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Example 1.14

Determine the largest load P that can be applied to the bars of the lap joint shown in
Fig. 1-27a0. The bolt has a diameter of 10 mm and an allowable shear stress of 80
MPa. Each plate has an allowable tensile stress of 50 MPa, an allowable bearing stress

of 80 MPa, and an allowable shear stress of 30 MPa.
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Failure of plate in tension
(b)

Failure of plate in bearing caused by bolt
(c)
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Failure of plate by shear
(d)

V=P
Failure of bolt by shear
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Solution

To solve the problem we will determine P for each possible failure condition; then we

will choose the smallest value of P. Why?

FAILURE OF PLATE IN TENSION. If the plate fails in tension, it will do so at its

smallest cross section, Fig. 1-27b (=

_N. 6 2 _ P
<O'anow ); = X’50<10 )N/m = 2(0.02m)©0.015 m)
P =30kN

FAILURE OF PLATE BY BEARING. A free-body diagram of the top plate, Fig. 1-
27¢I5, shows that the bolt will exert a complicated distribution of stress on the plate
along the curved central area of contact with the bolt.” To simplify the analysis for
small connections having pins or bolts such as this, design codes allow the projected

area of the bolt to be used when calculating the bearing stress. Therefore,

_N. 6 2 P
<O'anow)b = X’SO(IO )N/m = (0.01 m)(0.015 m)

P =12kN
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FAILURE OF PLATE BY SHEAR. There is the possibility for the bolt to tear through
the plate along the section shown on the free-body diagram in Fig. 1-274C. Here the
shear is V = P/2, and so

_ V. 6 2 PR
(Tallow)p =24 30<10 )N/m ~ (0.02 m)(0.015 m)

P =18kN

FAILURE OF BOLT BY SHEAR. The bolt can fail in shear along the plane between the
plates. The free-body diagram in Fig. 1-27¢" indicates that V = P, so that

(Tallow)s = %; 80(10N/m? = n(o.ooPs m)?
P = 628kN

Comparing the above results, the largest allowable load for the connections depends

upon the bolt shear. Therefore,

P=628kN Ans








