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Select the best (closest) answer.



1. A stainless steel tube with an outside diameter of 70 mm and a wall thickness of 5 mm is used as a
compression member. If the axial stress in the member must be limited to 340 MPa, determine the maximum
load P that the member can support.

a. 398 kN
b. 170 kN
C. 268 kN
d. 448 kN
e. 347 kN

/- % (70— 60 )

P\< Axgoﬂ«:

2. Two 6-in.-wide wooden boards are to be P
joined by splice plates that will be fully glued

on the contact surfaces. The glue to be used -
can safely provide a shear strength of 120
psi. Determine the smallest allowable length
L that can be used for the splice plates for an (M (2)

applied load of P = 15,000 Ib. Note that a 0.5 in.
gap of 0.5 in. is required between boards (1) and (2).

a. 19.7 in.
b. 15.7 in.
c. 24.3in.
d. 21.3in.
e. 11.6in.
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3. Arigid bar ABCD is
supported by two bars as
shown in the figure. There is
no strain in the vertical bars
before load P is applied.
After load P is applied, the
normal strain in rod (1) is
-1,400 um/m. Determine
the normal strain in rod (2).

1,500 mm
| 240 mm | 360 mm 140 mm

‘ 613: Rigid bar

a. 1650 pe
b. 2400 pe
c. 2850 pe
d. 2100 pe
e. 3150 pe

2—-—
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4. A large cement kiln has a length of 225 ft and a diameter of 8 ft. Determine the change in diameter of the
structural steel [a = 6.5x10°%/°F] shell caused by an increase in temperature of 250°F.

a. 0.195in.

b. 0.156 in. ‘
c. 0.328 in. P-xd =253 H = 30161

d. 0.273in.
e. 0.410in.

-6
S - 0-49 in / /
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P'opss =3021 i = d-P_%is  d.d- 961594019



5. A steel plate is to be attached to a support with three bolts.
The cross-sectional area of the plate is 800 mm? and the yield
strength of the steel is 250 MPa. The ultimate shear strength of |
the bolts is 475 MPa. A factor of safety of 1.67 with respect to

yield is required for the plate. A factor of safety of 4.0 with |
respect to the ultimate shear strength is required for the bolts. |
Determine the minimum bolt diameter required to develop the

full strength of the plate. Note: consider only the gross cross- \'
sectional area of the plate — not the net area.

v
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Plate l

$,

a. 25.9mm
b. 20.7 mm
c. 19.0 mm
d. 24.5 mm
e. 17.2 mm
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6. A steel [E =200 GPa] rod with a circular cross section is 10-m long. Determine the minimum diameter D
required if the rod must transmit a tensile force of 30 kN without stretching more than 5 mm.

a. 12.0 mm
b. 18.0 mm
c. 19.5mm
d. 21.9 mm
e. 16.9 mm

2
5 'DL Sowm = A > BQ“[O/;/X\O'OOD " 300w
J00xlo /\Af&% 5 mm

d \/4’4 9.5 mm




7. The assembly shown consists of a brass shell (1) fully 6 in.
bonded to a ceramic core (2). The brass shell [E = 15,000 "K—"
ksi, o = 9.8x10°%/°F] has an outside diameter of 2.00 in.and

an inside diameter of 1.25 in. The ceramic core [E = 42,000
ksi, o = 1.7x10°/°F] has a diameter of 1.25 in. Ata
temperature of 60°F, the assembly is unstressed. Determine
the largest temperature increase that is acceptable for the
assembly if the normal stress in the longitudinal direction of Brass shell (1)
the brass shell must not exceed 29 ksi.

":j' (2) Ceramic core

244 °F
320 °F
410 °F
372 °F
282 °F

® o0 o
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8. A compound shaft consists of brass segment (1) and aluminum segment (2). Segment T C
(1) is a solid brass shaft with an outside diameter of 0.875 in. and an allowable shear Cc

stress of 6,000 psi. Segment (2) is a solid aluminum shaft with an outside diameter of
0.65 in. and an allowable shear stress of 9,000 psi. Determine the magnitude of the largest
torque T¢ that may be applied at C.

a. 381.7 Ib-in.
b. 555.6 Ib-in.
c. 485.3 Ib-in.
d. 606.1 Ib-in. 0.&75
e. 431.4 Ib-in. @ Tx /2 < 5000 Psi
Tx 0.875%, P
32 :
T-= —_J'___Y“ < Cu T 739 Lb_in
“1x0.65; .
\_@> * /_?4 £ 9000 ps = 1= 485 bin
L x 0.65 /32
9. A motor supplies 14 kW at 600 rpm to gear A
of the drive system shown. Shaft (1) is a solid r\ L,
50-mm-diameter aluminum [G = 28 GPa] shaft 60 teeth L,

with a length of L; = 600 mm. Shaft (2) isa
solid 40-mm-diameter steel [G = 80 GPa] shaft

with a length of L, = 400 mm. Shafts (1) and N
(2) are connected at flange C, and the bearings = _‘f
shown permit free rotation of the shaft. S

Determine the rotation angle of gear D with =

="
=

-
T — ¥
=
= o
=
=
T
Bl
=

- s
=~ 24 teeth

respect to gear B. A
4 3 y
a. 0.0748 rad T . AXO. _ 6130 e
b. 0.0305 rad ' T 39 2
c. 0.0628 rad — o _ 95«0«
d. 0.0284 rad Jg = =0
e. 0.0523 rad
W 00 2x314
bo0x =5 b TL
60 T N
Ta= 2« ly = 55+ NMom
24
3 3
¢ _ qS gb 557x10 % 600 N 557xl0 x40 00305 Ynd
R 2%,000 xé\leOB 30,000 x 25 \xlo3




10. The composite shaft shown consists of a stainless
steel tube (1) and a brass tube (2) that are connected at
flange B and securely attached to rigid supports at A
and C. Stainless steel tube (1) has an outside diameter
of 2.00 in., a wall thickness of 0.250 in., a length of L,
=40 in., and a shear modulus of 12,500 ksi. Brass
tube (2) has an outside diameter of 3.500 in., a wall
thickness of 0.219 in., a length of L, =20 in., and a
shear modulus of 5,600 ksi. If a concentrated torque of
Tg = 42 Kip-in. is applied to flange B, determine the
torque magnitude in tube (1).

a. 8.946 kip-in. d‘= 9 —9x0.25 - |.K

b. 6.894 Kip-in.

c. 2.855 kip-in. dy =35 _9x029=3.06
d. 4.652 Kip-in.

e. 1.544 kip-in.
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11. Use the graphical method to Y|

construct the bending-moment 25 KN-m 15 KN/m
diagram and identify the magnitude - A i

of the largest moment (consider @ ————————— == 5
both positive and negative). The
ground reactions and shear-force
diagram are shown. 6m

!
47.5 kN

. 46.8 kN-m
. 40.5 kKN-m 47.5

. 65.6 KN-m
. 58.7 kN-m @x=3.167 m
. 50.2 kN-m * £

Mirgq = —95+49.55 3 367

= 50.9 ‘

© O 0O T o

Units: kN

Mivace 425

/ o~

Units: kN-m



12. For a beam with the cross-section shown, find the 10.5 kip-ft i
magnitude of the bending stress at point A. The moment
of inertia about the z axis is 862.7 in*, and the centroid of
the section is located 5.167 in from the bottom of the
beam.

10.5 kip-ft

a. 998 psi
b. 706 psi
c. 463 psi
d. 658 psi
e. 755 psi
6 1n.
6 MO, B 10. 5 x12,000 £b-tax 6.&33 in .
] - 8697 in* 2.
§.833
6= 99% Psif 1 8in 12in.
5167 -
_L 2in oy
D

10 1n.

= 1



the centroid of the transformed section from the bottom of the beam. 360 mm
130 mm

134 mm
140 mm
145 mm
149 mm 200 mm

N'x200 = |OVW\
A
N-19 _oos

13. A composite beam is constructed of a Southern pine [E = 10 GPa] timber,
200 mm wide by 360 mm deep, that is reinforced on its lower surface by a steel
[E = 200 GPa] plate that is 150 mm wide by 12 mm thick. Find the distance to

—— PL 150 X 12

®00 oW

p 2y I50x12 + 36010 X

]—z s A N ‘50x\9..x6+360x\0x(\2+3£$) = ) £ (9

\[1= |20  mm

14. The internal shear force V at a certain section of a steel v 15 mm
beam is 80 kN, and the moment of inertia is 64,900,000
mm?*. Determine the horizontal shear stress at point H, | |
which is located L = 20 mm below the centroid.

a. 40.6 MPa
b. 42.6 MPa —> 10 mm
c. 38.9 MPa
d. 41.9 MPa L

e. 43.7 MPa R

e
@ - 210xI5x (2o_ 15) W-"
4+ 7Ox\0x (QO-\—%/Q) Q ! 210 mm !

Q- 345, 60a

r

210 mm

[ 2

- V@ _ 30,000 345 6ao _ 49 ¢ M[m

1t (54‘9x\06>< (®)




15. A W410x%60 shape is strengthened by adding two 250-mm wide by 17-mm
thick cover plates to its flanges, as shown. Each cover plate is attached to its
flange by pairs of 20-mm diameter bolts spaced at intervals of s along the beam

span. Bending occurs about the z centroidal axis. If one were trying to find
the maximum permissible spacing interval s for the bolts, what value of Q
would one use?

a

. 735,000 mm

b. 680,900 mm

c
d
e

. 789,400 mm
. 898,900 mm

Q 6V\ow(ei be Ad‘crmﬁd #Jt‘ Cover /%fe
@ - Ad — (2x250Y x (406 jg+ %)

3
3
. 954,000 mmz
3

Q= 898, 900 Ws,[

Cover
plate gy ——-

I —

I

W410 X 60

Cover mited bmicta
plate W

R A

2 5¢
Y

Web Flange
Depth thickness thickness
Designation d t, 7 I, S, re I, Sy ry
10° 10° 10° 10°

mm mm mm mm* | mm® | mm [ mm* | mm® | mm
W410x85 ( 417 10.9 18.2 316 1510 171 17.9 198 40.6
410X75 48( 414 9.65 16.0 274 1330 170 155 172 40.4
410X60 ( 406 7.75 12.8 216 1060 168 12.0 135 39.9
410x46.1 ( 404 6.99 11.2 156 773 163 5.16 73.6 29.7




16. For the beam loaded as shown, use the

method of superposition to determine the 25 kips
beam deflection at point H. Assume that v
El = 1.0 x 10" kips-in.? is constant.
a. 0.7115in. o |
b. 0.9305 in. Eomp=
c. 0.4032 in. A9 o v B ¢ "
d. 0.6048 in. L=1542-216 i | 12 fi on | 78

- I = 1 1
e. 0.3024 n. ) Q=192 =144 b=6x2=79 in

7z
o (L —o) stwa(fue —144") -6

GLET] bx b x 110

Sy = (Fx12 i) x O, = 0.6043 in

M=

17. For the beam loaded as shown, use
the method of superposition to determine

45 kips
Vv
the beam deflection at point C. Assume 4 kips/ft ‘

that E and | are constant. E =29,000 | | | | a' |

ksi: | = 600 in.*

-0.7282 in. 4
-0.3734 in.
-0.6068 in.

-0.9103 in.
-0.4551 in.

3
E .
6\: PL ney (22+12 in) _0.99] in

4BEY 4% 29000x 600

®00 o

L

iy

M =123 hlPS—#

15326 lps
62: M (25 _3Lo + )

in er )

LLEL
2 ?
A=\ xQin = 61 = 1536 132 ( 2 (92x12) — Bx222x132 +132)
6x@2x\2)x 29000 x 600
=122 in

& = 0.385 in

6:—' 6\—62=O-60623 (V\‘\




18. The beam shown consists of a W

610x140 structural steel wide flange P
shape [E = 200 GPa; | = 1,120x10° v
mm?]. Determine the magnitude of the Ld

reaction at Bifw=75kNmandP=160 [ [ [[[JJJJJ I W [J[]]]
KN. ‘

a. 516.7 kN
b. 584.7 kN
c. 686.6 kN
d. 832.8 kN
e. 799.6 kN

2.5 m

6% = 6&\ -+ g[’)@“l-é[gg-—o

3 \2
61_«, 200xI0 x \\‘ZOx\O‘S _ 9940 N owmm = 994000 WV.\m

S = Poo (1% o) _ 0.00934 |
GEL L

N - l‘g““) l—-‘—?'g‘“‘) b:Q-fSw\ y P=|60 hwv

Sage Wh_ (1®_ 919 4%") — 0.0081 m |
QU4E] !

RS, L= FEm, We 75 ki,

2] 2 P
Qge - PO _ |
ALEL £2992

I

L= lE)—W\) b: 6W\, L=7Z8wm

6@—% 652— 655-:@ = P =6%6




19. Consider a point in a structural member that is subjected to plane stress. 10 ksi

Normal and shear stresses acting on horizontal and vertical planes at the point

are shown. If o (sigma) = 15 ksi, determine the angle 6, corresponding to the

orientation of the maximum in-plane shear stress. — 26 ksi
fon 26 = —2 S —

a. 66.7° or -23.3 P= (6o Gn Yo, LlS-t-\O)/i < —_—

b. 60.7° or -29.3° R o

c. 77.2° or-12.8° @P =322 -—

d. 56.7° or -33.3° o g ’

e. 54.0° or -36.0° Og=Cp+45 = FF, —12.3

20. Determine the maximum in-plane shear stress and the average normal stress values acting at the point in the
previous problem.

5., Gotbn _ I5-lo_9 5 V-—S(\
Tin-plane max — 37.9 ksi; GCaverage — 17.5 ksi e — 92

Tin-plane max = 28.9 KSi; Gaverage = 2.50 ksi 2’ 3
Tin-plane max = 69.4 KSi; Gaverage = 50.0 Ksi ’C . - \/ |5+\O 262 _ 2 R ILsi
Tin-plane max = 49.8 KSi; Gaverage = 32.5 ksi " fuwe ( 9 ) =+ __8__
Tin-plane max — 84.1 ksi; Gaverage — 70.0 ksi

® o0 o

21. Identify the stress-element that best depicts the maximum in-plane shear stress and the average normal
stress values found in the previous problem.

N’
A 4N

o

N
"2

PG

=3

o

INA NA

o

“The Ovenqe Nl Steess i Po&'h\/@,
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A Mohr’s circle is shown for a point in a physical (7N
object that is subjected to plane stress. If 1 grid
square = 1 ksi,

22. Determine the stress tyy.
a. 12 ksi

b. 30 ksi
c. 48 ksi

d. 6 ksi
e. 18 ksi

23. Determine the angle 0p.

o 6
76.7 =L
113.3° ka 2 3

: A Can=6
63.4 . *
31.7° ) GP =37 J X
13.3° A

24. Determine the Stress Tin-plane max-

®o0 o

a. 6.71 ksi

b. 20.12 ksi
c. 33.54 ksi
d. 53.67 ksi
e. 13.42 ksi

25. Determine the stress Tapsolute max-

a. 6.71 ksi

b. 20.12 ksi
c. 13.42 ksi
d. 33.54 ksi
e. 53.67 ksi



26. The thin rectangular plate shown is uniformly deformed p
such that & = -475 pe, & = +750 pe, and 7, = —1,000 urad. '

Determine the normal strain sxc along diagonal AC of the ]
plate. D C

906.1 pe \ /
-215.9 pe

-459.8 pe 2.5 1n. X
759.8 pe VAN

1427 pe N
me 6 =L§ = B-5173°

Pop o

A B
2.0 1n.

Epg= E,.00) = —4¥52+7so 4 PR s (26) - £ Sin(30)

2
Ena =—2[5'5/1A@

The strain components g, = -235y, g = -835p, and jy, = 200urad are given for a point in a body subjected to
plane strain.

27. Determine the center ecenter OF the
corresponding in-plane Mohr’s circle.

-643u 5 - 69\,55.5 = —535m |

a.

b. -583u
c. -618u
d. -535u
e. -568u

28. Determine the radius R of the in-plane
Mohr’s circle.

. 286p
. 316p
. 244

. 251p R - \{(&h—fﬂ L CZ;” N

. 282u
Qs?;\é/{u,»

© O 0O T D




29. The normal strain measured on the outside surface of a spherical pressure vessel is 800 pe. The sphere has
an outside diameter of 54 in. and a wall thickness of 0.50 in., and it will be fabricated from an aluminum alloy
[E = 10,000 ksi; v =0.33]. Determine the internal pressure in the vessel.

a. 506.9 psi
b. 281.6 psi
c. 394.3 psi
d. 337.9 psi
e. 450.6 psi

£, - “ D) d_ 54 92405 =583 (=57

p_ UE_ ¢, = 2405 x10000x00PS o oi5” = 450.6 P
ra-m 534 x(1—0.33)

30. The pressure tank shown is fabricated from y
spirally-wrapped metal plates that are welded at
the seams in the orientation shown. The tank
has an inside diameter of 500 mm and a wall
thickness of 6 mm. For a gage pressure of 2.0
MPa, determine the normal stress perpendicular
to the weld.

a. 29.44 MPa
b. 88.32 MPa
c. 95.68 MPa
d. 58.88 MPa
e. 73.60 MPa

Pr 9x250 4y
O by = 3 =g~ LT P

6y - Opup = 2 by = 333 W

O.50_90=_%40

6“= 69"%65—‘- %6—3(30526—;-@3 Sn 20 = 53.858 MPO\




A tee-shaped flexural member is subjected to an internal axial force
of P =4,000 N, an internal shear force of V = 3,500 N, and an
internal bending moment of M = 2,000 N-m, as shown. If the
centroid is 95 mm above the bottom edge of the tee-shape and the

moment of inertia about the z-axis is 8,840,000 mm?*, determine the

following stresses at point H.

31. Normal stress oy.

a. 0.00 MPa
b. -1.99 MPa
c. -1.20 MPa
d. -1.66 MPa
e. -1.43 MPa

32. Normal stress oy.

-1.99 MPa
-1.43 MPa
-1.20 MPa
0.00 MPa
-1.66 MPa

®Poo0 o

33. Shear stress tyy.

-1.46 MPa
-2.32 MPa
-1.77 MPa
-1.01 MPa
-2.02 MPa

®oo0 o

A= 9%120x20 = 4300 v’

z P ——X
5. P _/MC
A A 1
_ 44000 _ 2000xl03x 10
4900 82)40x|03 120 mm
— _1.499 MP&‘
UE 35 mm 20 mm
S'mm '
! Omm H
6320 — = T 1 T oom
35 mm
20 mm
T - Y@ _ 3500x90,250 _ " 747 /npaJ
1t H340xI0° x 20

Q- 190x90% (#5-10) + 25 120%

)
Q- 9,250 Yrim
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