Hinges. Hinges are speci-
fied by number (in pairs); either ball, oil-impreg-
nated, or antifriction bearings; type of tips; type of
screws; type of hinge; metal; height-width (re-
quired only for full mortise hinges); weight (stand-
ard or heavy); and finish. The number of hinges
per door varies with the height of the door. Gener-
ally, a minimum of three per door is recommend-
ed, but two may suffice for doors to 5 feet high.
Three are required for doors up to 7 feet 6 inches
high. One additional hinge is required for every
additional 30 inches. Template hinges are made to
standard templates (in accordance with Govern-

ment standards) to insure exact matching of

hinges and their screw holes with doors and jambs,

either metal or wood, made by other manufactur-
ers.

7.3.3.4 Screws and Fastenings. 1t is the custom to
supply as regular packing all machine screws and
wood screws or combination screws which can be
used with both wood or metal. Through-bolts and
grommet nuts, where so indicated, are furnished
regularly for application of half-surface or full-sur-
face door leaf, along with machine screws for
jamb.

7.3.3.5 Size and Gage. It is important that the
size of the hinge and the gage of metal are ade-
quate for the job and are consistent with the size,
weight, and frequency of use of the door. In sizing
hinges, the first dimension is that taken at the
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leaf. This is the vertical height of the hinge, which

is the first numeral on full-mortise hinges, not in-

cluding the tip. Table 7-1 provides a helpful tabu-
lation for determining size and gage.

TABLE 7-1.—HINGE GUIDE

Door Minimum Hinge

Height (in)

Thickness (in) Width (in)

2%.

3.

3.

4.

4%.

4% Heavy.
5 Heavy.

Use proper width of hinge if trim clearance is re-
quired. Hinges should be heavy weight for heavy
doors or doors of high frequency and unusual
stress. Heavy-weight hinges should have a mini-
mum width of 4% inches when used for doors 1%
inches thick. On all exterior doors opening out and
reverse bevel interior doors with locks, a pin
which cannot be removed when the door is closed
or an interlocking leaf feature should be specified.
Ball, oil-impregnated, or antifriction bearing
hinges should always be specified for doors
equipped with door closures.

7.3.4. Locks

7.3.4.1. General. One of the most important cate-
gories of builders’ hardware is locks. The names
used for locks were originally selected to identify
either the type of construction or installation. Con-
sidering the great variety of functions, types, sizes,
weights, security and convenience features of
locks, considerable experience is fully required to
select the proper lock for a particular use. The
locks most commonly used in all types of construc-
tion are described below. See figure 7-14.

7.3.4.2. Bored Type. These types of locks are in-
stalled in a door having two round holes at right

angles to one another, one through the face of the
door to hold the lock body and the other in the
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edge of the door to receive the latch mechanism.
When these two are joined together in the door

L8 A= Lo fe 3 8 v] Liilel oY viiTl viiT LQO0L,

they comprise a complete latchmg or locking
mechanism. Bored-type locks have the keyway
(cylinder) and locking device, such as push or turn
buttons, in the knobs. They are made in three
weighm—heav'y, standmd, and ! 11511b dub_y The as-
sembly must be tight on the door, without exces-
sive play. Knobs should be held securely in place
without screws and a locked knob should be re-
movable. Roses should be threaded or secured
firmly to the body mechanism. The trim has im-
portant effects in this type of lock, because work-
ing parts fit directly into the trim. Regular back-
set for a bored lock is usually 2%, but it may vary.

7.3.4.3. Preassembled Type. The preassembled-type
lock is installed in a rectangular notch cut into
the door edge. This lock is one that has all the
parts assembled as a unit at the factory, and when
installed little or no disassembly is required.
Preassembled-type locks have the keyway (cylin-
der) in the knobs Locking devices may be in the
knob or on the rose or excutcheon. Regular back-
set is 2% inches. The lock in available only is
heavy-duty weight.

7.3.4.4. Mortise type. A mortise lock is installed in
a prepared recess (mortise) in a door. The working
mechanism is contained in a rectangular-shaped
case with appropriate holes into which the re-
quired components, cylinder, knob and turn-piece
spindles are inserted to complete the working as-
sembly. Regular backset is 2% inches. These locks
are available in heavy-duty and standard-duty
weight. Armored fronts are available. In order to
provide a complete working unit, mortise locks,
except for those with dead-lock function only, must
be installed with knobs, levers, and items of trim.
7.3.4.5. Integral Type. An integral lock is a mor-
tise lock with a cylinder in the knob. It is installed
in a prepared recess (mortise) in a door. A com-
plete working unit consists of the lock mechanism
and selected trim (knob, rose, escutcheon). Roses or
escutcheons are bolted together through the lock
case. Regular backset is 2% inches. This type is
available only in heavy-duty weight.

g
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Figure 7-14. LOCK TYPES
7.3.4.6 Details. b. Latchboits. The function of a latchboit is to

a. Bolts. The lock achieves its fu.nction by means :;?rl-?n;h:cgg;):e:lnai dcl;se:se;:iosillt;m;.l I:Wll?l:}::_(l;oli
of various types of bolts. The bolt is a bar of metal, locks except those providing dead-bolt function
which projects out of the lock into a strike pre- only. It has a beveled face and may be operated by
pared to receive it. a knob, handle or turn. It is recommended for the
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heavy-duty bored, mortise, preassembled, and inte-

oral tvnes that some kind of antifriction provision
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be incorporated. The throw of the labchbolt must
not be less than % inch. “Throw” means the pro-
jection of the latchbolt beyond the lock face. Fric-
tion occurs when a latchbolt hits the lip of the
strike. An antifriction feature is recommended to
insure easy closing of the door. This is particularly
desirable when door-closing devices are used. This
device may be a split latchbolt, a plastic insert in
the bolt or in the strike, a pivoted bolt, or a self-
lubricating bolt.

c. Auxiliary Deadlatch. An auxiliary deadlatch
is a security feature and should be required on all
locks used for security purposes, unless a dead-bolt
function is specified. This feature deadlocks the
latchbolt automatically and makes it virtually im-
possible to depress the latchbolt when the door is
closed.

d. Dead bolt. A dead bolt is a bolt having no
spring action and is activated by a key or by a
turn. It must be manually operated. Dead bolts

provide security. When hardened steel inserts are

used, the securlty is greater. The minimum throw
should be %2 inch. A dead bolt may be specified
with certain functions or mortise, preassembled,
and integral locks.

e. Lock Strikes. A lock strike is a metal plate
mortised into the doorjamb to receive and to hold

the nroiected latchhelt, It is sometimes called a
vilice Pl UJVVUO“ ACAVVAILIN VLIV, AV AW WOWViIMVVALIAAWAD  wiAsAVe

“keeper.” The proper length lip should be specified

so that the latchbolt will not hit the doorjamb
before the strike. A wrought box should be in-
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stalled back of the strike in the jam. This box will
protect the boltholes from the intrusion of plaster
construction debris or other foreign material,
which would prevent the bolt from projecting
properly into the strike. Standards covering instal-
lation dimensions for locks have been issued by
the American National Standards Institute. These
include dimensions for strikes, the use of which
provides uniformity in frame preparation.

f. Electric Strike. This is an electromechanical
device which replaces an ordinary strike and
makes possible remote electric locking and unlock-
ing of a door. A control mechanism actuates the
electric strike and allows the door to be onened

TaATVVi AL SViALU Qiie Qi 44T MUVUL W UT UpTiitu

and relocked without a key. Optional features
available include accommodation for dead bolt,
automatic unlocking if power fails, and built-in
provision to indicate the door is not locked. There
are varu‘nis CléSlngS OI ele(‘:trlc scrmes IOI' use wu;n
numerous types of locks and exit devices.

o Iimdore Mha svulindar Af o laale +ho assline
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drical-shaped assembly containing a tumbler
mechanism and the keyway, which can be actu-
ated only by the correct keys. For servicing, such
as keying, all cylinders may be removed. In some
types it is also possible to remove the keyway as-
sembly but only by means of a control key. To pro-

vide greater securitv. sneacial cvlinder collare are
viae greater securily, speCia: Cy.1ngaer Coliars are

available.

SECTION IV—-MAINTENANCE AND REPAIR OF HARDWARE

All bolt and screw heads should be carefully in-
spected, and any that show rust discoloration or
rust scale should be thoroughly wire-brushed. If
any bolts or screws have corroded to the extent
that they lack good fastening strength, they should
be removed and replaced. When the holes where
bolts or screws are removed are too large for new
fasteners, new holes should be drilled and new fas-
teners of the drive-screw or self-tapping type pro-
vided in an adjoining solid portion of the metal.

7.4.2 Door and Window Hardware

Interior and exterior hinged, sliding, and rolling
doors of every type, including storm and screen
doors, should be checked for faulty installation
and lack of maintenance. The operation and condi-

tion of hinges, lock assemblies, closers, tracks,
nd athar hardwara itama chanld hn

hnmorara
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checked. If parts are rusted, they should be
cleaned and a light coat of oil applied. The same
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monitor sash and skylights. Available keys should
be fitted for proper lock operation. Brass and

bronze surface plates and knobs should be cleaned
as described in paragraph 7.4.11.

7.4.3 Door-Closing Devices

The first thing to check on any closing device is
proper installation according to the manufactur-
er’s instruction sheet. Often closers are applied too
near or too far from the hinge jamb, which affects
operation as well as shortening the life of the
closer. It is imperative that the closer and its arm
be in their correct places and firmly fastened. Fa-
miliarization with the adjustment features of the
devices to be maintained is necessary for a proper
understanding of their functions. The manufactur-
er’s instruction sheet should be valuable for this.
Closing devices that have hydraulic controlling

action, such as liquid door closers and checking
floor hinges, must be refilled with the correct type



of fluid at regular intervals. Keeping closers full of
liquid is one way to prolong their lives as well as
insure smooth operation. Finally, all closing de-
vices should be overhauled periodically, which in-

Ale ntn Adicnccn mhle nAd nla tha
vOoives \aUlll!.u.cW ulDG.DBCAllUlJ ana Ulca.u.llls il e

shop. Floor-type closers for exterior doors in loca-
tions subject to ice and snow are usually difficult
to maintain and should always be installed on the
inside of outswinging doors. To simplify mainte-
nance, concealed-type door closers should be limit-
ed to locations where they are necessary for oper-

P Sy PPN
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7.4.4 Locksets

The basic function of a lockset is to lock or latch a
door in its closed position; therefore, the first order
of maintenance should be to determine whether
the lock is in alignment with its strike. The latch-

hald glnild ant angily intn tha gtrika vwithant anvy
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binding or scraping. The dead bolt, when projected
by action of key or turn, should also seat without
cutting away wood or other material behind the
strike. In the operation of knobs, set screws must
be tight. Before tightening, however, the knob
action should be tested to see if it is free. If not,
the setscrews should be loosened in the shank and
knob turned counterclockwise, just enough to
nermit easv action without binding., Then the set-

PULiliy Toy QLuaval 10201y ARl 2 11EAd

screws should be retightened. Make sure they bear
against a flat side of the spindle rather than on a
corner. If the knobs have “screwless” or “clutch”
fastenings, a spanner wrench will be needed to
make adjustments. The wrench should be used to
loosen the inside knob shank, and this knob or its

shank comnonent threaded un or down the gnin-
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dle, depending on the adjustment necessary. The
lubricating agent for locks and cylinders is dry
graphite. Do not use grease or oil. To free gummed
or corroded parts, kerosene or penetrating oil may
be used, but this should be allowed to evaporate
before reassembly. Bored or unit types of locksets
represent a somewhat different problem in that
they have knobs and roses assembled in an inte-
gral part of the lock mechanism. Adjustment fea-
tures differ greatly among the various makes;
therefore, it is recommended that the manufactur-
er’s instructions be consulted before any attempt

is made to correct poor installations.

7.4.5 Thresholds
Loose fastenings are often a source of trouble with

thresho;l'st_zi:o;ach inspection, screws should be
tightened, and loose anchors and expansion shields
replaced. Check for dirt and gravel, particularly in

interlocking types. The door strip should be set in
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the interlock. Replacement thresholds should
always be placed in new caulking bases.

7.4.6 Sliding-Door Equipment

The varioug types of hangers have hoth vertical
and lateral adjustment. Find how these work and
consult the manufacturer’s specifications to attain
the utmost efficiency in keeping the doors sliding
easily. Bottom tracks and guide channels should

o4

be kept free of debris.

7.4.7 Panic-Exit Devices

Particular care must be taken to insure proper op-
eration of exit devices. Under no circumstances
should bars, chains, padlocks, or auxiliary locks be
used on exit doors. Familiarization with these de-
vices will enable personnel to keep them function-
ing to lock against ingress while still permitting
unimpeded egress. This involves keeping strikes
aligned and free of debris so that latches will hold.
Crossbars that are loose or flabby in action indi-
cate that service is needed. Check for worn
springs, pivots, or spindles. When astragals are
present, they should be adjusted to keep center
clearance at a minimum. See discussion of fire
doors, paragraph 7.1.6.

7.4.8 Security Fences and Gates
To maintain stability and to correct alignment,
connections for gates, posts, braces, guys, and

anchor on gacuritv fancae chnuld ha tichtanad
aniior on sSeCurivy ienlés sndéuiad e tlignienea.

Hinges, latches, locking devices, and other hard-
ware should be cleaned and lubricated for easy op-
eration.

Skylights made of multiple supporting members

and panes are often a source of leaks. As a rule,

maintenance consists only of replacing sealmg
strips, cushion strips, and skylight compound at
joints between glass sheets. When glass, metal
flashings, and joint cappings must be replaced, ma-
terials and methods should be simiiar to those
used in the original installation. Wood or steel
structural frame members that have deteriorated

should be replaced.

Metal vents should be inspected for deterioration
caused uy lack of 'pwauuVé pamb or 1naaequate
paint coverage. Vents should not be exposed to
standing water. They should be equipped with a
flashing flange to prevent early flashing failure
because of expansion and contraction of the vents.
For metal flashing, roof-drainage devices, gravel

stops and edge strips, see Tri-Services manual,
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“Maintenance and Repair of Roofs,” (TM 5-617,
NAVFAC MO-113. AFP 91-31, MCO P11014.9).

7.4.11 Cleaning and Maintenance of Aluminum
7.4.11.1 For routine cleaning of aluminum, the
mildest method will usually work easily and well.
However, conditions vary, and if the surfaces have
been neglected for a long time, it may be neces-
sary to experiment with small areas before select-
ing a method. Three methods of routine cleaning
are:

a. Wash with clean water and dry thoroughly.
Wash with a synthetic detergent cleaner, rinse,
and dry. Use a nonetching chemical cleaner ac-
cording to the cleaner manufactuer’s directions.

b. If the aluminum has accumulated a thick

coating of dirt, it is usually easier to remove the
heavy dirt with a solvent cleaner Then try one of
the following operations: a wax-base polish cleaner
with a clean, soft rag or pad, following the manu-
facturer’s directions; a nonwax-base polish cleaner
with a clean, soft rag or pad, following manufac-
turer’s directions; or a mild abrasive cleaner
(scouring powder) on a damp, clean cloth. Rinse
well and dry after any of these operations.

c. If the results of methods (a) and (b) are unsat-
isfactory, use a stainless-steel wool pad of fine tex-
ture with a liquid wax or one of the cleaners men-
tioned under method (b). Mild steel wool can also
be used; however, any remaining particles will
rust-stain the aluminium and should be removed.
7.411.2 In the process of waxing aluminum, the
aluminum should be cleaned thoroughly with a
solvent cleaner. The wax should be applied with a
soft, clean cloth; polishing should be done with an-

other soft cloth. Before lacquering an aluminum
surface, old lacquer that is worn off iIn spots

1iave Vila  iGavyuava viiav Liid

should be stripped completely with a lacquer re-
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mover. The surface should be cleaned with a sol-
vent-type cleaner. For good lacquer adhesion, it is
preferred that a good “tooth” on the surface be at-
tained by using an etching type of cleaner. After 3
to 5 minutes, the surface should be rinsed with
clean water, and then a thorough wet coat of lac-
quer applied by paint spray equipment, if avail-
able. Otherwise, a clean paintbrush should be
used, and the lacquer thinned as the manufacturer
recommends. The first coat should be allowed to
dry, and then a second coat applies in the same
manner. To protect aluminum from stains and
other damage, the use of strong cleaners should be
avoided and the aluminum padded against scrap-
ing or denting by heavy loads.

7.4.12 Brass and Bronze Finishes

Natural brass and bronze finishes age quite well
and contribute to the beauty of a building. No at-
tention to this hardware is required other than
wiping it with a damp cloth until the original lac-
quer begins to wear off. When abrasion of the lac-
quer becomes apparent, the best appearance will
be achieved by use of a lacquer thinner or some
nonacid agent to remove all remaining lacquer
coating. Then the piece may be polished with brass

polish. In time, the latter will impart an attrac-

tive, soft luster, characteristic of old brasses and
bronzes.

7.4.13 Miscellaneous
There are many types of builders’ hardware items

not specxfically mentloned in this manual. All of
them must be examined periodically if they are to
function properly. Tight fastenings and proper lu-
brication will keep most of them working. The ap-

plicable hardware manufacturer’s instructions for
assembly and parts should be available for the

S KAV palls SIlPal QKaiQwWiT iVI  wiiT

proper maintenance of hardware items.
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APPENDIX A
REFERENCES

Government Pubiications
29 CFR 1910.1001 Public Law—Code of Federal
Regulations, Title 29, Part 1910 1001.
Department of Defense Manuals
DOD Construction Criteria Manual 4270.1 M
Tri-Services Manuals
TM 5-609, NAVFAC MO-125, AFP 91-2..........c..... Military Custodial Services
TM 5-617, NAVFAC MO-113 and MCO Maintenance and Repair of Roofs
P11014.9 AFP 91-31.

TM 5-622, NAVFAC MO-104, AFP 91-34............... Maintenance of Waterfront Structures
TM 5-618, NAVFAC MO-110 AFP 85-3.................. Paints and Protective Coatings
TM 5-632, NAVFAC MO-310 AFP 91-16 .............. Military Entomology Operational Handbook
TM 5-624, NAVFAC MO-102 AFP 85-8.................. Maintenance and Repair of Surfaced Areas
TM 5-695, NAVFAC MO-117 AFP 91-37.....cccoueneee Maintenance of Fire Protection System
Department of Navy Technical Publications
NAVFAC Design Manual 14.2..........coovivivnininennns Carpet Selection Guide
Department of Air Force Technical Publications
Air Force Design Manual ...........ccooeeniiiniieininiennns Interior Finish Materials
Federal Specifications
AA-L-30 ...oooiiriirreereneeresseeresse e et st Gypsum Board
AA-V-00200B........cooceererererererensissiscsrississeesnsnsnenns Venetian Blinds
CS-85-61....ceoerererrerererrreserereeesesessesisreisssisnssssesesssesenees Plywood
DD-G-1403 ..ot Glass Plate (Float), Sheet Figured and Spandrel
Heat-Strengthened and Fully Tempered)
HH-R-590.....ccootiereierreerereeirerereresrsesssssssssesssasssressnesns Roofing Felt (Asbestos, Asphalt-Saturated)
HH-R-595.....ocuieereerenrrererreeerecesesssninssisssseessssnssnnsens Roofing Felt, Coal-Tar and Asphalt-Saturated Or-
ganic Felts, Rolls
LEF =475 oitieereeereerereeressseseessssssessesesassssasssssnessensnnesnns Floor Covering, Vinyl
L-F-1641 .. Floor Covering, Sheet Vinyl
LLL-B-810......ccoiiiimiiiirniinnnnersinssssseseescsesseenesnes Building Board, (Hardboard) Hard Pressed, Vegeta-
ble Fiber
LLL-F-1238A.......ccioeeirtrrereeeneeersisssiessessesseesesnnenns Floor Covering Linoleum
MMM =A=T110.eceiceieeecrrerereerreeesessseesseeesseessaesssne Adhesive Asphalt, Cut-Back Type (for Asphalt and
Viny! Asbestos Tile)
MMMoA-TL15 e etesseeaessresseeesteesnesaesesasanes Adhesive, Asphalt, Water-Emulsion Type (for As-
phalt and Vinyl Asbestas Tile)
MMM-A-001993 ... Adhesive, Epoxy, Flexible Filled for Binding Scaling
and Grouting
O-C114 caoeeeeeeeeieeesreesee e sessesssnssresenneaens JOS Caicium Hypochiorite, Technical
O-S-602....cuoeereirerereereerisesnesseseseeseesaesasssissesssesnessssenes Sodium Hypochlorite Solution
O=S—642......eoeeeiriereeieriereeeseereetsseessaesseesesrssrnssenenns Sodium Phosphate, Tribasic, Technical, Anhydrous,
Dodecahydrate adn Monohydrate
PoPo100.oooeeietieetiereenreeseessessesesssenresessssnssssassensenses Paper Abrasive, Silicon Carbide, Waterproof
P-P-105...... e iieirereeeeneeniosiesesissrnsosnsssossessasiossassnenees Paper Abrasive, Flint
PoP-121...oooiieeireeeieeeseeseseentsrtesncsresnesssessensesnessas Paper Abrasive, Garnet
PoSo865 ..ottt saaaen Oil and Water Absorbing Compounds
PS1-66......oeoieeereirereerreneereseeseeesessessnssas s erssnanssans Plywood
P o155 ettt rs s s seseenes Wayx, Floor, Water Emulsion: w/gpl Supplements
QQ-LA101 it Lath, Metal, (and Other Metal Plaster Bases)
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SS-S-118A

A AU R seestessncnrserssresscrcsescsccscessessrsercrisieiissisioressoniscene

SS-S-200D ...
SS-S-1401.....cocviviriririririeriiitereeiisnenseeesaenesenns

SS-S-1614......oovrvrrriririini e

ZZ-M-TIE i rierrnrecenestseesesetsesesseesessessssenens
Department of Defense Specifications

DOD-C-268TB........ccecvreemrereerereeniseeseerenressessesssseseessnens
Military Specifications

MIL-L-14519C ......cocetrerriireneerenesscesnssessssnesseessesesaes

Military Standards

MIL-STD-865A .......cceovrriirrrrerenrenerresesraessssesersesessesesees
U.S. Department of Commerce, Product Specifica-

tions

A-2

Steel, Sheet and Strip, Low Carbon

Steel Sheet and Strip, Medium and High Carbon

Ptich, Coal-Tar: (for) Aggreate-Surfaced Built-up
Roofing, Waterproofing, and Dampproofing

Asphalt Petroleum (Built-up Roofing, Waterproof-

in nd Namnnranfing
ing, ana vampprooiing )

Asphalt, Petroleum (Coating, Brushing and Spraying
Consistency)

Asphalt, Petroleum (Primer, Roofing and Water-
proofing)

Building Board, Asbestos-Cement: Flat and Corru-
gated

Cement Bituminous Plaster Type-1, with Asphalt
Saturated Felts and Type II with Coal-Tar Satu-
rated Felts

Cement: Keen’s

Lath, and Board Products, Gypsum

Lime: Hydrated (For) Structure Purposes

Roofing Felt, Asphalt-Prepared, Smooth Surfaced
Sound Controlling Rlacks and Roards (Prefabricated

VRl VLiGAVaaiilp “PaVVal Qiitl LOVGRI WD 4 AViawa

Acoustical Tiles and Panels

Sealing Compounds, two component, Electronic,
Polymer Type, Jet Fuel Resistant, Cold Applied

Sealing Compound, Hot Applied, For Concrete and
Asphait Pavements

Sealing Compound, Jet Fuel Resistant, Hot Applied,
One Component, For Portland Cement and Tar
Concrete Pavements

Title, Floor: Asphalt, Rubber, Vinyl, Vinyl Asbestos

Calking Compound, Oil and Resin Base Type (For
Masonry and Other Structures)

Filler, Wood Paste

Glazing Compound, Sash (Metal) for Back Bedding
and Face Glazing (not for Channel Stop Glazing)

Putty: Pure Linseed Oil (for Wood Sash Galzing)

Remover, Paint (Organic Sovent Type)

Sealer, Surface-Varnish Type, Floor, Wood and Cork

Sheeting, Rubber

N~ shhline ~-n 2 X2
LVl&I:la.lllg, I\UUWI' amna v

inyl
Notice 1, Compound, Battery Sealing (Metric)
Limestone, Pulverized

Notice 2, Selective (Brush Plating) Electrodisposition

p—
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U.S. Department of Interior Publications
Concrete Manual, Bureau of Reclamation
General Services Administration Publications
A-A-3T3A oo sasesens Glazing Compound, Sash (Metal) for Back Bedding
and Face Glazing (Not for Channel or Stop Glaz-
ing)
Non-Government Publications
American Society for Testing and Materials
(ASTM), 1916 Race Street, Philadelphia, PA

19103

ASTM C-28-80......coceruiiriirricniicririnininiesessenssessssisness Specification for Gypsum Plastic

ASTM C-33-80......ccoueurcurrreererereerrresssreosessnesssnssassesessnns Specification for Concrete Aggregates

ASTM C=36-80......cccererrrrintrrinrenenrecenrersennsneenessssessesenenns Specification for Gypsum Wallboard

ASTM C-6T-8L....c.ccvriririirririnicnieenniesseesesssssnens Brick and Structural Clay Title, Sampling and Test-
ing

ASTM C-94-80....c.ccecrrrenrrrinrirerreneecrsressesesesessessonsonens Specification for Ready-Mixed Concrete

ASTM C-144-T6......oocerrerererereseecrenienressesnsesssesesnens Specification for Aggregate for Masonry Mortar

ASTM C-208-T2.....ccrvcrererierererrecsereneeressesesessesessessenesses Structural Insulating Board Made from Vegetable
Fibers

ASTM C-220-TT...coerevrererrecrsrereesresseeseersssessesessessesesses Specification for Flat Asbestos—Cement Sheets

ASTM C-270-80a .....ccervvriirincrirrinrierenennnennsesesenns Specification for Mortar for Unit Masonry

ASTM C-631-T0.....cooeierrerrrrerreereerrerersrereessersensessessenns Specification for Bonding Compounds for Interior
Plastering

ASTM C-669-T5........coreerrerrrrerererrrrrrsrerraersrerseeesesnessrens Specification for Glazing Compounds for Back Bed-
ding and Face Glazing Metal Sash

ASTM C-840-T9.....c.oceoveerrerrcenrrereernresrensssnssessesennens Specification for Application and Finishing of
Gypsum Board

ASTM C-881-T8.....ccoevererereereerrerereeresersessesesessesessenns Epoxy—Resin Base Bonding System for Concrete

ASTM D-41-T8 ....coovtrireererreeerersentsieseesssessessesensssnes Primer for use with Asphalt in Dampproofing and
Waterproofing

ASTM D-43-T3 ....ooerrrertetnereeresreresseseesasssssessens Specification for Cresosote for Priming Coat with
Coas-Tar Ptich in Dampproofing and Waterproof-
ing

ASTM D-173-80 ..o eeeeseresvresneens Specification for Woven Cotten Fabric Saturated

. with Bituminous Substance for Use in Waterproof-

ing

ASTM D-226-TT .ooveererreererreinrereeresrervesressersersessessessens Asphalt-Saturated Roofing Felt for Use in Water-
proofing and in Constructing Built-up Roofs

ASTM D-312-T8 .....ocoiiirrirenreereneeresnenesssresesasesnosens Asphalt for use in Constructing Built-up Roof Cover-
asc J._yyc %Pclldllls Ul.l S].UPC Uf P\:Wf

ASTM D-449-T3 .....ooeoeeerreereeeereeeseresaesesseresseensseesens Specification for Asphalt Used in Dampproofing and
Water Proofing

ASTM D-450-T8......ccoriiiiriremiceeeeseeneen Specification for Coal-Tar Pitch for Roofing, Damp-
proofing and Waterproofing

ASTM D-118T—66 ....c..oocerererirereeireneeeeseeeeeeserenas Speciﬁcation for Asphalt Base Emulsions for Use
and Protective Coating for Metal

ASTM D-132T-T8 ..oerrerereiecreieetcneneneeeeseseseaeseesens Specification for Bitumin-Satruated Woven Burlap
Fabrics Used in Roofing and Waterproofing

ASTM D-1668-80 ......ooovireirieniirirerrerierireneereeeeseeneens Specification for Woven Glass Fabric Treated with
Bituminous Substance for Use in Waterproofing

ASTM D-1T51-T3 .ottt Specification for Preformed Expansion Joint Fillers

for Concrete Paving and Structural Construction
(Nonextruding and Resilient Bituminous Types)

A o
A=9J
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ASTM D-1752-67

.........................................................

ASTM D-1850-T4 ....coovvvirimrrurenrernrerussinssnnssnsssssssssenas

National Fire Code Standards

Srvllioiery & v/ v AAST AISIOTISNS,

National Fire Protection Association,
Batterymarch Park,
Quincy, MA 02269

NFPA Publications

National Forest Products Association, 1619 Massa-
chusetts Ave., NW., Washington, DC 20036
National Design Specxﬁcatlon for Wood Con-

struction

Design Values for Wood Construction

PCA Publications

Portland Cement Association Publications, Old Or-
chard Road, Skokie, IL 60076
ACT-318...ueoeeeeereerireeerensentrersssessessessessssessssessasssossss

DHI Publications

Door and Hardware Institute, 7711 Old Springh-
ouse Road, McLean, VA 22102
DHI=1801 .....ocvenrereneeenerenneeeeesesessessessssenssesasessesesses

Shell Chemical Co. Publication

Shell Chemical Co., P.O. Box 2463, Houston, TX
77002

SC 106-84......ccconririiriiriririimresseerieernsrensssnesssesens

John Wiley and Sons Publications
John Wiley and Sons., Inc., 605 3rd Avenue, New

York, NY 10158
“Building Construction, Materials and Tvpes of

L1 0L )8 ¥y L Xttt 2y Pee

Constructlon by Whitney Clark Huntington
and Robert E. Mickadeit.
F.G.M.A. Publications
Flat Glass Marketing Association, 3310 Harri-

Mawnl- o
sS0n Dbfeelo, dupena, I\S 65UL

A-4

Specification for Preformed Sponge Rubber and
Cork Expansion Joint Filler for Concrete Paving
and Structural Construction

Specification for Concrete Joint Sealer, Cold-Appli-

cation Type

Fire Prevention Code

™ ) 3
Fire Doors and Windows

Standard Types of Building Construction
Fire Doors

Building Code Requirements for Reinforced Concrete

Finish Standards

Recommendations for Handling Resins and Auxilia-
ry Chemicals
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APPENDIX.B.
SAMPLE PORMAT
1. Check List For Inspecting Timber Trusses

Inspector _ Date

i

Building Number

Truss Number

Building Type of Truss
and
Truss Truss_Span
Data

Truss Spacing

Truss Clear Hefght

Truss Laterally Bowed

Overall Truss Vert. Sagging

Tmenans *danm —
ANapPCiLI0

on
of Entfre | Truss Long. Racking
Truss

Member Ruptured

Members Separated

Detafled Member Bowed

Inspection

of Truss Severe Checking
Joints

and Critfcal Splfts
Hembers

Mold, Decay & Statn

Bolt Head Crushing

Gusset Plate Conditfon

Bridging & X-Bracing

Inspection| Purlin & Connectfon
of
Anc{llary | Strut & Connection
Members

Truss End Bearing

Lower Chord Stays

Columns or Pilasters
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SAMPLE FORMAT

2. BUILDING DATA FOR INSPECTING ROOF FRAMES
Building Roof Frame
Number Slope Type
Clear low Mon{itor Year
Height: Roof Roof Buflt
Building
Width: panels, each = x frames =
Building
Length: frame spaces, each =
Deck: Frame: Column:
Exposed Concealed Exposed Concealed Exposed Concealed
Deck Frame Column
Material Material Materfal
Roof Cefling Wall
Insulation Insulation Insulation

[4 0 CROSS- S

1T 8 58 4 6 6 7 & O 10 11 18 13 14 18 16 17 6 19 20 87 AR 23 24 20 28 1Y 38

;

ar




T™M 5-620/NAVFAC MO-111/AFP 91-23

uo3ed07
43quiay

40

jujog

pue
43qunpN
apo)
Aouatdtyag

# 49Quayl | 3p0) | # A3QuaY | 3P0 | ¥ J3QW3Y | BP0 | # JIQUIK| 3p0) | ¥ JBQqUIK|{ 3pOJ| # JAqWIK| SpO)| # J3QUBK| IpO)
40 jujopr | °33q| 40 Jupop | "33g | 40 Jutop | °33q| 40 juiop| 4 40 jutopl °gaql 40 jugor| °33gl 20 3ujopl °43q

49qunN Swed4

40 SShd{

uo0{3o3dsu]

30 33%g

*uebaQ/aweN

J40359dsui

30 J43quinN Jaquny

S3ISSNYL 4004 ONINOLINOW ¥03 QY¥0I3Y NOILIIdSNI 139ys buipLing

B-3



TM 5-620/NAVFAC MO-111/AFP 91-23

APPENDIX C
Example of Typical Cost Analysis

This appendix provides a method for evaluating
the economic advantages of using one material
and/or method in lieu of others. The approach pre-
sented here may be used, with little modification,
to evaluate the relative economic advantages of
any selection of building or structure maintenance
alternatives.

This example analysis is a life cycle cost study of
painting existing wood siding versus overlaying ex-
isting siding with new prefabricated siding and in-
sulation. It is divided into four parts. Paragraph

(.1 discusses general factors impacting on the

Nded NIV MRS peaaTiql L&VIRNS APPSRV RAS

study. Paragraph C.2 compares continuing the
present system, but with insulation added to the
outside and protected by new siding—any kind of
siding. Paragraph C.3 compares four types of facto-
ry prenmsnea Slulng with sufficient insulation
added to provide each type with the same degree
of thermal energy conservation. Paragraph C.4
provides the cost data source for all the figures
used in C.2 and C.3 and a generic description of
the four fictional materials used as siding overlay-

ment.

C.1 General

11 Decmmocn
C.1.1 K urpose

To provide an evaluation of the economic advan-
tages of installing new exterior prefabricated

sxdlng and insulation over wood siding in lieu of
repainting the existing wood siding.

C.1.2 Consideration of Useful Life

Only those maintenance alternatives which have a

Ulll] ViIIVOG 11IGLLIIVUILRLLAVY RaVVi dalAava ¥ Vs azatsad 2288
useful life shorter than, or equal to, the remaining
useful life of the structure should be evaluated.
Generally, major repairs should be accomplished
on only those facilities identified on the approved
instaliation master plan as being approved for
long-term retention and utilization.

C.1.3 Estimating Useful Life

The estimate of remaining useful life should be
based on sound engineering judgment considering
the total facility, including all necessary structur-

al, mechanical, and functional elements

to realize the remaining useful life.

necegg|arv

T TRaL y

C.1.4 Life Cycle Costing
Life cycle costing is the evaluation of the total of

e wianila

all costs and Sav1ngs lueuuueu with a pul vicuiar

alternative throughout the useful life of that alter-
native. Life cycle costs can be compared by equat-
ing all costs to their present value cost. When
comparing life cycle costs, care must be taken that
the life cycle considered is for the same length of

time for each alternative and does not exceed the
expected retention time for that facility.

C.1.5 Present Value Cost

l" resent value COSE 1s Lﬂe sum OI money Lﬂalz Will
grow at a prescribed interest rate to either a speci-

fied sum in one particular year or will grow to

annual equal expendltures over a spemﬁed
number of years. It is the amount of money, if put
into an interest-bearing account, will be just suffi-
cient to cover each cost as the cost arises. The ac-
count’s rate of interest would be the current dis-
count rate adjusted by the projected rate of infla-

tinn Tha Adignniint rata ia nragorihad
tion. ine GisCount raie 1s prescrioea by the appro-

priate regulation for each service, and is used at
10 percent in the examples that follow below.

C.1.6 Selection of Alternative
The alternative with the lowest present value cost,
including any initial cost, is the most economical.

A final galantinn hagoad 1no o i
A 1inai sei1eClion 0asea upsn featuruw net expressi-

ble in monetary terms and not shown to be most
economical must be justified.

C.1.7 Estimating Costs

Cost estimates for life cycie costing shouid be
made using known comparable costs whenever
nnaoihla Thaca mav ha ahtainad from lacal facilitv

PUSOIUIT, 11iTOU LiA) UL UNVGLIIVU 12 Vil 2UVGL iGbviiivy

records, records at other facilities, higher com-
mands, and current commercially published and
nationally recognized estimating manuals. The
source of all cost estimates should be documented
and cost estimate computations should be included
with the cost analysis.

C.1.8 Recurring Costs

All costs recurring annually or at intervals must
be escalated to the time expenditure is made.
Energy Conservation Investment Program proce-
dures and other regulations provide guidance for
escalation rates of usual construction, mainte-

nance and repair costs, and energy types. Energy

escalation costs vary depending on the energy
source (see table C-1).

wDUVMLI VY \BvT wamav W

C-1
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TABLE C-1.—Escalation Rates tors” in the first column of each table. The accu-

mulative total cost shown in the second column

Type ﬁ)‘;‘t‘; may be used when the basic cost item occurs each

year. In the absence of better information, escala-

5.0 tion rates for replacement, repair, and mainte-

, , 8.0 nance costs may be taken at 5 percent. If any
Natural or Liquid Petroleum Gas 8.0 future costs are forecast by more accurate means,
ELECtTiCItY ....oovevrveeriiriiiiiicisiniree et sesesns e sevens 7.0 such as an appropriate regulation, the present

value is obtained by using the estimated future

The escalation rate and discount rate are com- f)OSt ar:d the 0 percent rate as shown motable C-2
bined into cost factors in table C-2. Costs recur- Rate A. In all four tables in table C-2, the dis-

ring at intervals must use the “one-time cost fac- count rate is 10 percent.

Table C-2.—Differential Escalation Discount Factors

The one-time cost factors are likely to be applied to one-time costs occurring in isolated years after the program year. Recurring

benefits/cost factors are to be applled to identical annually recurrent cash flow. _* These factors are to be applied to cost elements which
are anticipated to escalate at the same rate as the general price level.

Rate A Rate B
Economic life Differential inflation rate—0%* Discount rate—10% Differential inflation rate—5%* Discount rate—10%
years
One-time cost factors Recurrinfg benefits/cost One-time cost factors Recurring benefits/cost
actors factors
0.954 0.954 0.977 0.977
0.867 1.821 0.933 1.910
0.788 2.609 0.890 2.800
0.717 3.326 0.850 3.650
0.652 3.97 0.811 4.461
0.592 4.570 0.774 5.235
0.538 5.108 0.739 5.974
0.489 5.597 0.706 6.680
0.445 6.042 0.673 7.353
0.405 6.447 0.643 7.996
0.368 6815 0.614 8.610
0.334 7.149 0.586 9.196
0.304 7.453 0.559 9.755
0.276 7728 0.534 10.288
0.251 7.980 0.509 10.798
0.226 8.209 0.485 11.284
0.208 8.416 0.464 11.748
0.189 8.605 0.443 12.191
0.172 8.717 0.423 12.614
0.156 8.933 0.404 13.018
0.142 9.074 0.385 13.403
0.129 9.203 0.368 13.771
0.117 9.320 0.351 14.122
0.107 9.427 0.335 14.458
0.097 9.524 0.320 14.777

C-2
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Rate C Rate D
Economic life Differential inflation rate—7%"* Discount rate—10% Differential inflation rate—8%* Discount rate—10%
ears
y Ao time et Fartnm Recurring benefits/cost P S Recurring benefits/cost
NJILITTUILLIT LUDL 1aviWwio faCtOl‘s WJAITTLLLIIC LUDL 1aLvwi factors
0,986 0,986 0.991 0.991
0.959 1.946 0.973 1.964
0.933 2.879 0.955 2.919
0,908 3.787 0,938 3.857
0.883 4.670 0.921 4.7717
0.859 5.529 0.904 5.681
0.836 6.364 0.888 6.569
0.813 7177 0.871 7.440
0.791 7.968 0.856 8.296
0.769 8.737 0.840 §.136
0.748 9.485 0.825 9.961
0.728 10.212 0.810 10.770
0.708 10.920 0.795 11.565
0.688 11.608 0.781 12.346
0.670 12.278 0.766 13.112
0.651 12.930 0.752 13.864
0.634 13.563 0.739 14.603
0.616 14.180 0.725 15.329
0.600 14.779 0.719 16.041
0.583 15.363 0.699 16.740
0.567 15.930 0.687 17.427
0.552 16.482 0.674 18.101
0.537 17.019 0.662 18.762
0.522 17.541 0.650 19.412
0.508 18.049 0.638 20.050

C.1.9 Applicability
The policy and method outlined herein are appli-
cable to all buildings with siding problems, includ-
ing family housing.

C.1.10 Designation of Siding as Repair

If the existing siding has deteriorated or will not
successfully hold paint for the minimum period
presented in the appropriate regulations, re-siding

mawv ha nlagaifiad ae rancnr whan life nvnln costing
may oe CiassiiieG as repair winen i€ CyCie Cosuing

proves re-siding to be the most economlcal alterna-
tive.

C.2 Insulation Comparison

4 mane fVnaacidamn

neo A
Lokl Ulll,lUll! LUnsiucTicu

Two options were considered: Option I—Sandblast-
ing and repainting; or Option II—Overlayment re-

A1 RiiNA ITPRILILNALH) Ve S pvaves cligy il

siding. Various types of siding coupled with vari-
ous types and thicknesses of insulation should be
considered to arrive at an optimum combination.
Factors to be considered are:

C.2.1.1 Initiai Construction Costs. Re-siding costs
should include the finish and trim material

arnnind danre windows vaente utilitv service, and
GLUUIIU UUVLI D) VAlIWUUTITy VViiw) WViiiy) Sva Vavl, Riasae

mechanical equipment. These trim costs will vary
with the various thicknesses of insulation selected
and the greater thicknesses may require extensive
reworking of jambs, sills, and heads.

C212 Annual Maintenance Costs. In spite of

manufacturers’ claims, siding is not maintenance
free. An estimate must be made of the amount
that has to be replaced each year due to abuse and
accidental damage.

C.2.1.3 Energy Savings. Increases in thickness of
insulation will produce increases in fuel savings
with uimimsmng S&'v’ii‘igx"s until an Opbii“u‘dm is
reached. Some sidings provide R values as an in-
herent characteristic while others such as un-
backed aluminum, steel, and vinyl provide negligi-
ble values. The U factor of the complete system

must be considered in the analysis.

C.2.1.4 Appearance Life Expectancy of Siding.
After a number of years all brands of siding exhib-
it some color shift. Eventually there will be a dam-
aged panel replaced with new material which will

d1ffer significantly in color from the existing.
When the color differences become unsightly, it
will be necessary to paint the entire wall even
though the original finish is sound.

C.2.1.5 Life Expectancy of Substrate. All sub-
strates will eventually wear out. Excessive mois-
ture, corrosive atmosphere and sunshine will cause
siding to rust, corrode or shatter requiring com-

plete replacement.

C.2.2 Life Cycle Energy Cost Comparison
Increased insulation reduces annual energy costs
C-3
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and increases initial installation and annual main-
tenance costs. Greater amounts of insulation may
produce unusual installation problems and in-
crease the initial costs disproportionately to the
energy saving. The optimum amount of insulation
can only be determined by complete analysis of
costs and savings. According to table 9-2, DOD
Construction Criteria Manual 4270.1M, buildings
to be heated to 65 °F (18.4 °C) must have a U-factor

in walla of 0.1 Btu/hr-ft2_F either in new construe-

A33 VVRRAID Va Ve Tivasva aaxr aav SRS Ve e

tion or in repair renovation work. While a U-
factor of 0.1 may not represent the optimum value
it is the maximum requirement and will serve as a
basis for comparing energy costs with the existing
wall.

C.2.2.1 Example assumptions:

Exterior Building Wall Area = 4000 ft 2
Fuel Oil Cost Escalation Factor ..........c.ccccenucnn. = 8pct
Electricity Cost Escalation Factor ..................... = Tpct
Construction Cost Escalation Factor................. = 5pct
Differential Inflation Discount Rate ................. = 10 pct
Retention Time of Building.........ccccoenvenineennnne = b5yrs

Design Heating Temperature Difference ......... = 48°F(@8.9°0C)
F‘nlnvn]anf (‘mh!’\l ’I‘emnerature Difference... = 35°F (1.7 °C)

C.2.2.2 Comparison Analysis:

] P.V.
Item g;lsltt sosor:fz * factor Cost
OPTION I—
Continue
Existing System
1365 C.144.1 1.0 $1,365
455 C.144.1 4.461 2,030
1606 C.144.1 4.777 7,672
288 C.144.1 4670 1,345
............................................................... $12,412
OPTION II—
Insulated to
U=0.1 with
siding
overlayment
Re-side 5925 C.1443 1.0 $5,925
Repair 38 C.1443 4.461 167
Heat 703 C.14.4.2 4.777 3,358
Co0l ....ccverrerevircnns 126 C.14.4.2 4.670 588
TOtal COBL.....cvveveeerrerreererrererererereneneeneserensssesesonenes $10,038

*Paragraph number of cost data source.

C.2.2.83 Conclusions. Adding insulation to a rela-
tively uninsuiated buiiding is cost effective and be-
comes even more cost effective as fuel prices rise.
The optimum thickness of insulation may be deter-
mined by using realistic costs and retention time
of building. It appears that adding insulation with
new siding overlayment would not be cost effective
for retention times of less than 5 years. For the

C-4

balance of this illustrative example it is assumed
the optimum U-factor is 0.10 Btu/hr-ft2-F.

C.3 Siding Comparison
C.3.1 Life Cycle Siding Costs

Having determined that adding insulation will be
cost effective for the building retention time, com-
parisons with continuing existing siding may be
eliminated. The justiﬁcation for one type of siding
over others will uepenu on current installed costs
of siding; effective life expectancy of the siding
substrate before complete replacement is required;
effective life expectancy of the siding finish mate-
rial before cyclical repainting in required; and re-
tention time of building. In the example that fol-
lows four types of siding are selected, all obtaining
the same U factor by adding appropriate amounts
of insulation. Building retention time is not deter-
mined in order to illustrate the impact retention
time has on final decision.

C.3.2 Example assumptions

Building will be the same as in C.2 except building
retention time is unspecified and siding character-

iatice ara aa Fn"nma
1801CS are as 0.0V

C.3.2.1 Siding Material “A”—A heavy duty
siding with a factory-bonded high-qualify film
finish material. The siding requires % inch of
rigid polystyrene insulation board to obtain the re-
quired U-factor. The finish material is estimated
to require 4-year cyclical painting starting in the
21st year, with complete replacement of the sub-
strate in the 31st year.

C.3.2.2 Siding Material “B”’—A light-duty siding
with a factory-applied paint finish. The siding re-
quires % inch of rigid polystyrene insulation board
to obtain the required U-factor. The finish materi-
al is estimated to require 4-year cyclical painting
staring in the 13th year, with complete replace-
ment of the substrate in the 25th year.

C.3.23 Siding Material “C’"—A heavy-duty siding
with a factory applied enamel paint finish. The
siding requires % inch of rigid polystyrene insula-
tion board to obtain the required U-Factor. The
finish material is estimated to require 4-year cycli-
cal painting, starting in the 13th year with com-
pete replacement of the substrate in the 31st year.
C.3.24 Siding Material “D”’—A wood fiberboard
having a factory-appied paint finish. The siding
has inherent insulative value requiring % inch of
additional rigid polystyrene board insulation to
achieve the required U/factor. The finish material
is estimated to require 3-year cyclical painting,
starting in the 9th year, with complete replace-
ment of substrate in the 15th year.



C.3.3 Comparison Analysis
Since U-factors are equal for all cases, the fuel
costs will be equal and may be eliminated from
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the analysis. Present value costs, in the year oc-
curring, are tabulated in table C-3.

TABLE C-3.—Present Value Costs of Sidings

Siding material
“A” “B” “cr “D’
Year Yr
P.V.of Accum. P.V. of Accum. P.V. of Accum. P.V. of Accum.
M&R total M&R total M&R total M&R total
costs® costs costs*® costs costs* costs costs* costs
6725 6725 5925 5925 6125 6125 4825 4825 0
126 6851 122 6047 324 6449 203 5028 5
104 6955 101 6148 269 6718 594 5622 9
— 6955 — 6148 — 6718 152 6374 12
87 7042 442 6590 581 7295 — 6374 i3
— 7042 — 6590 — 7299 2456 8830 15
72 7114 552 7142 668 7967 — 8830 17
— 7114 — 7142 — 7967 101 8931 20
306 7420 458 7600 554 8521 — 8931 21
— 7420 — 7600 — 8521 296 9227 24
382 7802 1896 9496 461 8982 — 9227 25

*Present Value of Maintenance and Repair costs is obtained by multiplying current cost data presented in paragraph C.14.4 by
the Recurring Benefits/Costs factors for the year the cost will be incurred as shown in table C-2.

C.3.4. Conclusion

The foregoing tabulation of costs indicates that for
retention periods of less than 11 years, siding over-
layment material “D” should be used. For 12 to 16
years—siding overlayment material “B” should be
used, and for periods of 17 years or greater, siding

overlayment material “A” should be selected.
C.4 Cost Data

C.4.1 Wall U-values
Option I—Existing:

R-value
Wall component Through | Through
Wall Framing
Outside Air Film (15-mph wind) ................... 0.17 0.17
3/4-inch shiplap siding...........ocorvrvrrrrerrienecan. 1.05 1.05
3/4-inch solid wood sheathing 0.94 0.94
3-1/2-inch airspace........ccccccevnne 1.01 —
Nominal 2" x 4" wood stud..... — 4.38
1/2-inch gypsum wall board.... 0.45 0.45
Inside air film.........ccococeivivniniicceenee, 0.68 0.68
R= e, 4.30 7.67
TOTAL U=1/R=coerrerrrrrrrrirrrrrrererenns 0.233 0.13

Using:

S S
Uav= - (Us)+ ( l— - ) (Ui) EQ. 9
100 100

(1977 ASHRAE Fundamentals Handbook, pg. 22.5)

Where:

U,, = Average U-value for building section
U; = U-value for area between framing members
U, = U-value for area backed by framing mem-
bers
S = Percentage of area backed by framing mem-
bers

Assume 20 percent framing.

20

20
0.13)+ ( 1— —) (0.233)
100

Unv= T
100

=0.21 Btu/hr-ft>—F
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Option II—Overiayment re-siding with insulation:

R-value
Wall component Through | Through
wall framing
EXIBEING ...ooveererrirennerernirenensiseissseisessessssssessenss 4.30 7.67
New siding with 3/8 inch insulating
board/foil-backed ..........cccccoorerivcnniriinininns 1.82 1.82
8/4-inch rigid polystyrene.........cccccovvivivcnne 4.16 4.16
R = e 10.28 13.65
TOTAL U = 1/R = oo 0.097 0.073
S o {1-—Ywy
Upw="" ( o+ - V=
" 100 V' 00 /
- 20 nnnnnn / 20 \ 7 a N aYe Ve AY
Up=— 007+ 1——— ) @057
100 100
=0.092 Btu/hr-ft>F

The differences in R-value between the most
common types of siding—steel, aluminum, and
solid vinyl are negligible. However, some sidings
are themselves significantly insulative or are man-
ufactured with an integral insulation backer layer
and the U-values of these types should be calculat-
ed independently. Various thicknesses of insula-
tion impact on fuel savings. A separate prelimi-
nary analysis should be made of differing thick-
nesgses of insulation to determine the thickness
and corresponding U-value for optimum savings
over the life of the building. Included should be
the variable costs of finishing around doors, win-
dows, etc., and special means of support and at-

Alhonarnt Fan tha owantar thinlrnaceas Af incnlatian
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In this example the optimum thickness of insula-
tion is assumed to be 3/4 inch of rigid polystyrene
which produces a U-value lower than the maxi-
mum of 0.10 required by DOD regulations in new
or rehabilitative work.

C.4.2 Heating and Cooling Loads

C.4.2.1 Use the equation Q=U,A(t; - t,) to deter-
mine the heat gain and loss in Btu per hour. U,, is
the coefficent determined in C.4.1. above, A is the
wall area, and (t;, — t,) is the difference between
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the design interior and design exterior tempera-
ture in ° Fahrenheit.

Heating:
Existing Q=(0.21)4,000)65-17)=40,320 Btu/hr
With Overlayment Q={(0.092)(4,000)X65-

17)=117,664 Btu/hr

C.4.2.2 Use the equation Q=U,,A(CLTD). Assume
frame wall, each exposure having equal area, i.e.,
1,000 ft2 on north, east, south, and west walls. The
average Cooling Load Temperature Difference
(CLTD)=35°F@1,400 hr, ASHRAE Fundamentals
Handbook, Table 7, 1977, p. 25.9. (Calculations are
made on transmitted sensible heat gain only

Othaor hoat daing ara nat affantad he aiding mandl
WSVEITL LIVQAV SALLS QLT VLV QLITULWCU Uy DlUulllg 1uuu1u-

cations.)
Cooling:
Existing Q=(0.21x4,000)85)=29,400 Btu/hr

With  Overlayment Q=(0.092)4,000%35)=12,880
Btu/hr

C.4.3 Energy Consumption Estimates
Heating: Using eq. 1 on p. 43.8 of the 1976
ASHRAE Systems Handbook for calculating

energy consumption by the Modified Degree Day
Method:

H, xD x 24
E=( ——"" V¢ o
\ txV /

E=Fuel consumption for the estimate period
H_=Design heat loss, Btu/hr
D=Degree days; assume 3865 F—Day
t=Temperature difference=(65—17)

=Rated efficiency; assume 70 pct
V —Heating value of fuel: 138700 Btu/gal for

TTAATKRVILIE VQRAWT UL LU, AUy iUV u/ ga

distillate fuel oil

Cp=Correction factor for heating effect vs
degree days

Cg=Part load correction factor

Table 3*, assume 40 percent oversizing,
Ce=1.79

Table 2*, 17°F design temperature Cp,
approx.=0.86

107N AQTTD AT

1976 ASHRAE Systems Handbook, p. 43.
C.4.3.1 Existing Siding, H, =40,320 Btu/hr



¢/ 40,320 Btu/hr x 3865 F—Day X 24 hr/day
B 48 F X 0.70 x 138,700 Btu/gal

(0.86) (1.79)

E=1,235 gal
Cost=1,235 gal x $1.30/gal
Cost=$1,606/year

C.4.3.2 Siding Overlayment, H =17,664 Btu/hr

( 17,664 x 3865 x 24

) (0.86) (1.79)
48 F x 0.70 X 138,700

E=>541 gal

Cost=>541 gal x $1.30/gal

Cost=8$703
...... Cooling: Use Equivalent Full Load Hour
Method. Assume 1200 full load hours of operation
of equipment. Using Table 4 on p. 43.9 in the 1976
ASHRAE Systems Handbook, and assuming cen-
tral air conditioning unit; power input is approxi-

wmmnbaler 1 02 LW /¢An
111avely 1.UU [vy/ wii.

a. Existing Siding:

29,400 Btu/hr xl}.?3 kW/ton X 1,200
r

12,000 Btu/hr/ton

(b}

=4,792 kWh

Cost=4,792 kWh X $0.06/kWh=$288/yr

b. Siding Overlayment:

12,880 Btu/hr x 1.63 kW/ton X 1,200
E= hr
12,000 Btu/hr/ton
=2,099 kWh

Cost=2,099 kWh x $0.06/kWh=§126/yr
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C.4.4 Construction Costs:

a. Existing Siding

Paint wond gidine (nrimer
Jaint woeoc siaing (primer 4

.d
¥
rd

(";

B

[N

o
%

SF 4,000 SF ......coooeeirerrtrireneeresnnnriesesesesasasesenns = $1,040
Paint wood trim (primer + 1 coat)0.44/
SF X200 SF ....ccorrrrericeririsnesrcsneenstseseesensasesene = 88
Windows and doors (primer + 1 coat)0.25/
SF X500 SF .....ocreeeecrererreneseneseresseseeesessesassnns = 125
Repair of Siding 2.80/SF x 40 SF ...........cceceeuucee. = 112
Total—Initial and M&R costs
each 3 years........coceveeercecrernenencncnnunnnnne $1,365
Average annual cost + $1,365—
G et nanene = 455

b. Sliding Overlayment—Material “A"—Life ex-
pectancy of substrate is 30 years and finish is 20
years. Repainting will start in 21st year with com-
plete replacement of siding in 31st year.

Install new siding overlayment 1.15/

SFX4000SF ..., = $£4 600
Bead-board backer 0.10/SF x 4,000 SF............... = 400
3/4" polystyrene foam insulation 0.40/

SF x 4,000 SF .= 1,600
Paint windows and doors (as above) 0.25

SFX500 SF ....cooiriirrenreeenrcennnieeesresesseseresseses = 125

Total—Initial Cost and Replace-
ment Cost in 31st Year ........ccoeeeenee. $6,725
Replace damaged siding 3.00/SFx 10 SF........... = $30
Paint windows and doors (as above) 0.25/
SEXB00 SF i = 125
Total —M&R Costs (5th yr and
each 4 yrs thereafter) ................. = $155
Paint without priming (1 coat) 0.16/
SFX 4,000 SF ......cooevieerrrinceeeereetesneseesens = 640
Totai—M&R Cost in Zist year...... = $795
Repaint Siding: Add prime coat 0.10/
SFX 4,000 SF ...ttt einenas = 400
Total-M&R Cost after 2lst
VEAT .erncncncrereertreeeraereseneneeeenees = $1,195
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c¢. Siding Overlayment—Material “B”—Life ex-
pectancy of subsirate is 24 years and finish is 12
years. Repainting will start in 13th year with com-
plete replacement of siding in 25th year.

Install new siding overlayment 0.95/

SFX 4,000 SF ..o sneeaninene = $3,800
Bead-board backer (as above).............ccccoveueueuee = 400
3/4-inch polystyrene foam insulation (as
ADOVE). ..ot = 1,600
Paint windows and doors (as above) = 125
Total—Initial Cost and Replace-

ment Cost in 25th year.........cc.c........... i $5,925

Replace damaged siding 2.50/SFx 10 SF........... = $25

Paint windowns and doors (as above)................. = 125
Total —-M&R Costs (5th yr and

each 4 yrs thereafter) = $150

Average annual M&R cost 150:%4 .......... .= 38

Paint without priming (as above).............cc.c...... = 640

Total —M&R Cost in 13th year-..... = $790

Repaint Siding: Add prime coat (as above) ....... = 400
Total -M&R Cost after 13th

VEAT c.coviiiiiiccicereen e = $1,190

d. Siding Overlayment—Material “C’’—Life ex-

pectancy of substrate is 30 years and finish is 12
years. Repainting will start in 13th year with com-
plete replacement in 31st year. Although the life

exnectancv of this siding substrate is quite long it

TAapTVIRRIIL) Vi VIS Siilip SWAUSLIGWT IS YW iviip

is highly susceptible to damage therefore annual
maintenance costs are high.

Install new siding overlayment $1.00/

SF X 4,000 SF .....ooovrirrereiiriereeeere et = $4,000
Bead-board backer (as above).............coeeevenennnn. = 400
3/4-inch polystyrene foam insulation (as

BDOVE)......ooeiiirireiee s = 1,600

C-8

Paint windows and doors (as above)................... = 125
Total—Initial Cost and Replace-

ment Cost in 31th year......................... $6,125

Replace damaged siding 2.75/SFx 100 SF......... = $275

Paint windows and doors (as above)................... = 125
Total —M&R Costs (5th yr and

each 4 yrs thereafter) ................. = $400

Paint without priming (as above,........................ = 640

Total —M&R Cost in 13th year..... = $1,040

Repaint Siding: Add prime coat (as above) ....... = 400
Total —M&R Cost after 13th

L5 ) RS RRT = $1,440

e. Siding Overlayment—Material “D’—Life ex-
pectancy of substrate is 14 years and finish is 8
years. Repainting will start in 9th year with com-
plete replacement of siding in 15th year.

Install new siding overlayment 0.95/

SFX4,000 SF ...t = $3,800
3/8-inch rigid polystyrene insulation 0.25/

SFX4,000 SF ..ovveeeceee e = 1,000

Paint windows and doors (as above)................... = 125
Total—Initial Cost and Replace-

ment Cost in 15th year......................... $4,825

Replace damaged siding 2.50/SF x50 SF........... = $125

Paint windows and doors (as abovej................... = 125
Total —M&R Costs (5th yr and

20th YT) .o, = $250

Paint without priming (as above) = 640
Total—M&R Cost in 9th and

24th YT, = $890

Repaint Siding: Add prime coat (as above) ....... = 400

Total —M&R Cost in 12th year..... = $1,290
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Clay tile floors:

COIAIMIC LI1E ..ottt ettt e ee e e e e s et b e s e s ate e s e e abe e e e s st e sessanaaeassnsasesssnastenssneneesessneesessnnessorsnnenesnns 6.6.1

QUATTY LB ..ttt ettt e s b e s h e s b s h b b e b s R b e R s b s b e b st e bt e b s b eneeaneasebeabebanaentan 6.6.2

REPAIT .ottt ettt ettt et e e e b et e st et e st s e b e st s st et et e e e e Rt e s r e Rt s e e st b e e e b e e e R b s aes 6.6.3
Coal-tar pitch application for Waterproofing .......c.ccccocevreneciernreninenirrenitnse sttt easnns 2.3.5.6

2.3.5.7
Coffee stains, TemMOVAl fIOIM COMCIELE ..........cccovviuieerieeeeieeetreesteeeereresteeeseeesasesenessssessasessssessssessastesssnesssensosss 4.3.10.13
Columns:

INSPECEION ......cctieiieieiert ettt st et et e et e e e s e b e sen s s e s e sa e e b e b e b e SRt s b s R e bbb s R b st s b e b e e aneRbenben 3.14.1a

Plumbing and QlIgIINE ...ttt rerate e e e sese e s stesas st s sae e nesanessesbessesstsntsessbesrastnsraesrasans 3.1.4.2a

SEASONING CHECKS ....cuiinieieieeeeee ettt et b e e e s e e s s et et e es e e s asesessaresmeessssaesaessnenssnns 3.1.4.2b

SEIUCLUTAL FAIIUTE ..ottt et e e et e s e eesse e s be s esesraeeseesrnesstesaseeneesmeesenesasenesasesssssanesbnsabesn 3.14.2¢
Concealed spaces in buildings, fireStOPPINg ........ccccvverriiririieneniereee et sa s s e s e s n s 54.2.1
Concrete and masonry walls:

CLEANINE ...ooovieeveeeteeceeeet e cetee ettt s e e st e bseeesbeessbsesebeseesesesessssessssessseeessesesnseasseeeasatesssseessetessneennsssistensssessrssenses 4.3.9

ClACKS ..ottt ce st s e e st eesreesebeeesse s e s s aeesa s e e ss s e ssea st e e saeessseesansess b tes st eebtesanessrbe s s a e s b neeatee 4.3.5

EffIOT@SCEINCE .....cocuvieeeiieciiecte ettt eteecrteeebe e sebaeeeraeeeas e s ssaessss e e sse e s basessassassnassanessssessnersssuesssssssssnsisstasnssnsnsans 434

Maintenance and REPAIT ..ottt ese et sat et et e sa s srb st e b e e b s e b e eanensans 4.1.4

IMIOTEAT ..ottt er e et e ess e e e e sreesbe e b e e beeranesrseeaneasseasssassssssnerst e st enstenstensesastessassesansassaortesnannns 4.3.2

PATAPet CTEEP ....coeiiiieiieieceeeec ettt eete e ts e ete s se e e srbesss e s aseeseesea e st ssat e sesnts st e besanssbaesbesansaranernssanaans 4.3.8.5

RACKEA-AOWN COTTIOIS ......oviviiirireeiiiteettccetcre e tr e esareesr e easeesbeeebesssaessaessesssesasasnaessasasssasesssesesessesnsasssonns 4.3.84

WALETPIOOIINE ....c.eeiviiiiiteeeeie ettt et etr e te s seesteesse e b e e s e e se s e e st assseaseesssesntesateeseeensasasessssnsertesnseransonasans 2.3.5.9
Concrete Walls, FePAIF Of ...ttt est et e e tsess e s e ba st e sa s st e b e s e saeseese e s e s e reentontententes 4.3.7

IMONOLIENIC .. ieiiiiietiecreecrte ettt et crr e s cate s cneeeestesessessssaesrse s e sseeesnsesssesassssassnaasseesnseseseesosenessbesssntasansessenen 4.3.7.1

PIECAST......ioceii ettt ec s et s et e s se e s sb e sesa e e sr e s e s b b e s st e e e s e e e a s e e Rt e e e Rt et e e e e et aersaee s e e et eeatea bt asabneees 4.3.74
Concrete floors:

Cracks, TEPAIT Of ....ceieicirieeeeeeeeee ettt et et e ee e e e s et e stasas et e tesee s st s aeesbessasesensnnesessesssaressesnesnts 6.3.2.1

Fluosilicate SUrface tre@tMEnt........c.ccooiviiiiiieieetieteee et e e e et esaesat e e e saesae s e sbessseseesessesssesnessesnesnes 22134

GIINAINE ...ttt st e e e e e e et e st esbeesaa e saeessasassesssensesssasse e saastessaaesseenseesasentssstessasastesenessssors 6.3.3
IMAINEEIIANCE. ........ooviiriitieieeetreeeeece e e csre e et esse e vessne e seebessssestassssessaessasssesstesnsessaesssesssessasanessaseressaseenteeseessnesnsers 6.3.1
Metallic SUITACE trEALIMENL..........ccvvieiiieiieictieeetee e eree et e e te e e e e s e s sassessnesranessssassrnesassessnaeseneessrsessrussersses 6.3.5.2
INONSIHP TESUTTACINE ...c.oovecviceeiiiiteticece ettt e e sas e et s s e s e e ese e s et e saseseestessesaessesssensasaensesaesnsenessesstenaestssstones 6.3.6
PALCIIIE ..ottt e et e st e e se et e b e b et e s b e b e e b ea e e e eeess R e e e s e e s re e resreeneenes 6.3.2.2
RESUTTACIINE. ..ottt e te e e st e e e et e e st e st s st e st e e st e ss e e e st e sae e st s st saet e besase st e srtesne st e sanessbenssasansstis 6.3.4
RUE OF CArPet COVETINES ....oooviiiieiiiieeieiee sttt ettt e as st s s a e s bat e sne s saaa s s e s s ae s sat e sasassennenantaenssnans 6.3.9
Sodium silicate SUrface tre@tMent..........ccccovviriivveirieiriireereecteeeeerrseese s e e e e s essasssteeesnteseeesessasesseesaessananes 2.2.13.3
SEAIN TEIMOVAL.....oeeiieeeeee ettt csrtr e stb e es bt e et b e es b e esstesessssssbeassssessssaassss e sssassseesstassssesnsasestensnsassntasansanas 439
Steel Grilles, USE Of .......c.coiviiiiiiieceee ettt sbe s b a s R 6.3.5.1
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SUTTACE tIEALIMENL ......oeviievieeieiceiee et st et csbeeraesbeesbesseasrseessesbaesseeesaassesasessesaseebesssesntortesnsssrnssreesaesernesnas 6.3.5.2
WAt ET PTOOSIIIE . .cviveeitce ettt ettt e se e b et et e e sasn et saes s eme b eb e s a e s e s et s b e s e e s e b e s e s ae et e s b e bb R e sn s s s e s enaasannes 6.3.7
Concrete foundations:
TNSPECEION. ...ttt ettt a e sae s et s as s b e b e b et e b e s b e b e s e e s R e e e R s e b e b e g e b et e s e et 2.1.3
g 0872 4T T OO PP ST P PP 2.1.2
Concrete slabs on grade:
T Y PES. e ieeieieeietrtet et et et e tete s e beesesansse st see s st saesa s e e e ds st st et asas e Rt e R b e R b s Rs b e s b e R e e e R £ e R e e RS e R e e st s R e ea et
COMSEIUCLION ..cvv vttt etee e eetesee e e ssbeeseesraesseasesssesseasssssaessesstese s besasesssattonesnt e bt sabesrnesrnsebbasbenssnsansaass
JOINES oot ceeeeteeeeee st e eee ettt e e e e ssbseesr e ae e ssesesseensasaseeeesesaanbeassssassnesssesnsae st e s s s e s s s e a s b e e bbb R e e b n e e tnseanaenns
JOINE MAINEEINANCE .......oeiieviieeeiieeseeecctestecerte et eesae e taestesessesesseesasesrssesssasnssesastessstssibbesassossbessrtssesasesianeestaennns
Special conSIAEIAtIONS ..o e s sa s
Reinforcement...........covveeeeeieenceienieeeiersiesseecseeeseeseees
) 34 FETeT=) ¢ o U=} o X AU OO PO PP OO RRROPP PPN
Concrete Stairs, TEPAIT Of .......ccvvueciierieierrircnrres ettt st as bt a s e s e b e b s e b e sessesesasanen 6.11.1.2
Condensation:
Buildings (INTETIOT SPACES) ....c.vvivivrerirerereeriirierreseesesists bbb bbb sttt s 2.3.3.1
CIAW] SPACES ...e.veveviirieereieretreesesestsaeeceeseeseetsaestetseenestsas e shsaest s e s b e sa e R e s A s A e A e R s e e R s A SRS e R s R e S e SR e A s es s a0 st s b e bt e et r et 2.3.3.2
ROOTS .ottt eeteeeett e res et e v e s e e s sbes s s e e sessrseea bt e s sasessasassanasssesasnesssnnosessastaias s e b s s e sa s s e ab s e b e e s b e s raseetaenne 3.44.3
Conductive floors:
DESCTIPLION AN USE ........coocerieiriiieeriieere ettt seese st st s s b s e s e e e b s s b e s s e s b et ebans e st e b e s st e st b anassesene 6.8.1
IMAINEEIIATICE. ....cveieneeeeiieieetieetreeettes bt esstessssessbarssssessssesssesneesassesaseesssaesssessirassntesasesssstsessasssssessntassasnensssesranensreans 6.8.4
REPAITS ...ttt ettt e s sa s st ae e s h et s Rt b b et SR s RS s R e e R e R b bR SRR SR e e R e R e et e R e e e b ettt 6.8.3
TESEINE ...vecvveeveeerreciertiereererteeteetestee e ssessesbes st ssssseassansassessesasssesneaoseasessesassresstoresstestesassssorsetnsssaatannsersastantstansesaessnene 6.8.2
Copper stains, removal of:
COMICTOLE ....oeeeeeeeeeeeeee et eese et e s vesaseseesabesbesrnesasbessarssaesasnsesssesnesntesnsansasntensasesesasesressnreessessaesresrasebestnssrnssrnasses 4.3.10.7
Cork Tile:
DIESCIIPLION. c...cveevvecrririerriereesteetrestersrestrcnessassseasssarssssssssssestesassassessassasessnisstoratsstessnasnsnbessneesbasssanssasbasssssnsesasenees 6.9.10
RESUTTACINE ...ttt ettt e st e e s e eesa et s s b et ebeshe b s sae e b et sa s e b e s b e R b e st b e R b e b et e s s Rt et arsenesbcanes 6.9.12.3
COTNEE DEAAS ..ottt ssessteesbesssesssessresaresbaa s sessa e st eenssaseatesas et e sabs s s s e bt s s s e s bseabesntansaessnasnassess 5.1.7.3
Corner finishing, asbhestos-cement siding
COTIIET LAt ..ottt e b st e st e bs e b b e s e s s eesbosbaestasanesseesmes saaemsessteesesobtsasetesasessssabaansnonsesstanssnas 51.7.4
Corners, FACKEA-GOWI .......coucivieiiiiiiiicieecte e sre e sresrae s s e sse e ne e bessesstes st ssas s besbesrnssabesrnsarsasrsesssesaesatesanssen 4.3.8.4
COTTOSION, SIZNS Of ....cviveiiiiiinierirentresiererere st estraessssseseesesresassesnresestesiasesssrssbesoseebe s e b e sa s s s e ne s e s ese st e sasitsassb st sbsatn 2.1.3.2
Crack fIllers fOr WOOA flOOTS.......c.cviviveicivireiceeceerrenreereneeeessessessessessssesesnsssesaassssstesessessessesasssessasssessanesnes 6.9.6
Cracks:
CONCTELE flOOTS ....oovuveeeriieeieeeeteeete et eetreeesaeassresseesssssessessssseassssasssaesaeessnnessaessansesstssssesssstsiorssentarsssesessnsansnesnns 6.3.2.1
MaASONTY WALIS ..ottt ettt ettt et s b e e s a b e e e e R et e e b e s e bbb 4.3.7
MONOLithic CONCIELE WALLS.......cuiveerreeeierreeenrierrericree et bbb s sssnsn sttt bbb s 4371
Plaster:
AP CTACKS. . ettt ae e sae e e et s e et et e sees e e e e bt s b b e e e asab e s b et b e e R b e b s s an e s s e R s et et et e sa s st s aneas 5.2.4.2
SHIINKAZE CTACKS ......oviiverereireritirereeeseteasteressetesesass e st et esesesesessesestsesesesssssssanetosisessssasasanessssessnrasassessnas 5.2.4.3
SEIUCLUTAL CTACKS ...cviiviiiiicieeee it cctt ettt e e ebesrressbesssessaessesssassearsasssesatesnsesasenaesssssssensnssnsasssessassnsssonns 52.5.1
WOOA FlOOTS ..evveiriiiieeee ettt crttes vt cseesssreesseessecsssesssssessessasessesassassssessasasssenasnessstsssssasssesnsnsersnasnses 6.2.2.1, 6.3.2.1
Crawl spaces:
CONAENSALION ....cuviieiiieiietieitrecteietteceseeeteeeraressseestaessnressnsessseesssesssnessseesassesssesesesssrassssnssssnsesbasssnnessstarassssseassses 2.3.3.2
HOUSEKEEPINZ ....cveveeeicectetete ettt ee e st ae e sesaesaa e s et s a st e aessuesbesbe s b e s R e s b e sR s s R e s R R st et e s ek asbasb e s st et satsanaraesasaniss 2.4.2
IMPOrtance t0 SEEUCLUTE .......cocviiiiiiceicectertrree ettt sttt b s s s e s b s s e s e smeen bt r st saas 2.4.1
TEIINILE CONEIOL....ooeeeieeiiiiiiieettieieeetecrtee v esteeese e e e s s e e ssee s seessseaessessnsassneessetsornsesssessassessasessreesssesassessnsssses 244
VENEILALION . .. .coiiiiieeiieiieeieett e etr e e seae e e cetr s essbbeses s bassesbeseeaseessssssasesasansssssessessbessesartnsssraneesaratasassnransssenss 2.4.5
WO00d deCay, CONLIOL OF ......ceoverieeeeeereinreresinereeeresresesrestesssaestestssestssesassnsssssesassessesn st srssassesssessesesssnsonssnsnssinss 2.4.3
CUL-SLONE FOUNAALIONS.......coocviiiieeiiiiiiieierreeertreeteeseesseeesraesesssessaesssnesssnesssassaessostessstesersesssasstasssnesssssssranasnnsssanes 2.1.2.2h
D
Discoloration:
TETAZZO FlOOTS ..ottt eceeett e st esss et esstssseesbessaesbesssassseese s sasssantesaaasaeabesstenesaseestestoranenseeranaanasnassnansess 6.4.3
Door and window hardware, maintenance Of ..........ccccvvieeiiniiieienennrcrreneeeee st etesssssbaesssessesses s 7.4.2
Door-closing devices, MaintenancCe Of ..........o.ccoveeerieerninenninnninnesieiiieie ettt ss e 7.4.3
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Door guides attached to trusses, adjustment of ...........ccccoveviivinvniiiininii s 3.49.3b
Doors
Binding ................................................................................................................................................................ 3.4.9.3.b
Cold-storage, MaINtENANCE Of .......c.oveeeeerireieecie ettt et b s sasassb et s b enes 7.1.7
Detention, iNSPECLION Of .........c.cccoiiiiiireriiiiirrerinie ettt sttt sb e s b sne s et e sba b e e ssnsaseseasas 7.1.8
INSDECLION, PETIOAIC ....ceecciiieerceccie ettt bbb s b bbb s s s et s s e sae e 7.1.2
Metal: 7.1.5

Hanger and WATEROUSE...........ccocvverrerrenenireentrericstete oottt sissesis e s e s e s ssssessebass et asnsnassssassesaesssnaseenens 7.1.7

MaintenAanCe, BENETAL...........ccccevveviviereieiiererienreeteseerrrceesaese st sessestsestess e sbe st b sbess st ssssberarasssrastssaesersasssasens 7.15.2

4 o7 T OO PO O OO S OO USROSV OIS OPOPRPTO 7.1.5.1
SCTEEI ...ttt e s tetee s s st e bese st e e e s s aesbesesban et s s eaessae et e asse s s eateaase e e b e e e R e R e Rt et ar et e R et et ae et e et e et e bbb e rs s 7.1.11
Sliding, eQUIPMENT fOT ....c.c.cocrieieeeeeecrreceeecttr e s nsr s e s bbb s e e b e st et sene 74.6
1517035 + + UTTUTTO RO OO OO PSSRSO RSSO RO R TOR O ORPSURON 7.1.10

Wood, repair of:

BULE-HINZEA ..ottt s bbb e e e b e et a e e b e st ns 7.1.3.1
PANEL ..ot eeeeeeeetesteet e e st easees e ssarsebssssnasss e bb e st e assaase s ra e aa e s e e st e R s e e as e Rt s R e e Rt at e s e e et s bt s te s b e e b s R a s a e rees 7.1.4
DOWNSPOULS. .....cveeveteererereitereeereseseecstsrestssesestrreststesestsreesesaertssestsasrbsssbe st sbe st s b ebs et e b e s s e be st s sra s e borsrtasasnasassassssatassssas 4237
Dry Walls, TePAIT Of c.ovoveeeiceirrsce et et ns 53.1.1

DUCLES, VENEIIALION ...eovvivviiiieciieieiectetet e s rraee e s e sse s seee e s e e e s st st s e e bt ee e o b e be s s s b e besbssabs bt s besbbentsnsbesannssanns 5.4.2.6
E
EfflOreSCENnce ON IMASONTY ......cccccveerieirrreesreserreeressesssssiessersssssesseesssssessessssssasssssnessessesssssssssesssssssssssssssasseassassessssnns 4.3.10.3f
Epoxy:
CONCTELE REPAIT .......eoveeirerieieteriersreeie ettt et s et ee s et ssstas s he b e s e b e b b s s b s b e b s b e aeasansanassbessanabaanas 2.2.10
INJECLION PrOCEAUTE..........ceeveteeieieeteteeseete et ee st esee st st st es st et s bbb et s s s b s b et s s e s b e sas b st ebsshe b eaneanasassansanaenans 3.4.26
Injection EQUIDPIMENL oottt ter e as et ss et s eeaebese et st et e be e et e e s s beeseat st sbebemeeas st st et ers s aensennes 3.4.28
REINFOTCING ...ttt ettt et st et e b e sas e rn st e sa s e s b estaesse R e ersoatabansssssansassessesnaaatsasene 3.4.244
TEMDET REPAIT .......ociieetictieteeecereceeerre ettt ss st et e st st st e e st s st et s e ssbes st sen s b esaesassnssabassabsstsesnsnsasasnsnsnans 3.4.19
Exterior walls (see Walls)
EXterior Slabs 0N grade ... ittt s ssrese ettt st et as bbb e e b et e b e s nse e e e s 2.2.6
F
Fences ANA ZALES, SECULILY ....eeveeiereririerereiererertetseesesteseaes s ssestsatesestssessessssss st sanbsseressesas s eaesa s erassasasansnesacns 74.8
Flmshes, brass and 43 03 o V.72 OO USSR 7.4.12
FANK BIUSS......oooeiieeeececeecreeee ettt re et e s b e e s e e s e et essae et e sssa e st e seesamessnesstasstesstesasesassstesrssennnsrts Figures 3-18
FAF@AOOTS ...ttt ee s ee bt eeb e e st seasbeesasesesbassasseesssseasanaes st e e st senneesaseeesbetesibtessnsessnssnsnsessnesnnnns 7.1.6
Fire protection AEfICIENCIES QN ....eccveeeeiiieeiecieciectceeeeresrre s e s seeseressae s erees e s saesses st e s bt sestssssesbsssanesbaessasrrasnbasnnsas 54.1
Fire stains, reMOVAL fTOI COTCTRUE........eovivvvirriireierriiseeirreeressrerseesseessessssssssassasssessstassesssssssssssesseessssssssssesnnens 4.3.10.6
AT SEOPS.....ieiceictececcceee ettt sttt s b e s e e a e e e e e s bbb e bR s e b e b s re 54.24,3.1.8
FATEWALLS ......cvveieeeee ettt e bt ee b e s s e sr e et e s s e e sa s besssasassenseeease stssabesaa et sera e sasenaesrsesaasaabanans 54.2.1
Flashing:

Door and WINAOW OPEIINES.......c.ucocveeverireriineerrerreereesreesseessessiaesstesssessesssessssesseessssserssstsssssssessassrsssrasassessns 4.2.3.6

BRI .ottt ettt r et b s bt e st e st b oA e b b e R s s e A e R b e Rt e R e R e e R e e Rt e e e e s et e b s 452
Floating fOUNAAION ..........ocvveivieiiireeieieerectesreete e seee e e s e sereesre e s e sesessnsssteseeebessesseassressbessnsentaarssnensnosnanans 2.1.2.2f
Floors coverings, resilient:

ARNESIVES ..ottt e e et e s b e e e eeeae e et s e s s e s s b e s e et e e e ae e e ae e et e s re s e n b e s ebaessaE s e b b e s b e e e b b e e antees 6.9.4

ASPRAIL L11@......ueviiiciiice ettt ettt et st e b et s b s e e b e sae st st sat e s n e nesae s e st e b e b s e st eR b e b e reene et 6.9.8

COTK t1@ ..ottt ese et s e b e eateeas s e b s ebsess e s resns e baessaeensesbsessnessessssssassnantanntsssasastassressasarnasnton 6.9.10

Crack fIllers fOr WOOA flOOTS .......ccoccivviciiirenrecereeete e crreseesressresaeseras st eeresatessesaseseessasanessseonesnresresnsnsnns 6.9.6

Installed eqUIPMENt, CATE Of..........coooeeieieieieceeee ettt sesee e s b seess et ebesas st snenssrssansenens 6.9.3

Linoleum .........cccoovveiveeeeiereieeeee e . 6.9.7

Maintenance...........cocevcveverecceesrisienvennneennns .. 6.9.13

Protection..........ccccoovveeeiicieeceicireere e, 6.9.2

REPAIT ...ttt et e e e e st e s b e e et e e s e e s et e e sa e e e e e a e e s ae e et e n et e e e b a s e e e e e eb e e b an s s Rt e s as s R st s R e s s e s e bt s e bn s 6.9.12

Rubber tile and sheet 6.9.11

Y PES...ueeiiieeieeiceiteee et ee et s e s e s b e e s bese s e beabe st et saa st seseaesbe st sbasae s R e anens s Re e et s ee e e e e e R SRR e s R e b e R b e et s e e R e e b s b e b enn e 6.9.1

Underlays on 6.9.5
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VINY1-GSDESEOS LI1E ......cviviieerreicteeteee ettt e e te e et et saesae s b e a b eassb s sh st b s b s b b s aners s e s b r e s eees 6.9.9
FLOOT 10adS, SA@.....c...covviveiiiceesieiiecrie sttt te st e sasssa st e e e e s eaesaeesatessse st estsaeeshessaterasosasentsanasereseaeenaseaunes 6.1.5
Floors:

COIAIMIC L1 .eivvieieeeeceeee ettt s b e b e srb e s b e e b st e b e e e s st e st e e agebe st e bs et e embeses s b e sabesbbesbsesnrensesnsesanernns 66.1.1

CONCTELE ....c.eeivieeeeeeeeteeteestee e e st tesesste et e ss e e s e s st asesrbesssesssansenseensasnsanstesst et aesesas e st e s tenee st e ntessesmaesrassntesansanesnsesnneen 6.3

CONAUECEIVE ...coveeeeeeeeceieetestteteete it st e st s teessessessresssersessserss e s e s s sasaaasssstae st arbesst e st eabeeassebe e besnessnesasssasestsennaernesnnes 6.8

INSPECEION.......ccuiceieeicecetcect sttt sttt ebb b et st b b e e b e bbb e b s e R s e R b e R bbb R e R e e s et e s b enten 6.1.3

Magnesium OXYCHIOTIAE .........oooiieiiiiiricrcete ettt ettt a st e e e e vs et esba s asaas 6.5

IMASEIC vttt et e e testestestsbessostssbessensastsssossessessessentessassaasanssssaaseassesaasasseeste e et e e e e ene e sesse e st s Rt e bt et s enssbseas 6.7

QUATTY LIlE ... .ottt ettt st b bbb R b e b ke b s e et s b e R s st bes 6.6.1.2

TTEETGZZO . cveveeereseeeeessestessessestessasssssessessessossonsossasssesessessessansanssensastensestassensaseesessensensessessessessmessissessissestsessensones 64

WOOADIOCK ......coviiieiiiieeretiter e eeetessessessessessesasseastassassas s ansas st st asssssessastessasessesssensastossessesneontornornsnsensestaessassnses 6.2.9
Floor-sanding @QUIDIMENT .......cccccccrireientririiieininicisisieitssseie s srs s s et b b e b s s s s s e s s e R st ettt 6.2.3.3a
Footings:

FAIIUT@ ..ottt eev et s et s e e e b e s s e e e s e e st e sa st e e s s eestessssntesma et e sseses st esasera e ssesbesnresansertesreesbaassaassen 2.1.5.2

| O Y3 4 Ts ) o WU OOt 211

SOIL COVET ..ot eeete et eteseessas e ssseseesessssssasssseensasesssassassassessessesassasssesssssesnesstssssssesaesssebessseasertasaesasenes 214

77 =L OO OO OO OO OO OO YOIUSPOP PPN 212
FoUNAAtion PIIES ...cceiuiieicecere ettt bbb h e e n b r e bt s s e et et et e b sesne e e 2.1.2.2k
Foundations:

COrrective MAaiNteNANCE..........ccovvvvieeiirieeeireereeveeseersressssresessssasssssesasessessasssesssesssesssesssesassesssnsesssssssesseessasssas 2.1.5

Deterioration Of MALETIAL........ccccvviiviiierieiiicee e crestee st e e s se s esressresssesseestesseesatessesasesssontessssssansessbessasses 2.1.3.2

Displacement

FPUDICEIONN .ot eee et eesetes st eeetessbesssssssbassssessarasassasssaansssessessntesarnesassssrstonssnessstessnessanterstesssresonsessansntanenns

Trnanantinn £

i1ppoluvn 10

]

Reinforcing Qnd FEPAIT .........ocvveriviriiitreires ettt ettt r e sa s as bt s et
IMALEIIAIS ......eeivveetiiieieceectiste st eetesteeseetsessesseosrseseessenssesssessasssessnesesssessssneesstsssesantsasesasesntententeerb e ssassssabesananes
MOISLUTE ...c.oveieveeeeiriiiictreceeetrcceeerte e e aessre e e s eesssaesbae s st asasaesssasessassssaesasessesssneessnssisnnssssnsesstaestsestaasseaassnssssensananne
SEADILIZALION ...cvvivvieeeeiritiret e eree et erestesbisseeessesessasssessssesssatentesssasssseesesnssnessnessassssassutsrssasessetsensesssnsessessanes
S0IL INVESEIZALION . ...ceveveveeeererceririeretiees et be e s ess e e s e st s s e e seesesessesenesssbssssaesesnebsb e n s sae et et e b assababase st sbeatanas
T DS . tieteeeieetererteterteste e srrere st esae s e ese s e s naesaseesssnesnnasntesstastesssesresesasssstoneintesansereeassenssassanasssnteaseestnans
Y BT PI OO NI ettt te et e it e s e e b e et e s be e s ba e sbe e b e s ne s e e sas e e ms e e e se st e Rt bate s a st R s e b s b b e Rt s e s e e e nes
Framing around openings
Framing, LIght StEel........cc.ooiiiioiieeree ettt et s seesessse e srssae s sba s sr e b e b s e g et s s e sba s et st
Framing, Structural Steel..........cccocrviiiiiiienieiiiicerrteie ettt st sbe s b e s st s st sa e st
Framing, wood:
Girders, beams ANd JOISES..........ccceerverervereerereeereeesereeseseesestesereesertesesssssesesesssssestostsasssssssssssessssassssessassssnossssesens 3.15
LamINALEd......cccvveeeeieirieeeeieceeeeeeteecteecreee e estesssresssesestessstasssasasstnsssenessnessasessassasessasessssesssaeseasraesanteseneesannes 3.5.2
Load transmission ..... rrerrereerrarestateenteaesessenaenntent 3.1.1
POStS ANA COIUIMINS.......ceoiieieiierietreieeierrerteseerteesteessessessesseeestessesssssssessaasstassssssessssssssaresseasenssesssessesntessesssees 3.14
Repair CONSIAEIALIONS ........c.cceeieieeticiririeeeteestestetes et erseeses e s s eeeessesesssssessessssrnsrnssasrnersarsassassassaenseneentsans 3.1.5.3
Roof:
DICAY oottt et esae st saa et st e st s b e e e bR e e e R RS s R R R R e RS SRR e s s R s e e s b e e b e st e st e et sa 3.4.4.2
RATEEE SPrEad.........ovicveeeiieiiieeeieteeriereeee e e rrecese e esesssessnesaasses saseesesesesstssstsntsnsesssesarsntessaessassansssssasatenses 3.4.4.1a
SEULIEINENL.......ovuieevireieieeeeeevetectertresveestesreressessessesssestasaanbasasasssesssesssassesaeesstessesstesstosstssssetnsosesssessnersansnanne 3.49.3
SREALIING ...c.ocveeeieeiceeieieectree ettt ettt ee e s s e s s s et sseesaeese e sr b s e R e b e st e R e e b et et e R e s et e e e st 3444
Y PS e uteeieieetteiectecree et e e et s sasaessa s eae st s saesessteses st asstssessatesatesatsostsanesasestenseea s et s e b e e Rt e s e b b et e eas e e s s nns 3.4.2
SIS AN DEAIMIS ....cviviercriiterctit ettt e st e s et e et s e s s e st e b asss e et e s s e sent et e b et b as b b et s sa e b et e s e s ennas 3.1.2
3.1
Wall and partition:
ATOUNA OPENINES.....couiiieeieeieieiieececcesteee e saeesesresatsesesasseesesassssssessesanessssssssestassassestesaasssasessssssaseonssnteseeeenes 3.2.3
COMPONENLS ...ccvvivviivierierierieireeeesseerseeressseesaessressessessseesesaneasesssesssesssesssesstsnsesssessesssesssessesssennsesssssssessessessseasess 3.2.1
MaIntenance AN TEPAIT.........ccccecveivertrierieireetereseerteeste e e e ssteste st sssessesresaesesaessssse s nerenstessenesasssnsanseneesne 3.2.2
Frost ACtiOn 1N SOILS ..c...oiouiiiiiiieiiieieeciect e erteeeect s e rte e e e e aeesteesaeesrae s enessaaassae s emne e seesaesssasssabssasbeesbbseebneearaessnsansns 2.14
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Fungi, Wood-TOLLING.......c.ccoveviririrrrreieenienrei ettt saessesnesssssssesiens

Furring:

DESCTIPLION......ccieieicrertreceerr et eene s e s st sres b ness e eaens

Installation:

MCAOUVILILILLIE VIITUID crserserescesoscosssoconsorserestesscsscssucctonscrsncoscoscssresvorersoreseesoscoses

Structural fAIlUTE .....cc.eoovveiireciiiecieecieeereecsteessrreseseeeestesessasesansesanneses

Glass:
Window:

Heat-absorbing .........ccoceeeevverernererenseseercnesisissesiissssessssssississssesseses
Light-diffusing........cccocceververiricreneciinncnininiininies

WL .ttt sere e seesse st sb e e s e s besbessn e bes s e bsssnssbesnns
Glass-block masonry walls, repair of............ccvvrniininnneiecnnneeninenn
Glazier’s points and ClIPs..........ccccvevrverrinisenencenerensessnrcssisesseesessessenne

Glazing:

Cleaning glass ..........ccovveviiiiciinienreecrnneeseresesnessessssssssssesessssssessesassssins
Cutting Zlass.........ccoeiivieciririnteerecrreeesereessstssessssstsseeseessessnssssssesanens

Painting

PaINtINg ...ttt esa et ee s e sas st ses e e sesees
Preparation for ... e esnsssesseesessises
Putty, application of ..........c.ccccvvnieverennrereerenennresensisssssessesessssesessenne
Safety reqUIrements...........cccccvveeervertrnrivinrenrseresesessereesessessessessossesees
Setting GLASS .....ccccvviiiiiececert e sae s see s e s sneeas

Grade beams, reinforced CONCIete.........cc.cvueverrerrereererrenrecresersnssessssssesenes

GIIIES, flOOT ....oooeveeeiiiiiccteictticcricser e cssresssresssresssbnssssesessaressnsessnsensnnes

Grinding concrete floors ..........cooieviviieenineiricererrrreseesaesssessesessnessesas

Ground, Plaster............cooiiiiiiece ettt see e sresenne

Ground water, causes and control of............ccccoecevvienvrinnecnrnnennrennenne

Grouting Wall tile.........cceoeirierierereriereireeeeeerieeereeerereseeraeesseseesesesneseens

GULLETS ..ottt s ae st s e sresresaesae st e seesae e s snesanenas

Gypsum and lime plaster, repair of............cccouerererirverrenecnnerrincsecnens

Gypsum wallboard:
Application:

Double thickness...........ccoovieiiiveieiiieiirienieesireeceereeesesseeesssessseeranes
Single thiCKness ..........ccoevierieeecirirrecerrecere st sae s e seeseesseenes
Description and USE ...........ccceevrvvererirerierereerersieniceneesseesreseessessssesseesnes

H

Hard-press fiberboard.............ccooveevrircrerivernnecnnenenniinennseneiinane
Hardware, door and WindoW...........c.cocceveeriviciiinenneecnenneeieeceeseeseesseees
Heavy-duty floors, protection of .........c.cccooerievennncrnnnncnncnninnnnnnnen
High water table moisture damage..............cccoovvcrnerenrnninncnncnnnnn.
Hipped truSSes .........cccveieieieeretieneeeeeete e eeseesssesesneseesessenas

Housekeeping for crawl spaces

VRSTATT P2l

Index-6

.......... DACES.....c.veveerereeeereeseseeeaessssesssssssnss
HOWE EIUSS ...ttt e eetre s ssabeecesbassesessnssessssnsessssssesenssesassnsess

eesevesrererreresetetsersesenserorssrsnatcsesssstestoserers L.a.Uea
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I
Ink stains, 1emoval fTOM CONCIELE ............ccovverivrieiirierierece e ecte e sesstesesesesssessessseessessnesanessessnsesanesssonsasrbanns 4.3.10.9
INSULAtING PLASLET .........oocriiiieec et sttt et s et e st s bt s e et s st s e s e s s e s an s s e R e s R n e R nssrneeres 5.1.4.1e
Insulation of walls:
EXBETIOT ..ottt ettt v e st e e s e s sbsesbsosessasssaeseesasersa s sesasebesasasseessasasnaseassasesensesaseentesstesatestseantasatans 4.2.6
INEOEIOT .ottt s tb e s e esbessbesrbessbensaess e st e ssessesstasssanstassenseessessenstasassaaesesssessnsastisenssossessssnns 5.1.5.3
Interior walls (see walls)
Iodine stains, removal fTOM CONCIELE ...........occviiirieiiieereieieecrerete e erreeeseesesseressssasssessssssssansssansssnesssssessassns 4.3.10.14
Iron stains, removal frOM COMCIELE...........ccoovvvirierierirrieinecreereeeertes e raessee st sssessesesesssessaessnessesssessresseestersessrns 4.3.10.5
Installation engineer, definition Of ............coccoviiriiiivrenienri ettt sre e r e s e be s 1.2.5.
J
Joists:
Repair CONSIAEIAtIONS .......c.cceeceiiiiiiiiiiiiereteeeeersreesesereneessrsssntesssesssstsissesssessssssossessssssssnesssnesssssssasesssnsossassssans 3.1.56.3
SeaSONINE CRECKS ..ottt e e s et se et e R SR st s e bRt 3151
SEPUCLUTAL FAIIUTE .....oeveveiiciiectereterecr ettt ste b e s e stsstesre e e e e san s s s e e sessesaessesessessbestostonmentossesssessertsssentan 3.15.2
K
Keene's-cement plaster:
REPAIT ...ttt et e et e a st et e s ast e e s be st s sa e s e b e b e b SRt s b e s b e e RS SR e R SRS SRS RS R E SRS b e e e R e Rt e bR e e sn et 5.2.6
USE oottt snscvessbesansstesse e sssatesssesbas s essa s b e sasesasesRae e s b e b e et e e b s e e s sa s e R e e aa SRR e e R s Rt R e b e RS e R RS SRR e e b e e Rt e e R e sane s 51.4.1c
Laminated-wood framing members:
INSPECEION ...ccccvvevinrieierreretererteresteesesressrsbaetessteseeseessessessassssstaseassesssssersessassesssentestensaseestossessessessuessesaessessessssnones 3.5.2
Maintenance and FEPAIT...........cccooiiiiiiinerieenerrrertesreree s eease st e s a bbb s R e s R e s e aa st s 3.56.3

meg felt under JINOLOUIN ..ottt st csstes s e sbesssesss e e sssasssesnsessasssassnasssesatsentsessasessbessnessnsrnssasanns 6.9.8.5
Linoleum:
Installation on: )
CONCTELE FlOOTS ......oeeieieeiiciietieteeece e sees e ssee e e e s sas e e e se s seseressnesrnasssesanansesatassesssesustonaesssesbassrassreorassnters 6.9.7.3a
WWOOA TLOOTS ....ovieviieieieriiriitiesietitre et ste b et osresbesbasssessesbosseesssssonsessesassssesessesssentessessisseseessessessesstostestsssssressnsses 6.9.7.3
JOD INVENEOTY ..ttt eree et e s eaeeraeesas s b e s sbe s s e et e s s e s e senasebesaessanestabaerresaresanesrbnsrbansbansesnsnarassans 6.9.7.2a
MAINLENANCE.......cciiiiiieccierinrerisseenenesesessessssssssssesssssssssssssessases 6.9.13
REPAIT .....oocieeetecceectecrtcrrtre e ce e e sreessasessres s eessessassasentesasaesessssssnaessseersaesasdsossesestaesaessrbntobeseraeesarae st e e s s eearssenns 6.9.12.1
SEAIM PIOtECLOT .........ccviiiiieirrereeteireeerrecaeeresteereessessreastassessassassessaeseessessansesiesstestssessssssertosaenbesrasnsensassassassassesses 6.9.7.3d
Small fAULLS, COTTECLINE .......c.ecieeireeereeecieeerrecrerre e rreserssree et e s esaesaesa st s e st s e st s st e besbssrssbesansnasaasnasbantansesns 6.9.7.2a
TOOIS, CLEANINE ....c.oveieeeeiietecticceete ettt erseesressbentestbasnes e e saesssobesbessasssessasestaesteosesntesanisstesanersaersanstesnssasasanes 6.9.7.2b
DB v etierecie sttt st rr et e e e et e s e et e e e e saa e s b e e st en st s s e sssesabessassat e se s s st eraesreesR s e b et e et e b e SRS e b e e b e e AR e b e s b e s R neeate e 6.9.7.1
Loads, allowable:
FLOOT ...ttt ettt e be s e s sbe s st e st e e e s e srbe b s e s eesba et e sasaeana st s sae et s entssat SR a e SRR e s R R s bR e b b et b e R e e b e Rt ann 5.2.8
TIrUSS CONMMECLIONS ......cccvveeiriiriecreeiieritreireessseeeesaesssassssessessssssessssssssenssassastsossssesessossasssnssssessanesssnsessassessessnsassne 3.4.11.2
LIOCKSELES. c.voeviieereetietictieiecterrerteerisresresesvesessessessersssssesessasseessessorsosnessartassansesssesessesstentesesasestossostostostesstonserassasssessasnes 744
Lubricating oil stains, removal from CONCIEte ...........cocivviiiiiiriiicenirctreierneecr ettt s 4.3.10.8
M
Magnesium-oxychloride floors:
CIEANINE .....covvvvreeriiiiereereereeiteirees e estesbesesssssseessessssstesstessasstasastsseesnesentansassbesstesstsostassinstorsrossesssensssessasssasnssssss 6.5.5
Installation And FePAITS ...t se ettt et ssassbebesr b e sa e sas s ne s e e s s et e b et et esanenene 6.5.1
MAINEENATIICE. ...c.veeieeicieeeiereeeecte e ectesraeesbreesbeesstaesbee st eessasansassassesssessassesanaesssnsontesastsssstsesbaesstsssssasessnesrsnesrnessstens 1.23
MaAtEIIAIS........coooiieiciecee ettt et ettt e e see s e e e e sse st e e s s e s s e e e ae s s e esan e s sne e s be st e s bt s e b e s e bt s b e e b e s R e e e e n e e n e e st aes 6.5.2
MiSCellaneoUS FEQUITEIMIENLS. .....cccvecviuieieieeeeeeretnerteee s sesrere s esesss b et et b et s s bs b e et s saese b s b e s e s b e st e e esaasassens 6.5.3
Mastic floors: :
COIA-TAIA ...ttt sttt et e e s st s s e s esberbessesbesaessastesressesaesassresesaesate st eat et et eeneentsbssResr s s b e rensens 6.7.3
Descrlptlon and use . 6.7.1
3 (01 221 o] o) § =Y RO PO OO OO OO OISO 6.7.4
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Preparation Of flOOT ...ttt ettt e seesae st esa e satsbssr b e s s s b e s b e sassrb et e seeaneasnaanearans 6.7.2
MaAL FOUNAALION ...c..ocvvviirieeiieeeveeecreerecteesteerres e esressseessessessbesbeesssasssesssassaeasesseesaesssasssessessaseestessessansassesnsssansseesns 2.1.2.2¢
Metallic-type WaterPIOOFINE .......ccvveviiieiieiieretetce ettt e sttt e e bes st s be e s e st e b e assbe s b e s besbe s bentsssnasaasaanes 2.3.5.8
Metal SLAIrS, FEPAIT Of ......cccviciiiiiieiceeeee ettt s et s e b s st et es e et tbs s b s b s s s b a b et b e s b e b s b e ebaannanaaabes 6.11.1.4
Metal walls: 4.1.2¢

MaINtENANCE, FOULITIE ....c..oeeiviieiiieieieeririereeessieeesareerreessnessssessssasasassssnenesesessnsessstesossesessesssrnssesesessasesnnesinene 4.4.2

A R =Y o 7 OO O OO O USRS 441
IMOISEUT® CONMETOL ...ttt eee e eeteeste e bsesaeeseesbessbae st sasbresanesessssarseessterssestesneseneesasesasssnaesssesasressasatsans 2.3

CONAENSALION .......ooveeieeeeieceeieteeeeeeee e sbeebeesbs e s e e sseseess e s sesarasesesasesessassesasaerssnsnsesateentesntenseeesteestesinesssesanssatnsans 2.3.3

GTOUNA WALET ....ooeveiiieiiiiiiiieiieccteeciteeeseeesseesssasessssesasesssssessaeesssessssnessasessrsnasssesssnnneesenesssneessenesnsesssssssasssnsssnens 2.3.2
Monolithic concrete walls, TePAIT Of .........cccoiiieiivierierreneeeeee ettt nens 43.7.1
IMOTEAT ..ottt e e ee st e e s vt e ssbb e s st s sessb e e baseassaessssaesssaessssesasssessseassssasseeasnseasnnes saseesnstesassesanrenennnesnsusesistsosne 4.3.2
Mortar stains, removal fTOIM CONCIELE ......coocueeiirereieereeteeecceeeererereeeerttesessesessesentraesesnreessessanesessnessssansenssnes 4.3.10.3

N
INOISE COMETOL....oevvieiieiiericeee ettt reeeesree s seseesssessassseasassssssssssaasssaastassessntasssesssesasessenentesasresesssntesesenessantssesnsen 5.1.54
Nonbituminous sheets for wWaterproofing ..........cccoevcieeriiiinenniiniei e eenens 2.3.56.3
INONSIIP flOOTS .....ciiiiiiiiecietecte ettt st sessee e st s eaesae st e bt sas s st sbssaser e e b s saserbe b asssensensasneenessasasansantensnannans 6.3.6
0)
Qil stains, removal fTOM CONCIELE.........cvivivviiiieeriireeeieeceereerreseeesrssreessesserreseneesessssssesassiasssssessasssssssossneesonsesns 4.3.10.8
P
Paint stains, removal from:

COMICTRLE ..ottt e e e esteeesaeeesasres e s eesaeessassesssasesseeassaeesaseesasessssassssassansassssenssneseseseerareessttessbesessssssnses 43104
Panels, translucent StrUCLUTIAL..............oooiiiiiiiciecceereecre st rereerre s snre st e st cseres s et e ssba e s st ssnn s s rnassnbessanne 454
PaAnIC-eXIt A@VICES ....ecocviiecirietiiecrieecieecteeecteeee et eeereeerreesaseese st e s saeesssnssesnasssssesentesestessssassertssssassssnessssnssssssssseesnnes 7.4
PATAPEL CT@EP ....c.eeceicieieiiieeeete ettt te sttt et e stesat et e sses st eressessaeasee st seneenesse st eeneenesansassatsrbesatostensssanssetbassassersans 4.3.8.5
ParQUet FlOOIS ....cviiiecceeeeetetee ettt et et ste st st et e s r e e s e s st e s et a bk E e b e b s b e R s s e bt s b et e R s b e ennan 6.2.1
Partitions, FEPAIT Of ........cc.cveieerieeirererectreeeeresse et e e s se s e e se s s e ses st sbesasesesbe st e bt s b e b est s e sas st st emasa b et e besaeasenneres 5.3.1.1b
Perspiration stains, removal from CONCIEte............ccovoiieiiiiiririienireieneeetreerenrt ettt sns 4.3.10.15
Piles used IN fOUNAALIONS...........coooiiiiiiiiiiieeciieececcereeecetreecesesteseeeesnseesesnteesssaseessssssnesssorsaeesessnnesssrsssssssansesens 2.1.2.2h
Plank flOOTS, WOOM..........ccoiiiiiiiiiiccriiecreeeceeeeieeesieese e essseeessseeessesessnsesssaassssaesssnessaseesssssessssessesssnesssssesansesessannns 6.2.1
PHatfOrIN fTAME ....oceviieiece ettt er e sre et e sae e e te s e e b e easse s e et e b e sae e e e e esetsuts st oabssnsabesreenneaeans 3.1.2.2
Plaster:

APPLCALION ...ttt ettt s ree s e s se s rae e st e s sa e e e e s sns e be s saesaseeseeseae o be s e e san e s R s e s ere R e e e b e e b e et e raas 5.2.1

Damage, CAUSES ANA SIZIIS......c..ccceecieeveeeirerrirerirerrresereeeesressseeseessessseessesssaeseasasesseesasesossessesssesssssssessasessnenssanses 52.2

Gypsum:

REPAIT ....ceeceece ettt ee e b et e et s b e b b e e bt e sra e s b e e b e e b e e b e e s Rt e s R e e e e e s et et S et e st e et e s a b e E s R R e b et R e e e e e 2.
U ittt ettt e et ee st e e st sessat s et e et e s s nte s s ae s e natsaa b e ea e Rt e st e s bt s e a b e e A s e e b b e e st e eanaeea et aesateesresanneesntesias 5.1.4.1a

INSUIALINE ...ttt e e s e e ee e e s e s e e sae e s ae e s sbessss s e ssesesneesssbaesrnsssbanesntssnaesstassnsnnanns 5.14.1e

Keene's-cement:

REPAIT ...ttt e e et e b ee e e e s b e e et e s e e et e n e st et e s e s e e e et e e e nee e Rt st e b e s b e s b a e st err e b et 5.2.6
S ettt e e e eer b e e b e e b e e b be e e b e s e e be e re e s e e st e At e be e et e ss e e bt s et e be e st st e R b e e s e e s nen 514.1¢
| 050+ 4 - SPU O S SR UPOTPTT PR 5.1.4.1b6

Patching Materials. ... eereeesreeesre e s s e seaesssa s s stesensasesssosesssssesesasesssnsssanesentasanssaen 524

Portland cement:

REPAIT ...ttt e e e be s e s s e e s e e e e s et e e e e et e s a e e et et e s e sabe s et e s R b e e b et e R e e e e e re s 5.2.7
S .ttt ettt e e et e e e e b e b e a b e e bt e b e e Rt e bee s s e e te e bt aRba e be et e e be e b e et e st e st et e st e as e nt e naaesre e s 5.14.1d
Plastering:

Accessories:

FUITING oottt cteee et re e b e et s e b s e s s e s e et e e be s eesrsessbassba s s asssaesbesatsestsastesneeessersbesassanseransnsnons 5.1.6.2
| 57 Y1« PO U U U OO PTO PO UOU P OU TR 5.1.6.1

Coats, applying.......ccocoeevrrcernenns 5213

Cracks, PALCRINE .....oceeeeeee ettt seat e s et e s ne e s e sen e sat e soneesmaessaassabssanbsssrt s s nss s e teserbneenss 5.2.4

Equipment:

BASE SCTEEAS.......ooeiieveiieeiiieeccttee et s cerree s eestee e e e bas e e e be e e e sessa e e sesana e sasaa e e s e e ae s e e s e ne e e s e Ra s e e ba e e e rae e snresesares s 5.1.7.2
COPNET DEAMS.......c.veieieieieieeiiceeectee et steeeerre et e e s rae e st e s e s e e e seesasaesssassssassoneseessnessaeesaneessnesossesesuessstassarsnns 5.1.7.3
L0705 o+ V=T F=X A + U OO OO O PO PO PRSP T RSO PRSPPSO 51.7.4
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GTOUNAS ...ttt ettt e et e et e e e eeateseseesteeseesseeaasseasaesass s snesabeanseeeasesasseeeseeesmeesaneesebieeneesbaseanse 51.7.1

SEEIP LAR ...ttt et ettt e et et e et b e s ae e heebe et st ne et enes 51.7.5
Platform frame CONSEIUCLION. ........c.ooccovveuiieiiieeeeicteeet et e esseste et e ete s eseesasaeasesa st e sesseesaassesseseessensessensenseenesneen 3.1.2.2
Portland cement plaster, rePair Of ...........cooooiiioiieieeee ettt st ee et 5.2.7
Posts:

INISPECLION. ... .cceiieiceiieceee ettt e e st et et e st e be s b e s b ekt s et e bt et s et be e nt s neshe e st e ene st e sae e sas s 3.14.1b

Plumbing and aligning ... ssssas e s si s s sas s s b e s s s sbe s r s e e ae s 3.14.2a

Seasoning checks
SEIUCLUTAL FAIIUTE ...ttt ettt ere s s s teesae b e e st e s raasse e s e ssbasbeeeeeneeasteaseembesateebseabesbeesneesanas
Pratt truss:

DIESCIIPLION......cviviiiiiictectieeet ettt ettt et e et e s et e s esaasse et e s aes s e s s esae st et s b es b et e e e ae b e beae s e beaRbesboneeansbens 3.4.5.1
Prealignment of framing components
Precast concrete walls, TEPAIr Of ..........ccccciieiiiiiieieiniieetrre ettt s or s aesa e ab s 4.3.74
Preparation Of SUITACES ..........coccvieiereririerrenreierinteee ettt ra st s s b ene s sn e ss et s b eses 6.54
Preservative, WOOd ..............oooviiiiieiiiiieeiteeesteeeteeer e st e e esee e s st e e s saesssee e s bt esane e sesaaseeesseeebbeesnse e st essbesnseesbessabnsaras 2.1.5;

2.4.4;
Protected metal walls:

CAULKINE ...ovvecteereiecie ettt et ete e te et e s eesbe e b e s saesst e seens e s s ae b e st e b e e b e s st eaae st e st e st eaetsaeeeabeeaneer s st asraennseneas 4.4.35

CIBAIIIIE ..vevveveeveeetieteie ettt et e e te e e aess et e e e s et esasssase st b et abe s s e s e st s e ehe e sR e b et ereobom e s s e et entsaenssb st abeebenseasesentens 4432

PaiNtiNg .. ..ottt sttt s st a s bR n et s e R e e R e s R e e s s e n e aes 4.4.3.6

REPAIT ...ttt ettt ettt et e b et a b e s R s e a bbb bn 4.4.3.3

TYPES. .ottt ettt ete e e te b e s e tetseaasteseeasaesesas e s et eat s st ee e e at et e b e aEen e e RS Re e AR A SRS AE e RS sAs R R S e RS e b e e e s et e neen 44.1
, Q
QUATTY BIl@..cueniiieiiieetct ettt et e et e st e s e e s e b e b e s b eesa s asbesse st e e e s s ese e s ean e sen b e enereensahrebbe s e s aebasRaersaans 6.6.2

R
RACKEU-AOWN COTTIEIS c.eiviiuiirieiiiicier ettt e bbb e b eae b s besaeese et e e ss e b e e eata b aas e s e baabeesaesasneenteseeseenneerassasnsenes 4384
Rafters, MaINtENANCE Of .............ooeeiiiiiiieiccveece sttt st et s e bt s ae s bt e s seesae st e st e seensesrnesrassaseaeennaanras 344
RATET SPIEad ......c..oouioiiiiiiieiieei ettt ettt st s e st et sk a b b d e AR R e R e e e et et e b et e R e beatn 3.44.1a
RATtEr SLIPPAZE......ccvecietieiiecceeiecttece sttt s ettt e e e bt s st et a et et s be e et s e e sas e sas et et s e e s Rt e e b e R b e ean e as e nesRnes 3.44.1b
RALEEE LRIUSL ...ttt e e ees b e e e b e e s en e s ebaeas e e e s e e seesasaeeneeeaneeeesaeenneessassesasasnnssans 34.4.1c
Refinishing floors:

COMCTELE ...ttt et e st eesatecs e e et e ss s e e e beessesesssesesnseessee s s eaasse s nsaasseeseeaeenseeabsasesstsaasearssannesantananeas 6.3.4
Repair, definition of 1.24
Repointing MOTrtar JOINES .......cc.ccoeoiiiiiiceeeeeree ettt a ettt eas st e sassaebesassueeresrssresssessaasansassans 4.3.3
Re-SIAING WAILS ..ot ettt e et e e s et e s e e sen e e s e ase s sbaa s s ebe e s br e e s e e s s rne e e aan 4.2.3;4.5.2
Resurfacing CONCIEte flOOTS ..........cccovvvviiiiniiiiieriiirie e sreeereesr e e seresesasae s s e saes st e mee s saatesssatesansassrnseanessnensans 6.3.4
Ring connectors and shear plates:

ALIOWADIE L10AAS ........cooiiiieeeiieeecec ettt et e e ees e e sbe e e bae st e e s e e sa e ts e aba s ne e be e nsseat s e e e e s neees 3.4.11.26

Omission............. 3.4.9.2

SPACINE ..ottt ettt et st e et et st et e eae s bt et et et et e eaa st et et et et e seesr e e seeea e Rt ea s e R e e b e eab et ernens 3.4.11.16

USE IN LIUSS TEPAIL ..veevvieeeeriiericreeticeetreetecreereeeeeteeseesseesssessessssabesssasssasstesseessesateseeasessneastonsssssesnen 3.4.10.3; 3.4.14.1
ROIL O Batt INSULALION ......c..coveviiciireeieeece et rre et e s e s e e e s e e ebe e s st s be et e e e e eraesbessnaesneerneasaasnnas 4.2.6.3
Roof drainage, CONEIol Of ...........cccooiiiioiiiiicee sttt sttt s bsssresanssre s e e r e e aaessnesaa e s esanens 2.3.2.2
Roof settlement, COrrection of .............ccoeriiieiiieeeeeiretecrre et sne e 3.4.9.3
Roof tyDnes ........ccccovviiiviiiicicicnninnessnesncssscsnnnnns 3.4.2
Rotten wood stains, removal frOIm CONCIELE...........cocvvvieieeiiirieriree sttt sr e e sresaa e b s e s e baeens 4.3.10.12
Rug or carpet covering: Preparation of:

CONCTELE FlOOTS, fOT ....oceeeieieeeieeeeeeeeeeet ettt eetteesateeebeeabesereseeseeesbaeessensssaassssssaeasasessstasnaesseesmsesantemnesssnnnsans 6.3.9
WOOA flOOTS, FOT.....ocoieiiieiieiceee ettt eeee et e e est e e e st e s e esste e e e abeeessseaeas s e s eaessaessssaaeesabneessaeessasassessaessnnnneenas 6.2.7

Q

(&)
Sandblast cleaning of MASONTY & CONCIELE .........ccccerurveveiiriirieereieieretee st esb s st enaas 4395
SANAING, FlOOT.......cuoiteieiieeeeee ettt et see st st s ese b et saesaes e s b e b s b sa s b s et b e b e s e s sae s er e s esb et sabasssbensens 6.2.3.3b
SANAING MACKINES .......ocviitieeciceeeeeeeere ettt a ettt e sae b bene e s e st e R s a s b sen et e 6.2.3.3a
SANAPAPET ...ttt ettt et e et et e et e te s st e st et et e b et e s e be s et be s R R R s i sk b a e e AR e sttt e R b e Rt e R b e e s s ns 6.2.3.3a
Screens, maintenance of ..........c..ccocveveveeiieiieciiecesreee e et et e et ie e ettt e e e taseebeeatbeeeareananeeanreas 7.2.8
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Seam protector, HNOLEUIM ...........cceuririeriiriniciiincieieris et b e s
Security fences and gates ....
Seepage, water..............c.o.o....
Shearing Strength Of S0I1S..........ccovueiiiririrrceiiii e
SREALRINE......coitiiiieteectete ettt ettt sbeteue st st sese st bt s s s R b e e s R ea e b e asn b e bR e AR e
Shingle, temporary:
T OUIAALIONIS - oveeeeeeeeeee et eeeeeet s tter e ses st e e s sasseasessensassaest s st anae st ema s sreseeeennbab s o b s o R b e s b s e b s e Rs et e bs e s s e baabesas et e eeeneens 2.1.5.2
T T USSES v veeeeeeeeereeeeseeseseesasseesssresseseessteesassesassesastasesssssssssarsaeesssassaseassnseeesneeaasnesssssssatesssssseessenssanstsessssessastassseneseess 3.4.101
Sills
IIISPECEION ..ottt ittt et bbb bbb e bR SRR b bbb 3.1.3
MAINEENANCE, OF ...o.oeevieeetirircrite ettt et e et st es s s res e bs s e R s h R e e b s e e S a b e s s b e s E e s st e bbbt n 3.1.3.3
REPIACEIMENL ......ovvvteieieeeieieiei ettt a s bbb bbb s bbb s 3.1.3.2
T T T OO PO RO OSSO UPO PP TPO OSSPSR PP N 313.1
Skylights:
FATE FESISLATICE .veeeuvveeeeeeiiieeeeeeeesitteeeteeessseeessse s steessseasssaeesmesesmaeessstssars s sorasessanss s bas e sa s e e n e s e s s saeaaesaaseeennbesareectasss 54.2.5
IV AINIEEIIANICE ..o veeevveeeeeeeeteeeeeeeeieeeetresssteeessseasssassseasssaessneaseneseensasesbnesistassabessnbessabanessnsaasstaninssassantensesanensananes 7.4.9
Sliding-dOOr @QUIPIMENT ....cveuvieiceererteeeere ettt e s a b e bbb sttt b bbb bbb b 7.4.6
Slotted washers, use In tIUSS FEPAIT .....c.oocveereeriieririiii st sttt 3.4.16.1a
SO0L] COVRIS ... nveeeieteteeereeereeeee et eeteestesseesseeesesasasssensessssessassaasssesnstesssessteeasssaasestesseasbe s besabesbsTar s e baaasasastessnenssasasesaees 2.3.3.2
S01] INVESLIGALION ......ovcviviviteteictcteieer ettt s e b bbb bbbt 2.14
Spreader blade, CEMENt......oou it 5.3.34
T
Translucent structural PANELS ...t 454
Trim, Wall, FEPAIT Of .....coceiiciirieieee ettt ssesres et ss bbb bbb st ts 5.3.1¢c
Trusses, wood:
BIACINE c..oovieieeieieecectetetete et tets ettt ae et e e et e e e e s RS s a s b e e RO R SRS R R oAb bR RS s e 3.4.18
Defects, common 3.4.7
INSPECLIOM ....ovcveieee ettt bbbt s s e bbb s e b e eSS SRR eSS s : 3.4.8
Maintenance and repair:

BOIt SPACIIIE....vvveveeieieecieiet ettt et re s b st bbb s b e bbb s bbb e Rt 34.11.1a
BOIt tIZht@NINE . .....cviciitieieeieeeee ettt sttt b e e s bt 3.49.1
Bowstring truss, typical TEPAITS .........cccoceriiiirieccniiiti e e 3.4.15
CROTA TAIIUT@ ...ttt sttt et e st e e e tesae et e saesas et e sessme et esae e st ebesshssas s bt e naaae s R e s an et et e s b e s et sue s b e satanes 3.4.14.2

Chord, lower, repair of:

SPLits At JOINS, IMIMOT ...c.ceieveciriririeeetre ettt secen st s b sttt bbb bbb s 3.4.13
Chord splice repairs .......................................................................................................................................... 3.4.13.2
CONNECLOT SPACINE.....cciiiiiieeietinterieetestestesseet s reeeree e st s s s s e s s s s b s e s e b s s b e s b e et et e sa e s et s e saesaas b e sas s s s rneees 3. 4 11. lb
Door guides, adjustment Of ..........ccoiriiiiriniiiiini e 3.4.9.3b
Loads on connectors, alloOWADIE ..........cccvviciiiiiiiiiriciiirieiee e sreree e sesesssste s ete s saneesan s e s e s e s s sene e eiss e 3.4.11.2
Ring connectors and bolts, 0mMmiSSION Of .........c.ccccvceeiiririiniiiiiiiiiie e 3.4.9.2
SEELLIEIMENE ....eeiivieeeeiieteeeette et esctteeetes st e e seeeesaeesebeeeesseesssseesnsessssessnsesersaesasseesatsesbasearaeaeabeesabanasbaasssae st neennneenntans 3.45.3
1] 0] o 1 U= OO U O OO OSSO ST SOUPIPROP OO PP SPPIRPT PRSPPI 3.4.10.1
Split and checked MEMDBEIS........cooiieee et 3.4.10.2
Web members, damaged:

COMIPTESSION.......eevieereeieiiatiesietetestesatetesseestsraeeestesbes st orssab oo b e s b e s r s e st e be e s e s e st e b e e R e s b e b e b e bbbt e e e b e b et e e e 3.4.104
REPAITS. .....oveiiviiitcer ettt sttt b e s s e A s bR bR S E e R e A SRR s 3.4.14.3
TTOIISION ..ot eeee et e st ee e e st e eeraesesse s e saeaasseesssae s s tesssesaasassasanes sbesameteasstsasbas s bssesR e s e nneararsasbaa st essneesanessnes 3.4.10.3
Materials for repair:
HATAWATE.......c.eeeeeeeeeeeeeeeeeeet oot eeettvestsssssuvsssssssssssasssasassssassssssssassstessseeseenessneesest s s bb s ebs s e s baesan s e s naaassnesssees 3.4.16.1
Paints ........ e 3.4.16.2¢
4 AT 0] ¢ =) RTTTRTRT OO U PO PO PR P PR PPS 3.4.16.2
T 7T OO OSSOSO PSP PO PP PSST RIS PIOS 3.4.5
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U
Underlays:
ASDEStOS-CEMENT SIAINE.....c..cocviiieeieieiiciceeetcr ettt et sr b enrereereetsessessessessesseseeseassassansesssessensenneenes 452
WOOM fIOOTS ..ottt ettt b et er e eb e st e eas e b ers e s esseasa st et e bansatasbansassssssetassaensassesseansensersensens 6.9.5
Urine stains, removal frOm CONCIELE............cccvviicviiriiieerecriiiceeieceete et se sttt ese s s re s sae e e sesseesasseessensenses 4.3.10.11
UBHIEY L@AKS ....oeeeeeeeceeeeeeeeee ettt r et r e e s e e s e b e et e ss s estessasaebeessestessesbensensantansesen 2.3.2.5
\"
VIBPOT DAITIEE ...ttt ettt ettt eve et ear et et et e b e st e esseseebsessebeasesssessessasaessaasaassas e et sesbessassassarses 4.2.4
Varnish seal fOr CONCIELE flOOTS ........c..ocviviiriicrieiiiiticiereeertese it eseete et et eseessessereeseessesssssessesessassssseateessessessanses 2.2.13.7
VENEtian DLINAS ......coocvevieeieiiticiieciieece ittt sttt es et e b e b s sasebserbensersebeessessensessanssassssaseasnessansanssnsnnes 7.2.5
Ventilation:
BUILAINES ..ottt ettt et e s b e s s et e se e s snst s cebseesbsesbeeenteesrsaeanssensnsensessasesensaesresesnesansaan 2.4.5
CrAW] SPACE....c..cuereieiieieietecte st te e te st sts s e e et s e tesess st estesesseneesantesessessasenses e sesseneaseasanteseneebeeaeaseneentaeeasene 2.4.5
ROOK ...ttt et et e et ettt e ab e e et eabe e e be s e te e s bt e ertseabb e et e eaaeeeeabeaetbeearesatbeenabeesteeeanreeaeenn 3.4.4.3
WALL @XEETIOL ..ooveiiiciiecieetect ettt cr et st es e et e et s e e e ese e bs s b s e b e esa e beesbeersesbaessseaseestaenseeesesasesssentasssenssensees 4.2.5
Ventilation ducts, fire prevention IN.................iiiii e eress e esesesessesesessesesessssesesesses 54.2.6
Vents, MAINTENATIICE Of ........ccooceviviieiiiiiieeiee ettt et ers e ear et s et e esbsarsssesrbaessebasassesseeasesaserssarseersesnsesssasseas 7.4.10
Vinyl-asbestos floor tile:
DIESCIIPLION........cceiiiiiiei ettt e e e b e esb e canesrsassesesesssaesssassaesesssesssesseansassseassensssnsesssessseensesnsanns 6.9.9.1
INSEAILALION ..oeeeeieeeece ettt esa et et e e e re e b e es e ssae st e e st e e st e e s e e s re e b e et e s b e nsaentebeenbeenbeshee s 6.9.9.2
MAAINEENANCE........ooveeeiitiereceeecteeeteceeeeetee e seesrv e s este s teeseseseesbeeese e seassessseass et s essaassaessassanssessesssenseanssansaessesneess 6.9.9.5
Preparation Of SUDFIOOT ............coviiiiiiiiceecee ettt et et et erbesrsentaesteessesavsesaeesbesserseeassensesssessssaseas 6.9.9.3
REPAIT ...ttt e st et e e st bt e b e bt s b e e s sa e erte e e e b e e st an e aRe e ae e st e beenbaesseatsenseenseantens 6.9.12.2
w
Wainscots:
BaCKING, ZYPSUM........cooiiiiieeeceeeee ettt sb oot et s e e b e st ese st e s e bes s et enesbestesasbessesasansesensencene 5.3.2.3
CMENL-ASDESLOS..........oceieeieiereericiieteecrereret ettt et s ar e s ersesbess s b s s seenseseeasessesbess e sen b e seesaeseensensentensennennis 53.3
REPAITS ...ttt ettt ettt a e r et b et et e b et st e b e be et e e st e st enteab e taeteeneenteneeneentn 5.3.1.1c
TTHLE .ttt ettt et et b et e st s e et e e st s bt se e st e R bt e b en s et s seaeeReaseReebes b et s s estea e b et ebeesesterensereeneas 529.2
Wallboards:
Cement-asbestos, aPPHCALION Of ...........c.ooiiiiiiiieiirceree et s e e e s ess et e sessssesessesese e sesesesens 534
DIESCIIPLION ...ttt st s et et e e e et e et e senesasosesatsatassaneessesssnssntastsessessensessanssaseasesaessessennenean 5.14.3
GYPSUM, APPLICALION Of .....c.voveieeiviiireiiiitie ettt et este st esae st st estessentsssestssaessaneentessanseseesesssesaeseensansan 5.3.2
Wall openings, fire ProteCtion fOr ...ttt es et sese s s se e esssssenees 5.4.2.2; 5.4.2.3
Walls:
Exterior:
ASbestos-CemENt SIAINE .....c.coviieiriiieiireiictnr ettt b e s ettt e et b et b nnenene 4.1.2d; 4.5.2
CONCrete ANd MASONTY .......c.cccvvveeerireeeiirieeteeeeeteseresesteestestessssessestesessesseseseesansensasansessasersesesssnsensesensenersen 4.1.2(2)
Failures, CAuses and SIZNS............cccveveirrereeiierererierereinreeeeseesesressssesesesssesesssesessssesensssesesesessentsesseseseenens 4.2.1
FANISHING .ottt ettt a s st e s et e b e s esseaebsebesbessabessaseasesseneesansenensenean 4.1.3
Inspection........cccocceeveevvvcvvveeeveiceienens reeeteerireesrbeeaesesbreerrertteabte e bt earatesR st e st e et e eanbaeanseeanre et be e nte e nneeraebres 4.2.2.1
INSULALION ..ottt e et e bt e b eveete e bt esee b et ess e s e b et asaesae et s esaesteseeneennesaebesnenne 4.2.6
MaALEIIAIS ..ot r e et et a st et et et et e et eae R e baentese e st e e e tebeaenee 412
)\ =3 721 OSSP USROS 4.1.2¢
MOISEUTE CONLIOL ...ttt ettt se e st e aeebe et e etssbeersebseasentaraassensassassensensansessesnaeneensenee 42.1.1
Protected MELAL.............ccoooiiiieeeeree et s e et sae et ettt reean et be s et e tesaeereeresaeens 4.4.1
REPAITS, ENETAL.....c.oceoeieiicte ettt sttt ettt b et er ettt b et et ess b et ene b et st beneeneneas 4.2.2
RE-SIAINE ...ttt r oo st e e bbb ea e bbebaesesns e s ess s s et e b e s s eseeaaesae st este st enteaeneentenne 4.2.3
SEFUCLUTAL LYPES .....eovivieieieiiieieteiete ettt et et er s b et eas et ebassesebessesetasessesassssesasasssbetesastobeberesesertbesentesesenen 4.1.1
Translucent structural PANELS ..............ccocooovvieiiiiiiiiicece ettt 4.1.2d
454
URNAETIAY ...ttt tes et s et ae s e s s s b et e st b et e st s et ess s esesesseseseseasenens s eseasasasere s esensasesentabebenens 4.2.3.8
WO00d ANd WOOA PIOAUCES ......c.cveveteeiieieiirereteeicrereeeeereresssesesesetesessesesensssesssessesesenssseseasssensassesensssesentsaesereseenennan 4.1.2a
Interior:
CLEANADILILY ...c..ocvieiiieiiiiiteeceeeeeeee ettt ettt cb et et st e b e st s b st seeae s be e st e b et et e be b e beenesaeene e e e e enee 5155
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Tira racic
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| VY o o1 V-S5O OO OO TP TPS FOTISRTIEI S IR
INSULALION «.oeeeeeeeceteeeeceetceteectreee bt eseresssseesesasessasasssesssnesssnesssstesssesssnssssesssesssanesstassstassaeassessentesssesssssessantoes 5.1.5.3
IMALETIALS .....eveeeeeeeereeeeeeeeseeeeeeteesiesessesssseesssaessasesssseessessarssssnessssssorsesessasssssnnesssnssersasastesssresissessanssssonsstessstesan 5.1.6
INOISE COMEION ...veeveerereenreeeeeeeseestestesseeseaeessersersasssessestessasssesesssassssssessessesstessssresssesasessassassassassessassassesssssnssanssns 5.1.54
PLASLET ..ooveeeeeeeeeeeeeeeteeeeeeeeertesteessesesessssssessaeerae st esnsasraasssensssssesossteresssuesntrarbnssrassraeessaatesteastseseesassassstatnestere 514.1
Plastering CCESBOTIES .........c.ceureerreenerecresessessesetseststsssssssssassesessssssasasassasssssssssstssstsasassssesssssstsssunsasasassnsas 5.1.7
REPAITS. ...ttt et esneseests bbb e e s s e R R e s E e SE 0RO eSS SRS RSSO O s s s bbb 5.2
L1 oiveeeeeeereeereeeeeseeeeeeseseesseeseessseeseessassssessasnsessssarnasssassassssesatssstseatessteertessntossseorsssssesssesstesssessseessaostessssssessnessees 5.14.2
WALIDOATAS .....oeeeeeeeieeeeeeeeeeeeeeeeeresstsesseesersssesssessorssesssssssesssesssssssssnsesassostsesesssssessssersasssassassstsessessnarsnessassassssssse 5.1.4.3
Warren truss:
DIESCTIPLION. ......ecueeiieiettse et b s b st st b s s s bbb bR bR SRS h s b b 3451
SROTINIZ ..ovevrveveretetereee sttt est s b s e et s st sasbess bbb b e b s e s s e b e R e RS ST a4 SR e B E S 40004000 RE S E SRS R E RS RSO e E s b s st 3.4.10.1
Waterproofing:
FLOOIS, CONCIOLE......c.ocueveeeeeiererienevessesesesessesereesassassssssstostssssssntssessssssssestessesnessassesessessenssssnsssosssntsssssssssntssssnsness 6.3.7
FOUNAALIONS.....c..eeceeieeeeeeeceeeeeesieestesseesssesssesssesssesssesseessessstssssosssesssosssssstesstsssseeanssssossserassnsnensesssssssesssssasssssessesans 235
IMLALETIALS .oovoeeeeveeeeeeeeeeeeeeesesasseesasassesessasasasssssssssessssssassassasssssasssssasseasarsasnesesssssssssssssssssessasesesensessrannsses 2.3.5,6.3.7.2
UNAErground SEIUCLUTES..........cccceuerertemeriecsisrinsisseissisenssssessssssnsssssasssassssssssstsssstessasststsssnssssssssssssssasnsssasnsasses 2.3.6
Wallg, concrete and IMBEONTY ...t sissssssssssssssssssassssssossisisssssssssssssssessssssnsrsressssssasasns 2359

Web members, truss, damaged:

COMIPTESSION ......coeererrrreirerieieseseetsesaesesseststssssessssesesssersrasssessssssssssasatssesesssssssstsessstatsssastisssssisestsnsnesstosssssasasssass 3.4.104
TEINSION ... eeeeeeeeeeeeteeeeeeeseesueeessesssessessrssssassssessasssasssesstasassonssssaesesssstssstessesessesssssssesssesssrsntesnrasatesaasssseseessstassass 3.4.10.3
WiIndow, MAINEENANCE Of .......c..oeeveiiiereieienrecresterseesssssiessssistsstssesnsssisiesassessessssssansssessssossssssssssassssasssstsessssnesansnss .
Windows screen Staing, FEIMOVAL Of...........ccociverirreeseerenresesresenetresiesisstssssessessosesssnssestasassatssassassassessssesesessescns 728
Windows:
INSPECtION, PETIOAIC ......ccvteeeetreecreecinieerieeteectsi s sbe s sbssessb s s e b e st s et s s e s et se s s bt sasas e sh e n s s sasRnensnses 7.21
Metal, MAINTENANCE Of .......c.covvirrereeericiererreeeersreseserssesssesssostssssssssstestostsssssstssssssssssessasssstastasssssessesassssesssstsssisns 7.2.3
TYPES VINYL ..ottt easse ettt sn e tacssese et b bs s b s bbb s s s R b e b e R s B s E s 0 s bt st e bbb b0 7.21.1
7.2.4
Wood:
Balancing AdUSEIMENt ...........c.cccceverrrerrerenireseesnessestesssssesseresesisssnssesmsssssssssstasessssssssosstesssssssssssssismsnssesssaseses 7.2217
BINAINE ..ooverirenererereneeieverie e tes e e e ssessrstssesesssesestssesesssssssasstsessesssssssnstssorsssssnsnsatssassssssasssenatstsssssrsssuiisnsssssneias 7222
BOWINE .....ooviieieieiceeetet e ree e stes b et ssete st e s ssesassesassssesessterasotsassssesassessessasaressnssestesesnnsssst st sstsstserssesnssssanans 7225
COTAS, DIOKEI .....oeveeeieeeineereceseeesiessreereseresenessaosssessssensessssessssssessossiostesstessessaesasosssssstesssssssessessnnossesssssssssrenns 7.2.2.6
FAIlUTE, CAUSES Of ........cccuvieirreeirieiiieiierereriteeeseeesssesssssesssassssessassesssessantessnessasessesssnsassnessonss sisessssssssasnssasasns 7221
SELLICINENL .........covevieeiiriirictieeiseeteterestes e sressessssssossessossasstssseasssssesbsesesstostobesstsatssessesstentosessistesseassesssssessios 7223
SWEIHNE ......cveiieeicreieree et e te et e tese et e st s be e sts e e ssstsessssssasensstesssbsasessssasassnsatssasasanssssnansassessabessatsnsrsnnsssanes 7224
Wo00d decay in CIAW]L SDACES .........c.ceeereeirenennieccteeetssssesesestsresesesssssssrsssssssssasassssstssstsssssssasassesessssrsnssssssanes 243
Wood floors:
Block:
DIEBCTIPLION........cceeteireetcte ettt este s et e essesasasaessessestssaosessessinbassersassastesssassnsnasasstsasotsasssssssstssesssstsnnsasssn 6.2.9.1
MAINEENANCE.........cverreeeicrriverirtererrerereeaissssssessstassassessssssessesssssssssesstsrssssnssssstasstssessesssasesssssessessessnesssssssatases 6.2.9.2
RODAIT ..ottt s e e s a e eSS SIS S S SR S s s s At 6.2.9.3
Strip or parquet:
COMMON EfECLS .......ccicveiiieieriiictrieeitereesirreesesresessssssessssstesssstesesssassssssssaraessssrsttessraesessssesssssaassasssssssssesssssne 6.2.2.1
CrACK fIlIETB ... .cveeeeeeeeeeieeeteeeeesrecteesressresseesssesssessassesssnsessassnessesesnessnssseesssessasesssssssesssessessssssssssasssassassntessess 6.9.6
LIAYAIIE ...ttt sree et sae e se e s st sase e saeshe SRS a b s s e e SRS SRR SRS R RS PSS E SRR SS RS RS RS SRS b s bR e e 6.2.4.2
ReCONAItIONITIE TIBLHOUS .o veveererreerrieeerreertsesreresesecresrsaseses e sessatsbssests e asasatssest st sssasatsasssatsanssanssssestsrsnene 6222
Refinishing:
Preparation fOr...........ccoiieiniccieinentiencrtesrenseecesstsensestsssssessesassesamssssssssessessenssssnsssssnsnsassassssessssessssniasess 6.2.3.1
SANAINE ..ottt resse et sesse et sesesnesesesnessbes s rass b b sas R b e s s SRs RS RS S s e SRSt s e st s b et s 6.2.3.3
SALINE ....ovevevererireceeirtree st et eaense et st st es e s e e sttt st sb e R e st s b SRS SRS R R SRR SR SRR e SRRt st 6.2.3.2
Volatiie liquids, use of safety procautions............ccinenininiennicrencnecssteienns 6.2.3.4
6.2.34
REPLACEIMENL .......ovivierenenieeecriec ettt ss bbb s s s s st sttt bbb s b0 6.2.4
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Rug or carpet coverings, preparation for
Wood framing members, laminated ...
Wo00d piles, ProteCtiON Of ........cccoiiiiieiiieiiiei ettt ettt ettt r e b s ere b ere s sn e en i s e
WOOA PreSEIVALIVE .......cuevtieiitiieieeieei ettt ettt ettt e et et bbb eeaeas b sa et ea s b e s ae st esseba et e e b e s enrne
Wood stairs, repair of

Wnand triccac (can Triccae wand)
TV UV UL WiSWTD \DUT 4 L UWDOUATy YY UV

Yoke angles and clamps, use in truss rePair.........ccooiiiiiiiiiiiiii e 34.12.2
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