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PROBLEMS

1.1 Two solid cylindrical rods AB and BC are welded together at B
and loaded as shown. Knowing that the average normal stress must
not exceed 175 MPa in rod AB and 150 MPa in rod BC, determine
the smallest allowable values of d; and d..

300 mm

1.2 Two solid cylindrical rods AB and BC are welded together at B and
loaded as shown. Knowing that d; = 50 mm and d; = 30 mm,
find the average normal stress at the midsection of (a) rod AB,
(b) rod BC.

40 kN
1.3 Two solid cylindrical rods AB and BC are welded together at B

and loaded as shown. Determine the magnitude of the force P for
~—d, which the tensile stress in rod AB has the same magnitude as the
compressive stress in rod BC.

250 mm

3in.
2in. 30kips g l

30 kN
Fig. P1.1 and P1.2

f —
30 kips

| 30 in. i 40 in.
Fig. P1.3

1.4 In Prob. 1.3, knowing that P = 40 kips, determine the average
normal stress at the midsection of (a) rod AB, (b) rod BC.

1.5 Two steel plates are to be held together by means of 16-mm-diameter
high-strength steel bolts fitting snugly inside cylindrical brass
spacers. Knowing that the average normal stress must not exceed
200 MPa in the bolts and 130 MPa in the spacers, determine the
outer diameter of the spacers that yields the most economical and
safe design,

[l A
i
a .
—_— - 15 mm |
B
Fig. P1.5
100 m
1.6 Two brass rods AB and BC, each of uniform diameter, will be
b 10 mm brazed together at B to form a nonuniform rod of total length
100 m which will be suspended from a ';upport at A as shown.
Knowing that the density of brass is 8470 kr_/m determine (a) the
length of rod AB for which the maximum normal stress in ABC is
Jc minimum, (b) the corresponding value of the maximum normal
Fig. P1.6 stress.
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1.7 Each of the four vertical links has an 8§ * 36-mm uniform rectan- Problems 97
gular eross section and each of the four pins has a 16-mm diameter.
Determine the maximum value of the average normal stress in the
links connecting (@) points B and D, (b) points C and E.

Fig. P1.7

1.8 Knowing that link DE is % in. thick and 1 in. wide, determine the
normal stress in the central portion of that link when (a) # = 0,

(b) & = 90,

1.9 Link AC has a uniform rectangular cross section + in. thick and
1in. wide. Determine the normal stress in the central portion of the

link.

240 b

-

P

3(;@3‘&?1 } 240 Th

Fig. P1.9
1.10 Three forces. each of magnitude P = 4 kN, are applied to the

mechanism shown. Determine the cross-sectional area of the uni-

form portion of rod BE for which the normal stress in that portion
is + 100 MPa.

0,100 m

0.150m 0300m  0250m
Fig. P1.10
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I.1T The frame shown consists of four wooden members, ABC, DEF.
BE. and CF. Knowing that each member has a 2 ¥ 4-in. rectan-
gular eross section and that each pin has a ,-1n diameter, deter-
mine the maximum value of the average normal stress (a) in

member BE. (b) in member CF,

Al 45in, ' 30in, |

™ | lF

| @ )
e I
450 b

4in. 4in.

30 in. |

Fig. PL11

1.12 For the Pratt bridge truss and loading shown, determine the aver-
age normal stress in member .BE ]mowmg that the cross-sectional
area of that member is 5.87 in°.

B D F
12t
Al? : IJ'FI_|
= c E c i
[——Qﬁ 9 fit 9 ft 9 I't-—-l
4 Y
B0 kips  SOkips 80 kips
Fig. P1.12

1.13 An aircraft tow bar is positioned by means of a single hydraulic
cylinder connected by a 25-mm-diameter steel rod to two identical
arm-and-wheel units DEF. The mass of the entire tow bar is 200 kg,
and its center of gravity is located at . For the position shown,
determine the normal stress in the rod.

Dimensions in mm
ﬁicVL —
| c l::#:--B 1450

250

825
Fig. P1.13
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A couple M of magnitude 1500 N - m is applied to the crank of
an engine. For the position shown, determine (a) the force P
required to hold the engine system in equilibrivm, (b) the average
normal stress in the connecting rod BC, which has a 450-mm°>
uniform cross section.

When the force P reached 8 kN, the wooden specimen shown failed
in shear along the surface indicated by the dashed line. Determine
the average shearing stress along that surface at the time of failure.

15 mm \ 7
al

Steel | \1’l)d

Fig. P1.15

The wooden members A and B are to be joined by plywood splice
plates that will be fully glued on the surfaces in contact. As part
of the design of the _',mnl and knnwmg that the clearance hetween
the ends of the members is to be ! in.. determine the smallest
allowable length L if the average shearing stress in the glue is not
to exceed 120 psi.

90 mm

A load P is applied to a steel rod supported as shown by an alu-
minum plate into which a 0.6-in.-diameter hole has heen drilled.
Knowing that the shearing stress must not exceed 18 ksi in the
steel rod and 10 ksi in the aluminum plate. determine the largest
load P that can be applied to the rod.

k.

0.4in.
TEE

Oﬁln——l

|-— 1.6 :i.n.—-l

Fig. PL.17

Two wooden planks, each 22 mm thick and 160 mm wide, are
joined by the glued mortise joint shown. Knowing that the joint
will fail when the average shearing stress in the glue reaches
820 kPa, determine the smallest allowable length d of the euts if
the joint is to withstand an axial load of magnitude P = 7.6 kN.

1

|
‘\"'\—\_\_
. ﬁ]mmj_l Clie [
e ~—| 160 mim m—

Fig. P1.18

Problams

mim

B0 mm

=
5,

Fig. P1.16
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24 Intraducfion—Concept of Stress 1.19
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— =22 mm 1.20
P
Fig. P1.19

1.21

Fig. P1.21

1.22

1.23

Fig. P1.22

The load P applied to a steel rod is distributed to a timber support
by an annular washer. The diameter of the rod is 22 mm and the
inner diameter of the washer is 25 mm, which is slightly larger
than the diameter of the hole. Determine the smallest allowable
outer diameter d of the washer, knowing that the axial normal
stress in the steel rod is 35 MPa and that the average bearing stress
between the washer and the timber must not exceed 5 MPa.

The axial force in the column supporting the timber heam shown is
P = 20 kips. Determine the smallest allowable length L of the bearing
plate if the bearing stress in the timber is not to exceed 400 psi.

Fig. P1.20

An axial load P is supported by a short WS X 40 column of cross-
sectional area A = 11.7 in? and is distributed to a concrete founda-
tion by a square plate as shown. Knowing that the average normal
stress in the column must not exceed 30 ksi and that the bearing
stress on the concrete foundation must not exceed 3.0 ksi, deter-
mine the side a of the plate that will provide the most economical

and safe design.

A 40-kN axial load is applied to a short wooden post that is
supported by a concrete footing resting on undisturbed soil.
Determine (a) the maximum bearing stress on the concrete foot-

ing, (b) the size of the footing for which the average bearing stress
in the soil is 145 kPa.

A Lin.-diameter steel rod AB is fitted to a round hole near end C of
the wooden member CD. For the loading shown, determine (a) the
maximum average normal stress in the wood, (b) the distance b for

which the average shearing stress is 100 psi on the surfaces indicated
by the dashed lines, (¢) the average bearing stress on the wood.

1 im. 1300 1h

B0 h

<l
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Knowing that # = 40° and P = 9 kN. determine (a) the smallest
allowable diameter of the pin at B if the average shearing stress
in the pin is not to exceed 120 MPa, (b) the corresponding aver-
age bearing stress in member AB at B, (¢) the corresponding
average hearing stress in each of the support brackets at B.

P

16 mm)\ A

730 mm

Fig. P1.24 and P1.25

Determine the largest load P that can be applied at A when 8 = 607,
knowing that the average shearing stress in the 10-mm-diameter pin
at B must not exceed 120 MPa and that the average bearing stress
in member AB and in the bracket at B must not exceed 90 MPa

Link AB, of width b = 50 mm and thickness t = 6 mm, is used to
support the end of a horizontal beam. Knowing that the average
normal stress in the link is — 140 MPa, and that the average shearing
stress in each of the two pins is 80 MPa, determine (a) the diameter

d of the pins, (b) the average bearing stress in the link.
For the assembly and loading of Prob. 1.7, determine (a) the average

shearing stress in the pin at B, (b) the average bearing stress at B in
member BD, (¢) the average bearing stress at B in member ABC,
knowing that this member has a 10 X 50-mm uniform rectangular
cross section.

The hydraulic eylinder CF, which partially controls the position of
rcxf DE. has been locked in the position shown. Mcmher BD is
E in. thick and is connected to the vertical rod by a -—m -diameter
holt. Determine (a) the average shearing stress in I:hP bolt. (B) the
bearing stress at C in member BD.

T 7 in."""'\
v D

\'\\
r ﬁ \/ 75

400 Th

Fig. P1.28

Fig. P1.26

Problems
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Introduction—Concept of Stress 1.42 A steel loop ABCD of length 1.2 m and of 10-mm diameter is

I
150 mm
1.43

180 mm

Fig. P1.42

1.44

Fig. P1.44

placed as shown around a 24-mm-diameter aluminum rod AC.
Cables BE and DF, each of 12-mm diameter, are used to apply the
load Q. Knowing that the ultimate strength of the steel used for
the loop and the cables is 480 MPa and that the ultimate strength
of the aluminum used for the rod is 260 MPa, determine the larg-
est load Q that can be applied if an overall factor of safety of 3 is
desired.

Two wooden members shown, which support a 3.6-kip load, are
joined by plywood splices fully glued on the surfaces in contact. The
ultimate shearing stress in the glue is 360 psi and the clearance
between the members is § in. Determine the required length L of
each splice if a factor of safety of 2.75 is to be achieved.

3.6 kips 5.0in.

~ / ,_._._/\%>

3.6 kips
Fig. P1.43

Two plates, each i-in. thick, are used to splice a plastic strip as
shown, Knowing that the ultimate shearing stress of the bonding
between the surfaces is 130 psi, determine the factor of safety with
respect to shear when P = 325 Ib.

A load P is supported as shown by a steel pin that has been inserted
in a short wooden member hanging from the ceiling. The ultimate
strength of the wood used is 60 MPa in tension and 7.5 MPa in
shear, while the ultimate strength of the steel is 145 MPa in shear.
Knowing that b = 40 mm, ¢ = 55 mm, and d = 12 mm, determine
the load P if an overall factor of safety of 3.2 is desired.

A’JU n1m\‘>/ \</
Fig. P1.45
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1.46 For the support of Prob. 145, knowing that the diameter of
the pin is d = 16 mm and that the magnitude of the load is
P = 20 kN, determine (a) the factor of safety for the pin, (b) the
required values of b and ¢ if the factor of safety for the wooden
member is the same as that found in part a for the pin.

1.47 Three steel bolts are to be used to attach the steel plate shown to
a wooden beam. Knowing that the plate will support a 110-kN
load, that the ultimate shearing stress for the steel nsed is 360 MPa,
and that a factor of safety of 3.35 is desired, determine the required
diameter of the bolts.

1.48 Three 18-mm-diameter steel bolts are to be used to attach the steel
plate shown to a wooden beam. Knowing that the plate will support
a 110-kN load and that the ultimate shearing stress for the steel
used is 360 MPa, determine the factor of safety for this design.

1.49 A steel plate % in. thick is embedded in a horizontal concrete slab
and is used to anchor a high-strength vertical cable as shown. The
diameter of the hole in the plate is § in., the ultimate strength of
the steel used is 36 ksi, and the ultimate bonding stress between
plate and concrete is 300 psi. Knowing that a factor of safety of
3.60 is desired when P = 2.5 kips, determine (a) the required
width @ of the plate, (b) the minimum depth b to which a plate of
that width should be embedded in the concrete slab. (Neglect the
normal stresses between the concrete and the bottom edge of the
plate.)

Fig. P1.49

1.50 Determine the factor of safety for the cable anchor in Prob. 1.49
when P = 3 kips, knowing that ¢ = 2 in. and b = 7.5 in.

lllnL\

Fig. P1.47 and P1.48

Problems
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1.51

In the steel structure shown, a 6-mm-diameter pin is used at C
and 10-mm-diameter pins are used at B and D. The ultimate
shearing stress is 150 MPa at all connections, and the ultimate
normal stress is 400 MPa in link BD. Knowing that a factor
of safety of 3.0 is desired, determine the largest load P that can
be applied at A. Note that link BD is not reinforced around the
pin holes.

I ® J D
Front view bt
—| [=—18mm —| l— 6 mm
Al o) C d B
B o
~——— 160 mm | 120 mm | Side view
‘rl‘
Al = ;
B
Top view C

Fig. P1.51

1.52

1.53

Solve Prob. 1.51, assuming that the structure has been redesigned
to use 12-mm-diameter pins at B and D and no other change has
been made.

Each of the two vertical links CF connecting the two horizontal mem-
bers AD and EG has a uniform rectangular cross section } in. thick
and 1 in. wide, and is made of a steel with an ultimate strength in
tension of 60 ksi. The pins at C and F each have a }-in. diameter and
are made of a steel with an ultimate strength in shear of 25 ksi.
Determine the overall factor of safety for the links CF and the pins
connecting them to the horizontal members.

Fig. P1.53
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P 1.29

5.0 in.
3.0 iu/\_ - AV

—_—

1.30

1.31

’

Fig. P1.29 and P1.30

1.32

1.33

1.34

Fig. P1.33 and P1.34

36

The 1.4-kip load P is supported by two wooden members of uni-
form cross section that are joined by the simple glued scarf splice
shown. Determine the normal and shearing stresses in the glued
splice.

Two wooden members of uniform cross section are joined by the
simple scarf splice shown. Knowing that the maximum allowable
tensile stress in the glued splice is 75 psi, determine (a) the largest
load P that can be safely supported, (b) the corresponding shearing
stress in the splice,

Two wooden members of uniform rectangular cross section are
joined by the simple glued scarf splice shown. Knowing that
P = 11 kN, determine the normal and shearing stresses in the
glued splice.

150 mm

‘150
W
T5m mJ/

Fig. P1.31 and P1.32

Two wooden members of uniform rectangular cross section are
joined by the simple glued scarf splice shown. Knowing that
the maximum allowable shearing stress in the glued splice is
620 kPa, determine (a) the largest load P that can be safely applied,
(h) the corresponding tensile stress in the splice.

A steel pipe of 12-in. outer diameter is fabricated from j-in.-thick
plate by welding along a helix that forms an angle of 25° with a
plane perpendicular to the axis of the pipe. Knowing that the maxi-
mum allowable normal and shearing stresses in the directions
respectively normal and tangential to the weld are o = 12 ksi and
7 = 7.2 ksi, determine the magnitude P of the largest axial force
that can be applied to the pipe.

A steel pipe of 12-in. outer diameter is fabricated from j-in.-thick
plate by welding along a helix that forms an angle of 25 with a
plane perpendicular to the axis of the pipe. Knowing that a 66 kip
axial force P is applied to the pipe, determine the normal and
shearing stresses in directions respectively normal and tangential
to the weld.



1.35

1.36

1.37

A 1060-kN load P is applied to the granite block shown. Determine
the resulting maximum value of (a) the normal stress, (b) the shear-
ing stress. Specify the orientation of that plane on which each of
these maximum values oceurs.

A centric load P is applied to the granite block shown. Knowing
that the resulting maximum value of the shearing stress in the
block is 18 MPa, determine (a) the magnitude of P, (b) the orienta-
tion of the surface on which the maximum shearing stress oceurs,
(¢) the normal stress exerted on that surface, (d) the maximum
value of the normal stress in the block,

Link BC is 6 mm thick, has a width w = 25 mm, and is made of
a steel with a 480-MPa ultimate strength in tension. What is the
safety factor used if the structure shown was designed to support
a 16-kN load P?

Problems

140 mm
Fig. P1.35 and P1.36
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