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1-1. Determine the resultant internal normal force
acting on the cross section through point A in each column. 5 kip 8kN
In (a), segment BC weighs 180 1b/ft and segment CD weighs
250 Ib/ft. In (b), the column has a mass of 200 kg/m.

i B 200 mm[[ 1200 mm |
6kN|\ /|6kN
10 £t 3im
@ . 8in. || [l 8in.
1 ) ) 200 mm 200 mm
+T ZF =0; Fy— l.0—3—-3—1‘8.—5=0 3 kip 3 kip 45 kNI_\ /_|4.5 KN
F,=138kip Ans g viEly -
4 ft
B o4 A
4 ft 1m
p | I |
A “mot,s “miele “ae
®) gn (2) (b)
“nl 6""
+TLF =0, F-45-45-589-6-6-8=0
Fy=349kN  Ans L5 VW ase
200( Y36,
*5.99%~
Fa

1-2. Determine the resultant internal torque acting on the
cross sections through points C and D of the shaft. The shaft
is fixed at B.

Equations of Equilibrium :

250-T, =0 T =250N- A
¢ ¢ 2 m ns 250K-m <
{+ 250-400+T,=0 T, =150N-m Anms 4008 _ o
L)
250K-m
1-3. Determine the resultant internal torque acting on the
cross sections through points B and C.
A 600 Ib-t
; B
M, =0; Tp+350-500=0 té-f¢ X 350 Ib-ft
3t \ ’
- y
T,=150b-fi  Ans S0 4:f¢ c
* 1 500 Ib-ft

M, =0; T--500=0

A
= . -t
T =5001b-ft  Ans %ﬁm HV
x
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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.

.3 m

-
0.1m

Equations of Equilibrium :

721;} =0; N,-80cos15°=0
N, =713N Ans

R+ ZE. =0, V,-80sin15°=0
V, =20.7N Ans

(+ EM, =0: M, +80 cos 45°(0.3cos30°)
a — 80sin 45°(0.1+0.3sin 30°) = 0
M, =-0.555N-m Ans

or
G =M, =0: M, +80sin 15°(03+0.15in 30°)
—80 cos 15°(0.1cos 30°) =0
M, =-0555N-m Ans

Negative sign indicates that M, acts in the opposite
direction to that shown on FBD.

1-5. Determine the resultant internal loadings acting on
the cross section through point D of member AB.

50mm 50 mm

\\ | /\ 300mmﬂ»150mm3
T B

D
70 N-m
200 mm
. “|
C
Segment AD : 7SN
l ! N
SEF =0 Np+13125=0; Np=-I31N Ans isresn L '
N5 N
+4ZF =0, %+175=0; VW =-175N Ans nsA,
(]
Np
GIZM=0; Mp+175005=0;, Mp=-875N-m  Ans 328" My




© 2008 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

1-6. The beam AB is pin supported at A and supported
by a cable BC. Determine the resultant internal loadings
acting on the cross section at point D.

1(6
6=tan '(§)=36.87°

(2

Member AB :

(+ IM, =0;

Segment BD :

LFE =0

N

NeE =0

(+ IMp = 0;

)—-36.87" =14.47°

Fac sin 14.47°(10) = 1200(6) = O

Fge = 2881.46 b

—-Np — 2881.46 cos 14.47° — 1200 cos 36.87° =

Np = - 3750 1b = -3.75 kip Ans

Vp + 2881.46 sin 14.47° — 12005in 36.87° = 0

v =0 Ans

0 Ib

V-

|

F4ﬁ%~—6ﬁ—-‘

2881.46 sin 14.47°(6.25) ~ 1200 sin 36.87°(6.25) —~ Mp = 0

Mp =0 Ans

Notice that member AB is the two-force member; therefore the shear force and moment are zero.

A? 6 11 /h
4 a7
255/‘4‘/5 5( s
o
A ,;’5.[7-
120016
%
N

1-7. Solve Prob. 1-6 for the resultant internal loadings
acting at point E.

6=tan"’ (g) =36.87°

¢ =tan"' (%’)— 36.87° = 14.47°

Member AB :

G ozmy =0

Segment BE :

+ LF, =0;
-—p

1
e

\+xF =

(+ IM =0;

Fyc sin 14.47°(10) = 1200(6) = 0

Fac = 2881.461b

—Ng — 2881.46 cos 14.47° — 1200 cos 36.87° = 0

Ng = — 3750 Ib = -3.75 kip Ans

Vi + 2881.46 sin 14.47° — 1200 sin 36.87° = 0
V=0 Ans
2881.46 sin 14.47°(3) — 1200 sin 36.87°(3) — Mg =

Mg =0 Ans

0

Notice that member AB is the two - force member ; therefore the shear force and moment are zero.
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*1-8. The boom DF of the jib crane and the column DE B A
have a uniform weight of 50 Ib/ft. If the hoist and load ) A ——————————————
weigh 300 b, determine the resultant internal loadings in
the crane on cross sections through points A, B, and C. 3 ft%
Sft
Equations of Equilibrium : For point A 3001b
LxE =0 N, =0 Ans 7t
+TEZF =0, V,-150-300=0
V, =450 1b Ans A
(; IM, =0; -M,-150(15)-300(3)=0
M, =-1125b-ft =-1.125kip-ft Ans
Negative sign indicates that M, acts in the opposite direction
to that shown on FBD.
Equations of Equilibrium : For point B
EIE =0 Ny =0 Ans
+T£F;,=0; V3 ~550-300=0
V, = 8501 Ans So)=5501
U PSS T .
(+ZMy=0; - -550(5.5)-300(11) =0 Wy <& =
M, =-63251b-ft =-6.325kip-ft Ans 57X l
f : 3
Negative sign indicates that M acts in the opposite direction »2ft s5ft
to that shown on FBD. 3001b
Equations of Equilibrium : For point C
50(13) 650 Ib
LEE =0 Vo =0 Ans e e,
] . 1
+TZE =0; -Nc-250-650-300=0 PRI >
No=-12001b=-120kip  Ans I"
Y| &5/t 6 5ft
Q—ZMC=O; - M - 650(6.5) - 300(13) = 0 Bols
M-.=-81251b-ft =-8.125kip-ft Ans \/‘:4?_
M
Negative signs indicate that N - and M act in the opposite Ne
direction to that shown on FBD.
1-9. The force F =801b acts on the gear tooth. F oS0l

Determine the resultant internal loadings on the root of the
tooth, i.e., at the centroid point A of section a—a.

Egquations of Equilibrium : For sectiona~a

721';.=0; V,-80cos 15°=0
V, =713 Ans

X+ LE.=0; N, -80sin15°=0
Ny =207 Ans

Q IM,=0; -M,—80sin15°(0.16)
+80 cos 15°(0.23) = 0
M, =145 b-in.  Ans
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1-10. The beam supports the distributed load shown.

. : . 400 Ib /ft
Determine the resultant internal loadings on the cross 300 Ib /ft
section through point C. Assume the reactions at the \l\‘\v\
supports A and B are vertical. Y YYVYVYVYVYVYVYVYVY
) . N .
B
OS] D C ROCE] E
t
T T T4t 45t
Support Reactions :
03(20):6 Kip ]
(EM=0 B,(20)-6(10)-1823) =0 Fc4)9)>/8 Kip
B, =5.07kip S i 1
.
+TEZE =0, A +507-6-18=0 4 _'I_ - £ ]
A, =273kip 10ft ft o efel
Equations of Equilibrium : For point C
H%E =0 Ne=0 Ans
+TZE =0, 273-3.60-V.=0
V. =-0.870 kip Ans
+IMo=0; Mg +3.60(6)-2.73(12)=0 1
¢ M =112kip-ft Ans érncip
Negative sign indicates that V. acts in the opposite
direction to that shown on FBD.
1-11. The beam supports the distributed load shown. 400 1b /ft
Determine the resultant internal loadings on the cross 300 Ib/ft
sections through points D and E. Assume the reactions at M
the supports A and B are vertical. Y Yvy Y
J N -~
B
‘ D ‘ c TR E ‘
‘ 8 ft |
Teft | oeft | Taseclas
Equations of Equilibrium : For point D
L1 =0; Np=0 Ans
Support Reactions : +TZE=0; 273-18-V,=0
Vp = 0.930 kip Ans
(:-ZMA =0; B,(20)-6(10)-1.8(23)=0
B, =5.07kip FEMp =0 Mp+18(3)-273(6)=0
M, =11.0kip- ft Ans
+TEZE =0, A, +507-6-18=0
A, =2.73kip
Equations of Equilibrium : For point E 03(20)+6 £ip $co4)(9)=/8 kip 036)=/8 kip

&LXE =0 Ne=0 Ans e ; ‘~~1
A N A | |
+TZE =0; Ve—0.45=0 s0ft T Jof¢ Tapd efel
V; = 0.450 kip Ans A
¢ By
Q EM,=0; —-Mg—-045(1.5)=0
My =-0.675kip - ft  Ans N
2(02)48)=045kKp
Negative sign indicates that M acts in the opposite direction Me Ve

to that shown on FBD.
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*1-12. Determine the resultant internal loadings acting
on (a) section a—a and (b) section b—b. Each section is
located through the centroid, point C.

(a)
N+ ZF =0, Nc+5091sin45°=0

Nc¢ =-3.60 kip Ans
AZFE =0; V- +5091cos45°-24=0
Ve =-1.20kip Ans
(+ IMc=0; —Mc —2.4(2)+5.091 cos 45°(4) =0
Mc =9.60 kip - ft Ans
(b)
«ZXZF =0 Nc+24c0s45°=0
Nc =-1.70 kip Ans
+TEZF =0; VW +5091-245in45°=0
Vo =-3.39 kip Ans

(+z Mc=0;  —Mc-24(2)+5.09Icos 45°(4) = 0

M- =9.60kip-ft  Ans

1-13. Determine the resultant internal normal and shear 650 N
forces in the member at (a) section a—a and (b) section b-b,
each of which passes through point A. Take 6 = 60°. The b
650-N load is applied along the centroidal axis of the member. &
50N / 9\
A~
/?
1
Equations of Equilibrium : For section a-a
Nb'b b
+T ZE =0, 650-N,,=0 / V. \‘r 650N
N,,=650N Ans ¢
. 650N
> LE =0 Via=0 Ans T
Equations of Equilibrium : For section b—b
HEE =0, 650c0s30°~V, , =0
Voo =563 N Ans
\125 =0; N,_,-650sin30°=0 ——
Nyy =325N Ans Va-a
YNa-a
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1-14. Determine the resultant internal normal and shear 650N
forces in the member at section b-b, each as a function of 6.

Plot these results for 0° = 0 = 90°. The 650-N load is |
applied along the centroidal axis of the member.

[
a % ’

650N
6500
X )
Equations of Equilibrium : For section b-b ] 4
Y% IF=0; N,.,—650cos6 =0 /

N ,_, =650cos 8 Ans

YEE =0 —V,_,+6505in6=0
Vy_p =650sin 8 Ans Nb-b

Vie O

X
Ne-bCN)
650 ”5_5 » (5000
f— 6 (o)
0 95"
1-15. The 800-Ib 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 Ib/ft and is fixed to the wall at A.
k... a O 4 115 £t 2
A B ! ! P+ |
~ D C- B-
41t 41t 3ft 3ft 4ft—
=
o
0.25 ft
SEFE =0, -M-04=0
N =-0.4kip Ans
+TEZF =0, Vv -08-016=0 ,
0.4 15
% = 0.960 kip Ans N .
%ot
G IM =0 - Mp - 0.16(2) - 0.8(4.25) + 04(1.5) = 0 o%
22 O'BKW
My =-3.12kip- ft Ans
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*1-16. Determine the resultant internal loadings acting
on the cross section through points C and D of the beam in s -
Prob. 1-15. b LSt 2
A B ! ! -
T D- c- B-
4 ft 4 ft 3t 31t 4 ft—

/\
/J
0.25 ft

For point C :
& IF =0, N-+04=0;, Nc=-04kip Ans
+TZF, = 0; Ve-08 - 004(7)= 0; Vc = 1.08 kip Ans
(+ IM: =0 — Mc — 0.8(7.25) — 0.04(7)(3.5) + 0.4(1.5) = 0
Mc=-6.18kip-ft Ans
For point D -
Ans

“IFE =0, Ny =0

+TZF =0;  15p-009 - 004(14) —-08=0; V= 145kip Ans

(M, =0, - Mp - 0.09(4) - 0.0414)(7) — 0.8(14.25) = 0

Mp=-157kip - ft

1-17. Determine the resultant internal loadings acting on
the cross section at point B.

601b /ft

LEE=0. Ny=0 Ans
+TZF =0 %-%(43)(12):0
L 2
e L48)02)
% =288 1b Ans (I
M VB | =~ -
(FEM=0.  -m ~Lagan@w =0 BahiZ -
b =0; =3 " 1
B |.. _,l
Ans 4

Mp=-11521b-ft= - 1.15kip-ft
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1-18. The beam supports the distributed load shown.
Determine the resultant internal loadings acting on the
cross section through point C. Assume the reactions at the

supports A and B are vertical.

LEFR=0 Ne=0 Ans
+l ZF =0, V+05+15-375=0
Ve = 1.75kN Ans

Mc +0.5(1) + 1.5(1.5)-3.75(3) = 0

M- =850kN-m Ans

1.5kN/m

0.5kN/m

4.5V 4.S%eN

4.S om 2

05032157 §(0333)(3)=0-5kM
foo/NC o3 iy
e

»S -
——
375 KN Y

Rl Im

1-19. Determine the resultant internal loadings acting on
the cross section through point D in Prob. 1-18.

L%ZF =0, Np=0 Ans
+TLE =0, 375-3-2-% =0

Vp = —125kN Ans
(+ZMp = 0. Mp+2(9+3(3)-375(6) =0

Mp = 950kN -m Ans

1.5kN/m

0.5 kN /m

4.5V 4.S%eN

4.S mm Ee

T Im

375 RN S.254n

4
kN ”1 0.067 hNL,,

- /_ — | oske),
. ﬁ 1»4 -
6 ma

N
v
My

< af

32,75 kN b
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*1-20. The wishbone construction of the power pole
supports the three lines, each exerting a force of 800 Ib on
the bracing struts. If the struts are pin connected at A, B,
and C, determine the resultant internal loadings at cross
sections through points D, E, and F.

Support Reaction : FBD(a) and (b).

(+3M,=0; B, (4)+B,(3)-800(4) =0 8))
(*ZMc =0; B, (3)+800(4) ~ B, (4) - 800(4) = 0 (2]
Solving Eq. [1] and [2] yields
800 Ib
B, =400.01b B, =533331b
From FBD (a)
LFF =0, 53333-4,=0 A, =53333D
+T2F =0; A, -800-4000=0 A =12001b "800 lb
From FBD (b) “
5EF =0, C,-53333=0 C, =533.33Db
+TIF =0;  C,+4000-800-800=0 C, =12001b
Equations of Equilibrium : For point D [FBD(c)]. ®
53F =0, V=0 Ans
+TEE=0; Np=0 Ans 8oole
(+z M,=0; M,=0 Ans
For point E [FBD(d)] .
LEF =0, 53333-V,=0 V,=53D Ans
+TIF =0, Ng-1200=0 N;=12000b Ans A A
/4] fb—l (200 ib—
(+EMp=0;, M, -53333(3)=0 M, =16001b-ft Ans Vo IRHby 53230
Mp
N 3
. Ve S0 bk
For point F [FBD(e)]. (€) B a0
X Ne )
—>EF,=0; Vp;+53333-53333=0 V=0 Ans (&) Gt
e VB
+T2F =0, N;=1200-1200=0 N,=24001b Ans Ti"My.
(+IMe=0; M-53333(6)=0 M,=3200lb-ft Ans NF
e

10
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1-21. The drum lifter suspends the 500-1b drum. The linkage 500 Ib
is pin connected to the plate at A and B. The gripping action
on the drum chime is such that only horizontal and vertical
forces are exerted on the drum at G and H. Determine the
resultant internal loadings on the cross section through point 7.

o
5
\7/ 7

Equations of Equilibrium : Members AC and BD are
two-force members.

Sin.
+T2F,=0; 500 -2Fsin 60° =0

F =288.71b

3in.

Equations of Equilibrium : For point ]

5 EE=0; V;-288.7cos 60°=0 oy

V=144 Ans

+TZF,=0; 2887sin60°-N, =0
N, =2501b Ans

Q-}ZM, =0;  288.7cos 60°(8) - M, =
M, =11547 Ib- in. = 1.15kip-in. Ans

1-22. Determine the resultant internal loadings on the
cross sections through points K and J on the drum lifter in
Prob. 1-21.

5001b

Equations of Equilibrium : Members AC and BD are
two force members.

Wik

+TZF, =0, 500-2Fsin60°=0
F =28871b

Equations of Equilibrium : For point J

R IE-=0; V=0 Ans

A LE.=0; 2887 +N,=0 N, =-2891b Ans

S in.—~
C+}:M,=0; M, =0 Ans 2in
Negative sign indicates that N, acts in the opposite direction
to that shown on FBD.
Support Reactions : For member DFH
G IM,=0; F(3)-288.7cos 60°(16)
+288.7 sin 60°(2) =0
Fer = 603.11b
Equations of Equilibrium : For point K f
£ IFE=0; Ng-603.=0 Ng=6031b Ans 2887 16 280-Th( | 137
Me Vi
+12E =0; Ve =0 Ans ‘ Gos e
3in
Qzuﬁo; Mg =0 Ans
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1-23. 'The pipe has a mass of 12 kg/m. If it is fixed to the
wall at A, determine the resultant internal loadings acting on
the cross section at B. Neglect the weight of the wrench CD.

X
400 mm
LE=0; (Ng): =0 Ans
LF,=0; (W), =0 Ans

IF,=0; (V), — 60 + 60— (0.2)(12)(9.81) - (0.4)(12)(9.81) =0

(%), =706 N Ans

M,

n
4

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

(T3)y =942 N-m Ans

IM, =0; (M), +(0.2)(12)(9.81)(0.1) +(0.4)(12)(9.81)(0.2) - 60(0.3) = 0

(Mg), =623 N-m Ans

IM=0; (Ms),=0 Ans

12
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*1-24. The main beam AB supports the load on the wing
of the airplane. The loads consist of the wheel reaction of
35,000 Ib at C, the 1200-1b weight of fuel in the tank of the
wing, having a center of gravity at D, and the 400-1b weight of
the wing, having a center of gravity at E. If it is fixed to the
fuselage at A, determine the resultant internal loadings on
the beam at this point. Assume that the wing does not transfer
any of the loads to the fuselage, except through the beam.

IF, =0 M) =0 Ans

ZF =0 M)y, =0 Ans
35,000 1b
IF, =0 (Va), — 1200 ~ 400 + 35000 = 0
Vi), = —-33.4kip Ans

IM =0 (M), — 1200(6) + 35000(10) — 400(12) = O

]

(My), 338 kip- ft Ans
IM, =0 (Ty), + 1200(1.5) — 400(1) = O
(Ty)y = —1.40kip-fi Ans

IM, =0, My). =0 Ans

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.

LE =0, (W),-105=0; (%), =105Ib Ans
05|
LF=0; (%), =0 Ans
z Fz =0; (NB'Z =0 Ans
5 o 75’
z M‘. = 0; (Mg ), =0 Ans (5//;)—/05 w‘ )7
W')‘ (V ol {3‘
IM,=0; (M), —105(7.5)=0; (M), =7881b-ft Ans Mo),.
(M)«

Yruse

IM, =0; (T),—105005)=0; (Tp), =5251b-ft Ans

13
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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 through point D. The 400-N
forces act in the —z direction and the 200-N and 80-N forces
act in the +y direction. The journal bearings at A and B
exert only y and z components of force on the shaft.

Support Reactions :

IM, =0;  160(0.4) +400(0.7) - A, (1.4) =0
A, =24571N

IF =0; =-24571-B,+400+160=0
B, =31429N

IM, =0; 800(1.1)-A,(1.4)=0 A =62857N
IE =0; B,+628.57-800=0 B, =171.43N

Equations of Equilibrium : For point D

ZF =0; (Np), =0 Ans

LF =0, (Vp),-31429+160=0

(Vp), = 154N Ans

LE=0; 171.43+(V,), =0 (Mngs‘

(VD):=—171 N Ans

My 3u4.290
IM =0 (), =0 Ans (71430
“ Bon

EM,=0; 17143 (0.55)+(Mp), =0 (o) AN ;

(MD)y =-943 N-m Ans $‘LM,)¢

IM =0; 314.29(0.55) -160(0.15) +(Mp), =0
(Mp), =-149 N-m Ans

14




© 2008 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

1-27. 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 through point C. The 400-N
forces act in the —z direction and the 200-N and 80-N forces
act in the +y direction. The journal bearings at A and B
exert only y and z components of force on the shaft.

Support Reactions :

IM, =0; 160(0.4) +400(0.7)-A,(1.4) =0

A, =24571N
IE=0; -24571-B, +400+160=0
B, =31429N

IM, =0; 800(1.1)-A,(1.4)=0 A, =6285TN
IE=0; B,+628.57-800=0  B,=171.43N

Equations of Equilibrium : For point C

IF =0 (Ne)e =0 Ans
LF =0; -245.71+(V), =0
(Vo), =-246N Ans

LE=0, 62857-800+(V),=0
(Ve), =-171IN Ans

IM =0; (Te), =0 Ans

IM, =0; (M), -628.57(0.5)+800(0.2) =0
(Mg)y, =-154N-m Ans

IM,=0; (M.),-24571(0.5) =0
(Mc),=-123N-m  Ans

15




© 2008 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

*1-28. Determine the resultant internal loadings acting
on the cross section of the frame at points F and G. The
contact at £ is smooth.

1.5t 1.51t

C
(OB o /o) =
Ky

41t
Member DEF : 80
(+ IMp=0; Neg(5)-8009) =0
O
Ng = 1441b A
Member BCE :

4
GEIMp =0 Fac(D3)=1445in30°(6) = 0
Fic = 1801b

+

- ZF =0 B,+180(§)—144c0530° =0

B, = 16708 Ib 14445
N30
. 4 H o
+TZF =0 -—B,+18()(—5-)—l44$m30 =0 y 4
B, = 7201b
N

For point F : F y/’__
NZF=0; N =0 Ans MF&/ s
+/£I~', =0; Vr-80 = 0; Vv = 80D Ans

Q IM:=0; Mq-80(Q2) =0; Mr = 1601b-ft Ans

For point G : v
L ZF =0 16708-N;=0: Ng=1671b  Ans

L)
16.7084h
- Tcie N,
+TEZF =0, V-720=0, V=720Db Ans m

7201, ¢
G IMo=0; 720.5-M;=0; M;=1081b-ft Ans

1-29. The bolt shank is subjected to a tension of 80 Ib.
Determine the resultant internal loadings acting on the
cross section at point C.

Segment AC :
L EFE=0, Nc+80=0; Nc=-80Ib Ans
+TZE =0, W%=0 Ans G
boli
(+IMc=0; Mc+80(6)=0;  Mc=-4801b-in.  Ans 1
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1-30. The pipe has a mass of 12 kg/m. If it is fixed to the
wall at A, determine the resultant internal loadings acting

on the cross section through B.

Equations of Equilibrium : For point B

Ans

Ans

Ans

- %(750)(2) =0

Ans

Ans

LE=0 (Vs); =0
4
LF=0;  (Np),+5(750)=0
(Np), =—600N
3
IE=0; (V) =235.44-23544-2(750) =0
(V3), =92IN
IM, =0, (M), -23544(1)~235.44(2)
(M), = 1606 N-m
IM, =0 (), =0
IM=0; (M), +800=0

(My), =-800N-m

Ans

X

1-31. The curved rod has aradius r and is fixed to the wall
at B. Determine the resultant internal loadings acting on
the cross section through A which is located at an angle ¢

from the horizontal.

Egquations of Equilibrium : For point A

\:EF;=O; Pcos 8 =N, =0

N, =Pcos 6
S+ SE =0, V,-Psin6=0
V, =Psin 8

M, -P[r(1=-cos 8)] =0

G-ZMA =0;
M, =Pr(1-cos 6)

Ans
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*1-32. The curved rod AD of radius r has a weight per
length of w. If it lies in the horizontal plane, determine the
resultant internal loadings acting on the cross section
through point B. Hint: The distance from the centroid C of
segment AB to point O is CO = 0.9745r.

IE =0; v,-:-’m=o; V= 0785wr Ans
IE =0 N =0 Ans

IM =0 T - frw(o.oq%sr)= 0; T, =0078wr’  Ans

IM, =0, M+ ;m(0.3729r)= 0; My = -0293wr’® Ans

1-33. A differential element taken from a curved bar is M+ dM T+dl
shown in the figure. Show that dN/do = V,dV/do = —N,

dM/do = =T, and dT/do = M. ~<

IF =0

de
umiz‘-’.v.afz‘-’-(nuhf)mf;—’unman-z— =0

ILF, =0

48
Nd-‘?a—mezg+(N¢dN)sh;-—a+(V+Mm—{ =0

IM =0
Tm?#”da%-o-(r+ﬂ)mgzg¢(u+dll)sin-‘zgao

IM, =0

Tﬁ?—“m?#(l‘+dﬂﬁn?+(“od&ﬂm%ﬂ=0

Shu-‘;iuudl.m-h‘?a-%.cmf;-l do
Eqmmawo-m»‘v_z-“so d% b4
Neglocting the second order term, Vd@ ~ dN = 0 X

;"‘-‘-v QED

Eq.(2) becomes Nd@ + dV+ ‘ﬁ;g =0

Neglecting the second order tenn, Nd6 + &V = 0
Lid

— = ~-N
46 e

Eq.(3) becomes Md6 — dT+ 1]

aMdo
2

Neglecting the socond order erm, Md@ — dT = 0
%-“ QED

Eq. (4) becomes Td0 + dM + i;f =0
Neglecting the second order teem, 740 + & = 0

a
—_= - ED
48 T @

18
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1-34. The column is subjected to an axial force of 8 kN at
its top. If the cross-sectional area has the dimensions shown
in the figure, determine the average normal stress acting at

8 kN

575 mm

P =5(1501b) =750 Ib

0= —-=_——""" ____ -463psi Ans

section a—-a. Show this distribution of stress acting over the 10 mm 75 mm
area’s cross section. /\\>/\ > 10 mm
|
10 mm | 70 mm
70 mm
a
a
gKN
A = (2)(150)(10) + (140)(10)
= 4400 mm’ = 4.4(10°) m*
3 v 182 Mfy
o=FP _830) _ o MPa Ans
A 44(10%)
1-35. The anchor shackle supports a cable force of 600 Ib.
If the pin has a diameter of 0.25 in., determine the average
shear stress in the pin.
0.25in.
+TZF =0 2V-600=0 N
V=3001b g#
600 Ib
= 2= 3% _6iiksi  Ans oo ld
A X025
*1-36. While running the foot of a 150-lb man is ’
momentarily subjected to a force which is 5 times his \
weight. Determine the average normal stress developed in
the tibia 7 of his leg at the mid section a—a. The cross
section can be assumed circular, having an outer diameter T \1 F F
of 1.75in. and an inner diameter of 1 in. Assume the fibula l
F does not support a load. a a
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1-37. The thrust bearing is subjected to the loads shown.
Determine the average normal stress developed on cross
sections through points B, C, and D. Sketch the results on a
differential volume element located at each section.

Average Normal Stress :

500
oy = ———— =151kPa Ans
R
500
Oc= = 180; =32.5kPa Ans
+(1500)
2
Op = T%'—z =25.5kPa Ans
+(700s)
ZooN
500N
/oom
o5m
& 255 Kpa
N
151 Kpa. 200
500N 4
1-38. The small block has a thickness of 5 mm. If the
stress distribution at the support developed by the load
180mm K

varies as shown, determine the force F applied to the block,

and the distance d to where it is applied. ? d E

F=IadA = volume under stress diagram
F= -;-(0.06)(40)(106)(0.005) +(0.120)(40)(10°)(0.005) + %(o. 120)(20)(10°)(0.005)
F=36kN Ans

Require
Fd =[xoda)

36.0(10°)d = §(0.06)(;-)(0.06)(40)(10‘)(0.005) +(0.06+ % (0.120))(0.120)(40)(10°)(0.005) +

(0.06 + -:-(0. 120))(% )(0.120)(20)(10°)(0.005)

36.0(10°)d = 3960

d=0.110=110mm Ans
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1-39. The lever is held to the fixed shaft using a tapered B 12mm
pin AB, which has a mean diameter of 6 mm. If a couple is /(&
applied to the lever, determine the average shear stress in M
the pin between the pin and lever.
L— 250 mm ‘Jﬁ 250 mm%
20N 20N
(*ZMO=0; F(12) - 20(500) = 0; F=83333N - F 8,12 mm
Tavg = y_333 295MPa  Ans l N asome 1T ZSOM‘MTN
avg = T T e 5 < .
A w7 20 20
*1-40. The cinder block has the dimensions shown. If the
material fails when the average normal stress reaches 120 psi, lin.
determine the largest centrally applied vertical load P it can 1;16\ %@n'

support.

Cross section Area :
A =6(14) —2[4(1) + 3(4)] =52 in’

Average Normal Stress :

Plllov Pn.llov
Cutow = . 120= Mlow
slew =74 52
Pow = 6240 1b = 6.24 kip Ans

1-41. The cinder block has the dimensions shown. If
it is subjected to a centrally applied force of P = 800 Ib,
determine the average normal stress in the material. Show
the result acting on a differential volume element of the
material.

Cross section Area :
A =14(6)-4(8) = 52 in’

Average Normal Stress :

a=—=—=15.4psi Ans

T15~4 pse
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1-42. The 50-Ib lamp is supported by three steel rods
connected by a ring at A. Determine which rod is subjected
to the greater average normal stress and compute its value.
Take 6 = 30°. The diameter of each rod is given in the figure.

= XE =0; Fyccos 30°— Fypcos 45° =0
+T L£F =0,  Fycsin30°+ Fypsin 45°-50 = 0

Fic =36.601b, Fyp=44831b

Rod AB :
50

T X035y
Rod AD :

44.83 634 psi j 5
483 ;
T 03y f ‘

Oan = 520 psi

Oup =

Rod AC:
36.60
50257

Ouc = 746 psi Ans

1-43. Solve Prob. 1-42 for ¢ = 45°.

- IF. =0, Fyccos 45° - Fyp cos 45° =0

+T 2F =0 Fyc sin45° + Fyp sin45°-50=0

FAC = FAD = 3536 lb

Rod AB :

Oug = =520 psi

50
2(0.35)

Rod AC: Fro

Ouc = ;:i~5—3£)~2 = 720 psi Ans
;(025) 451 450
Rod AD :

35.36

=222 = 500 psi
X037

OAD
Sodb
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*1-44. The 50-Ib lamp is supported by three steel rods
connected by a ring at A. Determine the angle of orientation
6 of AC such that the average normal stress in rod AC is
twice the average normal stress in rod AD. What is the
magnitude of stress in each rod? The diameter of each rod is
given in the figure.

To
Owp = —22_.  Tip =(0.070686)0,
AD 037 ap = ( )Oan
Ouc =204 = _he . Tyc = (0.098175)04p
£(0.25)2

L EF =0, -Tpcosd5®+Tccos8=0 (1)

+TZF =0; Tac sin 8+ Thp sin 45°-50=0 (2)

Thus
= (0.070686)04p ( cos 45°) + (0.098175)0,p(cos 6) =0
6 =59.39° = 59.4° Ans
From Eq. (2) :

(0.098175)04p sin 59.39° + (0.070686)G4p sin 45° - 50 = 0

Gap = 371.8 psi = 372 psi Ans
Hence,
Gac = 2(371.8) = 44 psi Ans
And,
T
om=—2_ - 0 _ 5006 Ans

1-45. The shaft is subjected to the axial force of 30 kN. If o
the shaft passes through the 53-mm diameter hole in the mm
fixed support A, determine the bearing stress acting on the l C
collar C. Also, what is the average shear stress acting along 20 KN A 2)
the inside surface of the collar where it is fixed connected to ‘7\4
- i 9
the 52-mm diameter shaft? T 4 S -
10 mm
40 mm

Bearing Stress :

=== ——— =483 MPa Ans
T AT E(0.062-0.0532)
Average Shear Stress :
3
T =X=ﬂ.=l&4l\ﬁh Ans

"8 A 7(0.052)(0.01)
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1-46. The two steel members are joined together using a
60° scarf weld. Determine the average normal and average
shear stress resisted in the plane of the weld.

25 mm
|
8kN<—< ' |
'/
T 60°
30 mm
-yZF,:O; N -8sin60°= 0
N = 6.928 kN
z 0. V-8 60 0 Bkﬂ V N
+ZF =0 - 8cos 60° = ._(h
v oy N
V = 4 kN A
3
A= @5) (2 ) = 866.03 mm>
sin 60°
N 6.9 d
o’=—=ﬂ=8MPa Ans
A 0.8660 (10°3)
v 4(10°
Tavg = — = -————(—)—- = 4.62 MPa Ans

1-47. The J hanger is used to support the pipe such that
the force on the vertical bolt is 775 N. Determine the
average normal stress developed in the bolt BC if the bolt

) e A775N
has a diameter of 8§ mm. Assume A is a pin.

Support Reaction :

Q IM, =0; 775(40) - Fccos 20°(70) =0 775 H
Fye =471.28N
Ax
Average Normal Stress : P
mﬁ
Somm 30mm
ope=Tac L A1 e Mpa Ans N E
2" Age  3(0.008%) Ay b
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*1-48. The board is subjected to a tensile force of 85 Ib. 1in.
Determine the average normal and average shear stress
developed in the wood fibers that are oriented along

section a—a at 15° with the axis of the board.

851b |

YIFE =0 V- 85cos 15 = 0
V= 82100
gs™
XZF =0; N-85sinl15=0
5°
N = 22.001b
3 L2
A= (1)(——) = 11.591 in
sin 15
o=ﬂ=£'—(-)—=l.90psi Ans
A 11591
v 8210 .
vg = — = —— = 7.08 psi Ans
B = 4T 101 P

1-49. The open square butt joint is used to transmit a
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 :

\f-}:F =0; N-=50cos30°=0 N =43.30kip

y‘u; =0; -V+50sin30°=0 V =25.0kip

Average Normal and S hear Stress :

2 2

A= 6) =13.86i

(sin60°)( ) " N ¥

N 4330 \N /
0 =—=—— =3.125ksi Ans

v éo. : 5;'

T --Y--E(l—lSOksi Ans
YET AT 13.86
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1-50. 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?

ARARARRRRANN

+/LE=0;  V-19.80c0s 52° =0
V=12.19 kip

+\LF, =0; N-19.80sin52°=0

N =15.603 kip
Inclined plane :
15.603
o’=f—; =—2—=62.6ksi Ans
A £(0.25)2
sin 52°
14 12.19 .
T:vg =;, t""s =;—m=48.9ksl Ans
sin 52°
Cross section :
P 19.80
o=—; 0= ———— = 101l ksi Ans
A 7(0.25)2
14
tlvg =Z. 1.'", = 0 Ans
1-51. A tension specimen having a cross-sectional area A
is subjected to an axial force P. Determine the maximum 5 P
average shear stress in the specimen and indicate the
orientation @ of a section on which it occurs. 9; '

ALF,=0; V-Pcos@=0; V=Pcosb

= Pcos @ _ Pcos@sin6 _ Psin 26
Alsinf A 2A

zﬁ' _ Pcos26 _ 0
de A 4 v N

3 SN

cos 20=0 F
26 =90°
@ =45° Ans
Tmax = isin 90° = i Ans
2A 2A
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*1-52. The joint is subjected to the axial member force of
5 kN. Determine the average normal stress acting on
sections AB and BC. Assume the member is smooth and is
50-mm thick.

5 EF,=0;  Npscos 30°—5cos 45° =0
Nps = 4.082kN
+TZF =0,  —Ngc—4.082sin30°+5sin45° =0 "ch

A

Nac = 1494 kN
3 ° . \
Nps _ 4.082(10°)

opu = oa _ 408200) 5 impa A
A= e (0.04)(0.05) & am \\\ ";Z, co

3
opc = Noc _ 1494000 _ ;508 MPa  Ans

Agc  (0.05)(0.05)

1-53. The yoke is subjected to the force and couple
moment. Determine the average shear stress in the bolt
acting on the cross sections through A and B. The bolt has a
diameter of 0.25 in. Hint: The couple moment is resisted by
a set of couple forces developed in the shank of the bolt.

At A force on bolt shank is zero, then

t, =0 Ans
Equations of Equilibrium : Force on bolt shank at B. & 80 Ib-ft
IE=0; 500-2E=0 F=2501b 500 1b % .
12i

M, =0; 801b.r:(—m)-f;(zin.)=o \<

N ft L

F, =480 1b
Average Shear Stress : The bolt shank subjected to a
shear force of V; = Fy = /2502 + 4802 = 541.2 Ib. & y Fe
2

541.2

(TB)"‘ = -;(0—2553 =11.0 ksi Ans Fb *
(0.

27



© 2008 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

1-54. The two members used in the construction of an 1.5in. o
. .. . . 30

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

weld. Determine the average normal and average s.hear stress o0 1p 1 in. 001b

on the plane of each weld. Assume each inclined plane i

supports a horizontal force of 400 Ib. 3\0o

N — 400 sin30° = 0; N = 2001b

1

400 cos30° — V = 0; V = 346.41 b \
o 15 _ e

sin 30°
' N 200
o= = =22 = 667psi

o 3 psi Ans
L) D A

x 3 = psi ns
1-55. The row of staples AB contained in the stapler is -

glued together so that the maximum shear stress the glue
can withstand is 7,y = 12 psi. Determine the minimum
force F that must be placed on the plunger in order to shear
off a staple from its row and allow it to exit undeformed
through the groove at C. The outer dimensions of the staple
are shown in the figure. It has a thickness of 0.05 in. Assume
all the other parts are rigid and neglect friction.

?

AT

AIIINE MY

Average Shear Stress :

A = 0.5(0.3) — 0.4(0.25) = 0.05 in®

\4
12 = —

0.05

max

)
n
> <

Fau =V =0.601b Ans

*1-56. Rods AB and BC have diameters of 4 mm and 6 mm,
respectively. If the load of 8 kN is applied to the ring at B,
determine the average normal stress in each rod if 6 = 60°.

+TZF =0 Tpc sin 60°-8 =0

Tpc =9.2376 kN

+

= XFE =0, 92376cos60°-Tyz=0

Tip = 4.6188 kN
Tz 4. ? s
ou = AO188UO) 365 Mpa  Ans Be
As  E(0.004) -~ e
Ty 9.2376(10° e
opc = 2 _ 2237609) _ 507 MPa Ans 8 e
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1-57. Rods AB and BC have diameters of 4 mm and 6 mm,
respectively. If the vertical load of 8 kN is applied to the ring
at B, determine the angle 6 of rod BC so that the average
normal stress in each rod is equivalent. What is this stress?

Fpg = 0Aws = o(1 )(0.002)°
Fac = 6Agc = o(x )(0.003)?

53F =0, o(m(0.003%)cos 6-0n (0.0029)=0 (1)
+TZF =0; 0on(0.003")sin 8-8(10°)=0 ()

8 kN

From Eq. (1) :
cos 6 = (OL.S)—:E)2
0.003

0 =63.6° Ans
From Eq. (2) : £
AS

8(10%)

= ———————— = 316 MP. A
7 (0.003)2sin 63.6° 2 ns

1-58. 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.

B C 4
) )
[ 4
3ft
E:|
A (@ [()
E
l 41t i PR
075P
P
Joint A
Fi 1333 . ;
O =it= 0 = 107ksi (D Ans Fag = 13335
Fue 1067 ) ’ ip
o =-2E= 2 -3§53ksi (C) A Fag =10-67
ol A 125 PO " A !
kip
JointE : Fes=65'P
Fip 1067 . :
o =182 - 1067 _ o5y C ; A
Ao 125 SO A gt Fep=/087""
Fea 60 .
Opg =— = —— = 4.80 ks
EB A 125 i [¢)) Ans
Joint B :
Foc _ 2933 .
Ope = 1BC - = 23.5ksi 5
Aoc 125 M  Ans Foe 22933
Fap _ 2333 .
Opp =— = —— = 18.7ksi C . N
Ao 125 ©  Ans 15z Vg K Fop=2233%
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1-59. The bars of the truss each have a cross-sectional
area of 1.25 in?. If the maxinmum 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 :
+TzE =0 —P+(§)F“=0

Fus = (1L66T)P
L IE=0 —F¢+(l.667)P(4§)=0
Fag = (1333)P
Joint E :
+TLF =0 Fa-05P=0
Faz = (0.75)P Fee
e 12337 g
FED
SEIFR=0, (1333)P-Fep=0 0.7sF
Fep = (1333)P
Joim B :
+TEZF =0 (E)F.p-(0.7S)P—(l.667)P(2)=0
S b ¥ F
4 ¢
Fap = 29161 %4 |$; .
L P v
°.75P
S EE=0 F.c—(2.9167)P(§)—(l.667)P(§)=0

Fac = 3.6NP

The highest stressed member is BC :

_GSP _
25

Osc 20

P=682kip Ams

*1-60. The plug is used to close the end of the cylindrical
tube that is subjected to an internal pressure of p = 650 Pa.
Determine the average shear stress which the glue exerts on
the sides of the tube needed to hold the cap in place.

Average Shear Stress : T
35 mm P 40 mm
v= eso[g ( o.ossz)] =0.6254 N i

R -—= —————— = 199 P A 25
fave = 3 H0.04)(0.025) a ns mm
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1-61. The crimping tool is used to crimp the end of the
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 201b
is subjected to double shear and has a diameter of 0.2 in.
Only a vertical force is exerted on the wire.
/4"‘“\
E o \\\
)
o/
Sin. I
1.5in. 2in. Tlin.
201b
Support Reactions : Feo
From FBD (a)
+EMy=0; 20(5)-B,()=0 B, =1001b
HIE =0 B, =0 1 5 @
171 ! wlb
From FBD (b) By
5%E =0 A =0
( FE_ 100" 16
+IM;=0; A, (1.5)-100(3.5) =0
A, = 233331 A (b)
Average Shear Stress : Pin A is subjected to double AZV‘-
shear. Hence, 15ind
“ho4 - 1/6-67 16
Vo= = =11667h A “
_V, _ 116,67
(fA)“‘ ——A— = —2‘_<0.22)
= 3714psi = 371 ksi Ans F=23333 1
1-62. Solve Prob. 1-61 for pin B. The pin is subjected to 201b
double shear and has a diameter of 0.2 in.
A ———
7 a8 \\
)
oul//!/
A
| Sin.
1.5in. 2in. 1lin.
201b
Feo
Support Reactions : N
From FBD (a) 8 4 (6‘» )
Q):M,,:O; 20(5)-B,(1)=0 B, =100l *
' 1y 5in
8 201b
* 4
SIE =0 B, =0
Average Shear Stress : Pin B is subjected to double
shear. Hence, : \4;:50 b
V===2=5.00b C ’
(0 Yo 500
Blave =4, %0.27)
= 1592psi =1.59ksi  Ans F=r00 1b
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1-63. The railcar docklight is supported by the %-in.-
diameter pin at A. If the lamp weighs 4 b, and the extension
arm AB has a weight of 0.5 1b/ft, determine the average
shear stress in the pin needed to support the lamp. Hint:
The shear force in the pin is caused by the couple moment
required for equilibrium at A.

31t |
3 A l
. B
0
1.251n.
(+2 M, =0 V(1.25)-1.5(18)-4(36) =0
\/",A )
V=13681b AVT Ton I T
[FrAetW osh -
' Y. [l
= L= 288 ik Ams 44
A 3G7

*1-64. The two-member frame is subjected to the
distributed loading shown. Determine the average normal 5
stress and average shear stress acting at sections a—a and
b—b. Member CB has a square cross section of 35 mm on
cach side. Take w = 8 kN/m.

Atsetiona-a:

aoa = 15(10°) =122MPa  Anms
(0.035)?
Taa =0 Ans IS""
Be3)=24™
Atsectionb-b:
* V=o
2 EF =0, N-153/5=0; N=9kN /<.N=,5k'.l
+{ZF =0, V-154/5=0; V=12kN
9(10*
Oy —ti®)  _4a1MPa  Ans 1553
(0.035)(0.035/0.6) +
NV
N
3
Top = 12(10) =5.88 MPa Ans

" (0.035)(0.035/0.6)
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1-65. Member A of the timber step joint for a truss is
subjected to a compressive force of 5 kN. Determine the
average normal stress acting in the hanger rod C which has
a diameter of 10 mm and in member B which has a

thickness of 30 mm.

SkN IFC

Equations of Equilibrium :

5HIFE =0, 5cos60°~F; =0 F =250kN
+ TEI'; =0; E-S5sin60°=0 F, =4330kN
Average Normal Stress :

S 4,  (003)(003)
_F_4330(10%)

—og

5k |

on\

A
b

fs
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1-67. The beamis supported by a pin at A and a short link
BC. If P =15kN, determine the average shear stress
developed in the pins at A, B, and C. All pins are in double P 4p

1
. 0.5 0.5
shear as shown, and each has a diameter of 18 mm. s Fi-l m*l.s mil.s mﬁm

PR E el

NN mlo.s;/fz.fé(

!
825~

For pins B and C :
V_ 825010
g =Tc =—= . l(l ) = 324 MPa Ans &5"’
A ry (|n 0)2 /65 knt
&sem
ForpinA :
Fy = /(8257 + (14297 = 165kN
[ Iad
_V_ 8250109 -
== gy = 324MPa Ans 165
7 (o5) B2.cen

*1-68. The beam is supported by a pin at A and a short

link BC. Determine the maximum magnitude P of the loads
the beam will support if the average shear stress in each pin P 4P 4P P
is not to exceed 80 MPa. All pins are in double shear as 0.5m s 15 0.5m
shown, and each has a diameter of 18 mm. C Y lm ~m ~m Y
30 s 2
Y *
Tds F 47 47 2y

AR

2 . L4 4 L4
»9 0.5 1M | .Tom | G,

L 8

Ay

(+ IM, =0; 2P(0.5)+4P(2)+4P(3.5) + P@.5)- (T sin 30°)(5) = 0
Ty =11P

5 ZE=0; A,-11Pcos30°=0
A, =9.5263P

+TEZE =0, A -11P+11Psin30°=0
A, =5.5P

F, =y/(9.5263P32 + (5.5P)* = 11P

Require;

11P/2

v 80(10%)
T=—; = —
a £0.018)

P=370kN Ans
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1-69. The frame is subjected to the load of 200 Ib.
Determine the average shear stress in the bolt at A as a
function of the bar angle 6. Plot this function, 0 = 6 = 90°,
and indicate the values of # for which this stress is a
minimum. The bolt has a diameter of 0.25 in. and is
subjected to single shear.

Support Reactions :

Qz M. =0; F,ycos 8 (0.5)+F,gsin 8(2) ]
-20003.5) =0 1.5t
F,3(0.5cos 8 + 2sin 6) = 700 Y
Fo = 700 200 1b
A2 " 0.5cos 6 + 2sin 8 Fis
Average Shear Stress : Pin A is subjected to single %@L
shear. Hence, V, = F,, » 05
Cx T
(t4) = V_“ = (O,Sco:7ﬂo‘:21i|9 A 4 '&/t T /5~/t Y
Al T g %(0.25%) G Z001b
~ 14260 ,
“105cos 6+ 2smp) °
14.3 .
“05cs 6+ 2sme) Ans .
. (,TA)QVZ, (Ksed
id L
— =0 285 1 @:A)m =L o5Cosotzsine) ™"
de J
(0.5cos 8+ 2sin 8)(0) —(~0.5 sin 8 +2 cos 6)(14260) =0 7./5\___ I
(0.5cos 6 +2 sin 6)? B eo’ T T . .
° 760 go 7
0.5sinf — 2cos 6 = 0
tanf = 4; 6, = 76.0° Ans

1-70. The jib crane is pinned at A and supports a chain
hoist that can travel along the bottom flange of the beam,
1ft = x = 12 ft. If the hoist is rated to support a maximum §§
of 1500 Ib, determine the maximum average normal stress p B/

in the %-in.-diameter tie rod BC and the maximum average
shear stress in the %-in.-diameter pin at B.

GIM =0,  Tpesin 30°(10) - 1500(x) = 0
Maxi;aum Tc occurs when x = 12 ft R i %D
‘} *1500 Ib
10 ft

Tac = 3600 Ib s
3t00dd

o=F_ 30 _gisksi Ans

A K075

Toc
r=Y 30002 serksi Ans g 2t k\ﬁ
TAT RS8R T A, T.-—x_.j
‘ AV 15201b
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1-71. The bar has a cross-sectional area A and is subjected
to the axial load P. Determine the average normal and

. - . P
average shear stresses acting over the shaded section, which —
is oriented at 6 from the horizontal. Plot the variation of :
these stresses as a function of 6 (0 = 6 = 90°). A
N
s 1
= 2 8in 29
_ﬁ __________ T A
Equations of Equilibrium : V A H
1
H
\{25:0; V-Pcos §=0 V=Pcos 6 . ]L " Q(def)
< 45 90
/+LF =0, N-Psin=0 N=Psinb
v
Average Normal Stress and Shear Stress : I
,_ A A -ﬂ$’ 2 1
Areaat @ plane, A’ = — . 0= 4Sin"e |
sin 6 3p !
AT TTTTTTTTY 1
N _Psin® P, | .
FTTE A Ans S A |
200 8 <A \ | :
[} 1
_V _Pcos8 I b i
R A
P Gin6cos 8 =L sin26 A ; : : |
= — sin O cos = — sin ns } t —+—6 (deg)
¥ I T
A 2 ‘ 30 45 60 90 ¢

*1-72. The boom has a uniform weight of 600 1b and is
hoisted into position using the cable BC. If the cable has a
diameter of 0.5 in., plot the average normal stress in the
cable as a function of the boom position 6 for 0° = ¢ = 90°.

Support Reactions :
6
Q}: M, =0; ﬁ,,:sin(45°+ 5)(3)
= 600(1.5cos 6) =0

_ 300cos 6

Fpm——
¢ sin (450 + 2)

Average Normal Stress :

300cos 8
Fc  sin(4s + %)
Cpe = —— = ———
2T Ac 505D /53122

1528e0s 6] R .
= — 1 ns o I -
sin(45° + 2) 7

1528 Cos8 7 .
Bac[32 (454 € SJkst
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1-73. The bar has a cross-sectional area of 400 (107°) m?.
If it is subjected to a uniform axial distributed loading along
its length and to two concentrated loads as shown, determine
the average normal stress in the bar as a function of x for
0<x=05m

Equation of Equilibrium :

L5F =0, -N+3+6+8(125-x)=0

N =(19.0-8.00x) kN 8 Kl
i i i R S ap—— 3”)
Average Normal Stress : Na—d  ——rGii —
r—h»—p-s--—%-»-qql
5o ¥ _(190-8000 (10°) T as-xom
TA 400(10°%)

=(47.5-20.0x) MPa  Ans

1-74. The bar has a cross-sectional area of 400(10°%) m?.
If it is subjected to a uniform axial distributed loading along
its length and to two concentrated loads as shown,
determine the average normal stress in the bar as a function
ofxfor0O5Sm < x = 125m.

Equation of Equilibrium :
kN
LEE=0; -N+3+8(125-x)=0 & kalm
— ol el
N =(13.0-8.00x) kN AN 34A
— e
Average Normal Stress : Crz5-2)m
_ (13.0-8.00x) (10%)
T T 400(10°%)
=(32.5-20.0x) MPa  Ans

o
TA

2

1-75. The column is made of concrete having a density of
2.30 Mg/m®. At its top B it is subjected to an axial
compressive force of 15 kN. Determine the average normal
stress in the column as a function of the distance z
measured from its base. Note: The result will be useful only
for finding the average normal stress at a section removed
from the ends of the column, because of localized
deformation at the ends.

|5Kr~l
+TZF =0 P-15-9187+2297z =0

P = 24187 - 22972

4-8
ntodfee-2)2m
cs81)

o= P 218222972 _ o 26)kPa Ans Y22
A 7 (0.18) P
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*1-76. The two-member frame is subjected to the
distributed loading shown. Determine the largest intensity
w of the uniform loading that can be applied to the frame
without causing either the average normal stress or the
average shear stress at section b—b to exceed o = 15 MPa
and 7 = 16 MPa, respectively. Member CB has a square
cross-section of 30 mm on each side.

Support Reactions : FBD (a)
4
Q IM =0 3Fe(3)-3w(l5=0 Fc=1875w

Equations of Equilibrium : For section b- b, FBD (b)

+ 4 @Y -y =
- XE =0 F(L8T5W) =%, =0 ¥, =150w sAT
»A :
+ i {15m
3 Fe '
+TLE =0; SUBTSW) =Ny, =0 N,_, = 1125w !
'
Average Normal Stress And Shear Sress : The cross - sectional : »3uw
. SA i
area of section b-b, A”= =} where A = (0.03)(0.03) = 0.90(107*) m?. frem
S - o 2 i
ThenA’ = 3(0.90)(10 ) = 1.50(107%) m?, Ap—ig)--d =
a)
Assume failure due to normal stress. A Fac /875 W
(003 Ny 15(10% = 1.125w # 5
b-b)Mtow = 5 5 = 1300109 213
w = 20000 N/m = 20.0 kN/m )
Va-b
Assume failure due to shear stress. Mt
Vs s 1.50w
Ty =2t 0 16(10%) = e
(% -8)atow = 77 (109 1.50(10-%)
w = 16000 N/m = 16.0 kN/m (Controls !) Ans

1-77. The 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 is circular.

Require :
_P+W P+ W +dW
A A+dA

PdA + W dA = AdW

ﬂ=P+m=a [O]
dA A
dA

=n(r+dn? —nrt=2nrdr PaW
]

2 dw
dW = nri(pg) dz

Ptw, tdw

From Eq. (1),

xripg) dz _
2xrdr

L4

rpgdz _
2dr

pgfz, _ frdr
bt 12

o

z r 2
pez In—: r= r.e‘ll’)z
20 ry

P
However, 0 = —
rr

“des

2
r=r.e(”)

Ans
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1-78. The radius of the pedestal is defined by r =

(0.5¢7C 08y ) m, where y is given in meters. If the material —_—
has a density of 2.5 Mg/m?®, determine the average normal
stress at the support.
3m = 0.5¢7008
y

A = 1(0.5) = 07854 m’
0.5m

dV = n(r¥) dy = x(0.5) (¢°°V)?

ks 2 7
V= j:x(o.sf (€724 = 07854 I:(e"““’ )* dy J)
| i
i -0.08
W = pg V = (2500)(9.81)(0.7854) J':(e“’”"’)’ dy H _’L S” ¢4 )m
| ﬁr?
W = 19262(10%) [ (e7°°")* dy = 38849 kN | | 4

o '
L=
T~
= B89 s95kpa Ans

0.7854

Q
]
»tg

1-79. The uniform bar, having a cross-sectional area of A
and mass per unit length of m, is pinned at its center. If it is
rotating in the horizontal plane at a constant angular rate of
o, determine the average normal stress in the bar as a

function of x. —P
w

| L | L |
2 } 2

Equation of Motion: 2+ L_/zz,i"f(sz‘)
I
&IF, = may; N=m[ (L- zx)] [ (L+2x)] A N ]
= _é—(L -4x?) f
Average Normal Stress : X 124_/{__2_([_&
-—

N m(l)z 2 A
(L -4x") ns @, wiv= R izn]

*1-80. Member B is subjected to a compresswe force of
800 Ib. If A and B are both made of wood and are 2 5 in. thick,
determine to the nearest Lin. the smallest dimension 4 of
the support so that the average shear stress does not exceed
Tallow — 300 pSl

fuow = 300 = 2077
($h
b
h=274in 7 7 800
1
w;;:ﬁ "
V3977
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1-81. The joint is fastened together using two bolts. 30 mm
Determine the required diameter of the bolts if the failure <2
shear stress for the bolts is 7¢,; = 350 MPa. Use a factor of
safety for shear of F.S. = 2.5.

80 kN

<~ 30mm

40KN >

40 kN

A 6
%:140(105) 20:04
. ZO‘“
20(10°
T oy =140(10%) = l(dz ) ’Q
¢ kN
d=0.0135m=135mm  Ans 40

1-82. The rods AB and CD are made of steel having a

failure tensile stress of oy, = 510 MPa. Using a factor of g? v » %
safety of F.S. = 1.75 for tension, determine their smallest ‘
diameter so that they can support the load shown. The 6 kN
beam is assumed to be pin connected at A and C. LN 5kN
Support Reactions : l \
+IM, =0;  F:p(10)=5(7)-6(4)-4(2) =0 A : !c
Fp = 6.7T0kN 2 mAJ-—Z m——73 m‘J—f3 m—

+IM, =0; 4(8)+6(6)+5(3) - F(10)=0

F5; = 830kN
Allowable Normal Stress : Design of rod sizes
Fas Fe»
4k 6kl 5k

Forrod AB

_ G _ B . 510(10%) _ 8.30(10%) l
o‘.now-ﬁ—x;s" 75 - 2, LL i i J]

= = R}
d, 5 =0.006022 m = 6.02 mm Ans TNy s e g

For rod CD

_ % _ Fop | 510(10%) _ 6.70( 10%)
Ouwov = FS ~Acp’ 175 T,

dep =0.005410 m = 5.41 mm Ans

1-83. 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 A < \ ‘
handle, determine the dimension d if the allowable shear \ |

stress for the key i 7,04 = 35 MPa.

500 mm *
200N
Q IMy =0; F,_,(20) - 200(500) = O
Z20mm
F,.. = S5000N Fe
h]
A
Tallow = Fa-a 5 35(106) = —S—m”; , '
Asa d (0.025) Soo mm
Z0ON'
d =0.0057Im = 571 mm Ans
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*1-84. The fillet weld size a is determined by computing
the average shear stress along the shaded plane, which has
the smallest cross section. Determine the smallest size a
of the two welds if the force applied to the plate is
P = 20 kip. The allowable shear stress for the weld material
is Tallow — 14 ksi.

Shear plane A = asin 45°(4) = 2.8284

v 20(10%
- . 3 2
Tallow = = 14(10°) =
A 28284 a
a = 0.253 in. Ans

1-85. The fillet weld size g = 0.25in. If the joint is
assumed to fail by shear on both sides of the block along the
shaded plane, which is the smallest cross section, determine

the largest force P that can be applied to the plate. The §
allowable shear stress for the weld material iS 7,7, = 14 ksi.

4 in:

Area = (2)[(4)(0.707)(0.25) ] = 1.414in*

P 025545’
SR B
shew = 4 1.414 e
0-28in

<

]
i

19.8 kip Ans

1-86. The eye bolt is used to support the load of 5 kip.
Determine its diameter d to the nearest % in. and the required
thickness /2 to the nearest %in. 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 7,55 = 5 ksi.

S kip

Allowable Normal Stress : Design of bolt size

P 5. 5(10%)
Cullow -;; s 21.0(107) = 7
d =0.5506 in.
Used = éin. Ans

Allowable Shear Stress : Design of support thickness
5(10%)
w(L)(h)
h=0.3183in.

i 5(100) =

3
Useh= 3 in. Ans
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1-87. The frame is subjected to the load of 1.5 kip. 15 kip

Determine the required diameter of the pins at A and B if J
. . . 21t
the allowable shear stress for the material is 7,0y = 6 ksi. A T
st
; D

C,
Pin A is subjected to double shear, whereas pin B is
subjected to single shear.

Support Reactions : From FBD (a), 24
L S Sh -{
(+zM,, =0;  F(sin45°)(5)-1.5(7) =0 % (@)
Fye = 2.970 kip

From FBD (b),
(+3,=0; D(10-15N=0 B =105kpp

&LXE=0, A -15=0 A, =150kp
+TZF=0; 105-A,=0 A, =105kip
Allowable Shear Stress : Design of pin sizes
For pin A

Pin A is subjected to double shear and

F, =/ 1.502+1.05 = 1.831 kip.

F,
Therefore, V, = 7‘ =0.9155 kip

z _ Vi 0.9155
allow = 5T 5 = — }
A, 4,2 V4=0-9155 Kip - )
d, =0.441in. Ans 0 Faz2970 kip
For pin B
Pin B is subjected to single shear. Therefore,
V = F = Fye = 2970 kip F=1830 kp )
V= 2-970 kip
S Vi | _ 2970
tow = = 7
dg =0.794 in. Ans

*1-88. The two steel wires AB and AC are used to support
the load. If both wires have an allowable tensile stress of
Taow = 200 MPa, determine the required diameter of each
wire if the applied load is P = 5 kN.

+ZF = 0; gﬂc—Fusinw"=0 )

+TZF, =0 §&c+a,cos60°—5=o @)

Solving Egs. (1) and (2) yields :
Fup = 43496 kN; Fyc = 47086 kN

v

Applying Gujow = —

>

For wire AB,
4.3496(10%)
5 s

200(10°%) =
H(dus)?

dyg = 0.00526 m = 526 mm Ans é0°

For wire AC, lA

4.7086(10%)
200(10%) = ——2
Hduc)?

dyc = 000548 m = 548 mm Ans
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1-89. The two steel wires AB and AC are used to support
the load. If both wires have an allowable tensile stress of
O aow = 180 MPa, and wire AB has a diameter of 6 mm and
AC has a diameter of 4 mm, determine the greatest force P
that can be applied to the chain before one of the wires fails.

+LF =0 gFAC—FMsmw°=O %)
3

+TZF, =0 gFAC + Fygcos 60° - P = 0 ¥))
Assume failure of AB :
Cuiow = B 180(10%) = A +

As $(0.006) ‘ L

T’/Ag ‘ AC
Fap = 508938 N = 5.089 kN <) of3
500 “+
A
Solving Egs.(1) and (2) yields A
Fie = 5S509kN; P = 585kN P
!

Assume failure of AC :
Guiow = <1 180(10%) = A _

Asc 2(0.004)

Fyc = 2261.94N = 2262 kN

Solving Egs. (1) and (2) yields :
Fig = 2.089kN ; P = 2.40kN

Choose the smallest value

P = 240kN Ans

1-90. The boom is supported by the winch cable that has a
diameter of 0.25 in. and an allowable normal stress of
Fanow = 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.

8
302
T W
E
A8
T
o= f; 24(10") = ———;
A (0.25)
T=1178.101b
5 EF =0,  —1178.10 cos 30° + Fyp sin 45° = 0
+T £F =0, —W+Fugcos 45°—1178.10sin 30° =0
W=4311b Ans
Fis = 14429 1b
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1-91. The boom is supported by the winch cable that has
an allowable normal stress of ouyew = 24 ksi. If it is
required that it be able to slowly lift 5000 1b, from 6 = 20°
to 0 = 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 8 = 20°,

sin20° _siny 20H
20 12 ]
2.4/
w=11.842°

5 EF =0,  —Tcos20°+Fy cos 31.842° =0

+TEZF =0;  Fupsin 31.842° - T'sin 20° - 5000 = 0
T=2069831b
Fi3=228961b

20 698.3

$@r

[+

P 3
- 24(10°) =
n 4(10°)

d=1.048in

1
Use d=1—in A
16 s

*1-92. The frame is subjected to the distributed loading of
2 kN/m. Determine the required diameter of the pins at A
and B if the allowable shear stress for the material is
Talow = 100 MPa. Both pins are subjected to double shear.

Support Reactions : Member BC is a two force member.
<+ IM, =0; Fcsin45°(3)-6(1.5) =0
Fc=4243kN

+TEE =0; A, +4.243sin45°-6=0

A, =3.00kN 23):6 kA
LTE=0; A, —4243c0s45°=0 Ao & L
A, =3.00kN “,d
i - 44 Fa
Allowable Shear Stress : Pin A and pin B are subjected le—
to double shear. ! /Em /15m [
F, =/3.002+3.002 = 4.243kN and
Fy = B =4243kN. ~N=2.1215 kN
Therefore,
4.243
,\=V =T=2.1215kN
s =4.243 K
14 6 2.1215(10%)
Tallow = el 100(10%) = T

d =0.005197 m = 5.20 mm
dy =dg =d=520mm Ans
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1-93. Determine the smallest dimensions of the circular
shaft and circular end cap if the load it is required to

support is P = 150 kN. The allowable tensile stress, P=150kN
bearing stress, and shear stress is (o))a0w = 175 MPa,
(o-b)allow = 275 MPa, and Tallow — 115 MPa. dy
Allowable Normal Stress : Design of end cap outer diameter ‘; ¢
P 150(10%) S
(aen == 175(10°) = ——— '
+7all A ( ) ;(4_0031)
d, =0.04462 m = 44.6 mm Ans

Allowable Bearing Stress : Design of circular shaft diameter

P o\ _ 150(10°)
(%) aow =7+ 275(10%) a7
dy =0.02635 m = 26.4 mm Ans

Allowable Shear Stress : Design of end cap thickness

v o 150(10%)
Tnew =73 1(10°) = e
£=0.01575 m = 15.8 am Ans

1-94. If the allowable bearing stress for the material under
the supports at A and B is (0p)apow = 400 psi, determine the
size of square bearing plates A" and B’ required to support
the loading. Take P = 1.5 kip. Dimension the plates to the
nearest %in. The reactions at the supports are vertical.

3 kip
2kip 2 kip 2 kip

Sft 5ft 5ft 7.5 ft
\
1L
. — i

1]
i~
.

A B
For Plaie A :
3.583 (10%)
Oallow = 4“] = _“T‘_
ﬂA‘
ay = 2.99in.
Use a3in. x 3 in. plate Ans = A 3
ENP‘e 4 3;(,’ 2&,; /-5“-
. s’ 577 s 75"

For Plate B : ‘}' [ 2

6.917 (10%)
onllnw = 4(X) = "—‘2—— A g 5' 5
a} %

ag = 4.161n. | .
Usead!in x4iin plaie  Ans Ra=3.583%7%  Rg=6-97°F
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1-95. If the allowable bearing stress for the material under 3kip
the supports at A and B is (o) anow = 400 psi, determine the 2 kip 2 kip 2 kip
maximum load P that can be applied to the beam. The
bearing plates A’ and B’ have square cross sections of
2in. X 2in. and 4in. X 4 in., respectively. T

Sft Sft Sft 7.5 ft

L]
U

Q IM, =0, B, (15-2(5-3(10-2(15)- P(225)= 0
B, = 1.5P +4.667
+T LF, =0; A +15P+4.667-9-P=0

A, =4.333-0.5P

AtA:

2
4.333-0.5P 7 ’
00" [ f

R,

P =547 kip

AtB:

1.5P +4.667
4(4)

0.400 =
P =116 kip
Thus,

Punow =1.16kip  Ans

*1-96. Determine the required cross-sectional area of
member BC and the diameter of the pins at A and B if the
allowable normal stress is o,y = 3 ksi and the allowable
shear stress is 75w = 4 ksi. 15001b 15001b

21t 41t 21t -‘

k_l.s""P .5 ®iP ,5‘=/.7_Q"f’
086 1 .
Vo8] o ] A

|
- .¢ Kip
AJ-IS ! FQ':‘

Member BC :
1. 3 j
Gullow = 3(10°) = ﬁ_r;z“(-lo_) ‘.132"7
e
Asc = 0.577in>  Anms
PinA:
Fy = /(08667 + (1.5 = 1.732kip
3
s = 4(10%) = 1732007
HEAY . .
Rkt 1772k
d, = 0.743in.  Ans /
PinB: 0.1 dp
Tunew = 4010%) = 286610
Fdp)?

d = 0525in Ans
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1-97. The assembly consists of three disks A, B, and C
that are used to support the load of 140 kN. Determine the
smallest diameter d; of the top disk, the diameter d, within
the support space, and the diameter d3 of the hole in the
bottom disk. The allowable bearing stress for the material
is (oa0w)p = 350 MPa and allowable shear stress is

A Al

140 kN

10 mm

’ I

1§

Tallow — 125 MPa.

Solution
Allowable Shear Stress : Assume shear failure for disk C.

o 140(10%)
; 125(10):__““2(0.0”

L, =0.03565 m = 35.7 mm

T,

allow

Il
1<

Ans

Allowable Bearing Stress : Assume bearing failure for disk C.

140(10%)
£(0.03565% - 43)
dy =0.02760 m = 27.6 mm

P
() antow = a ; 350( 106) =

Ans

Allowable Bearing Stress : Assume bearing failure for disk B.

140(10%)

wdf
d, =0.02257 m =22.6 mm

P
(%) atiow =3 350( l06) =

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

. 4 140(10%) 08.7 25 MPa (O.K )
L T T e n o 1 MPa< T = h K|
A 7(0.02257)(0.02) 3 < Taiow a

Therefore, d, =22.6 mm Ans

o dy | : T

dy

1-98. Strips A and B are to be glued together using the
two strips C and D. Determine the required thickness ¢ of C
and D so that all strips will fail simultaneously. The width of
strips A and B is 1.5 times that of strips C and D.

30 mm |—|D T3Omm
| | : ‘\%
WON 4 | it B 40N
C
Average Normal Stress : Requires,
0,4 =6 = O¢; 40 .
ATTETTCT (0.03)(1.5w)  we
t=0.0225m=225mm Ans
@:,D,%ZON

P 4ol , ;
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1-99. If the allowable bearing stress for the material
under the supports at A and B is (op)anew = 400 psi, P
determine the size of square bearing plates A’ and B’ 600 Ib /ft
required to support the load. Dimension the plates to the
nearest % in. The reactions at the supports are vertical. Take \ ' \ jE
P =15001Ib. B |
A A B B
Support Reactions : !_ 15 ft - 7.5 £t
(+2MA =0;  F(15)=9.00(7.5) - 1.50(22.5) =0
F = 6.75kip
+TZIE =0; F +675-9.00-1.50=0 0.6¢5)=9.0 kip 150 kip
F, = 3.75kip
o I
Allowable Bearing Stress : Design of bearing plates [l ) |
+ ! 1 _
For plate A’ 75t " 75 | 25t )
F, 75(10° 1
(0110w = a00 = 32U L, =3.06 in. A fa
A, Iz,
1 1
Use 3- in. X 3~in. plate Ans
2 2
For plate B’
F 6.75(10%) .
(03) 110w =A—:; 4oo=—L§' Ly =4.11in.
U 41 i 41‘ laf A
se im.x Em.p:c ns
*1-100. If the allowable bearing stress for the material »
under the support at A and B is = 400 psi.
PP (O-b)allow psy, 600 1b /it

determine the maximum load P that can be applied to the
beam. The bearing plates A’ and B’ have square cross
sections of 2in. X 2in. and 4 in. X 4 in., respectively.

B '
N

| 15 it st

Support Reactions :

QWA =0, F(15)~9.00(7.5 - P(22.5) = 0
15F, - 22.5P= 61.5 )
Qr_M,, =0;  9.00(7.5) - P(1.5) ~F,(15) =0
1SE, + 7.5P = 61.5 (2]

1

i

]

|

i

]

)

1

1

|

|

|

L4
——l_le—— v

Allowable Bearing Stress : Assume failure of

material occurs under plate A’
£ _A A

(Gb)nllu‘I:X: ; 22
F, =16001b=1.60 kip

75ft T 75/ | 751

on

From Eq.[2]
P = 5.80 kip

Assume failure of material occurs under B’
F, F
=8 . 4
(Gb).llaw Ap ’ 4(4)
F; = 6400 1b = 6.40 kip

From Eq. [1]
P = 1.27 kip

Choose the smallest value P = 1.27 kip Ans
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1-101. The hanger assembly is used to support a distributed
loading of w = 0.8 kip/ft. Determine the average shear
stress in the 0.40-in.-diameter bolt at A and the average
tensile stress in rod AB, which has a diameter of 0.5 in. If the
yield shear stress for the bolt is 7, = 25 ksi, and the yield
tensile stress for the rod is ¢, = 38 ksi, determine the factor
of safety with respect to yielding in each case.

For boltA :
T =Z= 3 = 239ksi Anms
A £04%)
E.S _E’.=..1,’_5._=1.05 Ans
T 239
(314
For rod AB : 5'“' FIA‘() %\
P 6 . Xi & N~
g === < = 306ksi Ans %\3 L4 — d
A F(sYH 3% } 'l o
g, - 7 - Kip
FS. =-—2=-—— =124 A B8(6) =4
S =5 "3 " ¢ 08(6) =48
1-102. Determine the intensity w of the maximum
distributed load that can be supported by the hanger
assembly so that an allowable shear stress of 7,5y = 13.5 ksi
is not exceeded in the 0.40-in.-diameter bolts at A and B, and
an allowable tensile stress of o, = 22 ksi is not exceeded
in the 0.5-in.-diameter rod AB.
>
N
o
3t
L c
Y ¥ w
- 41t > 2 ft—
Assume failure of pin A or B :
Tanow = 135 = 375w
700.4%
w = 0.452 kip/ft (controls) Ans
Fag: 7-5W
AW 3
G —f < -
375w } M
Assuming failure of rod AB : 375w LTI 6:) """ -
Cuton = 22 = 1 !
£0.5%)

w = 0.576 kip/ft
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1-103. The bar is supported by the pin. If the allowable

tensile stress for the bar is (o).ew = 21 ksi, and the

allowable shear stress for the pin is T,0w = 12 ksi, 4
determine the diameter of the pin for which the load P will d

be a maximum. What is this maximum load? Assume the

hole in the bar has the same diameter d as the pin. Take w/2
i = %in. and w = 2in.

w/2

Allowable Normal Stress : The effective cross - sectional area
A’ for the bar must be considered here by taking into account the f_’ﬂ‘_&

L -
reduction in cross sectional area introduced by the hole. Here < m.
A'=(2-d) (D).

P 2
L 1 £
PEFYO) (i ax

P 3
O, == 21(10°) =
( l)allov A’ ( )
Allowable Shear Stress : The pin is subjected to double shear

max

and therefore, V = =

14 P../2
e =i 12(10) = 55 (21 y= Fres

Z
Solving Eq.[1] and(2] yields : &"\%‘ Frrax,

d=0.620 in. Ans
Poux =7.25 kip Ans

*1-104. The bar is connected to the support using a pin

having a diameter of ¢ = 1 in. If the allowable tensile stress

for the bar is (o¢)a0w = 20 ksi, and the allowable bearing

stress between the pin and the bar is (op)anew = 30 Kksi, !
determine the dimensions w and ¢ such that the gross area d w/2
of the cross section is wr = 2in’> and the load P is a P
maximum. What is this maximum load? Assume the hole in w/2
the bar has the same diameter as the pin.

Allowable Normal Stress : The effective cross - sectional area =
A’ for the bar must be considered here by taking into account the

reduction in cross - sectional area introduced by the hole. Here Proas
A’ =(w=1)t=wi—t=(2—1)in® where wr=2in’.

il

Praax

P
(0410w = 37 20(10° ey (1

Allowable Bearing Stress : The projected area
Ap=(le=t in’.

tin.

P FPaax
(ab).no-=:4_P ’ 30(103) =—t— (2] AP

Solving Eq.[1] and[2] yields :

+=0.800 in. Ans
P, =24.0kip Ans
And w =2.50in. Ans
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1-105. 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 3kN 15kN KN
required diameter of the bolt at B and the required outer TZ m——2 mﬁrl.S m-=15 m¢1.5 m¢1.5 m-‘
diameter of its washers if the allowable tensile stress for the v CEEEE=—=———)
bolt is (o)apow = 150 MPa and the allowable bearing stress _—

for the wood is (0p) 10w = 28 MPa. Assume that the hole in B

the washers has the same diameter as the bolt.

From FBD (a) :
¢+ EMp = 0 Fa(45) + 1503) + 2(1.5) - Fc(6) = 0
45F, —6F = -15 m
From FBD (b) :
G EM =0, KRGS -F@®-32=0
55F —4F =6 )
3K £ F
. N (]
Solving Egs. (1) and (2) yields 2m | 2m 15
Fp = 440kN; Fc = 455KN 73
For bolt : Fa (b)
Outlow = 150 (10°) = 4‘;‘0(—'0’)
(s
d = 000611 m
= 6.11 mm Ans

For washer : —
Guow = 280109 = 44 __ (@ ,

(2 - 0.00611%)

d, = 00154 m = 154 mm’ Ans

1-106. The bar is held in equilibrium by the pin supports
at A and B. Note that the support at A has a single leaf and
therefore it involves single shear in the pin, and the support
at B has a double leaf and therefore it involves double
shear. The allowable shear stress for both pins is
Taow = 150 MPa. If a uniform distributed load of
w = 8 kN/m is placed on the bar, determine its minimum
allowable position x from B. Pins A and B each have a
diameter of 8 mm. Neglect any axial force in the bar.

GFEM=0 KR -82- x)(3+§) =0

2F, — 48 + 16x +4F = 0 (1)

GEZIM =0, F(2 - 8(2—;)(§+ 1)=0

2F, - 16+ 4% =0 @
Assume failure of pin A
=F
Taiow = 25 150(10°) = —A__ v=Fa
Ay £(0.008)2

F, = 7539.8 N = 7.5398 kN

Fa
Substtute F; = 7.5398 kN into Eq. (2), x = 0.480 m
Assume failure of pin B
5 L}
Tatow = 2= 150(10%) = —2 .
e 010D = = G oosy? \=PRfy

Fy = 15079.6 N = 15.0796 kN l
q
v

Substitute F3 = 15.0796 kN into Eq. (1), x = 0.909 m |

Choose the larger x = 0.909 m Ans
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1-107. The bar is held in equilibrium by the pin supports
at A and B. Note that the support at A has a single leaf and
therefore it involves single shear in the pin, and the support
at B has a double leaf and therefore it involves double
shear. The allowable shear stress for both pins is
Talow = 125 MPa. If x = 1m, determine the maximum
distributed load w the bar will support. Pins A and B each
have a diameter of 8 mm. Neglect any axial force in the bar.

(+ IMy =0;  Fp(2) - w(35) =0; Fp = 1.75w
+T£Fy = 0; 175w —w - F,=0; F, = 0.75w
For pin A, £
F [-3 N
Ttow = 2 125(10%) = 1% *
2(0.008)2 A S
[r - : - ]
w = 8377 N/m = 838 kN/m | X |
| 2zm I /sm ]
For pin B,
] 175w
Tanow = - 125(10°) = —Z___
(0.008)?

w = 7181 N/m = 7.18 kN/m (controls) Ans

*1-108. The bar is held in equilibrium by the pin supports
at A and B. Note that the support at A has a single leaf and
therefore it involves single shear in the pin, and the support
at B has a double leaf and therefore it involves double
shear. The allowable shear stress for both pins is
Tagow = 125 MPa. If x = 1 m and w = 12 kN/m, determine
the smallest required diameter of pins A and B. Neglect any
axial force in the bar.

(+ EM, = 0; Fg(2) - 12(35) = 0; Fp = 21kN
+TZF, =0; 21-12-F=0; Fy=9kN
For pin A,
F, 9(10°
futaw = 21 125(10%) = 2 fi 2 13<1)
Ay Hdy)? .
A :
| LI ) 1
dy = 0.00957m = 957 mm Ans e ! |
[ 24 T sl
For pin B,
Fy 21(10%
2 6 2
Tlllnw = — 125( 10) =
T(dp)?
dg = 0.0103m = 10.3mm Ans
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1-109. The pin is subjected to double shear since it is used
to connect the three links together. Due to wear, the load is
distributed over the top and bottom of the pin as shown on
the free-body diagram. Determine the diameter d of the pin
if the allowable shear stress is 7,5, = 10 ksi and the load
P = 8kip. Also, determine the load intensities wy and w;.

2R 8K $uw,¢1) F15in—

W,
Pin :
+TZF, =0, 8-15w =0
wy = 5.33 kip/in. Ans
Link :
1
+TZF =0 —2(£wz)(l)+8=0
P
w2 = 8 kip/in. Ans - ]V:-z
Shear stress t
r s P
2 . - 2 2
Tallow = T 10=
@? 1@?
d = 0.714in. Ans

1-110. The pin is subjected to double shear since it is used
to connect the three links together. Due to wear, the load is
distributed over the top and bottom of the pin as shown on
the free-body diagram. Determine the maximum load P the
connection can support if the allowable shear stress for
the material is 7,;,w = 8 ksi and the diameter of the pin is
0.5 in. Also, determine the load intensities wy and w5.

v="F
2
P P
Tallow = +; 8(10°) = —2
A 5(0.5)?
P = 3.1416 = 3.14 kip Ans

3.1416 kip = wy (1.5)

wi = 2.09 kip/in. Ans
31416 1
2 2
w2 = 3.14 kip/in. Ans
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1-111. The cotter is used to hold the two rods together. 20 kN
Determine the smallest thickness ¢ of the cotter and the

smallest diameter d of the rods. All parts are made of steel d

for which the failure tensile stress is op,; = 500 MPa and the
failure shear stress is t,; = 375 MPa. Use a factor of safety
of (F.S.); = 2.50 in tension and (F.S.); = 1.75 in shear.

10 mm
40 mm t
d
30 kN
30 kA
Allowable Normal Stress : Design of rod size
(D
o o Omi _P. 500(10°)  30(10%)
dov T ES AT 25 i
d=0.01382m=13.8mm Ans
Allowable Shear Stress : Design of coteer size. —
L _Ta_Y. 375009 _150(10) l 2
Mow TFS A 175 (001)r
t=0.0070 m = 7.00 mm Ans V=150 KN

*1-112. 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.

3
(Tnvg)a = Y= “__8_("&')__ = 472 MPa Ans
A m(0.018)(0.030)
3
(t.vg b = 'Y= —ﬂ‘)_ = 45.5 MPa Ans
A ©(0.007)(0.008)
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1-113. The bearing pad consists of a 150 mm by 150 mm 6N
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.

150 mi
Equations of Equilibrium :

IE =0; V, ,-6cos60°=0 V, ,=3.00kN
\+}:F;=0; N, ,—6sin60°=0 N, ,=5.196 kN

Average Normal Stress And Shear Stress : The cross

0.1 R
sectional Area at section a-ais A =( - 5 )(O.IS) =0.02598 m".
sin 60°
N,.. 5.196(10%)
Cpqg=——=——————=200kPa Ans
A 0.02598
o Jeee 3000I0H 115 kP A
Ta-a = T T 502598 8 ns
1-114. Determine the resultant internal loadings acting 150 Ib /£t
on the cross sections located through points D and E of the
ghp Wy

frame. 2 ) %
[
< 1.5ft
A

4ft E~
L 251t
C
k31t 5 ft
Segment AD -
L IE=0; Np-12=0, Np=120kip Ans

- K/
+l£F =0, 1+0225+04=0; 1=-~0625kip Ans 0v5@8) /2P

125 !
G EMp=0;  Mp+0.2250.75)+0.4(1.5)=0 “"[— /;
0. Kip 3 ;
Mp =—0.769 kip - f1 Ans :, sos . -
. "S)z . i
Segment CE : T o5 P e
H 1V M Mg
[,
ALFE =0; Ng+20=0; Np=-200kip Ans 125 ,
0.4 xip kTS
x
\tIF =0,  %=0 Ans -0
(}zMc=0; Mg=0 Ans

1-115. The circular punch B exerts a force of 2 kN on the
top of the plate A. Determine the average shear stress in
the plate due to this loading.

Average Shear Stress : The shear area A = # (0.004)(0.002) = 8.00( 1047 m’

Tayy = — = ——————— =79.6 MPa Ans
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*1-116. 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 I. and its weight can be distributed
uniformly along the horizontal axis, determine the average
normal stress in the cable at its lowest point C.

Egquation of Equilibrium :

A
YAL(L
+IM, =0; T.v————(—)=
( A 2 )"
yAL?
T = g Aﬂ; 3
’ T
Average Normal Stress : L/4 /s
T yAL? YLZ bz/L
oc=—=2r ="
AA T%s Ans

1-117. The beam AB is pin supported at A and supported
by a cable BC. A separate cable CG is used to hold up the
frame. If AB weighs 120 Ib/ft and the column FC has a
weight of 180 Ib/ft, determine the resultant internal
loadings acting on cross sections located at points D and E.
Neglect the thickness of both the beam and column in the
calculation.

z2n’®
2.5, :
6_’ rxd
Iy

12¢0m2) = 1.44. 7P

22mn%ie
2.6 KIpf

oue)=208"" Ne
Vi

4 +1844) |

054 =0.12%p

s.0447 504"P

x

Segment BD -
5 EF =0, Np+216 =0, Np=-2.16kip Ans

+dZF=0; %+072-072=0; V=0 Ans
(EMp =0 Mp-072(3)=0; Mp=216kip-ft  Ans

Segment FE :
& IF =0, V-054=0; V =0.540kip Ans

+lEF =00 N;+072-504=0; N;=432kip Ans

(+IMz=0; -Mp+054(4)=0; Mp=2.16kip-ft Ans
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1-118. The 3-Mg concrete pipe is suspended by the three
wires. If BD and CD have a diameter of 10 mm and AD has
a diameter of 7 mm, determine the average normal stress in
each wire.

Equations of Equilibrium :

IM, =0;  Fyp(lsin 60°) - F.p (1sin 60°) = 0

Fp=Fp=F
IM, =0;  2F(lcos 60°) = £ (1) =0 v
fp=F
2
IE=0; 3|F|—=]{-29.43=0
ﬁ ¥
F=10.97kN

Average Normal Stress :

oup=0up = 2 JOITUO)
R W T/ TE) dooan
o o F _1097010% 285 1P
AD AL = £(0.007%) = a Ans
1-119. The yoke-and-rod connection is subjected to a 40 mm

tensile force of 5 kN. Determine the average normal stress S kN

in each rod and the average shear stress in the pin A
between the members.

For the 40 —mm — dia. rod :

O4p = — = ———— = 398 MPa Ans

Cig = — = ———— = 7.07 MPa Ans zsm
' SKN

KN
Average shear stress for pin A : &5

3
P_2500) _s09MpPa  Ans

‘r‘v = =
£ A 200259
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