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The differential equation for normal stress in the adhesive ADHERENDS L‘““n L‘
of a lap joint as proposed by Ojalvo and Eidinoff is an im- ADHESIVE In e
provement over that proposed by Goland and Reissner in that 1 t \ Wl u,
the differential equation of normal stress by Goland and
Reissner is based upon an incomplete shear stress-
displacement relationship, while that of Ojalvo and Eidinoff
is based on the complete relationship. However, the dif-
ferential equation for shear stress in the adhesive, using a
complete shear stress-displacement relationship and
assumptions common to the theories of both Goland and
Reissner and Ojalvo and Eidinoff is not unique in that that it
contains an arbitrary constant. Examination of a wide range
of values of that constant on a sample problem indicates that
shear stress values vary significantly with the choice of the
constant. Different choices of the constant give either the
differential equation of Goland and Reissner or of Ojalvo and
Eidinoff.
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which are identical to Eqs. (10a and b) of Ref. 1.
Combining assumption 1 with Eqgs. (1) and (2) yields
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HE purpose of this Reply is to refute the main point of

Carpenter’s Comment, i.e., that there are arbitrary
coefficients in our lap joint adhesive theory as presented in
Ref 1. It is our contention that there is a basic error in Car-
penter’s theory associated with the satisfaction of transverse
deflection compatibility at the bond/adherend interface. The
following comments contain a development of this position.

The first two arbitrary constants introduced by Carpenter
in Eq. (14) of Table 1 contain no explanation other than a
footnote which states ‘‘«; and «, are constants which depend
upon the shear stress-displacement equation for the
adhesive.”” We shall demonstrate here that «; and «, are not
at all arbitrary, but must be fixed values if the adhesive
displacements u, and w, are to be compatible with the
adherend displacements &, and w, at their contacting surfaces
(z=+h/2, Ix] <c). These symbols are defined in Figs. 1 and
2. It should be noted that u; (undefined by Carpenter) is
called #, here and in Ref. 1.

The theory of Ref. 1 was based upon a number of basic
assumptions. The assumptions regarding the adhesive which
are required for our present Reply are: 1) the adhesive strain-
displacement equation is linear, 2) the adhesive material is
linearly elastic, and 3) the deflections vary linearly through
the bond thickness. Assumptions 1 and 2 were implicity stated
as Eqs. (11) and (12) of Ref. 1, while the third assumption was
explicitly stated in that work.

For compatability of adhesive and adherend displacements
at z= 4+ h/2, assumption 3 requires that

u,= (i, +1,) 12+ (z/h) (@, — ;) (1)

and
W= (W, +w,) /24 (2/h) (W, —w,) @)
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Combination of Eq. (3) with assumption 2 yields

u,—u wi+w, z
Ta=07a=a(——’h Syl L . : +5 (w,'—wz')) @)
which differs from Carpenter’s Eq. (14) in that «; and «, do
not appear. It is seen that the only way in which his Eq. (14)
will agree with Eq. (4) above is if a; and «, are both unity, in
which case they are fixed and not arbitrary.

The two remaining arbitrary constants in Carpenter’s
“Comment,” «; and a,, appear in a somewhat mysterious
fashion in his Eqgs. (24) and (26). These terms arbitrarily
multiply terms which are identities and thus zero [see his Egs.
(23) and (25)] and are appended to Eq. (22) to become his Eq.
(27). He then proceeds to arbitrarily introduce Eq. (28) with
no explanation. Presumably, he has done this to reconcile the
fact that our technical theory contains an inconsistency. It is
our contention that we have admitted this inconsistency in
Ref. 1 in our discussion following our Eq. (27¢). Such in-
consistencies arise from the fact that a displacement field was
assumed (for the adhesive) which did not satisfy the adhesive
equilibrium equations. The justification for our assumption
was that 1) the transverse shear carried by the adhesive was
negligible compared to that carried by the adherends and 2)
the displacement field chosen was the simplest consistent one
possible. We feel Carpenter should have offered some
rationale for selecting o; and «, such as a strain energy (U)
formulation in which perhaps U is minimized relative to
variations in a; and a,.

In conclusion, it is our position that Carpenter is in error in
stating that «, and o, are arbitrary since deflection com-
patibility is violated if these coefficients are not equal to
unity, and that he has introduced arbitrary constants, «; and
a4, which should be justified on some physical grounds.
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