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1-1. Determine the resultant internal normal force acting
on the cross section through point A in each column. In
(a), segment BC weighs 180 Ib/ft and segment CD weighs
250 Ib/ft. In (b), the column has a mass of 200 kg/m.

5 kip 8 kN

B 200 mm[1200 mm |

6kN|\ /|6kN

(a) +1 =F, =0; Fy—-10-3-3-18-5=0
10 ft 3m
F, = 13.8 kip Ans. i in.

) ' 200 mm 200 mm
(b) +1 SF,=0; F4—-45-45-589-6-6-8=0 3kip 4 s e\l Ly 4.5 kN

F, = 349kN Ans.

(@ (b)

1-2. Determine the resultant internal torque acting on the
cross sections through points C and D. The support bearings
at A and B allow free turning of the shaft.

SM,=0; Te—250=0
T = 250N-m

SM, =0, Tp=0

250N m A

Te (%tn_.‘

F e

1-3. Determine the resultant internal torque acting on the
cross sections through points B and C.

A 600 Ib-ft
SM,=0; Tz+350—500=0 /< a0t
-1t

Ty = 150 Ib- ft Ans. 3t \
SM,=0; Te—500=0 " 500 Ib-ft

T = 500 1b- ft Ans. @

2ft>/
1
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*1-4. A force of 80 N is supported by the bracket as
shown. Determine the resultant internal loadings acting on
the section through point A.

Equations of Equilibrium:

YASF. = 0; Ny —80cos15° =0

N, =773N Ans.
N* 2F, = 0; V4, —80sin15° =0

V4 =207N Ans.

C+ IM,=0; M 4 + 80 cos 45°(0.3 cos 30°)

—80sin 45°(0.1 + 0.3 sin 30°) = 0

M, = —0555N-m Ans.
or
C+ IM,=0; M, + 80 sin 15°(0.3 + 0.1 sin 30°)

—80 cos 15°(0.1 cos 30°) = 0

M, = —0555N-m Ans.

Negative sign indicates that M, acts in the opposite direction to that shown on FBD.
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e1-5. Determine the resultant internal loadings in the 3 kip
beam at cross sections through points D and E. Point E is 1.5 Kip/ft
just to the right of the 3-kip load. =P
) m :
=== D B E C
‘e 6ft —+— 6ft —f— 4ft—r—4ft —

Support Reactions: For member AB
C+ =Mz =0, 9.00(4) — A,(12) = 0 A, = 3.00 kip
LSk =0 B, =0
+T2Fy =0 B, +3.00 —9.00 =0 B, = 6.00 kip
Equations of Equilibrium: For point D
L SE =0 Np =0 Ans.
+13F,=0; 300-225-V,=0
Vp = 0.750 kip Ans.
C+3IMp=0; Mp + 2.25(2) — 3.00(6) = 0
Mp = 13.5kip - ft Ans.

Equations of Equilibrium: For point E

LSk =0 Ny =0 Ans.
+12F, = 0; —6.00 —3—-Vg=0
Ve = —9.00 kip Ans.

C+3SMp =0, Mg+ 6004) =0

Mg = —24.0kip-ft Ans.

Negative signs indicate that M and V; act in the opposite direction to that shown
on FBD.

% (18302) 2 9.0 kip 84 3k Hors)ers 225 Kip borp ki

------- 1 : b §| <M
........ P B  —— 4 ¥ = & o -Ne
- 1 I i P’;c y v ’ e A/
8F¢ TFft el el J;:"_‘h’-“l ?

Ay By i
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1-6. Determine the normal force, shear force, and moment B
at a section through point C. Take P = 8 kN. - - =
0 d
. dm
Support Reactions: 0.5m
C A
C+IM, = 0; 8(2.25) — T(0.6) =0 T = 30.0kN l . =
n 0.75m 0.75 m————0.75m i
—2F, =0 300- A, =0 A, = 30.0kN \/
P
+15F, =0, A, -8=0 A, = 800kN
Equations of Equilibrium: For point C = —>7
+ Ovbm
—>3F, =0 —Nc —300=0 .
Nc = —30.0 kN Ans. il 225m A)‘
8kl A
+12F, = 0; Ve +8.00 =0
Ve = —8.00kN Ans.
C (075) N VFL— sookN
+3Mc = 0; 8.00(0.75) — M =0 . :
i oJsm ‘:N
M = 6.00kN-m Ans. éo
Negative signs indicate that N and V- act in the opposite direction to that shown
on FBD.
1-7. The cable will fail when subjected to a tension of 2 kN. B
Determine the largest vertical load P the frame will support
and calculate the internal normal force, shear force, and
moment at the cross section through point C for this loading. 0.1'm 05m
‘ C A 4
Support Reactions: == . G
0.75m 075 m——~——075m :
C+3IM,=0; P(2.25) — 2(0.6) = 0 \
P
P = 0.5333 kN = 0.533 kN Ans.
LSk =0 2-A,=0 A, = 2.00kN 2
o-em
+T2Fy =0 A, —05333=0 A, = 0.5333kN ) 4 LA
Equations of Equilibrium: For point C | Zasm Af
P
LSE =0 ~Ne =200 =0
Nc = —2.00 kN Ans.
M&v‘ -] k”
+15F,=0; Ve +05333=0 &E—
ojsm
Ve = —0.533 kN Ans. 0-5333K, N
C+IMc =0, 0.5333(0.75) — M- =0
Mc = 0.400 kN - m Ans.
Negative signs indicate that N and V- act in the opposite direction to that shown
on FBD.
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*]-8. Determine the resultant internal loadings on the
cross section through point C. Assume the reactions at
the supports A and B are vertical.

Referring to the FBD of the entire beam, Fig. a,

Referring to the FBD of this segment, Fig. b,
LsF =0 Ne=0

+15F, =0, 750-6-V,=0 V.=150kN

Mc + 6(0.5) — 7.5(1) = 0

—A,(4) + 6(35) + %(3)(3)(2) =0 A

M = 450kN-m

, = 750kN

Ans.

Ans.

[

Ans.

1.5m

D _ll;_
|
\

1.5m i

*1-9. Determine the resultant internal loadings on the
cross section through point D. Assume the reactions at
the supports A and B are vertical.

Referring to the FBD of the entire beam, Fig. a,
1
C+=ZM, =0, B,(4) — 6(0.5) — 5(3)(3)(2) =0

Referring to the FBD of this segment, Fig. b,

LsF =0 Np =0

1
+12F, =0 Vp— S (1L5)(L5) +3.00 =0

G +=Mp

Vp = —1.875kN

B, = 3.00 kN

Ans.

=0; 3.00(1.5 L 1.5)(1.5)(0.5) — Mp =0 Mp=39375kN+m
2

=394kN-m Ans.

Ans.

1.5m

1.5m i
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1-10. The boom DF of the jib crane and the column DE D B A | F
have a uniform weight of 50 Ib/ft. If the hoist and load weigh
300 Ib, determine the resultant internal loadings in the crane FQ ft 81t 31t
on cross sections through points A, B, and C. 51t
300 Ib
7 ft

E
Equations of Equilibrium: For point A Soca)= 1801k
sk =0 Ny=0 Ans. M %l
/Y
+12F, =0, V,—150 —300=0 ‘
i
V4 = 4501b Ans. 2001p
C+IM,=0; -M, — 150(1.5) — 300(3) = 0
M, = —11251b-ft = —1.125 kip - ft Ans. y soq=sz01
Pr----=c—wcbemmcca——- -
M !
Negative sign indicates that M, acts in the opposite direction to that shown on FBD. N “t ?
r
Equations of Equilibrium: For point B saft s5ft l
. 30016
—2XF =0 Ng =0 Ans.
+1SF,=0; Vg—550—-300=0 5003+ 65014
Vg = 8501b Ans. S l----.---..--..
C+IMy=0, —Mgy— 550(5.5) — 300(11) = 0 e
B B (5.5) (11) fms) zsoul
My = —63251b-ft = —6.325 kip - ft Ans. esfc T esf
v Joolb
Negative sign indicates that M acts in the opposite direction to that shown on FBD. &':PN
e
Equations of Equilibrium: For point C
IsE =0 Ve=0 Ans.
+12F,=0; —Ng—250 - 650 — 300 =0
Ne = —12001b = —1.20 kip Ans.
C+=Me =0, —M¢ — 650(6.5) — 300(13) = 0
Mc = —81251b-ft = —8.125 kip - ft Ans.

Negative signs indicate that N and M. act in the opposite direction to that shown
on FBD.
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1-11. The force F = 801b acts on the gear tooth.
Determine the resultant internal loadings on the root of the
tooth, i.e., at the centroid point A of section a—a.

Equations of Equilibrium: For section a—a

*P3F., =0, V,—80cos15° =0

V4=7731b Ans.
N'ZF, =0; Ny — 80sin15° =0
N,y =20.71b Ans.
C+XMy =0 —M, — 80sin 15°(0.16) + 80 cos 15°(0.23) = 0
M, =1451b-in. Ans.
8016
g .
023ir
Va
01bin
Ma ™ 5y

*1-12. The sky hook is used to support the cable of a
scaffold over the side of a building. If it consists of a smooth
rod that contacts the parapet of a wall at points A, B, and C,
determine the normal force, shear force, and moment on

the cross section at points D and E. ' lm
Support Reactions: I
+12F, =0, Ny—18=0 Nz = 18.0kN i
(+tEMe =0 18(0.7) — 18.0(0.2) — N4(0.1) =0 {

Na = 90.0kN 03m_r] PRI
S SF =0, Ne—900=0 Ne = 90.0 kN
Equations of Equilibrium: For point D 18 kN

LESFE =0, V,-90=0
Vp = 90.0 kN Ans.

+1SF =0 Np—-18=0 ot
Np = 18.0kN Ans.
+SMp=0; My + 18(0.3) — 90.0(0.3) = 0
Mp =21.6kN-m Ans.
Equations of Equilibrium: For point E
S5SF =0 900-V,=0 n Ne
Vi = 90.0kN Ans. Mo xS v, Vo M
+1S F, = 0; Ng=0 Ans. oam
S Mp=0;  90.002) — My =0 odm e
900 il

M = 180kN-m Ans. ‘W.[.

18kn
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¢1-13. The 800-1b load is being hoisted at a constant speed
using the motor M, which has a weight of 90 1b. Determine
the resultant internal loadings acting on the cross section
through point B in the beam. The beam has a weight of

40 1b/ft and is fixed to the wall at A. |le D C B J
F—4ft*—\k4ft—»e3fti3ft 4 ft—

5 SF =0, - Ny—-04=0

=
0.25 ft
Ny = — 04kip Ans.

+12F,=0; Vz—08-016=0

Vg = 0.960 kip Ans.

é@‘m@)

C+ SMy=0; — My~ 0.16(2) — 0.8(4.25) + 0.4(1.5) = 0

Mp = —312kip - ft Ans.
1-14. Determine the resultant internal loadings acting on M
the cross section through points C and D of the beam in / 7 S
Prob. 1-13. : L5ft
A ! ! 1 |
AR
4 ft 4 ft——— 3 ft 3 ft 4 ft—~
. . O\
For point C: A
+ . 0.25 ft
«— 2F, =0 Ne + 04 =0; Nc = — 0.4kip Ans.
+T2Fy =0 Ve — 0.8 —0.04(7) = 0 Ve = 1.08 kip Ans.
C+ SMc=0; — Mc— 08(7.25) — 0.04(7)(3.5) + 0.4(1.5) =0

M = —6.18kip - ft Ans.
For point D:
IsE =0 Np =0 Ans.
+13F, =0 Vp — 0.09 — 0.04(14) — 0.8 = 0; Vp = 1.45kip Ans.

C+3Mp=0; — Mp— 0.09(4) — 0.04(14)(7) — 0.8(14.25) = 0

Mp = —15.7 kip - ft Ans.
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1-15. Determine the resultant internal loading on the
cross section through point C of the pliers. There is a pin at
A, and the jaws at B are smooth.

+12F, =0, -Ve+60=0; Vo=60N Ans.
ESFE =0 Ne=0 Ans.
+93M, = 0; —M¢ + 60(0.015) = 0; My = 09N.m Ans.
20N
*1-16. Determine the resultant internal loading on the 20N
cross section through point D of the pliers. J‘im mm - 40 mm
\+2Fy = 0; Vp — 20 cos 30° = 0; Vp =173 N Ans.
+v2F, = 0; Np — 205sin 30° = 0; Np =10N Ans.
+9SMp =0;  Mp—20(0.08) =0; Mp=160Nm Ans.
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¢1-17. Determine resultant internal loadings acting on
section a—a and section b—b. Each section passes through
the centerline at point C.

Referring to the FBD of the entire beam, Fig. a,
C+3IM, =0 Npsin 45°(6) — 5(4.5) =0 Np = 5303 kN
Referring to the FBD of this segment (section a-a), Fig. b,

+/SF,=0; N,_,+ 5303cos45° = N,_,= —3.75kN Ans.

+NIF, =0; V,,+5303sin45° ~5=0 V, ,=125kN Ans.

C+ SMe=0; 5303sin45°(3) — 5(1.5) — M,y =0 M,_, = 3.75kN-m Ans.

Referring to the FBD (section b-b) in Fig. c,

ESF =0, Ny, —5c0s45° +5303 =0 N,_, = —1.768kN

= —1.77kN Ans.

+T2Fy =0 Vp—p — 5sind5° =0 Vp—p = 3536 kKN = 3.54 kN Ans.
C+2IMe = 0; 5.303 sin 45° (3) — 5(1.5) — My, = 0

My,_, =375kN-m Ans.

5303 kN

10
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1-18. The bolt shank is subjected to a tension of 80 1b.
Determine the resultant internal loadings acting on the \
cross section at point C.

C
6 in.
90°
4
A B

Segment AC:

LSF =0, N-+8 =0 Ne.=-801Ib Ans.

+12F, =0, Vc=0 Ans.

C+IMe = 0; Mc + 80(6) = 0; Mc = —4801b-in. Ans.

1-19. Determine the resultant internal loadings acting on 6 kip/ft 6 kip /It

the cross section through point C. Assume the reactions at
the supports A and B are vertical.

e 3t ——— 3 ft— 6 ft |

Referring to the FBD of the entire beam, Fig. a,

C+ =My =0, %(6)(6)(2) + %(6)(6)(10) - A(12)=0 A, =180kip
Referring to the FBD of this segment, Fig. b,

ESE =0, Ne=0 Ans.

+13F,=0; 180 — %(3)(3) ~3)3) - Ve=0 Vg =450kip Ans.

CH+3SMe=0; M+ 3)3)(LS) + %(3)(3)(2) ~18.0(3) = 0

Me = 31.5kip-ft Ans.

£(6)C6) kip Z@)®) kip

11
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*1-20. Determine the resultant internal loadings acting 6 kip /ft 6 kip /ft
on the cross section through point D. Assume the reactions
at the supports A and B are vertical.

Referring to the FBD of the entire beam, Fig. a, Al 1

C+SMy = 0; %(6)(6)(2) + %(6)(6)(10) -~ A,(12) =0 A, =180kip

3t 3] 6 ft |
Referring to the FBD of this segment, Fig. b,
LSF =0, Np=0 Ans.
1
+13F,=0; 180 — 5(6)(6) - Vp=0 Vp=0 Ans.
C+=ZM, =0, Mp—-1802)=0  Mp=360kip-ft Ans.

Nj~

F@)e)kip  F@w kip

@)(e) kip

¢1-21. The forged steel clamp exerts a force of F = 900 N
on the wooden block. Determine the resultant internal
loadings acting on section a—a passing through point A.

Internal Loadings: Referring to the free-body diagram of the section of the clamp
shown in Fig. a,

ZF, =0 900 cos 30° — N,_, =0 N,—, =TI9N Ans.
SF, =0 Vo — 900 sin 30° = 0 Viea = 450N Ans.
C+=ZIM, = 0; 900(0.2) — M,_, =0 M,_, =180 N-m Ans.

12
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1-22. The floor crane is used to lift a 600-kg concrete pipe.

Determine the resultant internal loadings acting on the

cross section at G.

Support Reactions: We will only need to compute Fj, by writing the moment

equation of equilibrium about D with reference to the free-body diagram of the

hook, Fig. a.

C+=Mp = 0; Frr(0.3) — 600(9.81)(0.5) = 0 Frr = 9810N

Internal Loadings: Using the result for F;, section FG of member EF will be

considered. Referring to the free-body diagram, Fig. b,

5 2F. =0 9810 — Ng =0 Ng = 9810N = 9.81 kN Ans.

+12F, = 0 Vo =0 Ans.

C+=Mg = 0; Mg =0 Ans.
13
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1-23. The floor crane is used to lift a 600-kg concrete pipe. 0.2m
Determine the resultant internal loadings acting on the 0.2 m\ \ (0~4 H%
cross section at H. -
S )
Support Reactions: Referring to the free-body diagram of the hook, Fig. a.
C+ZMp=0; D(0.3) — 600(9.81)(0.5) = 0 D, = 9810 N
+T2Fy =0 D, — 600(9.81) = 0 D, = 5886 N
Subsequently, referring to the free-body diagram of member BCD, Fig. b,
C+ZMp =0; Fyuesin75°(0.4) — 5886(1.8) = 0 Fyuc =2742136N
% 2F, =0 B, + 2742136 cos 75° — 9810 = 0 B, = 2712.83N
+T2Fy =0 27421.36sin 75° — 5886 — B, =0 B, = 20601 N
Internal Loadings: Using the results of B, and B, section BH of member BCD will
be considered. Referring to the free-body diagram of this part shown in Fig. c,
5 2F. =0 Ny +2712.83 =0 Ny = —2712.83 N = =2.71kN  Ans.
-i—TZEv =0 —Vy — 2060 = 0 Vi = —20601 N = —20.6kN  Ans.
C+EZMp =0, My + 20601(0.2) = 0 My = —41202 N-m
= —412kN-m Ans.
The negative signs indicates that N, V,;, and M, act in the opposite sense to that
shown on the free-body diagram.
’ H "MH
‘  —r
be 750 R=98l0N B,=2712.83 / Mo
H
0.2M
he g
(p) | )

14



01 Solutions 46060 5/6/10 2:43 PM Page 15 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*]-24. The machine is moving with a constant velocity. It
has a total mass of 20 Mg, and its center of mass is located at
G, excluding the front roller. If the front roller has a mass of
5 Mg, determine the resultant internal loadings acting on
point C of each of the two side members that support the
roller. Neglect the mass of the side members. The front
roller is free to roll.

Support Reactions: We will only need to compute N, by writing the moment
equation of equilibrium about B with reference to the free-body diagram of the
steamroller, Fig. a.

CH+3My=0; N, (55) — 20(10%(9.81)(1.5) = 0 N, = 5351(10%)N

Internal Loadings: Using the result for N ,, the free-body diagram of the front roller
shown in Fig. b will be considered.

Esr =0 2N =0 Ne=0 Ans.
+13F, =0; 2V + 53.51(10%) — 5(10%)(9.81) = 0 Ve = —2229.55N

= —223kN Ans.
C+=My = 0; 53.51(10°)(2) — 5(10%)(9.81)(2) — 2My =0 My = 4459.10N+m

=446 kN-m Ans.

20009(2.81)N
5009¢98VN

,zMCch./
Ne .

2m
I5ml - 4m Ny=53.5100) N

NB NA; : (.b )

15
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¢1-25. Determine the resultant internal loadings acting on
the cross section through point B of the signpost. The post is
fixed to the ground and a uniform pressure of 7 Ib/ft* acts
perpendicular to the face of the sign.

2F, =0 (Vp), — 105 = 0; (Vg), = 1051b Ans.
2F, = 0; (Vs), =0 Ans.
2F, =0, (Np), =0 Ans.
M, = 0; (Mp), =0 Ans.
M, =0; (Mp), — 105(7.5) = 0; (Mp), = 788 1b - ft Ans.
M, =0, (Tp), — 105(0.5) = 0; (Tp), = 52.51b-ft Ans.
03,
7(5khs)z/a5% 7
ol L%

o
(-‘kr*

1-26. The shaft is supported at its ends by two bearings A
and B and is subjected to the forces applied to the pulleys
fixed to the shaft. Determine the resultant internal
loadings acting on the cross section located at point C. The
300-N forces act in the —z direction and the 500-N forces
act in the +x direction. The journal bearings at A and B
exert only x and z components of force on the shaft.

SE,=0;  (Ve), + 1000 —750 = 0;  (Vg), = —250N Ans. s

c c zﬁ,:T\J' 25Omm b2
SF, =0 (Ng)y =0 Ans. T

mri . -
SE,=0, (Vo), +240=0; (V¢), = —240N Ans. I G o e
SM,=0; (M), +240(045) = 0; (M), = —108 N-m Ans.
M, = 0; (Te)y =0 Ans. {?.E(),'.’. %
SM,=0; (M), — 10000.2) + 750(0.45) = 0;  (Mc), = —138N-m Ans. %:%%
E s Bl
(M),
16
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1-27. The pipe has a mass of 12 kg/m. If it is fixed to the z
wall at A, determine the resultant internal loadings acting on
the cross section at B. Neglect the weight of the wrench CD.

SF,=0; (Ng),=0 Ans.
SF, =0, (Vg), =0 Ans.
SF=0; (V). — 60+ 60 — (0.2)(12)(9.81) — (0.4)(12)(9.81) = 0
(Vg), = 70.6 N Ans.

SM,=0; (Tp), + 60(0.4) — 60(0.4) — (0.4)(12)(9.81)(0.2) = 0

(Tg), = 942N-m Ans.
SM,=0;  (Mg), + (02)(12)(9.81)(0.1) + (0.4)(12)(9.81)(0.2) — 60(0.3) = 0

(Mg), = 623N-m Ans.

=M, = 0; (Mp), =0 Ans.
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*1-28. The brace and drill bit is used to drill a hole at O.If
the drill bit jams when the brace is subjected to the forces
shown, determine the resultant internal loadings acting on
the cross section of the drill bit at A.

Internal Loading: Referring to the free-body diagram of the section of the drill and
brace shown in Fig. a,

SF, = 0; (Va)e =30 =0 (Va)e = 3016 Ans.
SF, = 0; (Na), =50 =0 (N4), = 501b Ans.
SF, =0 (Va). —10=0 (V). = 101b Ans.
M, = 0; (M), — 10(2.25) = 0 (M), = 2251b-1t Ans.
M, = 0; (T4), — 30(0.75) = 0 (T4), = 22.51b-ft Ans.
M, = 0; (M), +30(1.25) = 0 (M4), = —3751b-ft Ans.

The negative sign indicates that (M), acts in the opposite sense to that shown on
the free-body diagram.

18
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*1-29. The curved rod has a radius r and is fixed to the B
wall at B. Determine the resultant internal loadings acting
on the cross section through A which is located at an angle 6
from the horizontal.
A
,
A4
v
Equations of Equilibrium: For point A
N+SF, =0;  Pcosf— N, =0 P
N4y = Pcos# Ans.
7+3F, = 0; V4y— Psing =0
V,= Psinf Ans.
(tEZM, =0 My — Plr(1 —cosf)] =0
M, = Pr(1 — cos ) Ans.
19
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1-30. A differential element taken from a curved bar is
shown in the figure. Show that dN/d6 = V,dV/d6 = —N,

dM/d8 = —T,and dT/d6 = M.

2F. = 0;

do do do do
N0057 + Vsin7 - (N + dN)c057 + (V + dV)sin7 =0

2F, =0

de dae de de
N sin — — Vc037 + (N + dN)sin7+ WV + dV)c057 =0

2
M, = 0;

do . do do . do
Tcos— + Msin— — (T + dT)0057 + (M + dM)sm? =0

2 2
M, =0,

do do do do
Tsin7 - Mcos7 + (T + dT)sin7 + (M + dM)0057 =0

. do . .. do de do
Since > is can add, then sin > =3 , COS > = 1

dvde
Eq. (1) becomes Vdf — dN + — = 0

Neglecting the second order term, Vdf — dN = 0
dN

— =V ED
do Q
dNdo

Eq. (2) becomes Ndf + dV + >

0

Neglecting the second order term, Nd§ + dV = 0
dv

=~ =-N ED
de ©

dMde
Eq. (3) becomes Md# — dT + — = 0

Neglecting the second order term, Md6 — dT = 0

dTr
— =M ED
do Q

Eq. (4) becomes Td6 + dM + 0

dTde
2
Neglecting the second order term, 7d6 + dM = 0

M
= =-T ED
do Q

@

(2)

3)

)

M+ dM T +dT
/
V+dV\ /(\\
X)AN + AN

;‘rfdr

prdr
M Hfl‘l‘

v

.

;

=
X
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1-31. The column is subjected to an axial force of 8 kN,
which is applied through the centroid of the cross-sectional
area. Determine the average normal stress acting at section
a—a. Show this distribution of stress acting over the area’s
Ccross section.

A = (2)(150)(10) + (140)(10)

= 4400 mm? = 4.4 (107%) m?

P 8 (10°
=—= (7}3 = 1.82 MPa
A 441073
aKN
82 Mfy

Ans.

10 mm

8 kN

75 mm
10 mm

70 mm

70 mm

*1-32. The lever is held to the fixed shaft using a tapered
pin AB, which has a mean diameter of 6 mm. If a couple is
applied to the lever, determine the average shear stress in
the pin between the pin and lever.

C+3M, = 0; —F(12) + 20(500) = 0;  F = 833.33N

V83333

A 6 \2
7(o00)

Tag = = 29.5MPa

Ans.

250 mm

20N
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¢1-33. The bar has a cross-sectional area A and is
subjected to the axial load P. Determine the average
normal and average shear stresses acting over the shaded

P €«—

-
D 4

section, which is oriented at 6 from the horizontal. Plot the
variation of these stresses as a function of # (0 = 6 = 90°).

Equations of Equilibrium:

N+H2EF =0 V —Pcosf =0 V = Pcosb

7+2F, =0; N — Psinf =0 N = Psin6

A
sin

Average Normal Stress and Shear Stress: Area at 0 plane, A’ =

og=—= = —sin’6 Ans.

P . P .
_ZSIHOCOSG_ZA sin 26 Ans.

—+—8 (dey)
g0

1-34. The built-up shaft consists of a pipe AB and solid A

rod BC.The pipe has an inner diameter of 20 mm and outer

diameter of 28 mm. The rod has a diameter of 12 mm.
Determine the average normal stress at points D and £ and
represent the stress on a volume element located at each of
these points.

At D:

4(10%)

) _433MPa (C Ans.
7(0.028% — 0.027) a (© s

P
O'D:Z:

At E:

P 8(10%)
7E 7 (0.0122)

e = = 70.7 MPa (T) Ans.

—{—

133MFa

CLLI kN

———8

707 MPa

22
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1-35. The bars of the truss each have a cross-sectional
area of 1.25in% Determine the average normal stress in
each member due to the loading P = 8 kip. State whether
the stress is tensile or compressive.

Joint A:
Fup 13.33 .
= =——=107k T
O AB AAB 125 0.7 ksi ( )
_ Fap 1067 .
TAE — AAE = 125 = 853 kSl (C)
Joint E:
_ Fgp 1067 .
OFEp = AED = 125 = 8.53 ksi (C)
_ Fep _ 60 _ .
OEB = AEB = 125 = 4.80 kSl (T)
Joint B:
Fge  29.33 .
=——=—_—-=235k T
The = 4 T ps T 23Skt (D)
F, 23.33
BD _ 2227 _ 187ksi  (C)

TBD T AT 125

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

IO-‘J" - Fep .M‘7M'P

L] Fac »29- ”ﬁ

HEi
13.35% 6“ T..‘Ziﬂ*

23
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*1-36. The bars of the truss each have a cross-sectional
area of 1.25 in% If the maximum average normal stress in
any bar is not to exceed 20 ksi, determine the maximum
magnitude P of the loads that can be applied to the truss.

Joint A:
3
+12F, =0, -P+ <§)FAB =0
+ 4
—>2F. =0 —F,r + (1.667)P<§> =0
Joint E:

+15F, =0;  Fgg— (0.75)P =0

Frp = (0.75)P
S3F, =0, (1.333)P — Fgp =0

Fep = (1.333)P

Joint B:

+12F, = 0; G)FBD - (0.75)P — (1.667)P<%> =0

LSF =0, Fye — (2.9167)P<%) - (1.667)P(%) =0

The highest stressed member is BC:
_@B6NP
7ECT 125
P = 6.82kip Ans.
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*1-37. The plate has a width of 0.5 m. If the stress distri- 4m
bution at the support varies as shown, determine the force P P
applied to the plate and the distance d to where it is applied. d
Y
L X
o= (15x1/2) MPa 30 MPa

The resultant force dF of the bearing pressure acting on the plate of area dA = b dx
= 0.5 dx, Fig. a,

dF = oy dA = (15x2)(10°)(0.5dx) = 7.5(10%)x> dx
+12F, = 0; /dF—P:O
4dm .
/ 7.5(10%x2dx — P =0
0

P = 40(10°) N = 40 MN Ans.

Equilibrium requires

C +3M, = 0 /xdF—Pd:O

4m
/ xX[7.5(10%)x? dx] — 40(10%) d = 0
0

=240m Ans.

1
4 >
Q "'D--n-..-.....--‘--. Ub
Vi -'-""--..J
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1-38. The two members used in the construction of an 15in. 3

aircraft fuselage are joined together using a 30° fish-mouth L

weld. Determine the average normal and average shear 300 T <— 7 1in. L?% ‘ > 300 Ib
stress on the plane of each weld. Assume each inclined lin. | O

plane supports a horizontal force of 400 Ib. 30°

N — 400 sin 30° = 0; N = 2001b

400 cos 30° — V = 0; V = 346.411b

. 15(1) .
BT
N 200
g = X = T = 66.7 pSi Ans.
V. 34641 .
4T 3 T 115 psi Ans.

1-39. If the block is subjected to the centrally applied
force of 600 kN, determine the average normal stress in the
material. Show the stress acting on a differential volume
element of the material.

The cross-sectional area of the block is A = 0.6(0.3) — 0.3(0.2) = 0.12 m’.

_ P _o0ae) 5(10°) Pa = S MP A
Tae = 1T o = 5(10°) Pa = a ns.
The average normal stress distribution over the cross-section of the block and the
state of stress of a point in the block represented by a differential volume element
are shown in Fig. a
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*1-40. The pins on the frame at B and C each have a
diameter of 0.25 in. If these pins are subjected to double
shear, determine the average shear stress in each pin.

Support Reactions: FBD(a)
C+ZM, =0; 500(6) + 300(3) — D, (6) =0

D,

EsE =00 500-E =0 E, = 500 1b

= 6501b

+1SF,=0; 650300 - E,=0 E,=23501b

From FBD (c),

C+EMp=0;, C,(3)—300(15)=0 C,=1501b 500 Ib
r'
+1%F,=0;, B, +150-300=0 B, =1501b
i
From FBD (b) I
C+ZIM, =0 150(1.5) + B,(3) — 650(3) = 0 30016 EH
B, = 5751b S
From FBD | e T sk 4
rom (c), Dy @) ¥
LSF =0, C,-55=0 C, = 5751b
Hence, Fy = Fo = 2 575% + 150° = 594.24 1b
A
Average shear stress: Pins B and C are subjected to double shear as shown on FBD (d) B
|4 297.12
(TB)avg - (TC)avg - A - %(0252) ; &
. . 154¢) 1.5f¢
= 6053 psi = 6.05 ksi Ans. 8 3£a w S
«)
V=29T12 b

Gk = 594241
)

27



01 Solutions 46060 5/6/10 2:43 PM Page 28 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

e1-41. Solve Prob. 1-40 assuming that pins B and C are
subjected to single shear.

Support Reactions: FBD(a)

C+ZM,=0; 500(6) + 300(3) — D, (6) = 0

D, = 6501b
ESF =0, 500-E =0 E, = 500 1b
+13F, =0, 650 —300— E,=0 E,=3501Ib S
From FBD (c), 35t
C+ZMp=0; C,(3) —300(1.5)=0 C,=1501b 5 —
+1SF, =0, B,+150-300=0 B, =1501b B0t ”"E
LEX
From FBD (b) | #7¢ T 34 ‘:E r
(+SM, = 0. 150(15) + B,3) — 650(3) = 0 4 @) '
B, = 5751b
From FBD (c),
sk =0, C,-575=0 C, = 5751b Ac
Hence, Fz = Fpo = 2 5752 + 150° = 594.24 Ib .
Average shear stress: Pins B and C are subjected to single shear as shown on FBD (d) s ,qiu.sjc -
V. _ 59424 By oot 7
(TB)avg = (Tc)avg = A = m «
= 12106 psi = 12.1 ksi Ans.
V59424 1p
R <k +594.24 1b
td)
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1-42. The pins on the frame at D and E each have a
diameter of 0.25 in. If these pins are subjected to double
shear, determine the average shear stress in each pin.

Support Reactions: FBD(a)

C+EMg=0;  500(6) + 300(3) — Dy(6) = 0

D, = 6501b
ESFE =0, 500-E =0 E, = 5001b
500 1b
+T2Fy=0; 650 — 300 — E, =0 E, =3501b
3
Average shear stress: Pins D and E are subjected to double shear as shown on FBD |
(b) and (c).
F 30016 L1
For Pin D, Fj, = D, = 6501b then V), = 2 = 3251b E
V 325
(7TD)avg =2 = p= 3 | 2re | 3f YE
Ap  7(025) 2y @) :
= 6621 psi = 6.62 ksi Ans.
For Pin E, Fy; = 2 5007 + 350° = 61032 1b then V; = = = 305.16 1b (V"”’;"
Ve 30516 tb)
(TE)avg - AE - %(0252)
650 Ib
= 6217 psi = 6.22 ksi Ans.
Be6niib
©)
V= 30516 th
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1-43. Solve Prob. 1-42 assuming that pins D and E are
subjected to single shear.

Support Reactions: FBD(a)

C+EMg=0; 500(6) + 300(3) — Dy(6) = 0

D, = 650 1b
EsFE =0, 50-E =0 E, = 5001b
+1%F, =0, 650 -300-E,=0 E,=3501b

Average shear stress: Pins D and E are subjected to single shear as shown on FBD

(b) and (c).

For Pin D,Vp = Fp = D, = 6501b

Vb

650
(TD)avg = A =

bp Z(0.25%

= 13242 psi = 13.2 ksi

For Pin E,V; = Fp = 2 500° + 350° = 610.321b

Ve

610.32
(TE)avg:A =

E T(025%)

= 12433 psi = 12.4 ksi

500 Ib
3
Ans. 3001k 3t
LE"
[ are T afe |
E
Dy @) 4
Ans. V=650 th Fe6/0.32 1b
&) te)
=650 1b Ve %532 16

*1-44. A 175-1b woman stands on a vinyl floor wearing
stiletto high-heel shoes. If the heel has the dimensions
shown, determine the average normal stress she exerts on
the floor and compare it with the average normal stress
developed when a man having the same weight is wearing
flat-heeled shoes. Assume the load is applied slowly, so that
dynamic effects can be ignored. Also, assume the entire
weight is supported only by the heel of one shoe.

Stiletto shoes:
1
A= 5(77)(().3)2 + (0.6)(0.1) = 0.2014 in’

P 1750

A 02014 in?
Flat-heeled shoes:

= 869 psi

A= @127 + 24(05) = 3462 in’

P 1751b
A 3462in%

_P_

= 50.5 psi

0.3 in.’@]

—{[~=0.1in.

12 in./@

-

0.5 in.
Ans.

Ans.
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e1-45. The truss is made from three pin-connected
members having the cross-sectional areas shown in the
figure. Determine the average normal stress developed in
each member when the truss is subjected to the load shown.

State whether the stress is tensile or compressive.

Joint B:
Oap = jii = % =417psi  (C)
opc = %;c = % = 469 psi (T)
Joint A:
e = ch = % =83psi  (T)

Ans.

Ans.

Ans.

ft

500 Ib
- f
C 3t \
© 9, B
Apc=08in?
=
O
S ~
I &
3 N
< Vi
<
\ S
A
fac - 500"

1-46. Determine the average normal stress developed in
links AB and CD of the smooth two-tine grapple that
supports the log having a mass of 3 Mg. The cross-sectional

area of each link is 400 mm?>.

+13F, =0; 2(Fsin30°) —29.43 =0

F =29.43 kN

C+2IMy =0; Pcos20°(0.2) — (29.43 cos 30°)(1.2) + (29.43 sin 30°)(0.4 cos 30°)

P =135.61 kN

P 13561(10°)
A 400(107°)

= 339 MPa

=0

Ans.

F
3(25” 7943 AN

P

0, L
E r,

3 P o fm
"lml 2543 kN
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1-47. Determine the average shear stress developed in pins
A and B of the smooth two-tine grapple that supports the log
having a mass of 3 Mg. Each pin has a diameter of 25 mm and
is subjected to double shear.

+13F, =0;  2(Fsin30°) — 2943 =0
F = 2943 kN
C+3ZMp =0; Pcos20°(0.2) — (29.43 cos 30°)(1.2) + (29.43 sin 30°)(0.4 cos 30°) 12
=0
P = 135.61 kN
v 135.61(10°) -
2
= =—=—""">-=138MP Ans.
TATTET AT 50,0257 e e
% V
P
*1-48. The beam is supported by a pin at A and a short
link BC. If P =15 kN, determine the average shear stress E
developed in the pins at A, B, and C. All pins are in double P 4P 4P P

shear as shown, and each has a diameter of 18 mm.

For pins B and C: 825
Vv 825(10% 165 knt
Tp = T¢c = Z = @ = 324 MPa AllS. &-j"ﬂ
4 {1000
For pin A: @ gzs™”
— 9 (2752 + (147 0)\2 — 165
Fy = 2 (82.5)" + (142.9) 165 kN B2gr~
v 825(10°
TA:—:#:324MP3 Ans.
A T’
4 1000
32
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*1-49. The beam is supported by a pin at A and a short
link BC. Determine the maximum magnitude P of the loads E

the beam will support if the average shear stress in each pin

is not to exceed 80 MPa. All pins are in double shear as 0.5m
shown, and each has a diameter of 18 mm.

v Im v 1.5m v

C+3M,=0; 2P(05) + 4P(2) + 4P(3.5) + P(4.5) — (Tcpsin 30°)(5) = 0

Tep = 11P

LSF =0, A, - 11Pcos30° = 0
A, = 9.5263P
+135F,=0; A, — 11P + 11Psin30° = 0

A, =55P

F, = 2 (9.5263P)* + (5.5P)* = 11P

Require;
v 11P/2
= 80(10%) = ————
T A (107 7(0.018)?
P = 370 kN Ans.
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1-50. The block is subjected to a compressive force of 50 mm
2 kN. Determine the average normal and average shear ™
stress developed in the wood fibers that are oriented along a

section a—a at 30° with the axis of the block.

2 KN 150 mm 2 kN

\ 30°

Force equilibrium equations written perpendicular and parallel to section a—a gives
+/2F, = 0; Viea —2c0830° =0 Viea = 1732 kN

+\2F, =0; 2sin30°-N, ,=0 N, ,=100kN

0.15
The cross sectional area of section a—a is A = (sin 3 00)(0.05) = 0.015 m>. Thus
N,_, 1.00(10% s
(Ua*a)avg = A = W = 6667(10)Pa = 66.7 kPa Ans.
V_. 1732(10%
(Ta-a)avg = 2" = o005 - 115.47(10%Pa = 115 kPa Ans.

Na -0

Va-aa

30 _'Zkl\]

2
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1-51. During the tension test, the wooden specimen is
subjected to an average normal stress of 2 ksi. Determine
the axial force P applied to the specimen. Also, find the
average shear stress developed along section a—a of
the specimen.

Internal Loading: The normal force developed on the cross section of the middle
portion of the specimen can be obtained by considering the free-body diagram
shown in Fig. a.

P P
+12F, = 0; ~+--N=0 N=P
2 2
Referring to the free-body diagram shown in fig. b, the shear force developed in the

shear plane a—a is

p P
+T2Fy=0; E_Va—azo ‘/a—azg
Average Normal Stress and Shear Stress: The cross-sectional area of the specimen is
A = 1(2) = 2in®. We have

N P
Tavg = Z; 2(103) = 5
P = 4(10%)Ib = 4 kip Ans.
) P 4(10% s .
Using the result of P, V,,_, = 5T, T 2(10°) 1b. The area of the shear plane is

Au_, = 2(4) = 8in®. We obtain

(s o = Yoo 2099
a—a)avg Auy 8

= 250 psi Ans.
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*1-52. If the joint is subjected to an axial force of
P = 9 kN, determine the average shear stress developed in
each of the 6-mm diameter bolts between the plates and the
members and along each of the four shaded shear planes.

Internal Loadings: The shear force developed on each shear plane of the bolt and
the member can be determined by writing the force equation of equilibrium along
the member’s axis with reference to the free-body diagrams shown in Figs. a. and b,

respectively.
ZF,=0; 4V,-9=0 V, = 225kN
2F,=0; 4V,-9=0 V, = 2.25kN

Average Shear Stress: The areas of each shear plane of the bolt and the member
are Aj, = %(0.0062) = 28.274(10"°)m* and A, = 0.1(0.1) = 0.01 m? respectively.
We obtain

Vi 2.25(10%)

faa)y = 2 = ") _ 796 MPa Ans.
(ave)o Ay 28274(10°%

Vv 3
() = 2 - 2.25(10%)

= = Ans.
) 0.01 225 kPa ns

p

Ik
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¢1-53. The average shear stress in each of the 6-mm diameter
bolts and along each of the four shaded shear planes is not
allowed to exceed 80 MPa and 500 kPa, respectively.
Determine the maximum axial force P that can be applied
to the joint.

Internal Loadings: The shear force developed on each shear plane of the bolt and
the member can be determined by writing the force equation of equilibrium along
the member’s axis with reference to the free-body diagrams shown in Figs. a. and b,

respectively.
ZF, =0; 4v, — P =0 V, = P/4
2F, =0 v, - P =0 V, = P/4

Average Shear Stress: The areas of each shear plane of the bolts and the members

are Aj, = %(0.0062) = 28.274(10"°)m* and A, = 0.1(0.1) = 0.01m? respectively.

We obtain
v, P/4
Tallow )b = ¢ 80(10%) = ——"———
(Tt ) Ay (10 28.274(1075)
P = 9047 N = 9.05 kN (controls) Ans.
4 P/4
- _r. 3y —
(Tallow)p - Ap s 500(10 ) - 0.01

P =20000N = 20 kN

P
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1-54. The shaft is subjected to the axial force of 40 kN. 40 kN
Determine the average bearing stress acting on the collar C
and the normal stress in the shaft.

30 mm

40 mm

Referring to the FBDs in Fig. a,
+13F, = 0; N,—40=0 N, =40kN

+13F, =0 N, —40=0 N, =40kN

Here, the cross-sectional area of the shaft and the bearing area of the collar are

A, = %(o.osz) = 0225107 m? and A, = %(0.042) = 0.4(103)7 m?. Thus,

(ave) e 40(10%) 56.59(10°) Pa = 56.6 MP A
= = . = . a = . a ns.
Tae)s T AT 0225(10 )
(Tavg)s = Ny _ 4000) 31.83(10%)Pa = 31.8 MPa Ans.
g Ay 04107 %)ar
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1-55. Rods AB and BC each have a diameter of 5 mm. If
the load of P = 2 kN is applied to the ring, determine the
average normal stress in each rod if § = 60°.

Consider the equilibrium of joint B, Fig. a,

BSE =0 2— Fusin60° =0  Fyp = 2309 kN

+13F,=0; 2309c0s60° — Fge =0  Fgc = 1.155kN

The cross-sectional area of wires AB and BC are A,z = Apc = %(0.0052)
= 6.25(107%)7r m?. Thus,

Fap  2.309(10%)
Aus 62510 %7
Fge  1155(10%)
T Age 6.25(10 %)z

¥

= 117.62(10°) Pa = 118 MPa Ans.

(O-avg>AB =

= 58.81(10°%) Pa = 58.8 MPa Ans.

(Uavg> BC

I

Fas 0=60°" |
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*1-56. Rods AB and BC each have a diameter of 5 mm.
Determine the angle 6 of rod BC so that the average
normal stress in rod AB is 1.5 times that in rod BC. What is
the load P that will cause this to happen if the average
normal stress in each rod is not allowed to exceed 100 MPa?

Consider the equilibrium of joint B, Fig. a,
+15F,=0; Fupcos® — Fge =0 @

L5F =0, P — Fapsin6 =0 @

The cross-sectional area of rods AB and BC are Ay p = Apc = %(0.0052)
= 6.25(10"%)7r m?. Since the average normal stress in rod AB is required to be

1.5 times to that of rod BC, then

(Uavg)AB =15 <0-avg)BC

F F,
AB _ 45 ( BC)
Aup Apc

Fap _1s { Fpc }
62510 %7 162510 %7

FAB =15 FBC (3)
Solving Eqgs (1) and (3),
0 = 48.19° = 48.2° Ans.

Since wire AB will achieve the average normal stress of 100 MPa first when P
increases, then

Fap = Gaiow Aag = [100(10%)][6.25(10 %7 | = 1963.50 N

Substitute the result of F, ; and 6 into Eq (2),

P = 1.46 kN Ans.
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*1-57. The specimen failed in a tension test at an angle of
52° when the axial load was 19.80 kip. If the diameter of the
specimen is 0.5 in., determine the average normal and
average shear stress acting on the area of the inclined
failure plane. Also, what is the average normal stress acting
on the cross section when failure occurs?

WS F, =0, V —1980cos52° =0
V = 12.19 kip

N2 F, =0 N — 19.80sin52° = 0

N = 15.603 kip

Inclined plane:

P 15.603 .
o = Z; o' = 20257 — 62.6 ksi Ans.

sin 52°
, |4 , 12.19 .
Thvg = Z; Tave = 70257 = 48.9 ksi Ans.
sin 52°

Cross section:

P 19.
o=, = D% ok Ans.

A 7(0.25)

|4

Tavg = Z; Tavg = 0 Ans.
1-58. The anchor bolt was pulled out of the concrete wall P

and the failure surface formed part of a frustum and
cylinder. This indicates a shear failure occurred along the
cylinder BC and tension failure along the frustum AB. If

the shear and normal stresses along these surfaces have the A
magnitudes shown, determine the force P that must have s oS B I SaE SRR s,
been applied to the bolt. 45° 457
‘ : : : 50 mm
Average Normal Stress: 5 5
3 MPa , ‘ ‘ 3 MPa
—— s B |
For the frustum, A = 2¥L = 2a(0.025 + 0.025)( 2 0.05% + 0.05%) ql - I
= 0.02221 m? i | Y45 Mmpa 30mm
P Fl - }—L
_ . 1 6) — (&)
o=7 309 = gom ‘ ’
F; = 66.64 kKN 25 mm 25 mm

Average Shear Stress:

For the cylinder, A = 7(0.05)(0.03) = 0.004712 m?

Tag = 4.5(10°) = o.ooFﬁ
F, = 2121 kN
Equation of Equilibrium:
+12F,=0; P —2121 — 66.64sin45° = 0
P = 683kN Ans,
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1-59. The open square butt joint is used to transmit a 50 kip
force of 50 kip from one plate to the other. Determine the

average normal and average shear stress components that

this loading creates on the face of the weld, section AB.

Equations of Equilibrium:
NS F, = 0; N — 50cos30° =0 N = 43.30 kip
YIS F, = 0; -V + 50sin30° = 0 V = 25.0kip

Average Normal and Shear Stress:

4 = = 1 2
A (Sin 600)(6) 13.86 in
N 4330
= P 35k Ans.
A 13.86 . ns
4 = 2570 = 1.80 ksi Ans.

Tave = 40 T 1386

*1-60. If P = 20 kN, determine the average shear stress
developed in the pins at A and C. The pins are subjected to
double shear as shown, and each has a diameter of 18 mm.

Referring to the FBD of member AB, Fig. a
C+E=M, = 0; Fpcsin 30° (6) — 20(2) — 20(4) = 0 Fpc = 40 kN

LsF =0 A, —40c0s30° =0 A, = 3464kN

+T2Fy=0; A, — 20 — 20 + 40 sin 30° A, =20kN P P
Thus, the force acting on pin A is

Fyo=2 A%+ A2 = 2 34647 + 20> = 40kN

Pins A and C are subjected to double shear. Referring to their FBDs in Figs. b and c,

F, 40 Fge 40
— AT o0kN =T T o0kN
V4 > > 0 Ve > > 0

The cross-sectional area of Pins A and C are Ay = Ac =§(0.0182)

= 81(10~%)7r m% Thus

Va _ 20(10%) 6
Tp=— = =7859(10° Pa = 78.6 MPa Ans.
Ay 81(107 %7 "/
Ve 20(10%) g .
Te=-—&=—"" =7859(10°) Pa = 78.6 MPa Ans.
Ac  81(10 %)x v
c

} 20k 20KN
(@) (b)
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¢1-61. Determine the maximum magnitude P of the load
the beam will support if the average shear stress in each pin
is not to allowed to exceed 60 MPa. All pins are subjected to
double shear as shown, and each has a diameter of 18 mm.

Referring to the FBD of member AB, Fig. a, ':E: ‘
C+3My=0;  Fyesin30°(6) — PQ2) — P(4) =0 Fpe = 2P A om 2m 2m—|
BSF =0, A, —2Pcos30° =0 A, = 1.732P ‘P '

+13F, = 0; A,— P — P +2Psin30° = A, =P

Thus, the force acting on pin A is

Fya=2 A2+ A2 =2 (1732P)* + P> =2P

All pins are subjected to same force and double shear. Referring to the FBD of the

pin, Fig. b,
F 2P
V=—0=""=p
2 2

The cross-sectional area of the pinis A = % (0.018%) = 81.0(10~%)7r m?. Thus,

B P
81.0(10 %)

|4
Tallow — Z; 60( 6)

P =15268 N = 15.3kN Ans.
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1-62. The crimping tool is used to crimp the end of the 20 1b
wire E. If a force of 20 Ib is applied to the handles,
determine the average shear stress in the pin at A. The pin is

subjected to double shear and has a diameter of 0.2 in. Only ———— \\\
a vertical force is exerted on the wire. E o @
L loln/
Support Reactions: OB / / / T
From FBD(a) \ 5in. |

1.5in. 2in. 1lin.

201b
C+=Mp = 0; 20(5) - B,(1) =0 B, = 1001b
LsF =0, B, =0 Feo
From FBD(b) i
+ @
—>3F, =0 A, =0 Ein o
&
C+IMg =0 A, (1.5) —100(3.5) =0
A, =233331b 00 1
N A ()
Average Shear Stress: Pin A is subjected to double shear. Hence,
FA Ay 2¥
Vy= 5 -3 " 116.67 1b ,Jhﬁ
\= /6 7%
) Va 116.67
TA)ave = < =
YT AL 502)
= 3714 psi = 3.71 ksi Ans. K=23333 1
1-63. Solve Prob. 1-62 for pin B. The pin is subjected to 20 1b
double shear and has a diameter of 0.2 in.
Support Reactions: g ——
P E e \\
From FBD(a O —
© 0s9////
C+=Mp = 0; 20(5) = B, (1) =0 B, =1001b A
+ 5in.
-0 - \
—EE=0 B.=0 15in. 2in. 1in.
201b

Average Shear Stress: Pin B is subjected to double shear. Hence,

FB By
Vg=—=——=500Ib
L)
(7s) Vi 50.0
T -8 _
Bl Ap - 7(022)
= 1592 psi = 1.59 ksi Ans.
Ya=50 1
’
k=100 1b
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*1-64. The triangular blocks are glued along each side of
the joint. A C-clamp placed between two of the blocks is
used to draw the joint tight. If the glue can withstand a
maximum average shear stress of 800 kPa, determine the
maximum allowable clamping force F.

Internal Loadings: The shear force developed on the glued shear plane can be
obtained by writing the force equation of equilibrium along the x axis with
reference to the free-body diagram of the triangular block, Fig. a.

—2F, =0 Fcosd45° —V =0 V=—F

Average Normal and Shear Stress: The area of the glued shear plane is
A = 0.05(0.025) = 1.25(107)m>. We obtain

§ 22,
=—; 800(10%) = ————
Tave = 4 10 = 125009
F = 1414N = 1.41 kN Ans.

¢1-65. The triangular blocks are glued along each side of
the joint. A C-clamp placed between two of the blocks is
used to draw the joint tight. If the clamping force is
F =900 N, determine the average shear stress developed
in the glued shear plane.

Internal Loadings: The shear force developed on the glued shear plane can be
obtained by writing the force equation of equilibrium along the x axis with
reference to the free-body diagram of the triangular block, Fig. a.

% 2F, =0 900 cos45° =V =0 V =63640N

Average Normal and Shear Stress: The area of the glued shear plane is
A = 0.05(0.025) = 1.25(10"*)m% We obtain
|4 636.40
P S
A 1251077

= 509 kPa Ans.
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1-66. Determine the largest load P that can be a applied
to the frame without causing either the average normal
stress or the average shear stress at section a—a to exceed
o = 150 MPa and 7 = 60 MPa, respectively. Member CB
has a square cross section of 25 mm on each side.

Analyse the equilibrium of joint C using the FBD Shown in Fig. a,

4
+13F, =0;  Fpe (E) —P=0  Fygo=125P

Referring to the FBD of the cut segment of member BC Fig. b.

3
S SE =0, N, - 1.25P(§> =0 N, , = 0.75P

4
+15F, = 0; 1.25P<§> ~V,y=0 Voa=P

0.025

The cross-sectional area of section a-a is A, ,= (0.025)(3/75)

= 1.0417(10™*)m?. For Normal stress,

0.75P

h . 150(106) - e
1.0417(1073)

Tallow — >
A
a—a

P = 208.33(10°) N = 208.33 kN

For Shear Stress
Vi-a P

dlow = 5 60(10%) = ————
Tallow = "4 T (107 1.0417(107%)

P = 62.5(10°) N = 62.5 kN (Controls!) Ans.

F' 125P
Bc

fac y Na-a
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1-67. The prismatic bar has a cross-sectional area A. If it
is subjected to a distributed axial loading that increases
linearly from w = 0 at x = 0 to w = wy at x = a, and then
decreases linearly tow = 0 at x = 2a,determine the average

Wo

|—>—>—>—> —> —> —> >

> > —> —>—>—> —> —> >

normal stress in the bar as a function of x for 0 = x < a. * ‘
| a | a
Equation of Equilibrium:
1/ w 1
iEFx:O; —N+§ 70x+w0)(a—x)+5w0a:0 -%"f-\
r::: .
N = o (2112 - x2) | = Jl‘n-xi' @ JI
2a
Average Normal Stress:
., Hcngyax) —Fke
N % (2(1 - X ) Wo (~ 2 2
o=== 2 =2aA\2afx) Ans. N
a-x a.
*1-68. The prismatic bar has a cross-sectional area A. If it is wo
> —> —> —> — —> —> >

subjected to a distributed axial loading that increases linearly
fromw = Oatx = Otow = wyat x = a,and then decreases
linearly to w = 0 at x = 2a, determine the average normal
stress in the bar as a function of x fora < x = 2a.

Equation of Equilibrium:
W,

5 sk =0 —N+%{70(2a—x)}(2a—x) -0

w
N = 2—2 a — x)?
Average Normal Stress:

N %(Za—x)z Wo
=— ==~ = (2a — 2
77 a A 2aa 2479

> > —> —>——>—> —> —> >

x— ‘

a | a

£ ¥eza-w]caa-s)
N

Ans.

¢1-69. The tapered rod has a radius of r = (2 — x/6) in.
and is subjected to the distributed loading of
w = (60 + 40x) Ib/in. Determine the average normal stress
at the center of the rod, B.

3 2
A= 77(2 — g) = 7.069 in?

6
S F, =0 N—/(60+40x)dx=0; N =7201b
3

720 .
o = % =102 ps1

w = (60 + 40x) Ib/ in.

r:(Z—% ) in.

> ——

> ——» — >
B‘

—  — —>

3in. ‘ 3in.

Ans.
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1-70. Th

is circular.

e pedestal supports a load P at its center. If the

material has a mass density p, determine the radial
dimension r as a function of z so that the average normal
stress in the pedestal remains constant. The cross section

2@ rdr

rpgdz
2dr

pg [*
— d
20' 0 <

pEL _
20

In

However,

P
oo
i

Require:
_P+W, P+ W, +dW
7T A A+ dA

PdA + W,dA = AdW

aw _ P+ W
aa ~ a7
dA = mw(r + dr)* — @r? = 2w rdr

dW = mr¥(pg) dt

From Eq. (1)
7ri(pg) dz

- r=r eb?
n

(wr.ng)
r=re %

P W,
dw

Ptw, tdes

@

Ans.
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1-71. Determine the average normal stress at section a—a
and the average shear stress at section b—b in member AB.
The cross section is square, 0.5 in. on each side.

Consider the FBD of member BC, Fig. a,
C+IMe = 0; F,psin 60°(4) — 150(4)(2) = 0
Referring to the FBD in Fig. b,

WIF, =0

N, ,+34641 =0 N, ,= —346411b

Referring to the FBD in Fig. c.

Fup = 346.411b

+T2Fy =0 Viy—p — 346.41sin 60° = 0 Vy—p = 3001b
The cross-sectional areas of section a—a and b-b are A,_, = 0.5(0.5) = 0.25 in”> and

_ 0.5 _ . 2
Ap_p =05 (cos 60°) = 0.5 in". Thus

_ Ni—y 34641 . .
Tyg = Tg—a =025 1385.64 psi = 1.39 ksi Ans.

_ Vop 300 _ .
Ty p = Ay, =05 600 psi Ans.

150(4) Ib
cx’ | :,..____._......._..._ .._-.-......__..__.!
¢ Re
[ 2f *i‘ 21t
@) oo

(b)

150 Ib /it

Fp=346-411b
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*1-73. Member B is subjected to a compressive force of
800 Ib. If A and B are both made of wood and are 3 in. thick,
determine to the nearest %in. the smallest dimension A of
the horizontal segment so that it does not fail in shear. The
average shear stress for the segment is 7,y = 300 psi.

3077
() h
h = 274in.

300

Tallow —

3
Use h = ZZin.

Ans.

1-74. The lever is attached to the shaft A using a key that
has a width d and length of 25 mm. If the shaft is fixed and
a vertical force of 200 N is applied perpendicular to the
handle, determine the dimension d if the allowable shear
stress for the key is 7,5 = 35 MPa.

C+3SM,=0; F,,(20) — 200(500) = 0
F,_, = 5000 N

5000
d(0.025)

d = 0.00571 m = 5.71 mm

Faca 35(10%) =
A PA0=

Tallow —

500 mm

Ans.

200N

1-75. The joint is fastened together using two bolts.
Determine the required diameter of the bolts if the failure
shear stress for the bolts is 7¢,; = 350 MPa. Use a factor of
safety for shear of F.S. = 2.5.

350(10°%)

= 140(10°
2.5 0(10)

20(10%)

Tallow — 140(106) = Edz
4

d = 0.0135m = 13.5 mm

30 mm

40 kNAA?

40 kN

Ans.

80 kN

<~ 30 mm
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*1-76. The lapbelt assembly is to be subjected to a force
of 800 N. Determine (a) the required thickness ¢ of
the belt if the allowable tensile stress for the material
is (0))aow = 10 MPa, (b) the required lap length d,
if the glue can sustain an allowable shear stress of
(Talow)g = 0.75 MPa, and (c) the required diameter d, of
the pin if the allowable shear stress for the pin is
(Tallow)p = 30 MPa.

Allowable Normal Stress: Design of belt thickness.

800
10(10°) = (0.045)¢

P
(Ul)allow = Z;
t = 0.001778 m = 1.78 mm

Allowable Shear Stress: Design of lap length.

Va

400
oo 0750(10°) =

(Tallow)g = B m

d, = 001185 m = 11.9 mm

Allowable Shear Stress: Design of pin size.
400
HE

Vs

(raiow)p =~ 5 30(10°) =

d, = 0.004120 m = 4.12 mm

800 N
d,

800 N
Ans. Boow

Boon
‘@/\VA =400N
p—

Ans.

Ans.

¢1-77. The wood specimen is subjected to the pull of
10 kN in a tension testing machine. If the allowable normal
stress for the wood is (07)aow = 12 MPa and the allowable
shear stress is T,jow = 1.2 MPa, determine the required
dimensions b and ¢ so that the specimen reaches these
stresses simultaneously. The specimen has a width of 25 mm.

Allowable Shear Stress: Shear limitation

1% o 5.00(10%)
Taiow = 5 12(10°) = (0.025) 1

t = 0.1667m = 167 mm

Allowable Normal Stress: Tension limitation

10(10%)
12.0(10°) = ©05)6

Tallow = X;

b =0.03333 m = 33.3 mm

Ans.

Ans. V50 k4

10 kN
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1-78. Member B is subjected to a compressive force of
600 1b. If A and B are both made of wood and are 1.5 in.
thick, determine to the nearest 1/8 in. the smallest dimension
a of the support so that the average shear stress along the
blue line does not exceed 7,0, = 50 psi. Neglect friction.

Consider the equilibrium of the FBD of member B, Fig. a,

LsF =0 600(%) ~F,=0 F,=4801b

Referring to the FBD of the wood segment sectioned through glue line, Fig. b
i>2Fx:0; 480 -V =0 V =4801b

The area of shear plane is A = 1.5(a). Thus,

Tallow — %; 50 = %
a = 6.40in
Use a = 65 in. Ans.
600lb |<__,|°'L
F,=480 b

X —i =

* v

<N

@)
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1-79. The joint is used to transmit a torque of
T = 3 kN-m. Determine the required minimum diameter
of the shear pin A if it is made from a material having a
shear failure stress of 7g,; = 150 MPa. Apply a factor of
safety of 3 against failure.

Internal Loadings: The shear force developed on the shear plane of pin A can be
determined by writing the moment equation of equilibrium along the y axis with
reference to the free-body diagram of the shaft, Fig. a.

SM, =0; V(0.1) - 3(10°) =0 V = 30(10°)N

Allowable Shear Stress:

_ Trail _ 150 _
Tallow — ES. = 3 = 50 MPa

Using this result,

1% 30(10%)
Tallow — Zv 50(106) =
Ed 2
4 da
dy = 0.02764 m = 27.6 mm Ans.

*1-80. Determine the maximum allowable torque T that
can be transmitted by the joint. The shear pin A has a
diameter of 25 mm, and it is made from a material having a
failure shear stress of 7; = 150 MPa. Apply a factor of
safety of 3 against failure.

Internal Loadings: The shear force developed on the shear plane of pin A can be
determined by writing the moment equation of equilibrium along the y axis with
reference to the free-body diagram of the shaft, Fig. a.

SM,=0; V(0.1)-T=0 V = 10T

Allowable Shear Stress:

Trail 150
Tallow = FaS =3 = 50 MPa

The area of the shear plane for pin A is A4 = % (0.025%) = 0.4909(103)m?. Using

these results,

v 107
w = 50(100) = ———
Tallow = "4 (10%) = 5 2000(10 )
T = 245437N-m = 245kN-m Ans.
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*1-81. The tension member is fastened together using two
bolts, one on each side of the member as shown. Each bolt
has a diameter of 0.3 in. Determine the maximum load P
that can be applied to the member if the allowable shear
stress for the bolts is 7.,y = 12 ksi and the allowable
average normal stress is o, = 20 ksi.

N+2F, = 0; N — Psin60° =0
P =1.1547TN
v+ 2F, = 0; V — Pcos60° =0

P=2V

Assume failure due to shear:
\%
- 12=—"
Tallow (2) % (03)2

V = 1.696 kip
From Eq. (2),
P = 3.39kip

Assume failure due to normal force:
N
w=20=—"7"""—"—=
Tallo )7 (03)?
N = 2.827 kip

From Eq. (1),

P = 3.26 kip (controls)

@

(2)

Ans.
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1-82. The three steel wires are used to support the
load. If the wires have an allowable tensile stress of
Talow = 165 MPa, determine the required diameter of each
wire if the applied load is P = 6 kN.

The force in wire BD is equal to the applied load; ie, Fzp = P = 6 kN. Analysing
the equilibrium of joint B by referring to its FBD, Fig. a,

5 SF =0.  Faecos30° — Fupcosd5° = 0 R0
+1 2F,=0;  Fpesin30° + Fypsind5° — 6 =0 ?)

Solving Egs. (1) and (2),

Fup = 5379kN  Fye = 4392kN

For wire BD,
Fzp 6(10%)
== 16510° = ——
T allow ABD ( ) %dBDZ
dgp = 0.006804 m = 6.804 mm
Use dgp = 7.00 mm Ans.
For wire AB,
Fap 5.379(10°)
w=— 1 16510% = ———~
Tallo AAB ( ) %dABZ

dp = 0.006443 m = 6.443 mm

Use d 45 = 6.50 mm Ans.
For wire BC,
F, 4.392(10°
Tallow — £> 165(106) = 177(2)
Apc % dpc

dpc = 0.005822 m = 5.822 mm

dgc = 6.00 mm Ans.
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1-83. The three steel wires are used to support the
load. If the wires have an allowable tensile stress of
T 0w = 165 MPa, and wire AB has a diameter of 6 mm, BC
has a diameter of 5 mm, and BD has a diameter of 7 mm,
determine the greatest force P that can be applied before
one of the wires fails.

The force in wire BD is equal to the applied load; ie, Fgp = P. Analysing the
equilibrium of joint B by referring to its FBD, Fig. a,

5 SF, =0; Fpccos30° — Fypcos45° =0 @

+1 2F, =0 Fpesin30° + Fypsind5® — P =0 2)

Solving Egs. (1) and (2),

F,p = 0.8966 P Fge = 0.7321 P
For wire BD,
Fgp P

165(10%) =

Oallow — —, > T n A2
t Agp 7 (0.007%)

P = 634994 N = 6.350 kN

For wire AB,
Fap o _ 0.8966 P
=—; 165(10°) = ————-
Tallow AAB ( ) % (00062)

P =5203.42N = 5203 kN

For wire BC,
Fpe 0.7321 P
=— 165(10%) = ——-
T allow Apc ( ) % (0.0052)
P = 4425.60 N = 4.43 kN (Controls!) Ans.
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*1-84. The assembly consists of three disks A, B, and C 140 kN

that are used to support the load of 140 kN. Determine the

smallest diameter d; of the top disk, the diameter d, within d H‘ l ‘% 20 mm

the support space, and the diameter dj3 of the hole in the N A g 10 mm
bottom disk. The allowable bearing stress for the material c l

is (0alow)p = 350 MPa and allowable shear stress is : b =
Tallow = 125 MPa. — dy —] [

dy

Solution

Allowable Bearing Stress: Assume bearing failure for disk B.

P 140(10%)
(Tp)attow = e 350(106> = W
dy = 0.02257 m = 22.6 mm

Allowable Shear Stress: Assume shear failure for disk C.

140(10%)

125(10°) = wd, (0.01)

Tallow — Z;

d, = 0.03565 m = 35.7 mm Ans.

Allowable Bearing Stress: Assume bearing failure for disk C.

P B 140(10%)
(@)atow =+ 350(10°) = 2003565 - @)

d; = 0.02760 m = 27.6 mm Ans.

Since d; = 27.6 mm > d; = 22.6 mm, disk B might fail due to shear.

1% 140(10%)
T = Z = m = 98.7MPa < T,w = 125 MPa (0. K !)

Therefore, dy = 22.6 mm Ans.

*1-85. The boom is supported by the winch cable that has B
a diameter of 0.25 in. and an allowable normal stress of

T 0w = 24 ksi. Determine the greatest load that can be

supported without causing the cable to fail when 6 = 30°

and ¢ = 45°. Neglect the size of the winch. 6

20 ft =

P
=  24(10°) = .
T A (109 T (0.25)

T =1178.10 b ‘

5 2F, =0 —1178.10 cos 30° + F,psin45° = 0

+1 SF, = 0;  —W + Fygc0s45° — 1178.10 sin 30° = 0 A"
W = 4311b Ans. r%

Fup = 144291b
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1-86. The boom is supported by the winch cable that has
an allowable normal stress of ooy = 24 ksi. If it is
required that it be able to slowly lift 5000 1b, from 6 = 20°
to 6 = 50°, determine the smallest diameter of the cable to
the nearest % in. The boom AB has a length of 20 ft.
Neglect the size of the winch. Set d = 12 ft.

Maximum tension in cable occurs when 0 = 20°.
sin20°  sin
20 12
Y = 11.842°

+

— 2 F, =0 —T cos 20° + F4pcos 31.842° = 0

+1 3F,=0;  Fypsin31.842° — Tsin20° — 5000 = 0

T =20698.31b

Fap = 22896 1b
20 698.3
7@y

d = 1.048 in.

24(10%) =

a 5

1
d=1—in.

U
se 16

20 ft =5

Ans.

1-87. The 60 mm X 60 mm oak post is supported on
the pine block. If the allowable bearing stresses for
these materials are o4, = 43 MPa and o, = 25 MPa,
determine the greatest load P that can be supported. If
a rigid bearing plate is used between these materials,
determine its required area so that the maximum load P can
be supported. What is this load?

For failure of pine block:

P
(0.06)(0.06)
P =90 kN

25(10%) =

For failure of oak post:

P
(0.06)(0.06)
P = 1548 kN

6 =
T 4009

g

Area of plate based on strength of pine block:
P 154.8(10)°
A A

A = 6.19(10"%)m?

= 25(10%) =

o

Ppax = 155 kN

Ans.

Ans.

Ans.
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*1-88. The frame is subjected to the load of 4 kN which

acts on member ABD at D. Determine the required

diameter of the pins at D and C if the allowable shear stress

for the material is 7,0y = 40 MPa. Pin C is subjected to E
double shear, whereas pin D is subjected to single shear.

Referring to the FBD of member DCE, Fig. a,
C+=Mg = 0; Dy(2.5) — Fpcsind5° (1) =0 1)

LSE =0 Fyecos45° — D, = 0 @

Referring to the FBD of member ABD, Fig. b, L5m
C+=ZM, =0, 4 cos 45° (3) + Fpcsin4d5°(1.5) — D, (3) =0 3) A !

Solving Egs (2) and (3),

Fye = 800kN D, = 5.657kN Im | [&m

Substitute the result of Fpc into (1) :DJ(_

D, = 2263 kN 457

Thus, the force acting on pin D is

Fp=2 D>+ D, = 2 5657 + 2.263” = 6.093 kN NE. 56 7’
Pin Cis subjected to double shear white pin D is subjected to single shear. Referring
to the FBDs of pins C, and D in Fig ¢ and d, respectively, Ca)
F, 8.00
Ve = % == =400kN  Vp = Fp = 6.093kN
For pin C, ‘D ’5. 4 k N
Ve o 4.00(10°)
Tallow — TC; 40(10 ) = T
) 4 “C .
_ _ De 45
dc = 0.01128 m = 11.28 mm
Use d¢ = 12 mm Ans.
For pin D, . Fb-c ’.Sm
Vb 6.093(10°)

Tallow — TD; 40(106) =

Tdp’ (b )

dp = 0.01393 m = 13.93 mm

Use dp = 14mm Ans.

[.5m

Cd) 6:6.0?5 kN (C) F;c=8-00 k”
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¢1-89. The eye bolt is used to support the load of 5 kip.
Determine its diameter d to the nearest i in. and the required
thickness 4 to the nearest éin. of the support so that the
washer will not penetrate or shear through it. The allowable
normal stress for the bolt is o, = 21 ksi and the allowable
shear stress for the supporting material is 7,1y = 5 ksi.

Allowable Normal Stress: Design of bolt size
5(10%)
T

d = 0.5506 in.

21.0(10%) =

Tallow — A7b;
5
Used = 3 in.
Allowable Shear Stress: Design of support thickness
5(10%)

|4
Tallow — Z; 5(103) = m

3
Use h = gin.

rl in.»‘

s o e e T
i’\ AN | R r’) k

s kip

Ans.

Ans.
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1-90. The soft-ride suspension system of the mountain
bike is pinned at C and supported by the shock absorber
BD. If it is designed to support a load P = 1500 N,
determine the required minimum diameter of pins B and C.
Use a factor of safety of 2 against failure. The pins are made
of material having a failure shear stress of 7,; = 150 MPa,
and each pin is subjected to double shear.

Internal Loadings: The forces acting on pins B and C can be determined by
considering the equilibrium of the free-body diagram of the soft-ride suspension
system shown in Fig. a.

C+3Mg = 0; 1500(0.4) — Fyp sin 60°(0.1) — Fyp cos 60°(0.03) = 0

Fgp = 5905.36 N

5 SF, =0 C, — 5905.36 cos 60° = C, = 2952.68 N
+T2Fy =0 5905.36 sin 60° — 1500 — C, = 0 C, = 361420 N ,500N
Thus, 0'.‘3m Oilm
Fg = Fgp = 590536 N Fc =2 C,> + C,* = 2 2952.68% + 3614.20°
= 4666.98 N
Since both pins are in double shear,
_ Fp 590536 _ Fc 460698
Vg = > = 2 = 2952.68 N Ve = > = > = 2333.49N , - ~
Allowable Shear Stress: y A C:X..
Tfail 150
’7'21110w:I_—:aSl :7=75MP3. 0'03173 *c%
Using this result, 60° F
Vs 750108 = 295268 &p
Tallow — AB’ - R Ca)
7dB
4
dg = 0.007080 m = 7.08 mm Ans.
Ve 2333.49
Tallow = A7; 75(106) =
C m 4.2
4 dc
dc = 0.006294 m = 6.29 mm Ans.
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1-91. The soft-ride suspension system of the mountain
bike is pinned at C and supported by the shock absorber
BD. If it is designed to support a load of P = 1500 N,
determine the factor of safety of pins B and C against
failure if they are made of a material having a shear failure
stress of 7¢,; = 150 MPa. Pin B has a diameter of 7.5 mm,
and pin C has a diameter of 6.5 mm. Both pins are subjected
to double shear.

Internal Loadings: The forces acting on pins B and C can be determined by
considerning the equilibrium of the free-body diagram of the soft-ride suspension
system shown in Fig. a.

+2Mc = 0; 1500(0.4) — Fgp sin 60°(0.1) — Fgp cos 60°(0.03) = 0
Fgp = 590536 N
5 2F. =0 C, — 5905.36 cos 60° = 0 C, = 2952.68 N
+T2Fy =0 5905.36 sin 60° — 1500 — C, = 0 C,, = 361420 N
Thus,

Fg = Fgp = 590536 N Fc =2 C,> + C,* = 2 2952.68% + 3614.20°

= 4666.98 N
Since both pins are in double shear,
F, 5905.36 F, 4666.98
Vg = 7’* == = 2952.68N Ve = 7C = = 233349N

Allowable Shear Stress: The areas of the shear plane for pins B and C are

Ap = %(0.00752) =4417910"%m?> and Ac = %(0.00652) = 33.183(10"%)m>

We obtain
Vi 2952.68
Tavelp = 2 = ——— = 66.84 MPa
(7ave) Ap  44.179(10°%)
Ve 2333.49
Tave)c = —— = — """ = 70.32 MPa
(Fave)e Ac 33183(10°%)
Using these results,
T fail 150
F.S.)p = = =224 Ans.
(F-S)5 (rae)s 0684 s
avg /B
i 150
(FS)e = —1L — 2 _ 53 Ans.

(ave)c - 70.32

‘100 mm
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*1-92. The compound wooden beam is connected together
by a bolt at B. Assuming that the connections at A, B, C, and
D exert only vertical forces on the beam, determine the
required diameter of the bolt at B and the required outer
diameter of its washers if the allowable tensile stress for the
bolt is (o) aow = 150 MPa and the allowable bearing stress
for the wood is (0} ) aow = 28 MPa. Assume that the hole in
the washers has the same diameter as the bolt.

From FBD (a):
C+=Mp = 0; Fp(4.5) + 1.5(3) + 2(1.5) — Fe(6) = 0
45Fg — 6 Fc = —15
From FBD (b):
C+IMp=0; Fp(5.5) — Fc(4) —3(2) =0
S5Fp—4F- =6

Solving Egs. (1) and (2) yields

Fg = 440kN; Fc = 455kN

For bolt:
4.40(10°)
Talow = 150(10%) = ———~
allo Z(dB)z
dg = 0.00611 m
= 6.11 mm

For washer:

4.40(10%)
(d% — 0.00611%)
d, = 0.0154m = 15.4 mm

Tallow — 28(104) =

:

2kN
3kN 1.5kN

2m——2 m—»‘«l.S m-~1.5m-}~1.5 m'l«l.S m*‘

=

1D

Y

Al

B

@

(2)

bty

Ans.

Ans.

¢1-93. The assembly is used to support the distributed
loading of w = 500 1b/ft. Determine the factor of safety with
respect to yielding for the steel rod BC and the pins at B and
C if the yield stress for the steel in tension is o, = 36 ksi
and in shear 7, = 18 ksi. The rod has a diameter of 0.40 in.,

and the pins each have a diameter of 0.30 in.

For rod BC:

P 1667
A 7(04%

P

= 13.26 ksi

Ty 36

o 1326 27

F.S. =

For pins B and C:

V08333

AT 703

= 11.79 ksi

Ty 18

T 1179

F.S. =1.53

Ans.

!
1 ft\\‘

‘“é‘” &ip
Lee7*ip

0.5¢4)=2""
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1-94. If the allowable shear stress for each of the 0.30-
in.-diameter steel pins at A, B, and C is 7,0 = 12.5 ksi,
and the allowable normal stress for the 0.40-in.-diameter
rod is 00w = 22 ksi, determine the largest intensity w of
the uniform distributed load that can be suspended from
the beam.

Assume failure of pins B and C:
_ 1.667w
7(0.3%)

=125

Tallow

w = 0.530 kip/ft (controls)

Assume failure of pins A:
Fy= 2 (2w)? + (1.333w)?> = 2404 w

1202w
7(0.3%)

12.5

Tallow —

w = 0.735 kip/ft

Assume failure of rod BC:
3333w
7(0.4%)

Tallow — 22

w = 0.829 kip/ft

Ans.

Lro2w

FLIE
l%’“’m I
z. 4040

333w

Fac3.333 W

Ay 2w

1-95. If the allowable bearing stress for the material
under the supports at A and B is (0})a0w = 1.5 MPa,
determine the size of square bearing plates A’ and B’
required to support the load. Dimension the plates to the
nearest mm. The reactions at the supports are vertical. Take

40 kKN /m

P = 100 kN. AL, Bl
Referring to the FBD of the bean, Fig. a ~—15m l 3m 1 1.5m—
C+2M, = 0; Np(3) + 40(1.5)(0.75) — 100(4.5) = 0 Np = 135kN
C+IMp=0;  40(1.5)(3.75) — 100(1.5) — N4(3) =0 N, = 25.0kN
For plate A’,
N, 25.0(10%)
(Tp)aliow = A 15(10% = ——5—"
A @y
ay = 01291 m = 130 mm Ans.
For plate B’,
N, 135(10%)
Tallow — TZ; 15(106) =T 2
ag = 0.300 m = 300 mm Ans.
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*1-96. If the allowable bearing stress for the material under 40 kN /m P
the supports at A and B is (0p)aiow = 1.5 MPa, determine
the maximum load P that can be applied to the beam. The
bearing plates A’ and B’ have square cross sections of f
150 mm X 150 mm and 250 mm X 250 mm, respectively. L
B
ALy sl
~—1.5m l 3m l 1.5 m—~

Referring to the FBD of the beam, Fig. a, 40(/,5) kN P

C+SM,=0;  Ng@3) +40(1.5)(0.75) — P(45) =0 Ny =15P — 15

C+3My=0; 40(1.5)(3.75) — P(15) = Ny3) =0 N, =75~ 05P

For plate A’,
(Tb)atiow = %; 1.5(10%) = W
P = 825kN
For plate B’,
(Tb)atlow = ALZ; 1.5(10%) = (1-552;((3)5()103)
P =725kN (Controls!) Ans.

*1-97. The rods AB and CD are made of steel having a
failure tensile stress of o,; = 510 MPa. Using a factor of
safety of F.S. = 1.75 for tension, determine their smallest B D
diameter so that they can support the load shown. The

beam is assumed to be pin connected at A and C. 6 kN SEN
4 kN
Support Reactions: l l
\/
C+IM,=0; Fep(10) — 5(7) — 6(4) —4(2) =0
A C
Fcp = 6.70kN
cp ‘-—2 mﬁ‘-—z m—~—-3 m*—L—?y m——‘
C+3IMc = 0; 4(8) + 6(6) + 5(3) — F45(10) =0
F,p = 830kN

P g ol ska P

Allowable Normal Stress: Design of rod sizes T l l T
]
For rod AB ST zm T 3m i
o Fag  510(10°)  8.30(10°)
Tallow = B T AL’ 175 Tdl,
dsp = 0.006022 m = 6.02 mm Ans.
For rod CD
o Fep o 510(10°  6.70(10°)
Talow T ES T Acp 175~ Tdk,
dep = 0.005410 m = 5.41 mm Ans.
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1-98. The aluminum bracket A is used to support the
centrally applied load of 8 kip. If it has a constant thickness
of 0.5 in., determine the smallest height 4 in order to

prevent a shear failure. The failure shear stress is T
Tl = 23 ksi. Use a factor of safety for shear of F.S. = 2.5. —

Equation of Equilibrium: |

+13F,=0;, V -8=0 VvV =2800kip

Allowable Shear Stress: Design of the support size

_ T _ V. 23(10°) _ 8.00(10%) 8 kip
Tallow = £ T 4 25 1h(0.5)
h=174in. Ans. 8hip

1-99. The hanger is supported using the rectangular pin. 20 mm
Determine the magnitude of the allowable suspended load
P if the allowable bearing stress is (07)a10w = 220 MPa, the
allowable tensile stress is (07)aow = 150 MPa, and the
allowable shear stress is 7,0 = 130 MPa. Take ¢t = 6 mm,
a = 5mm, and b = 25 mm.

Allowable Normal Stress: For the hanger

_P =P
(@aton = 5 150(10°) (0.075)(0.006)
P =675kN

P
Allowable Shear Stress: The pin is subjected to double shear. Therefore, V = 5

v=£
P2 o
_v. 6) —
Tatow = i 130(10%) (0.01)(0.025)
P = 65.0kN
Allowable Bearing Stress: For the bearing area
P2
- T W e
(@atow = 74 220(10) (0.005)(0.025)
P
P = 55.0 kN (Controls!) Ans.
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*1-100. The hanger is supported using the rectangular
pin. Determine the required thickness ¢ of the hanger, and
dimensions a and b if the suspended load is P = 60 kN.
The allowable tensile stress is (07)a10w = 150 MPa, the
allowable bearing stress is (07p)anow = 290 MPa, and the
allowable shear stress is 7, = 125 MPa.

Allowable Normal Stress: For the hanger

3

(Duion =55 150(10°) = T

t = 0.005333 m = 5.33 mm Ans.
Allowable Shear Stress: For the pin V=30.0 ki

3

Tallow = %; 125(10°) = %

b = 0.0240 m = 24.0 mm Ans.
Allowable Bearing Stress: For the bearing area

P 30(10%) 60 ki

(Tb)aliow = e 290(106) = (0.0240) a

a = 0.00431 m = 431 mm Ans.
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¢1-101. The 200-mm-diameter aluminum cylinder supports 300 kN
a compressive load of 300 kN. Determine the average normal
and shear stress acting on section a—a. Show the results on a

differential element located on the section.

Referring to the FBD of the upper segment of the cylinder sectional through a—a
shown in Fig. a,

30°
+/2F, = 0; N,—, —300cos30° =0 Ny, = 259.81 kN

+NIF, =0; V,,—300sin30°=0 V, ,=150kN

0.1
Section a—a of the cylinder is an ellipse with a = 0.1 m and b = o3 30° m. Thus,
0.1 ‘ |
Aga = Tap = 77(0.1)(60S 300) = 0.03628 m>. | d |

(Fuma)ave = Noca _ 2998100) 7.162(10°) Pa = 7.16 MPa Ans.
COmE AL, 003628

(To-a)ave = Voca _ 1500109 _ 4135(10°) Pa = 4.13 MPa Ans.
e A, 003628

The differential element representing the state of stress of a point on section a—a is
shown in Fig. b

;ﬂ
30°

/"
o G T
La-1)uy ; 413 MPa.

Na-a

@) (b)

1-102. The long bolt passes through the 30-mm-thick
plate. If the force in the bolt shank is 8 kN, determine the
average normal stress in the shank, the average shear stress
along the cylindrical area of the plate defined by the section
lines a—a, and the average shear stress in the bolt head along
the cylindrical area defined by the section lines b—b.

P 8 (10°
o == 7(7)2 = 208 MPa Ans.
A Z(0.007)
1% 8 (10%)
=L 2 ) _yupwMmp Ans.
(Tave)da = 4 = 0.018)(0.030) a s
1% 8 (10%)
S e TR V1 Ans.
(Tave)s = 4 = 0.007)(0.008) a s
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1-103. Determine the required thickness of member BC
and the diameter of the pins at A and B if the allowable
normal stress for member BC is o, = 29 ksi and the
allowable shear stress for the pins is 7,0y = 10 ksi.

Referring to the FBD of member AB, Fig. a,

Q+EMA = 0, 2(8)(4) - FBC sin 60° (8) =0 FBC = 0.238 klp

A
L SF =0, 9238cos60° — A, =0 A, = 4619kip &
+13F,=0; 9238sin60° —2(8) + A, =0 A, = 8.00kip
2 kip /ft
Thus, the force acting on pin A is S
Fy=2 Ai + A} = 2 4619> + 8.00° = 9.238 kip

Pin A is subjected to single shear, Fig. ¢, while pin B is subjected to double shear,

Fig. b.
F 9.238
Vy=F,=9238kp Vg= % = =5 = 4619kip
For member BC
Fpc 9.238 ,
=— = t = 0.2124 in.
T allow Ape 15() in
1.
Uset = —in. Ans.
4
For pin A,
Va 9.238 .
Tallow — TA, 10 = %d% dA = 1.085 in.
1,
Usedy = 1§ in Ans.
For pin B,
Vp 4.619 .
Tallow = I‘TB; 10 = o) dg = 0.7669 in
13 .
Use dy = Em Ans.

Fec

. Fac= 7238 kp
00 (b)
Ax

1
|
| ST, . RS ————

&

l
N ZE A Ay v
@ ©)
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*1-104. Determine the resultant internal loadings acting on 150 1b /ft

the cross sections located through points D and E of the frame. l l l l l l l

Segment AD: (W‘ D

.
—3F,=0; Np—12=0; Np=120kip Ans. g £

+ISF,=0;  Vp+0225+04=0; V= —0625kip Ans. L f

C+3Mp=0; Mp+ 02250.75) + 0.4(1.5) = 0

My = —0.769 kip - ft Ans. | 3ft 5ft

Segment CE:
J+2F, =0 Ng +20=0; Ng = —2.00 kip Ans.
NHIF, =0 Ve=20 Ans.

C+=Mg = 0; Mg =0 Ans.

*1-105. The pulley is held fixed to the 20-mm-diameter
shaft using a key that fits within a groove cut into the pulley
and shaft. If the suspended load has a mass of 50 kg,
determine the average shear stress in the key along section
a-a.The key is 5 mm by 5 mm square and 12 mm long. 75 mm

C+3Mp=0; F(10) — 490.5 (75) = 0

F = 367875N
1% 3678.75
S AL D Ans.
Tave = 4 7 (0.005)(0.012) a s
! c 3678257
a
so 3678.75 N
75 men,
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1-106. The bearing pad consists of a 150 mm by 150 mm
block of aluminum that supports a compressive load of
6 kN. Determine the average normal and shear stress acting
on the plane through section a—a. Show the results on a
differential volume element located on the plane.

16 KN

Equation of Equilibrium:
+/3F, = 0, Vyy —6cos60°=0  V,_,=300kN

N+3F,=0; N, ,— 6sin60° = N,_, = 5.196 kN

Averge Normal Stress And Shear Stress: The cross sectional Area at section a—a is 15088

(015 B ,
A= (Sin 60°>(0'15) = 0.02598 m?.

N, 5196(10°) 200 kP A
Tama = 74 T 7002598 a s

_ Vaa 3000109 115 kP Al
TTA T 002598 a ns.

Tafa

1-107. The yoke-and-rod connection is subjected to a
tensile force of 5 kN. Determine the average normal stress
in each rod and the average shear stress in the pin A
between the members.

For the 40 — mm - dia rod:

P 5(10%
Lo 220 398 Mmp
70T AT T 004y 4

For the 30 — mm - dia rod:

Vv o 5(10%

= = = 7.07 MP Ans.
T3 A %(003)2 a ns

Average shear stress for pin A:

P 25(10%
Tavg = A = W = 5.09 MPa Ans.
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*1-108. The cable has a specific weight y (weight/volume)
and cross-sectional area A. If the sag s is small, so that its
length is approximately L and its weight can be distributed
uniformly along the horizontal axis, determine the average
normal stress in the cable at its lowest point C.

Equation of Equilibrium:

AL (1L
C+3M, =0, Ts—yT(—):o

Average Normal Stress:

= = — Ans.
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