© 2017 Pearson Education, Inc., Hoboken, 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.

1-1.

The shaft is supported by a smooth thrust bearing at B and
a journal bearing at C. Determine the resultant internal
loadings acting on the cross section at E.

b

SOLUTION

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

CHIMp = 0; C\(8) +400(4) — 800(12) =0  C, = 10001b
Internal Loadings: Using the result for C,, section D E of the shaft will be considered.

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

£ 2F =0, Ng =0 Ans.
+T2Fy =0; Ve + 1000 — 800 = 0 Vg = —2001b Ans.
C+3 My = 0;1000(4) — 800(8) — Mz = 0

My = —24001b-ft = —2.40 kip - ft Ans.

The negative signs indicates that V; and M, act in the opposite sense to that shown
on the free-body diagram.
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Ans:
Ng = 0,Vg = —2001b, M = —2.40 kip - ft




© 2017 Pearson Education, Inc., Hoboken, 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.

1-2.

Determine the resultant internal normal and shear force in
the member at (a) section a—a and (b) section b-b, each of
which passes through the centroid A. The 500-1b load is
applied along the centroidal axis of the member.

SOLUTION
(a)
5 SE =0;
+SF,=0;
()
NPSE =0
SF, = 0;

N, — 500 = 0
N, = 5001b
V,=0

Ny — 500 cos 30° = 0
N, = 4331b
V}, — 500 sin 30° = 0
V, = 2501b

30°
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Ans:
(a) N, = 5001b,V, = 0,
(b) N, = 4331b, V}, = 2501b
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1-3.

Determine the resultant internal loadings acting on section
b-b through the centroid C on the beam.

900 Ib /ft

SOLUTION

Support Reaction:
1
C+3IM, = 0;  Np(9sin30°) — 5(900)(9)(3) =0
N = 2700 1b

Equations of Equilibrium: For section b-b

1
HIE =0 Vyp + 5 (300)(3) sin 30° — 2700 = 0
V,_, = 2475 1b = 2.475 kip Ans.

1
+13F, =0, Ny_p — 5(300)(3) cos30° =0
N,_, = 389.7 b = 0.390 kip Ans.

C+3Mc = 0;  2700(3 sin 30°)
1
—5 (300)3)(1) = My = 0

M,_, = 36001b-ft = 3.60 kip - ft Ans.

Ans:

Vb—b = 2475 klp,
N,_, = 0.390 kip,
M,_, = 3.60 kip - ft
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*1-4.

The shaft is supported by a smooth thrust bearing at A and
a smooth journal bearing at B. Determine the resultant
internal loadings acting on the cross section at C.

SOLUTION

Support Reactions: We will only need to compute By by writing the moment
equation of equilibrium about A with reference to the free-body diagram of the
entire shaft, Fig. a.

C+3M, = 0; B(4.5) — 600(2)(2) — 900(6) = 0 B, = 1733.33N
Internal Loadings: Using the result of B, section CD of the shaft will be
considered. Referring to the free-body diagram of this part, Fig. b,

HIF =0 Ne=0 Ans.
—233N Ans.

+13E = 0 Ve —600(1) + 173333 =900 = 0V
CFSMe=0;  1733.33(2.5) — 600(1)(0.5) — 900(4) — Mc = 0

Mc=433N-m  Ans.

The negative sign indicates that V¢ acts in the opposite sense to that shown on the
free-body diagram.
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Ans:

NC = 0,

Ve = —233N,
Mc = 433 N-m
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1-5.

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

SOLUTION
£ 3F =0 Ng =0
+13F = 0; Vg — %(48)(12) =0
Vp = 2881b
C+3 Mg = 0; —Mjp — %(48)(12)(4) =0

Mg = —11521b-ft = —1.15kip - ft

60 Ib /ft

Ans.

Ans.

Ans.
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~

Ans:

NB = 0,

Vp = 288 1b,

Mg = —1.15kip-ft
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1-6.
Determine the resultant internal loadings on the cross C
section at point D. _
1m
F 2m
1.25 kN/m
SOLUTION IE D [E [B
1.5
Support Reactions: Member BC is the two force member. 0.5m 0.5m 0.5m m
4
+ =0; 5 -1 75) =
C+3IM, = 0, 5FBC(l 5) — 1.875(0.75) = 0 12505+ 675 1
fae
Fye = 11719 kN T B /
4 A : Ay
+13F, =0, A, + _(1.1719) — 1.875 =0
5 o75m | o5~
A, = 0.9375kN Ay
3
HE3IF =0 5(1.1719) A =0
A, = 0.7031 kKN (S L
. 0‘7‘3’”‘ X M’”
Equations of Equilibrium: For point D ——7 7
oZsnoBA
£H3F=0; Np-—07031 =0 09375 1l
Np = 0.703 kN Ans. '
+13F,=0; 09375 - 0.625 = Vp =0
Vp = 0.3125 kN Ans.
C+IMp = 0;  Mp + 0.625(0.25) — 0.9375(0.5). = 0
Mp = 03125kN-m Ans.
Ans:
Np = 0.703 kN,
Vp = 0.3125 kN,

Mp = 03125kNm
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1-7.
Determine the resultant internal loadings at cross sections C
at points £ and F on the assembly. 1 —
m
F 2m
1.25 kN/m
']E . . DA
SOLUTION A D |°E
1.5
Support Reactions: Member BC is the two-force member. 0.5m 0.5m 0.5m m
4
C+3IM, =0, —Fge(1.5) — 1.875(0.75) = 0
A 5 Fpc(1.5) (0.75) 12505+ 175 1
Fge = L1719kN IS S x
4 Ar : y A
+13F,=0; A, + 5(1.1719) - 1875=0 =
o7sm | ofsme |
A, = 0.9375 kN A
¢
3
£ 3FE =0 5(1.1719) -A =0 i "
1719 125008) <0625 g
A, = 07031 kN ver ﬁ‘
VF AE M., H L i +
Equations of Equilibrium: For point F Mg e
N
+V3SF, =0, Np— 11719 =0 ¢
Nr = 1.17kN Ans.
N+2E = 0; V=20 Ans.
C+IMy = 0; Mp =10 Ans.
Equations of Equilibrium: For point E
3
E3SE =0, Ng-— 5(1.1719) =0
Ng = 0.703 kN Ans.
4
+13F, =0; Vg — 0625+ g(1.1719) =0
Vg = —0.3125 kN Ans.
4
C+3IMg = 0; —Mg — 0.625(0.25) + §(1.1719)(0.5) =0
Mg = 03125kN-m Ans.
Negative sign indicates that Vg acts in the opposite direction to that shown on FBD.
Ans:
Nr = 1.17kN,
Vi =0,
MF = 07
N = 0.703 kN,

Vy = —03125kN,
Mg = 0.3125kN-m
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*1-8.

The beam supports the distributed load shown. Determine 4 kN/m

the resultant internal loadings acting on the cross section at
point C. Assume the reactions at the supports A and B are
vertical.

SOLUTION

Support Reactions: Referring to the FBD of the entire beam, Fig. a,
1
C+3IMy = 0; B,(6) — 5(4)(6)(2) =0 B, = 4.00 kN

Internal Loadings: Referring to the FBD of the right segment of the beam sectioned
through C, Fig. b,

+ SF, = 0; Ne=0 Ans.

1
HISE =00 Vet 400 - (@5 =0 Ve=275kN Ans.

C+SMe=0;  4.00(4.5) — %(3)(4.5)(1.5) ~ M =0

Me = 7.875kN-m Ans.

Z(4)(6) KN

Ans:
Ne =0,
Ve = 275kN,

My = 7.875kN-m
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1-9.

The beam supports the distributed load shown. Determine 4 kN/m

the resultant internal loadings acting on the cross section at
point D. Assume the reactions at the supports A and B are
vertical.

SOLUTION

Support Reactions: Referring to the FBD of the entire beam, Fig. a,
1
CHIM, = 0; B,(6) — 5(4)(6)(2) =0 B, = 4.00 kN

Internal Loadings: Referring to the FBD of the right segment of the beam sectioned
through D, Fig. b,

BKSF =0; Np=0 Ans.

1
+1IE =00 Vp+ 400 = S(1L00)(15) =0 Vp = -325kN Ans.

1
C+IMp =0, 4.00(1.5) — 5(1.00)(1.5)(0.5) - Mp=20
Mp = 5.625kN-m Ans.

The negative sign indicates that Vp acts in the sense opposite to that shown on
the FBD.

|

e~ =/.00 K /m
) \\‘ﬂ [~
| —
A i 2N ——=
m 4m

Ans:

ND == O,

Vp = —3.25kN,
Mp = 5.625kN-m
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1-10.

The boom DF of the jib crane and the column DE have a
uniform weight of 50 1b/ft. If the supported load is 300 Ib,
determine the resultant internal loadings in the crane on
cross sections at points A, B, and C. 5ft

SOLUTION

Equations of Equilibrium: For point A
T 3F =0 N,=0 Ans.
+13F, = 0; V4 — 150 — 300 =0

V, = 4501b Ans.
C+SM, =0,  —M, — 150(1.5) — 300(3) = 0
M, = —11251b-ft = —1.125 kip - ft Ans.

Negative sign indicates that M, acts in the opposite direction to that shown on FBD.
Equations of Equilibrium: For point B
L 3FE =0 Ng =0 Ans.
+13F, = 0; Vg — 550 — 300 =0
Vp = 8501b Ans.
C+3IMp = 0; —Mjp — 550(5.5) — 300(11) = 0
Mp = —63251b-ft = —6.325 kip - ft Ans.
Negative sign indicates that Mp acts in the opposite direction to that shown on FBD.

Equations of Equilibrium: For point C

& XFE = 0; Ve=0 Ans.
+T2Fy=0; —N¢ — 250 — 650 — 300 = 0
N¢c = —12001b = —1.20 kip Ans.
C+3Me=0;  —Mg — 650(6.5) — 300(13) = 0
Mc = —81251b-ft = —8.125 kip - ft Ans.

Negative signs indicate that No and M act in the opposite direction to that shown
on FBD.

Ans:
Ny =0,V, =4501b, M, = —1.125 kip - ft,
N = 0,Vp = 8501b, My = —6.325 kip - ft,
Ve =0,Nc = —1.20 kip, M = —8.125 kip - ft
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1-11.

Determine the resultant internal loadings acting on the
cross sections at points D and E of the frame.

SOLUTION
Member AG:
C+IM, = 0;

C+IMp = 0;

For point D:
HIF =0

+13F, = 0;

For point E:
HIE =0

+13F, = 0;

4 ft

4
SFc(3) = T5(4)(S) — 150 cos 30°(7) = 0 Fze = 1003.891b

A, (3) — 75(4)(2) — 150 cos 30°(4) = 0; A, = 373.201b

3
A, = 5 (1003.89) + 150 sin 30°

Np + 52733 = 0

Np = —5271b

37320 - Vp = 0
Vp = —3731b

My + 37320(1) = 0
My = —3731b-ft

150 sin 30° — Ny = 0

Nz =7501b

Vi — 75(3) — 150 cos 30°

Vi = 3551b

M — 75(3)(1.5) — 150 cos 30°(3) = 0
My = —7271b-ft

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.
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Ans:
Np = =527 1b,
Vp = =373 1b,
M, = —3731b-ft,
Ng =7501b,
Vg = 3551b,

My = —7271b-ft
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*1-12.

Determine the resultant internal loadings acting on the

cross sections at points F and G of the frame.

SOLUTION
Member AG:

g"rEMA = 0,

For point F:
SF. =0,
N+2F, = 0;
C+H3IMp = 0;
For point G:
I IF =0
+13F, = 0
CGHIMg = 0;

4
gFBF(?)) —300(5) — 150 cos 30°(7) = 0

Fr = 1003.9 1b

V=0

Np — 1003.9 = 0
Np = 1004 1b
Mp=0

Ng — 150sin30° = 0
Ng = 7501b
Vi — 75(1) — 150 cos 30° = 0

Vi = 2051b

—M — 75(1)(0.5) — 150 cos 30%(1).= 0

Mg = —1671b-ft

4 ft

Ans.

Ans.
Ans.

Ans.

Ans.

Ans.

75 1b /ft

30°
150 1b

Fer  75(4)=300%6

4N -1

1
H
A
]
|

3ft 12Ht|24¢

A'l 15016

T =1003.9 11

Ans:

Ve =0,

Np = 1004 1b,
MF = 09

Ng = 75.01b,
Vs = 205 1b,

Mg = —1671b-ft
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1-13.

The blade of the hacksaw is subjected to a pretension force
of FF= 100 N. Determine the resultant internal loadings
acting on section a—a that passes through point D.

SOLUTION

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

FSE=0; N, , +100 = 0 N, , = —100 N Ans.
+13F, = 0 V,o=0 Ans.
G+3SMp = 0; M, , - 1000015 =0 M, ,=—15N-m Ans.

The negative sign indicates that N,_, and M,_, act in the opposite sense to that
shown on the free-body diagram.

Ans:

Na—a =

~100 N,V, . = 0,M,_, = =15 N-m

13
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1-14.

The blade of the hacksaw is subjected to a pretension force
of =100 N. Determine the resultant internal loadings
acting on section b-b that passes through point D.

SOLUTION

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

SE =0 Np—p + 100 cos 30° = 0 Ny_p= —86.6N Ans.
SE =0 Vi—p — 100 sin 30° = 0 Viep = SO0N Ans.
CG+SMp =0; =M, , —1000.15) =0 M, , = —-15N-m Ans.

The negative sign indicates that N, , and M,_, act in the opposite sense to that
shown on the free-body diagram.

Ans:
Nb—b: —86.6 N, Vb—b =50 N,
Mb—b: —15N-m

14
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1-15.

The beam supports the triangular distributed load shown.
Determine the resultant internal loadings on the cross
section at point C. Assume the reactions at the supports A
and B are vertical.

Am B =
B
= B
\ \
"ottt | o6ft st as ]
SOLUTION
Support Reactions: Referring to the FBD of the entire beam, Fig. a,
C+3Mp = 0; %(0.8)(18)(6) - %(0.8)(9)(3) - A(18) =0 A, = 1.80kip
Internal Loadings: Referring to the FBD of the left beam segment sectioned through
point C, Fig. b,
£ 3IF =0 Ne=0 Ans.
+13F, = 0 1.80 — %(0.5333)(12) - Ve=0 Ve = —1.40kip Ans.
C+3IMe = 0; Mc + %(0.5333)(12)(4) - 1.80(12) = 0
M = 8.80 kip - ft Ans.
The negative sign indicates that V. acts in the sense opposite to that shown on
the FBD.
208)(I8kp L08)) kip +(0-5333)(1R) I‘(",’; :
08)
/8 ( .
}-—"TN ( = 06333 klp/p(
— \\ pa l
’.»// l \\ /// - ] MC
-~ ) 4 1 y -
[ ! = Nc
A ¢
. " VC
I2ft 6ft |31 oft &ft 44t
Ay By Ay=/80kpp
@) (b)
Ans:
NC = 0,
Ve = —1.40 kip,

800 Ib /ft

M¢ = 8.80 kip - ft

15
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*1-16.

The beam supports the distributed load shown. Determine
the resultant internal loadings on the cross section at points
D and E. Assume the reactions at the supports A and B are
vertical.

SOLUTION

Support Reactions: Referring to the FBD of the entire beam, Fig. a,

1 1
C+IMp = 0; 5(0.8)(18)(6) - 5(0.8)(9)(3) - A(18) =0 A, = 1.80kip
Internal Loadings: Referring to the FBD of the left segment of the beam section

through D, Fig. b,

+3F = 0; Np =0 Ans.

+13F, =0; 180 - %(0.2667)(6) ~Vp=0 V= 100kip Ans.

1
C+IMp = 0; Mp + 5(0.2667)(6)(2) - 1.80(6) = 0
Mp = 9.20 kip - ft Ans.

Referring to the FBD of the right segment of the beam sectioned through FE, Fig. c,

£ IF =0 Ng=0 Ans.
1
IR =00 Ve J(04)45) =0 V= 0.900 kip Ans.
1
CHEMp =0 —Mp — (04)(45)(15) =0 My =—135kip-ft  Auns.

The negative sign indicates that My act in the sense opposite to that shown in Fig. c.

2(02667)(8) kj
2t / 6
8)(08) 51y SOES) K
=22%67k/,'¢pt (—455){0'6)2( )-2) ki
M =04 k'f’/k\
Dw 5—>N.D NE ME VE A
VD ml
o E TS0
A180kp (&
(b) (c)

800 b/t
Am B - ~
ETTE
"ot T et T O TasgTast]
708k Fo8)Dkp
//,’P\\
///4P : \\
_—=" ¥ ! N
[
I2ft 6ft |3 oft

¢

(a)

Ans:

ND - 0,

Vp = 1.00 kip,
Mp = 9.20 kip - ft,
NE = 0,

Ve = 0.900 kip,

My = —1.35kip- ft

16




© 2017 Pearson Education, Inc., Hoboken, 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.

1-17.

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 at 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.

SOLUTION

Support Reactions:

SM, =0;  160(0.4) + 400(0.7) — A,(1.4) = 0

A, = 24571N
SF =0, —24571— B, + 400 + 160 = 0
B, = 31429N

SM,=0; 800(L1) — A(14) =0 A, =62857N

4

SF,=0; B,+62857-80=0 B, =17143N

Z

Equations of Equilibrium: For point D
SF =0 (Np), =0 Ans.
3F, = 0; (Vp)y — 31429 + 160 = 0

(Vp)y, = 154N Ans.
SF, =0 17143 + (Vp), =0

(Vp), = —171N Ans.
XM, = 0; (Tp), =0 Ans.
M, = 0; 171.43(0.55) + (Mp), = 0

(Mp), = —943N-m Ans.
SM,=0; 31429(0.55) — 160(0.15) + (Mp), = 0
(Mp), = —149N-m Ans.

Ans:

(ND)X = 0’
(VD)y = 154 N,
(VD)z = —171N,
(TD)x = 0’

(Mp), = —943N-m,
(Mp), = —149N-m

17
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1-18.

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 at 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.

SOLUTION

Support Reactions:

SM, =0;  160(0.4) + 400(0.7) — A,(1.4) = 0

A, = 24571N
SE =0, —24571— B, + 400 + 160 = 0
B, = 31429N

SM,=0; 800(L1) — A(1.4) =0 A, =62857N
SF,=0; B, +62857-800=0 B, =171.43N

Equations of Equilibrium: For point C

3F =0 (No)e =0
SF=0; —24571 + (V¢), = 0
(Vo), = —246N
SF,=0; 62857 — 800 + (V¢), = 0
(Ve), = —171N
M, = 0; (To)x =0

SM, =0, (Mc), — 62857(0.5) + 800(02) = 0
(M), = —154N-m

SM, =0, (M), — 245.71(0.5) = 0
(M¢), = —123N-m

Ans.

Ans.

Ans.
Ans.

Ans.

Ans.

Ans:

(NC)x = 0’

(VC)y = —246 N,
(VC)z = —171N,
(TC)x = 07

(Mc), = —154N-m,
(M¢), = —123N-m

18
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1-19.

The hand crank that is used in a press has the dimensions
shown. Determine the resultant internal loadings acting on
the cross section at point A if a vertical force of 50 Ib is
applied to the handle as shown. Assume the crank is fixed to

the shaft at B.

SOLUTION

SFE=0;  (Vae=0

3F, = 0; (Na), + 505sin 30° = 0; (Na)y = —251b

SF, =0, (V4), — 50 cos 30° = 0; (Vy), = 4331b
SM,=0; (My),— 50cos30°(7) = 0, (My), = 303 1b-in.
IM, =0; (T4)y + 50cos30°(3) = 0; (T4)y = —1301b - in.
SM,=0; (My),+ 50sin30°(3) = 0; (My), = =751b-in.

Ans.
Ans.
Ans.
Ans.
Ans.
Ans.

Ans:

(VA)X = 0’

(N)y = —251b,
(V). = 433 b,
(M), = 303 Ib-in.,
(Ty), = —1301b-in.,
(My). = —751b-in.
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*1-20.

Determine the resultant internal loadings acting on the
cross section at point C in the beam. The load D has a mass
of 300 kg and is being hoisted by the motor M with constant
velocity.

SOLUTION

ESF =0 Ne + 2943 = 0; Ne = —2.94 kN
+13F, = 0; Ve — 2.943 = 0; Ve = 2.94kN
C+IMp=0;  —Mc — 2.943(0.6) + 2.943(0.1) = 0

Me = —147kN-m

Ans.
—,
Ans. —t
T2 T Z/m /-9a,
5886k 3o00(981)
2943 kN 2 2.9¢3K0
Ans.
3.943"‘ ' o
M. o m o
Ne ‘(“
o6
2943
Ans:
Nc = —2.94kN,
Ve = 2.94 kN,

Mc= —147kN-m
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1-21.
Determine the resultant internal loadings acting on the 2m ‘
cross section at point E. The load D has a mass of 300 kg
and is being hoisted by the motor M with constant velocity. .
A
SOLUTION
E3F =0 Ng + 2943 = 0
Mg
Ng = =294 kN Ans. e
= —— e
HSE =0, 2943 -V =0 29450 1 e 4
e
Vg = —2.94kN Ans. 294z
C+3IMg = 0; Mg + 2943(1) = 0
Mg = —294kN-m Ans.
Ans:
Np = —2.94 kN,
Vg = —2.94 kN,

My = —2.94kN-m
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1-22,

The metal stud punch is subjected to a force of 120 N on the 120 N
handle. Determine the magnitude of the reactive force at the
pin A and in the short link BC. Also, determine the resultant
internal loadings acting on the cross section at point D.

SOLUTION
Member:
C+3IM, = 0; Fyc cos 30°(50) — 120(500) = 0
Fge = 13856 N = 1.39 kN Ans.
+13F, = 0 A, — 1385.6 — 120 cos 30° = 0
A, = 148956 N
ESF =0 A, — 120sin 30° = 0; A, = 60N
F, = V1489562 + 602
= 1491 N = 1.49kN Ans.
Segment:
F3F = 0; Np — 120 = 0
Np = 120N Ans.
73F, = 0; V=10 Ans.
C+3IMp = 0; My — 120(0.3) = 0
Mp = 36.0N-m Ans.

Ans:
Fge = 1.39kN,F, = 1.49kN,Np = 120N,
VD = O,MD =36.0N-m
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1-23.

Determine the resultant internal loadings acting on the cross 120 N
section at point E of the handle arm, and on the cross section
of the short link BC.

SOLUTION

Member:

C+3M, = 0; Fye cos 30°(50) — 120(500) = 0
Fye = 1385.6 N = 1.3856 kN

Segment:

YSE =o; Ng =0 Ans.

N+2E = 0; Vi — 120 = 0, Vg = 120N Ans.

C+3IMg = 0; Mg —120(04) = 0; Mg =480N-m Ans.

Short link:

ESE =0; V=0 Ans.

+13F = 0; 1.3856 — N = 0, N = 1.39kN Ans. yafﬂﬂl 1zonN
C+IMy = 0; M=0 Ans. ¢

Ans:
Ng =0,V = 120N, M = 480N -m,
Shortlink: V =0, N = 1.39kN, M = 0
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*1-24.

Determine the resultant internal loadings acting on the
cross section at point C. The cooling unit has a total weight
of 52 kip and a center of gravity at G.

SOLUTION

From FBD (a)

CHIM, = 0; Tp(6) — 52(3) = 0; T = 26 kip
From FBD (b)

CHEMp = 0; Ty sin 30°(6) — 26(6) = 0; Tz = 52 kip

From FBD (c)

HIF =0 —N¢e — 52 cos 30° = 0; N¢e = —45.0 kip Ans.
+13F, = 0; Ve 4+ 52sin30° =26 =0; V=0 Ans.
CHIMe = 0 52 cos 30°(0.2) + 52sin 30°(3) — 26(3) — M- = 0

Me = 9.00 kip - ft Ans.

3 ft

3 ft

Ans:
N¢ = —45.0 kip,
Ve =0,

M¢ = 9.00 kip - ft
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1-25.

Determine the resultant internal loadings acting on the
cross section at points B and C of the curved member.

SOLUTION

From FBD (a)
/+3F, = 0,
N+2F, = 0;
(;i—EMO = O,

From FBD (b)

J+3F = 0,
N3, = 0;
C+3Mp = 0;

400 cos 30° + 300 cos 60° — Vz = 0

Vi = 496 1b

Np + 400 sin 30° — 300 sin 60° = 0
Ny = 59.80 = 59.81b

300(2) — 59.80(2) — My = 0

My = 480 1b- ft

400 cos 45° + 300 cos 45° — No = 0
N¢c = 4951b

—Ve + 400 sin 45° — 300 sin 45°.= 0
Ve = 70.71b

300(2) + 495(2) — Mc=0

Mc = 1590 1b - ft = 1.59 kip - ft

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans:

Vg = 496 1b,
Np = 59.81b,
My = 480 1b - ft,
Nc = 495 1b,
Ve = 70.7 b,

Me = 1.59 kip - ft
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1-26.

Determine the resultant internal loadings acting on the
cross section of the frame at points F and G. The contact at

E is smooth.
SOLUTION
Member DEF:
Q’EMD =0
Member BCE:
C+EMg = 0;
B 3E =0;
+13F, = 0;
For point F:
+N\IF =0
+/%F, =0;
Q+EMF =0
For point G:
£ 2F =0
+13F, = 0;
Q+EMG =0

Ng(5) — 80(9) = 0
Ny = 144 1b

FAC(%)G) — 1445in 30°(6) = 0
FAC = 180 1b

B, + 180(2) — 144 cos 30° =

B, = 16.708 Ib
4 .
~B, + 180(§> — 144's5in 30° =

B, = 72.01b

NF:O
Vp—80 =0, Vy,=80Ib

Mp—80(2) = 0; My = 1601Ib- ft

16.708 — No = 0;  Ng = 16.71b
Ve —T720=0; Vg=7201lb

72(15) — Mg = 0; Mg = 1081b-ft

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

1.5t 151t

S ——"

16. 708 1b Ag—

I LS4+ i m ”6

7201, ‘
Ans:
NF - O,
Ve = 801b,
Mp = 1601b - ft,
Ng = 16.7 1b,
Ve = 72.01b,
Mg = 108 1b - ft
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1-27.

The pipe has a mass of 12 kg/m. If it is fixed to the wall at A4, z
determine the resultant internal loadings acting on the cross
section at B.

400 N 300 N

SOLUTION

Internal Loadings: Referring to the FBD of the right segment of the pipe assembly
sectioned through B, Fig. a,

SE,=0; (Vg), +300=0 (V). = —300N Ans.

SF=0; (Ng), + 400 + 500(%) =0  (Ng),=—80N Ans.

SE =0, (Vp), —2[12(2)9.81)] — 500(%) =0
(V). = 77088N = 771N Ans.

S =0 (M), — 120)0800) - 1200080C) - 50( )

—400(2) =0
(Mp), = 2106.32N+m = 2.11 kN-m Ans.
SM, =0; (Tp), +3002) =0 (Tg), = =600 N+m Ans.
SM, =0, (Mg), —3002) =0 (M), = 600N +m Ans.

The negative signs indicates that (Vp),, (Np),, and (Ty), act in‘the sense opposite to
those shown in the FBD.

122)C780N | 300N

Ans:

(V). = —300N,

(Np)y = —800N,

(V). = 771N,

(Mpg), = 2.11 kN - m,

(Tg), = —600 N - m,
(a’) (MB)yz = 600 N-m
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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.

SOLUTION

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

SF, =0
3F, = 0;
SF, = 0;
M, = 0;
M, = 0;
M, = 0;

(Va)s =30=0
(Ng)y —50=0
(V4).—10=0
(My), —10(2.25) = 0
(Ta), — 30(0.75) = 0
(

M), + 30(1.25) = 0

(Vi) =301b
(Na)y, =501b
(V4).=101b

(My), =2251b-ft
(T4), = 2251b-ft

(My), = —3751b-ft

Ans.

Ans.

Ans.

Ans.

Ans.

Ans,

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

Ans:

(V4), = 301b,
(Ny), = 501b,
(V4). =101b,
(My), = 22.51b-ft,
(74), = 2251b-ft,
(My). = —3751b-ft
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1-29.

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 at point B.
Hint: The distance from the centroid C of segment AB to
point O is CO =0.9745r.

SOLUTION

SF, =0 VB—%FWZO; Vg =0785wr
SFE =0 Ny =0

SM, = 0; Ty — %rw(0.09968r) =0, Ty=00783wr?
M, =0 My + %rw(0.3729 P =0, My=—0293w

Ans.

Ans.

Ans.

Ans.

Ans:
Vy = 0.785wr,
NB = O>

Ty = 0.0783wr?,
My = —0.293wr?
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1-30.
A differential element taken from a curved bar is shown in

the figure. Show that dN/d0 =V, dV/de = —N,
dM/de = —T,and dT/d6 = M.

SOLUTION
SF. =0

Ncos?-l— Vsin(lzﬁ— (N+dN)cosi£+ (V+dV)sind2£20

3F, = 0;
de de de de
Nsin— — Vcos— + (N + dN)sin— + (V+ dV)cos— =0
2 2 2 2
M, = 0;
de de de de
Tcos— + Msin— — (T + dT)cos— + (M + dM) sin— =0
2 2 2 2
M, = 0;
de de de de
Tsin— — Mcos— + (T + dT)sin— + (M + dM)cos— =0
2 2 2 2
Since ? is can add, then sin dzﬁ = ? cos % =1

dvde
Eq. (1) becomes Vdf — dN + > 0

Neglecting the second order term, Vdd — dN =0

dN
— =V ED
de Q

dNdo
Eq. (2) becomes Ndo + dV + =

0

Neglecting the second order term, Nd6 + dV = 0

av _

= - ED
10 N Q

dMdo

Eq. (3) becomes Md# — dT + 0

Neglecting the second order term, Md6 — dT = 0

aT
— =M ED
de Q

dTde
Eq. (4) becomes Tdo + dM + - = 0

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

M
—=-T ED
de Q

@

)

3)

@

M + dM T+dT
/
V+dV\ A
X AN + dN

v
" . I
.:l:
1
g8
o
% 4
X
Ans:
N/A
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1-31.

The supporting wheel on a scaffold is held in place on the leg
using a 4-mm-diameter pin. If the wheel is subjected to a
normal force of 3 kN, determine the average shear stress in the
pin. Assume the pin only supports the vertical 3-kN load.

SOLUTION
+13F, = 0; 3kN- 2V = 0 V = 15kN

v 15010

= ——— =119 MPa Ans.

e T AT 1(0.004)

<

2an

Ans:
Tavg = 119 MPa
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*1-32.

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.

SOLUTION
Support Reactions: FBD(a)

4

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

B 3FE =0; %(1.875w) —Vyp =0 Vi_p = 150w

3

B
B w
b b
3m
C O AJe
| . |
Ay
S, ]
A |
Ec E 15m
> 3w
]
5 L&m
J

Average Normal Stress and Shear Stress: The cross-sectional area of section b-b,

. 5A
A = s where A = (0.03)(0.03) = 0.90(1073) m?.

Then A = %(0.90)(10—3) =1.50(107) m?.

Assume failure due to normal stress.
Np—p 1125w

[/ W= 15(10%) =

( b h)Allo A ( ) 150(10,3)

w = 20000 N/m = 20.0 kN /m

Assume failure due to shear stress.

1.50w
1.50(1073)

Vb
(To—p) Allow = 7 16(10°%) =

w = 16000 N/m = 16.0 kN/m (Controls !)

Ans.

A

Ans:
w = 16.0 kN/m (Controls !)
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1-33.

axial load P. Determine the average normal and average
shear stresses acting over the shaded section, which is
oriented at # from the horizontal. Plot the variation of these
stresses as a function of 6 (0 = 6 = 90°).

The bar has a cross-sectional area A and is subjected to the
P -—

SOLUTION

Equations of Equilibrium:

N+ F, = 0; V —Pcos =0 V = Pcos 6
7+3F, = 0; N —Psing =0 N = Psin 0

A

Average Normal Stress and Shear Stress: Area at 6 plane, A’ = sino’

N _Psing P .,
g = 77 = 5 = ,sin" 0 Ans.

A T, A

V. __ Pcosf
Tavg = 7

A sin 6

P P
= sin 6 cos 6 = A sin 26 Ans.

L

Do 4

T
A
4 U'-%an‘o E
3P '
-y g !
1 1
4 (I ! -
2A TTTTA O :
] |
P b t
73 By v -
P :
I i i i Q
® P I S
Ans:
P ., P .
Oavg = Zsm 0, Tavg = asm 26
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1-34.

The small block has a thickness of 0.5 in. If the stress
distribution at the support developed by the load varies as
shown, determine the force F applied to the block, and the
distance d to where it is applied.

SOLUTION

F= / odA = volume under load diagram

F = 20(1.5)(0.5) + %(20)(1.5)(0.5) = 22.5kip

Fd = / x(o dA)

(22.5)d = (0.75)(20)(1.5)(0.5) + %(1.5)(%)(20)(1.5)(0.5)

(22.5)d = 18.75

d = 0.833in.

Ans.

Ans.

20 ksi

20kst

40 ksi
Ans:
F = 22.5 kip,
d = 0.833in.
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1-35.

If the material fails when the average normal stress reaches
120 psi, determine the largest centrally applied vertical load P
the block can support.

SOLUTION

Average Normal Stress: The cross-sectional area of the block is

A = 14(6) — 2[4(1) ] = 76in’

Thus,
Nattow Paiiow
Cutow =~y % 120 =22
Paow = 9120 1b = 9.12 kip Ans.

1in.

Ans:
Pallow =912 klp
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*1-36.

If the block is subjected to a centrally applied force of
P = 6 kip, determine the average normal stress in the
material. Show the stress acting on a differential volume
element of the material.

SOLUTION

Average Normal Stress: The cross-sectional area of the block is
A =14(6) — 2[4(1) ] = 76in?

Thus,

N 6(10°)
TTAT 76

= 78.947 psi = 78.9 psi Ans.

The average normal stress acting on the differential volume element is shown in
Fig. a.

P 6Uo®) b

Ans:
o = 789 psi
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1-37.

The plate has a width of 0.5 m. If the stress distribution at the 4m
support varies as shown, determine the force P applied to the
plate and the distance d to where it is applied.

IP

o = (15x"%) MPa—" 30 MPa

SOLUTION

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

dF = o, dA = (15x2)(10°)(0.5dx) = 7.5(10°)x2 dx

+13F, = 0; /dF—P:O

4m
/ 75(10%)x2dx — P =0
0

P = 40(10°) N = 40 MN Ans.

Equilibrium requires

C+3M, = 0; /xdF —Pd=0

4m
/ xX[7.5(10%x2 dx] — 40(10%) d = 0
0

d = 240m Ans.

A P

\
S\
'f
'l
{
vg

Ans:
P =40MN,d = 240 m
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1-38.

The board is subjected to a tensile force of 200 Ib. Determine
the average normal and average shear stress in the wood
fibers, which are oriented along plane a—a at 20° with the
axis of the board.

SOLUTION

Internal Loadings: Referring to the FBD of the lower segment of the board
sectioned through plane a—a, Fig. a,

XF =0 N —200sin20° =0 N = 68.401b
3F, = 0; 200cos20° =V =0 V =187941b

Average Normal and Shear Stress: The area of plane a—a is

4
A=2 =2339in’
(sin 200) 3.39in
Then,
N  68.40 .
= AT 339 2.92 psi Ans.
V. 187.94 .
T AT 339 8.03 psi Ans.

2 in.

: N
h=s
< [ 4in. 20° —>
200 Ib i 200 1b
~Z,

x*

X\Nj\//
/

K]

Ans:
o = 2.92 psi,
T = 8.03 psi
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1-39.

The boom has a uniform weight of 600 Ib 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°.

SOLUTION

Support Reactions:

Q-i—EMA = O, FBCsin<45° + g)(3)

—600(1.5cos ) = 0

_ 300cos @
P Sin (450 + 9)
Average Normal Stress:
300 cos 6
Fge  sin(45°+ %)
OBC = 4 = 7 oy
Apc 7(0.5%) Ope (k30)
213y -
1528 Cos &
1.528 cos 0 Ope*|Tovaois 63 K5t
_ { . cose }k . Aus. el N\ e [.s.««s +$)
sin(45° + %) Y, 2 N N
P% 75 R . 4=
P
I o¢de
¢ 30 45 6o ooy

Ans:
1.528 cos 6

= o20C0sT Ly
7Be {sin(45°+g)} .
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*1-40.

Determine the average normal stress in each of the
20-mm-diameter bars of the truss. Set P =40 kN.

SOLUTION ﬁ

Internal Loadings: The force developed in each member of the truss can be determined
by using the method of joints. First, consider the equilibrium of joint C, Fig. a,

5 3SF =0 40 — FBC@) =0 Fze = 50kN (C)
+13F = 0; 50@) —Fue=0 Fic = 30kN (T)
Subsequently, the equilibrium of joint B, Fig. b, is considered

B SF =0 50(%) —Fu3=0 Fu5 = 40kN (T)

Average Normal Stress: The cross-sectional area of each of the bars is

A= %(0.022) = 0.3142(10%) m’. We obtain,
Fye  50(10%)

wpe=—2¢= . _ _ 159 MPa Ans.
(Owe)se = =4 = 0 3142(109)
Fic 30(10%)
ac = - 2/ _ 955MPa Ans.
(Caedac = =" = 312109
F 40(10°
Fag __ 000) o \ipa Ans.

(Caean = =" = 3101079

1.5m

»— X
208
4.
Be
Fc
(a)
¢
F=50 &N
3
P & X,
fas

Ans:

(Uavg)BC =159 MP37
(Uavg)AC =955 MPa,
(U-avg)AB = 127 MPa
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1-41.

If the average normal stress in each of the
20-mm-diameter bars is not allowed to exceed 150 MPa,
determine the maximum force P that can be applied to joint C.

SOLUTION ﬁ

Internal Loadings: The force developed in each member of the truss can be
determined by using the method of joints. First, consider the equilibrium of joint C,

Fig. a.

H3FE =0; P - FBCG) =0 Fye = 1.25P(C)
3

+13F, = 0; 1.25P 5) - Fie =0 Fyc = 0.75P(T)

Subsequently, the equilibrium of joint B, Fig. b, is considered.

5 3F 1.25P(g) —FEpp=0 Fup5 = P(T)

Average Normal Stress: Since the cross-sectional area and the allowable normal
stress of each bar are the same, member BC, which is subjected to the maximum
normal force, is the critical member. The cross-sectional area of each of the bars is

A= %(0.022) = 0.3142(107%) m*. We have,

125P
0.3142(1077)
P =37699N ‘= 37.7kN

Fyc

(o-avg)allow = 77 150(106) S

Ans.

1.5m

2m

Ans:
P = 377kN
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1-42.

Determine the maximum average shear stress in pin A of
the truss. A horizontal force of P = 40 kN is applied to
joint C. Each pin has a diameter of 25 mm and is subjected
to double shear.

SOLUTION ﬁ

Internal Loadings: The forces acting on pins A and B are equal to the support
reactions at A and B. Referring to the free-body diagram of the entire truss, Fig. a,

SMy = 0; B,(2) — 40(1.5) = 0 B, = 30kN
5 3SF =0 40-A, =0 A, = 40kN
+13F, = 0; 30-4,=0 A, = 30kN
Thus,

Fy= VA2 + A = V40> + 30> = 50kN

Since pin A is in double shear, Fig. b, the shear forces developed on the shear planes
of pin A are
Fy 50
Vy=—=—=25kN
AT 27 2
Average Shear Stress: The area of the shear plane for pin Ads A4 = %(0.0252) =
0.4909(1073) m?. We have

(Tave) Va 23(10°) 50.9 MP. A
g =——=—"—"——"-=150. a ns.
A T T 0.4909(107%)

h=50kN

pfn/_"'
(b)

Ans:
(ravg) 4 = 50.9 MPa
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1-43.

If P = 5 kN, determine the average shear stress in the pins 6P
at A, B, and C. All pins are in double shear, and each has a 3p

P
diameter of 18 mm. 0.5m

2m 1.5m

1.5m

SOLUTION

Support Reactions: Referring to the FBD of the entire beam, Fig. a,

CHIML =0 505) +300) + 154 + 569~ Fac (3 ))

I
o

CGHSMy =0;  A(6) — 5(0.5) — 15(2) — 30(4) — 5(5.5) = 0 A, = 30.0kN

HSF, =0 41.67<%) —A, =0 A, = 3333kN

Ey = VA2 + A? = V/33.33> + 30.0> = 44.85kN

Average Shear Stress: Since all the pins are subjected to -double shear,
Fge  41.67

Vg =Ve="75=""7""kN = 2083 kN (Fig.b) and V; = 2242 kN (Fig.c)

For pins B and C
Ve 2083(10%)

2 = 81.87 MPa = 81.9 MPa Ans.

TR — Tc — i
i 2
4(0.018 )
Vv, 2242(10°)

™= = 88.12 MPa = 88.1 MPa Ans.

%(0.0182)
5kl 15k 30K 5KA
V=V, =20-83kn

Ac

3
+ T remT 2m Tism /’lA

F:44-55kh] Ans:
A 75 = 70 = 81.9 MPa,
(c) 7, = 88.1 MPa
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*1-44.

Determine the maximum magnitude P of the loads the 6P
beam can support if the average shear stress in each pin is 3P
not to exceed 80 MPa. All pins are in double shear, and each
has a diameter of 18 mm.

P
0.5 m

1.5m 2 m 1.5m

SOLUTION

Support Reactions: Referring to the FBD of the entire beam, Fig. a,

Il
o

C+IMy = 0; P(03) + 6P(2) + 3P(4) + P(55) — F BC@)@

Fpe = 8.3333P

CGHSMy =0;  A(6) — P(0.5) — 3P(2) — 6P(4) — P(55) =0 A, = 6.00P

HIF =0 8.3333P<%) —A, =0 A, = 6.6667P

Thus,

Fy = VA2 + A? = V(6.6667P)* + (6.00P)? = 8.9691P

Average Shear Stress: Since all the pins are subjected to double -shear,
_ _ Fpc  8.3333P
Vp=Ve=""="

pin A is subjected to a larger shear force, it is critical. Thus

= 4.1667P (Fig. b) and V, = 4.4845P (Fig. c¢). Since

Va

4.4845P
Tallow — X; 80(106) =

T 2
h (0.018%)
P = 4.539(10°) N = 4.54 kN Ans.

P 3P 6p P

X ¥ 3 3 Vo=\e=2/667F

&.5 896 ?/P Ans:

«©) P = 454kN
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1-45.

The column is made of concrete having a density
of 2.30 Mg/m?3. 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.

SOLUTION
+13F,=0  P-15-9.187+2297z=0
P=24.187-2297z

P 24187 — 2297
o= =T T 2T (238 — 22.67) kPa
A 7(0.18)

Ans.

15 kN
B4, 180 mm
4m
It A

y
1§ K N
4-8
woafos-2)em
141) '
(ap 22y ertn
P

Ans:

o =

(238 — 22.67) kPa
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1-46.

The beam is supported by two rods AB and CD that have
cross-sectional areas of 12 mm? and 8 mm?, respectively. If
d =1 m, determine the average normal stress in each rod.

SOLUTION

G+IM, =0;  Fep(3) —6(1) =0
Fop = 2kN

+13F, = 0; Fip—6+2=0
F,p = 4kN

Oap = Fap _ 400 333 MPa

Ass 12(10°9)

oo Fen 2(10%)
L Acp 8(107)

= 250 MPa

A

6 kN
—d
Y
A C
- 3m |
N
Fre ek T
P
A 3
Ans.
Ans.
Ans:
OAB — 333 MPa,

Ocp = 250 MPa

46




© 2017 Pearson Education, Inc., Hoboken, 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.

1-47.

The beam is supported by two rods AB and CD that have
cross-sectional areas of 12 mm? and 8 mm?, respectively.
Determine the position d of the 6-kN load so that the average
normal stress in each rod is the same.

SOLUTION
G+3IMp = 0;  Fep(3 — d) — Fup(d) = 0
oy = fas _ Fop

2 8

Fup = 1.5 Fep

From Egs. (1) and (2),
Fep(3 —d) — 1.5 Fep(d) = 0
Fep3—d—15d) =0
3-25d=0
d=120m

A

6 kN
- d
Y
A C
- 3m |
@ ;
E'},d lém 3-d '
113 1
- — 1
2
Ans.
Ans:
d=120m
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*1-48.

If P =15 kN, determine the average shear stress in the pins
at A, B, and C. All pins are in double shear, and each has a

diameter of 18 mm.

SOLUTION
For pins B and C:
82.5 (10°
TB:TCZEZ%SZ):324MP3
4 (W)
For pin A:
Fy = V(82.5)% + (142.9)* = 165 kN
82.5 (10°
Ty = V_ TR ES 2) = 324 MPa
A7 (o)

2P
05m

i o

aes*
165 kn

Ans. &esen
@ g2s*”
165N
g2 e~

Ans.

Ans:

T3 = 324 MPa,

T4 = 324 MPa
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1-49.

The railcar docklight is supported by the é—in.-diameter pin at A.
If the lamp weighs 4 Ib, and the extension arm AB has a weight
of 0.5 Ib/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.

SOLUTION
C+3IM, = 0; V(1.25) — 1.5(18) — 4(36) = 0
V = 136.81b
vV 1368
Tavg = 4 T %(%)2 = 11.1 ksi

3 ft ‘
b A
- —
d L1.25 in. ])
vV A
~Xy ; : ——
| 2Sw. f i 1§ vn
AN .Sk m

Ans.

Ans:
Tavg = 11.1 ksi
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1-50.

The plastic block is subjected to an axial compressive force 600 N
of 600 N. Assuming that the caps at the top and bottom
distribute the load uniformly throughout the block,
determine the average normal and average shear stress

acting along section a—a. I a

150 mm
30°
a
SOLUTION Y /50mm
/T
émm 50 mm
Along a-a: |
+/SFE, =0, V- 600sin30° =0 600N
V = 300N
+\2Fy =0 —N + 600 cos 30° = 0
N = 519.6 N ‘}\
N
519.6
Opoa = ———o7~ = 90.0kPa Ans. ’\/V
(0.05) ( o8%) ]
300
Toea = —— o7+ = 52.0kPa Ans. 30°
(005) (cosA3O°) o
Ans:
0,y = 90.0 kPa,
Ty—q = 52.0 kPa
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1-51.

The two steel members are joined together using a 30° scarf
weld. Determine the average normal and average shear
stress resisted in the plane of the weld.

SOLUTION

Internal Loadings: Referring to the FBD of the upper segment of the member

sectioned through the scarf weld, Fig. a,
SF, =0 N — 15sin30° = 0 N = 750 kN
3F =0 V —15c0s30° =0 V = 12.99kN

Average Normal and Shear Stress: The area of the scarf weld is

A= 0.02( 0.04 ) =1.6(107) m?

sin 30°
Thus,
- N M = 4.6875(10°) Pa = 4.69 MPa
A, 1.6(1073)
=V 1299(10°) = 8.119(10°) Pa = 8.12 MPa
A, 1.6(107)

Ans.

Ans.

40 mm —-

15 kN

30° 120 mm

15 kN

Ans:
o = 4.69 MPa,
T = 8.12 MPa
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*1-52.

The bar has a cross-sectional area of 400(107%) m2. If it is 8 kN

subjected to a triangular axial distributed loading along its > > > /> — > > 4kN
length which is 0 at x = 0 and 9 kN/m at x = 1.5 m, and to > |_>
two concentrated loads as shown, determine the average

normal stress in the bar as a function of x for 0 = x < 0.6 m. 0.6m | 09m |

SOLUTION

Internal Loading: Referring to the FBD of the right segment of the bar sectioned
at x, Fig. a,

£ 3E =0 8+4+%(6x+9)(1.5—x):0

N = {1875 — 3x’} kN
Average Normal Stress:
N (1875 — 3x%)(10°)

g = —

A 400(107°)

= {46.9 — 7.50x*} MPa Ans,
{ }

;%x%x k"/m

& | |9 kel

N—p 4l

A
']

/5 =X

(@

Ans:
o = {469 — 7.50x} MPa
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1-53.

The bar has a cross-sectional area of 400(1076) m2. If it is 8 kN

subjected to a uniform axial distributed loading along its >/ > > > 4kN
length of 9 kN/m, and to two concentrated loads as shown, - | >

determine the average normal stress in the bar as a function
ofxfor0.6m < x = 1.5m.

SOLUTION
Internal Loading: Referring to a FBD of the right segment of the bar sectioned at x,
E3E =0, 4+9(15-x)—-N=0
N = {175 - 9x} kN
Average Normal Stress:
N (175 = 9%x)(10°)
o’ = —-—-
A 400(107°)
= {4375 — 22.5x} MPa Ans.
Ans:

o = {43.75 — 22.5x} MPa
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1-54.
The two members used in the construction of an aircraft 1)5 in. 30
fuselage are joined together using a 30° fish-mouth weld. k
Determine the average normal and average shear stress on 800 1b 4—(/ Lin.} %5 F» 800 1b
the plane of each weld. Assume each inclined plane supports Lin ) A
a horizontal force of 400 1b. 3\00
SOLUTION
N — 400 sin 30° = 0; N =2001b \
400 cos 30° — V = 0 V = 346411b N X
N~

1.5(1) - G2 40018
A'=——=3in .

sin 30 —>4001b

14
_N _200_ ; N

o= Ty T 66.7 psi Ans.

V34641 .
T T 3 T 115 psi Ans.

Ans:
o = 66.7 psi,
T = 115 psi
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1-55.

The 2-Mg concrete pipe has a center of mass at point G. If it
is suspended from cables AB and AC, determine the average
normal stress in the cables. The diameters of AB and AC are
12 mm and 10 mm, respectively.

SOLUTION

Internal Loadings: The normal force developed in cables AB and AC can be
determined by considering the equilibrium of the hook for which the free-body
diagram is shown in Fig. a.

SE =0 2000(9.81) cos 45° — F4p cos 15° = 0 Ep = 14362.83 N (T)

2F, =0; 2000(9.81) sin 45° — 14 362.83sin 15° — F4c = 0 F4¢ = 10156.06 N (T)
Average Normal Stress: The cross-sectional areas of cables AB and AC are
Aup = %(0.0122) = 0.1131(103) m* and Ay = g(o.oﬂ) — 78.540(107°) m2.

We have

2000(98)N
X

Fiz  14362.83
Asp  0.1131(1073)
_ Fac 10 156.06

= A OB 159 MPa Ans.
PACT Age 78540(10°%)

Tup = = 127 MPa Ans.

(&)

Ans:
OAB — 127 MPa, Opc — 129 MPa
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*1-56.

The 2-Mg concrete pipe has a center of mass at point G. If it
is suspended from cables AB and AC, determine the
diameter of cable AB so that the average normal stress in
this cable is the same as in the 10-mm-diameter cable AC.

SOLUTION

Internal Loadings: The normal force in cables AB and AC can be determined by
considering the equilibrium of the hook for which the free-body diagram is shown
in Fig. a.

SF, = 0; 2000(9.81) cos 45° — Fyp cos 15° = 0 Fip = 14362.83 N (T)
SF, = 0; 2000(9.81) sin 45° — 14 362.83 sin 15° — Fye = 0 Fye = 10156.06 N (T)

Average Normal Stress: The cross-sectional areas of cables AB and AC are

Aup = %dABZ and A, = %(0.012) = 78.540(10°%) m?.

Here, we require

OAB = 0AC
19V N Yo
Aap Aac

14362.83  10156.06
Td 5 78.540(10°%)

dsg = 0.01189 m = 11.9 mm Ans.

(&)

Ans:
dAB = 11.9 mm
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1-57.

The pier is made of material having a specific weight v. If it has
a square cross section, determine its width w as a function of
z so that the average normal stress in the pier remains
constant. The pier supports a constant load P at its top where

its width is w,.

SOLUTION

Assume constant stress oy, then at the top,

For an increase in z the area must increase,

dW  yAdz dA
= — = or _—
(o] g1 A

dA

For the top section:

Aﬁ - Zdz

A, A o /o
A

In =
A = Al
A =w?
A = wi

Y
w = wyelzn)?

From Eq. (1),

@

Ans.

Ans:

2
wiy

w:wle[

2P
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1-58.

Rods AB and BC have diameters of 4 mm and 6 mm,
respectively. If the 3 kN force is applied to the ring at B,
determine the angle 6 so that the average normal stress in
each rod is equivalent. What is this stress?

SOLUTION
Method of Joints: Referring to the FBD of joint B, Fig. a,

3
+13F, = 0; FBC(§> —3cosf =0 Fze = 5cos § kN

£ 3F =0 (ScosB)(%) —3sinf — Fip =0 F,p = (4cos® — 3sin ) kN

Average Normal Stress:

3kN

3
F,p [4cos6 — 3sin0](10°)  250(10°) . ,:—1-8
Tap = = = (4 cos 6 — 3sin ) < x
ar ar
AB 1(0.004)2
Fge (5cos0)(10°)  [555.56(10°)
Ogc = A = - = cos 6 9
BC Z(0.006)2
It is required that 5 k”
JAB = 0BC (a,)
250(10°) ‘ 555.56(10°)
——(4cosf —3sinf) = | ———[cos @
aw
1.7778 cos # — 3sinf = 0
ang = L7778
3
0 = 30.65° = 30.7° Ans.
Then
555.56(10°) .
o= o0pc=|———|co0s30.65° = 152.13(10°) Pa = 152 MPa Ans.
Ans:
6 = 30.7°,
o = 152 MPa
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1-59.

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 , determine the
average normal stress in the bar as a function of x.

SOLUTION

Equation of Motion:

F3F, =may; N= mB (L - 2)c)}w2Ll1 (L + 2x)

2
- '"T‘" (12 - 4x?)
Average Normal Stress:
N 2
:Z:%(ﬁ_@&) Ans.

x %-z =5 (L-2

PV ——
G2z w'[FcL 28]
Ans
2
o= L;j: (L2 4x2)
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*1-60.

The bar has a cross-sectional area of 400(1076) mZ. If it is
subjected to a uniform axial distributed loading along its
length and to two concentrated loads, determine the average

normal stress in the bar as a function of x for 0 < x = 0.5 m.

SOLUTION

Equation of Equilibrium:

H3F=0, -N+3+6+8125-x)=0
N = (19.0 — 8.00x) kN

Average Normal Stress:
N (19.0 — 8.00x)(10%)

g =

A 400(107%)

= (475 — 20.0x) MPa

8 kiljm

—p wp w wfp wls wlps e oty -
N r———_.'_}—o-ém 3 kN

— P P o G P el wtp wlp wip
L

XY PSP

|
M

Ans.

Ans:

o = (47.5 — 20.0x) MPa
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1-61.

The bar has a cross-sectional area of 400(1076) m2. If it is w=8kN/m

subjected to a uniform axial distributed loading along its . e N _6>kN_> .

length and to two concentrated loads, determine the average > 3kN

normal stress in the bar as a function of x for — = — — — — —

05m <x =125m. fxﬂ‘ ‘
~——0.5m i 0.75 m ‘

SOLUTION

Equation of Equilibrium:

E3FE =0, -N+3+4+8125-x)=0 8 kfm

—p e o —p
PE i =T

S

N = (13.0 — 8.00x) kN

Average Normal Stress: /25-X)m

N (13.0 — 8.00x)(10%)
==

A 400(107°)

= (32.5 — 20.0x) MPa Ans.

Ans:
o = (32.5 — 20.0x) MPa
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1-62.

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 = w,, at 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 for 0 = x < a.

SOLUTION
Equation of Equilibrium:
1(w 1
I 3E =0, -N+ = fox-i-wo (a—x)+ -wpa=0
2\ a 2
w
N = 272 (2a2 - xz)
Average Normal Stress:
Wo 2 2 2
poN_mQC=)  wo o
A A 2aA

Ans.

Wo
—»—»—»—»—L—»—»—»—»

X —

|
> > —> —>——>—> —> —> >

a \ a |

-
-
-

HYengyax) —Fur

oot

a-x a

Moy 2
o 2aA(2a x)
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1-63.

The prismatic bar has a cross-sectional area A. If it is wo
subjected to a distributed axial loading that increases O (N
linearly from w = 0 at x =0 to w = w,, at x = a, and then |
decreases linearly to w = 0 at x = 2a, determine the average T
normal stress in the bar as a function of x fora < x = 2a.

e

a \ a \

SOLUTION

_,1#\ %;'r(zo.—x)
Equation of Equilibrium: /_‘_,-’ ;
+ L wo 'l“ < orro
LHIR=0; _N+E F(Za—x) (2a—x)=0

w
N = 27(; (2a — x)?
Average Normal Stress: £ Yeza-x0]caa-5)
N_BGa- wy P ==
==t = (2 Ans.

o A A 2aA ( a X) ns —

Ans:
_ Mo oo
T=5 (2a — x)
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*1-64.

The bars of the truss each have a cross-sectional area of
1.25 in?. Determine the average normal stress in members
AB, BD, and CE due to the loading P = 6 kip. State whether
the stress is tensile or compressive.

SOLUTION

Method of Joints: Consider the equilibrium of joint A first, and then joint B followed
by joint C.

Joint A (Fig. a)

3
XIE =0, 3- FAC(g) =0 Fyc = 5.00 kip (C)
4
+13F, = 0 5.00(§> ~Fup=0 F,5 = 4.00 kip (T)
Joint B (Fig. b)
BEISE=0, 6—Fge=0 Fge = 6.00 kip (C)
+13F,=0; 400~ Fgp =0 Fzp = 4.00kip (T)
Joint C (Fig. c)
HISFE =0, 600+ 5(%) - FCDG) =0  Fgp=150kip(T)
4 4
+13F, =0, Fep — s(g) - 15(5) =0 Fep=16.0kip (C)
Average Normal Stress:
_Fip 400 ,
TAB = 4 T 125 320 ksi (T) Ans.
_ Fpp 400 _
T80 = T T 105 T 3.20 ksi (T) Ans.
_Fep 160 .
OCE= T 15 12.8 ksi (C) Ans.
fie=5.00kip

\Fre=4-00kip

S

3 kip

Ans:

OABp — 3.20 ksi (T),
opp — 3.20 ksi (T),
oer = 12.8ksi (C)
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1-65.

The bars of the truss each have a cross-sectional area of
1.25 in2. 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.

SOLUTION

Method of Joints: Consider the equilibrium of joint A first and then joint B followed
by joint C.

Joint A (Fig. a)

3
E3F =0, 05P - FAC(§> =0 Fyc = 0.8333P (C)
4

+13F, = 0; 0.8333P<§) —Fip=0 Fyp = 0.6667P (T)
Joint B (Fig. b)

+13F, =0;  0.6667P — Fgp =0 Fzp = 0.6667P(T)
Joint C (Fig. ¢)

L3FE =0, P+ 0.8333(%) - FCDG) =0 Fep = 2.50P (T)

4 4
+13F, =0;  Fep — 0.8333P(§) - 2.50P(§> =0 Fop.= 26667P (C)

Average Normal Stress: Since member CE is subjected to the largest axial force, it
is the critical member.

_ Fep < 2.6667P
Tallow ACE7 125
P = 9.375kip Ans.

0-5p P

Ans:
P = 9375 kip
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1-66.

Determine the largest load P that can be 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.

SOLUTION

Analyze the equilibrium of joint C using the FBD shown in Fig. q,

4

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

3
E3F =0, N,,- 1.25P(§) =0 N,_,=075P
4
+13F, = 0; 1.25P(§) -V,.,=0 V,_,=P

The cross-sectional area of section a-a

1.0417(10~%) m?. For Normal stress,

N,- 0.75P
=% 150(10%) = — ==

As—a 1.0417(107%)
P = 208.33(10°) N = 208.33 kN

Tallow

For Shear Stress

Ve P
Tallow — Allia ; 60(106) = W

P = 62.5(10°) N = 62.5 kN (Controls!)

foc

is A, = (0.025)(0;;—255>

Ans.

125P

Ans:
P = 62.5kN
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1-67.

Determine the greatest constant angular velocity w of the
flywheel so that the average normal stress in its rim does not
exceed o = 15 MPa. Assume the rim is a thin ring having a
thickness of 3 mm, width of 20 mm, and a mass of 30 kg/m.
Rotation occurs in the horizontal plane. Neglect the effect of
the spokes in the analysis. Hint: Consider a free-body diagram
of a semicircular segment of the ring. The center of mass for
this segment is located at 7 = 2r /7 from the center.

SOLUTION
+U3E, = m(ag),; 2T = m(r)o?

20A = m(&)w2
T

2(15(10°) )(0.003)(0.020) = 77(0.8)(30)(@)(02

© = 6.85rad/s Ans. { \?

Ans:
o = 6.85rad/s
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*1-68.

The radius of the pedestal is defined by r = (0.5¢-098"") m,
where y is in meters. If the material has a density of —

2.5 Mg/m?, determine the average normal stress at the
support.
3m r=0.5¢ 008"
y
SOLUTION | )
B

— 2 _ 2 PU—

A = m(0.5)" = 0.7854 m 05 m

dVv = w(rz) dy = m(0.5)? (670408}/2)2

V= [320.52(e ™) dy = 07854 [ (e ™)y

C
W = pg V = (2500)(9.81)(0.7854) /> (¢ "*")ay
W =19262(10%) /(e *™)dy = 38.849 kN
W 38.849
= X = m = 49.5 kPa Ans.
o
Ans:
o = 49.5kPa
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1-69.

If A and B are both made of wood and are %in. thick,
determine to the nearest & in. the smallest dimension 4 of
the vertical segment so that it does not fail in shear. The
allowable shear stress for the segment is 7,10, = 300 psi.

SOLUTION
307.7
Tallow — 300 = 3
() h
h = 2.741n.
3.
Use h = ZZm. Ans.

4 800"
5
. h
Va307.7 %
Ans:
Useh =2 3 in
g
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1-70.

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 70w = 35 MPa.

SOLUTION
C+3SM, = 0 F,_, (20) — 200(500) = 0
F,_, = 5000 N
F,_ 5000
_ fa-a 6y —
Tallow Aafa > 35(10 ) d(oozs)

d = 0.00571m = 5.71 mm

— d
a a < N
) L2 i
— 20 mm \ |
500 mm *
200 N
20mm
Fe
p)
’ So00 mm 1
200N
Ans.
Ans:
d = 571 mm
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1-71.

The connection is made using a bolt and nut and two washers.
If the allowable bearing stress of the washers on the boards is
(03)allow = 2 ksi, and the allowable tensile stress within the
bolt shank S is (07)anow = 18 ksi, determine the maximum
allowable tension in the bolt shank. The bolt shank has a
diameter of 0.31 in., and the washers have an outer diameter
of 0.75 in. and inner diameter (hole) of 0.50 in.

SOLUTION
Allowable Normal Stress: Assume tension failure
o P e P
alow = 4 ~1(031)
P = 1.36 kip

Allowable Bearing Stress: Assume bearing failure

P P

= —; 2= ¢
(%) attow A %(0,752 — 0.502)

P

0.491 kip (controls!) Ans.

Ans:
P = 0.491 kip
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*1-T72.

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 r '
the bolts is 7,0 = 12 ksi and the allowable average normal
stress 1S oyjjow = 20 Ksi.

SOLUTION

N+2F, = 0; N — Psin60° = 0

P = 11547 N ()]
/+ 3F, = 0 V — Pcos60° =0
P=2V (#3)
Assume failure due to shear:
) |4

T - 12=—"_

allow (2) % (03)2

V = 1.696 kip
From Eq. (2),
P = 339kip
Assume failure due to normal force:

0 N

Oallow = 20 = —————

" ()5 (037
N = 2.827 kip
From Eq. (1),
P = 3.26kip (controls) Ans.
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1-73.

The steel swivel bushing in the elevator control of an
airplane is held in place using a nut and washer as shown in
Fig. (a). Failure of the washer A can cause the push rod to
separate as shown in Fig. (b). If the maximum average shear
stress is 7. = 21 ksi, determine the force F that must be
applied to the bushing. The washer is 11? in. thick.

SOLUTION
_v. 3N _ F
Tove T 40 A0 = 03795
F=309251b = 3.09 kip Ans.

Ans:
F = 3.09 kip
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1-74.

The spring mechanism is used as a shock absorber for a
load applied to the drawbar AB. Determine the force in
each spring when the 50-kN force is applied. Each spring
is originally unstretched and the drawbar slides along the
smooth guide posts CG and EF. The ends of all springs
are attached to their respective members. Also, what is
the required diameter of the shank of bolts CG and EF if
the allowable stress for the bolts is g, = 150 MPa?

SOLUTION

Equations of Equilibrium:

C+IMy = 0; —Fpr(200) + F46(200) = 0
Fpr = Fpg = F

+13F, = 0; 2F+ F;—50=0

Required,
Fy F
Ay = Ap; — = —
7B 80 60
F=0.75Fy

Solving Egs. (1) and (2) yields,
Fy = 20.0kN
FBF = FAG = F = 15.0kN
Allowable Normal Stress: Design of bolt shank size.
P 15.0(10%)
Tallow = 4 150(10°) = T

d =0.01128m = 11.3 mm

dEF = dCG = 11.3 mm

k = 80 kN/m

200 mm ((j) 200 mm

9,
50 kKN
@
Fur
4\
| 2 2
90 mm 00 M
2
fag 50K For
Ans.
Ans.
Ans.
Ans:
Fy; = 20.0 kN,

FBF = FAG =15.0 kN,
dEF = dCG = 11.3 mm
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1-75.

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 and the allowable bearing stress for the plates is
(Ub)allow = 400 pSl

SOLUTION
For Plate A:

3.583(10°
) 358300

Tallow — 4 le
A
ay = 2.99in.

Use a 3 in. X 3 in. plate
For Plate B':

6.917(10%)
Tallow = 400 = T
2
ag = 4.16 in.

Use a 44 in. X 41 in. plate

3 kip
2 kip 2 kip 2 kip
p
5 ft 5 ft 5 ft 75t
\ 4 \J Y Y
, I I I I

Ans.

Ans.

Flal
| 5°

2".’ ) 3K7p 2‘;’ /'ski
R 75’
1 g

| R .
Ra=3.583 %" K‘:6.9If'P

Ans:

For A"

Use a 3 in. X 3 in. plate,
For B':

Use a 4} in. X 4L in. plate

75




© 2017 Pearson Education, Inc., Hoboken, 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.

*1-76.

Determine the maximum load P that can be applied to the
beam if the bearing plates A’ and B’ have square cross
sections of 2 in. X 2in. and 4 in. X 4 in., respectively, and the
allowable bearing stress for the material is (03,) 4110w = 400 psi.

SOLUTION
C+3IMy = 0; B,(15) — 2(5) — 3(10) — 2(15) — P(225) =0
B, = 1.5P + 4.667
+13F, =0; A, + 15P + 4667 -9 —-P=0
A, = 4333 — 0.5P
At A:
0.400 — 4.3332(2)0.5P
P = 547 kip
At B:
. + 4.
0.400 = %
P = 1.16 kip
Thus,

Pallow = 1.16 klp

3 kip

51t 51t

| -
i

51t

7.5 ft

Ans.

S

3k

s

2k 2k J 24 ?
Py

s |

Ans:
Pallow = 116 klp
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1-77.
Determine the required diameter of the pins at A and B to C 3 kip
the nearest 7 in. if the allowable shear stress for the material >
iS Taow = 0 ksi. Pin A is subjected to double shear, whereas
pin B is subjected to single shear.
8 ft
)\ [T (o[ r
‘ A B D

SOLUTION ‘ ot ! ot 1
Support Reaction: Referring to the FBD of the entire frame, Fig. a, — 3 kf/’
GHIMp =0,  A(12) —3(18) =0 A, = 2.00kip Ans.
B 3E =0 3-4,=0 A, = 3.00 kip Ans. ‘ Bft

Thus,
Fy = VA2 + A% = V3.00% + 2.00> = 3.6056 kip

Consider the equilibrium of joint C, Fig. b,

>4
kol

£ 3SF=0; 3 - FBC@> =0 Fge = 5.00 kip /2ft .
Average Shear Stress: Pin A is subjected to double shear, Fig. c. Ca ) ’,’
Thus, V, = L _ 36056 _ 1.8028 kip
2 2
Tallow = ﬁ; b= 1.8028 dy = 0.6185in. Use'dy = 3 in. Ans.
AA zd 2 8
A .

4 3kip

Since pin B is subjected to single shear; Fig. d, Vi = Fze = 5.00 kip 2 # X
5,
Tallow = E; b= 500 dg = 1.0301in. Usedg = 1i in. Ans.
A T 5 16
4® 3
e oo
(b)
\\=46028 kip iz 50Ky
Vp=5.00 kp

fi=3.6056 kip @)

&)

Ans:
5.
Used,y = 3 in.,

1 .
Use dg = 1% in.
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1-78.

If the allowable tensile stress for wires AB and AC is
Oalow — 200 MPa, determine the required diameter of each
wire if the applied load is P = 6 kN.

SOLUTION

Normal Forces: Analyzing the equilibrium of joint A, Fig. a,

E3F =0 FAc@) — Fypsin45° = 0

4
+13F, = 0; FAC(g) + Fupcosd5° —6 =0

Solving Egs. (1) and (2)
Fyc = 42857 kN F4p = 3.6365 kN

Average Normal Stress: For wire AB,

Fup 3.6365(10°)
Tutow = 200(10°) = ————

4 zdig

dsp = 0.004812m = 4.8l mm
For wire AC,

Fuc 4.2857(10%)
Tuow = 4 200(10°) = ===

Zdic

dse = 0005223 m = 5.22 mm

@

¢

Ans.

Ans.

)

Ans:
dAB = 4.81 mm,
dAC = 522 mm
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1-79.

If the allowable tensile stress for wires AB and AC is
Talow = 180 MPa, and wire AB has a diameter of 5 mm and
AC has a diameter of 6 mm, determine the greatest force P
that can be applied to the chain.

SOLUTION
Normal Forces: Analyzing the equilibrium of joint A, Fig. a,
+ 3 - 4c0
—)EE(:O, FAC g - FABSIH45 = (1)
4

+TEF;, = 0, FAc(g) + FAB cos45° =P =0 (2) y’
Solving Egs. (1) and (2) F'

Fie = 07143P  E,p = 0.6061P FA—B Ac

45
Average Normal Stress: Assuming failure of wire AB, Y +
E 0.6061P 3
Catow = 1 180(10°) = === X
AB 7 (0.002)
4
P = 5.831(10°) N'=5.83 kN
Assume the failure of wire AC, P
E 0.7143P
Tallow — AAica 180(106) & Wi
Ac 1(0.0062) Ca)
P =7.125(10°) N = 7.13kN
Choose the smaller of the two values of P,
P = 583kN Ans.
Ans:
P = 583kN
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*1-80.

The cotter is used to hold the two rods together. Determine
the smallest thickness ¢ of the cotter and the smallest
diameter d of the rods. All parts are made of steel for which
the failure normal stress is op,; = 500 MPa and the failure
shear stress is 7p,; = 375 MPa. Use a factor of safety of
(F.S.),=2.50 in tension and (F.S.); = 1.75 in shear.

SOLUTION

Allowable Normal Stress: Design of rod size

P 500(10°) ~ 30(10°)

oo il _ P _
allow FS A 5 25 %dz

d =0.01382m = 13.8 mm
Allowable Shear Stress: Design of cotter size.

375(10°)  15.0(10°)

s Thil _ V.
alow ™ pS T A° 175 (0.01)t

t = 0.0070 m = 7.00 mm

30 kN

E j];@o mm
Cdomm[

L -

30 kN

Ans.
30 kA

Ans.

V=150 kN

Ans:
d = 13.8 mm,
t = 7.00 mm
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1-81.

Determine the required diameter of the pins at A and B if the
allowable shear stress for the material is 7,0, = 100 MPa.
Both pins are subjected to double shear.

SOLUTION
Support Reactions: Member BC is a two force member.

C+SM, = 0;  Fyesin45°(3) — 6(1.5) = 0

+13E =0; A, +42435in45° — 6 = 0
A, = 3.00kN

& 3F =0 A, — 4243 cos 45° = 0
A, = 3.00kN

Allowable Shear Stress: Pin A and pin B are subjected to double shear.

F, = V3.00% + 3.00> = 4.243 kN and

FB = FBC = 4.243 kN.

Therefore,
4.243
Va=Vp=—7"=2I1215kN
1% 2.1215(10%)
Tatow =~ 100(10°) = T

d = 0.005197 m = 5.20 mm
dy =dp =d = 520mm

Ans.

203):6 kN
DA i |
45)’

i fac I

I 7&m r75m |
ﬁz‘aw; kN

/415 24243 kA
Ans:

dA = dB = 5.20 mm
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1-82.

The steel pipe is supported on the circular base plate
and concrete pedestal. If the thickness of the pipe
is t =5 mm and the base plate has a radius of 150 mm,
determine the factors of safety against failure of the steel
and concrete. The applied force is 500 kN, and the normal
failure stresses for steel and concrete are (o7,;)) = 350 MPa
and (0p,) con = 25 MPa, respectively.

con

SOLUTION

Average Normal and Bearing Stress: The cross-sectional area of the steel pipe
and the bearing area of the concrete pedestal are Ay = (0.2 — 0.095%) =
0.975(107%)7 m? and (A.op), = 7(0.15%) = 0.02257 m’. We have

(Onde = © S0000) 63 54 mp
vt = 5 = —————— = 163. a
TS T AT 0.975(10 )
P 500(10°)
(O-avg)con = =
(An)s  0.02257

= 7.074 MPa

Thus, the factor of safety against failure of the steel pipe and concrete pedestal are

~ (omi)se 350
(FS)g = (Covd)s =T34~ 2.14 Ans.

(Ufail)con 25
F.S. =———=—"—=2353 Ans.
FSdeon = G e 7074 "

Ans:
(F.S.)g = 2.14,(F.S.)¢on = 3.53
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1-83.

The boom is supported by the winch cable that has a
diameter of 0.25 in. and an allowable normal stress of
Oallow = 24 ksi. Determine the greatest weight of the crate
that can be supported without causing the cable to fail if
¢ =30°. Neglect the size of the winch.

SOLUTION

Normal Force: Analyzing the equilibrium of joint B, Fig. a,
+13F, = 0; Fypsin30° — W =0 Fyp = 2.00W
LE3F=0; 200Wcos30°— T =0 T=17321W

Average Normal Stress:
1.7321W

24(10°) = -
2(0.252)

Tallow — Z;

W = 680.171b = 680 1b

Ans.

Ans:
W = 680 1b
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*1-84.

The boom is supported by the winch cable that has an
allowable normal stress of o,y = 24 ksi. If it supports the
5000 Ib crate when ¢ =20°, determine the smallest diameter
of the cable to the nearest 1% in.

SOLUTION
Normal Force: Consider the equilibrium of joint B, Fig. a,
5000
+TEF;,:O, FABSIH(i)*SOOO:O FAB: B
sin ¢
E3F =0 (5,000>cos¢ —T=0 T =5000cotd¢
sin ¢

When ¢ = 20°, the design value for T is
T = 5000 cot 20° = 13.737(10%) Ib = 13.737 kip

Average Normal Stress:

T 13.737
Tallow — Z; 24 =
de
4
d = 0.8537 in.
7
Used = 3 in.

Ans.

Fae

W=5000 Ib

(@)

Ans:

7
Used = — in.
se 81n
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1-85.

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 largest diameter d,
of the opening, and the largest diameter d; of the hole
in the bottom disk. The allowable bearing stress for the
material i (03) 10w = 350 MPa and allowable shear stress is
Tallow — 125 MPa.

SOLUTION
Allowable Shear Stress: Assume shear failure for disk C.
1% 140(10°%)
= 125(10°) = — "
Tallow A’ ( ) 7Td2(001)

dy = 0.03565 m = 35.7 mm

Allowable Bearing Stress: Assume bearing failure for disk C.

140(10°)

350(100) = ——————
(10°) 7(0.03565% — d3)

P
(Tp)atiow = Z;

dy = 0.02760 m = 27.6 mm

Allowable Bearing Stress: Assume bearing failure for disk B.

140(10%)

P
(O-b)allow = Z’ 350(106) = %d%

d; = 0.02257 m = 22.6 mm

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

1% 140(10%)

T=— = — 987 MPa < 7,5, = 125 MPa (0.K!)

A w(0.02257)(0.02)
Therefore, d; = 22.6 mm

140 kN
dl—»‘ l ‘<— 20 mm
5 i | 1? mm
Ci [ [ I —
- 1
d,
Ans.
Ans.
Ans.
Ans:
d, = 35.7 mm,
dy = 27.6 mm,
d; = 22.6 mm
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1-86.

The two aluminum rods support the vertical force of
P = 20 kN. Determine their required diameters if the
allowable tensile stress for the aluminum is o,,,, = 150 MPa.

SOLUTION
+13F, = 0
L3F =0

For rod AB:

Tallow — 3
AA B

dAB = 0.0155m

For rod AC:

Fyc
Auc

Tallow —

dye = 0.0130 m

Fypsin 45° — 20 = 0; Fup = 28284 kN

28.284 cos 45° — Fyc = 0 Fyc = 20.0 kN

28.284(10%)

150(10°) = ———
1dip

= 15.5 mm Ans.

20.0(10%)

150(10°) = ——>
1 dic

= 13.0 mm Ans.

Fac 4s°

— i *

¥ 20 Kk~

Ans:
dAB =155 mm, dAC = 13.0 mm
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1-87.

The two aluminum rods AB and AC have diameters of
10 mm and 8 mm, respectively. Determine the largest
vertical force P that can be supported. The allowable tensile

stress for the aluminum is o,y = 150 MPa.

SOLUTION
+13F, = 0; Fypsin45° — P = 0;
5 SF =0; Fipcosd5° — Fue =0

Assume failure of rod AB:

Fup Fup
W=7 150(10% =
Tallo AAB ( ) %(001)2
E g = 11.78 kN
From Eq. (1),
P = 8.33kN
Assume failure of rod AC:
Fyc Fyc
W= 3 150(10%) = —~———
Tallo AAC ( ) %(0008)2

Eic = 7.540kN

Solving Egs. (1) and (2) yields:
FEip = 10.66 kN; P = 7.54kN
Choose the smallest value

P = 754kN

P = FABSin 45°

@
2

Ans.

Ans:
P =754 kN
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*1-88.

Determine the required minimum thickness ¢ of member
AB and edge distance b of the frame if P = 9 kip and the
factor of safety against failure is 2. The wood has a normal
failure stress of o, = 6 ksi, and a shear failure stress of
Teail = 1.5 ksi.

SOLUTION

Internal Loadings: The normal force developed in member AB can be determined
by considering the equilibrium of joint A, Fig. a.

I 3E =0,
+13F, = 0

Fypcos 30° — F4ccos30° = 0 Fyc = Fup

2F,psin30° =9 =0 Fip = 9kip

Subsequently, the horizontal component of the force acting on joint B can be
determined by analyzing the equilibrium of member AB, Fig. b.

HSF =0 (Fz)y — 9cos30° =0 (Fg), = 7.794 kip

Referring to the free-body diagram shown in Fig. ¢, the shear force developed on the

shear plane a-a is 30 00 X
B SFE =0; Vieea — 7794 = 0 Vi = 1794 kip
Allowable Normal Stress:
i 6 .
Tallow — ;fiél = 5 = 3 ksi E% fA:C
i 1.5 .

Tallow = ;f?gl =5 = 0.75 ksi ( d)

Using these results, F - i
Fus L 9(10%) =7 t’/"
Tallow — TAB; 3(10 ) = 3t
t = lin. Ans
V,- 7.794(10° CF
Talow = 0.75(10%) = # 3)0(. 20°
b = 3.46in. Ans.
U‘E)}
(b
05&"?‘%777!,%,?

a4 Q

aA-a

©)
Ans:

t=1in.,b = 3.461n.
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1-89.

Determine the maximum allowable load P that can be
safely supported by the frame if t = 1.25 in. and b = 3.5 in.
The wood has a normal failure stress of o,;; = 6 ksi, and a
shear failure stress of 7,; = 1.5 ksi. Use a factor of safety
against failure of 2.

SOLUTION

Internal Loadings: The normal force developed in member AB can be determined

by considering the equilibrium of joint A, Fig. a.

I 3E =0; Fupc0830° — Fyccos30° =0 Fic = Fup

+13F, = 0; 2F,5sin30° — 9 =0 Fupy=P

Subsequently, the horizontal component of the force acting on joint B can be

determined by analyzing the equilibrium of member AB, Fig. b.
H3FE =0; (Fg)y — Pcos30° =0 (Fg), = 0.8660P

Referring to the free-body diagram shown in Fig. ¢, the shear force developed on the

shear plane a—a is
B 3FE =0; V,_o — 0.8660P = 0 V,_, = 0.8660P
Allowable Normal and Shear Stress:

Onil _ 6 .
Tallow — Fas = 5 = 3 ksi
i 1.5
Tiiow = pag = 5 = 075ksi
Using these results,
Fup P
_ . 10%) =
Tallow AAB > 3( ) 3(125)

P =112501b = 11.25 kip
Viea.

Tallow — >
Aa—a

0.8660P
3(3.5)

0.75(10%) =

P = 9093.27 Ib = 9.09 kip (controls)

) (Fo)=0-8660p
(7 %
Va-a

<)

Ans.

h

Ans:
P = 9.09 kip
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1-90.

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 (07)aow = 150 MPa and the allowable bearing
stress for the wood is (03 ) 40w = 28 MPa. Assume that the
hole in the washers has the same diameter as the bolt.

SOLUTION

From FBD (a):

C +3Mp = 0; Fg(4.5) + 1.5(3) + 2(1.5) — F(6) =0
45F; — 6 Fp = 7.5

From FBD (b):

C +3My =0, F3(5.5) — Fc(4) —3(2) =0
55Fg —4F- =6

Solving Egs. (1) and (2) yields

Fy = 440kN;  Fo = 455kN

For bolt:
Tallow = 150(10°%) = 440010°)
F(dp)’
dg = 0.00611 m
= 6.11 mm
For washer:
4.40(10%)

=28010%) = -
Oallow (10 Z(d% — 0.00611%)

d, = 0.0154m = 154 mm

3kN
—2m-—}—2 m—»‘«l.S m-—|

Y

2kN

1.5kN
1.5 m*tl.S m*l«l.S m*‘

o=

1D

@

(2)

Ans.

Ans.
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1-91.

The hanger is supported using the rectangular pin.
Determine the magnitude of the allowable suspended load
P if the allowable bearing stress is (03) 10w = 220 MPa, the
allowable tensile stress is (07)a0w = 150 MPa, and the
allowable shear stress is 7, = 130 MPa. Take t = 6 mm,
a = 5mmand b = 25 mm.

SOLUTION
Allowable Normal Stress: For the hanger
P
- . 6y —_ +
(@aton = 7 150(10°) (0.075)(0.006)
P = 675kN

P
Allowable Shear Stress: The pin is subjected to double shear. Therefore, V = 2

v I )
Taiow = —3 - 130(10°) = (0.01)(0.025)
P = 65.0kN

Allowable Bearing Stress: For the bearing area

B P/2
220(10°) = (0.005)(0.025)

P = 55.0 kN (Controls!)

(o-b)allow = Z;

20 mm

75 mm ‘

Ans.
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*1-92.

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 (0;)a0w = 150 MPa, the allowable
bearing stress is (0p)a0w = 290 MPa, and the allowable
shear stress is 7,4 = 125 MPa.

SOLUTION

Allowable Normal Stress: For the hanger
P o 60(10%)

@i = 73 150(10°) =

t = 0.005333 m = 533 mm
Allowable Shear Stress: For the pin

30(10%)
(0.01)b

b = 0.0240 m = 24.0 mm

Vv
Taiow = 1 125(10°) =

Allowable Bearing Stress: For the bearing area

3
290(10°) = 30007

(o'h)allow = - m

Z;
a = 0.00431 m = 4.31 mm

Ans.

Ans.

Ans.

20 mm

75 mm ‘

V=30.0 ki

©0 kd

92




© 2017 Pearson Education, Inc., Hoboken, 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.

1-93.

The rods AB and CD are made of steel. Determine their
smallest diameter so that they can support the dead loads
shown. The beam is assumed to be pin connected at A and C.
Use the LRFD method, where the resistance factor for steel
in tension is ¢ = 0.9, and the dead load factor is yp = 1.4.
The failure stress is op,; = 345 MPa.

SOLUTION

Support Reactions:

C+HIMy = 0; Fep(10) — 5(7) — 6(4) —4(2) =0
Fep = 6.70kN

C+IM, = 0; 4(8) + 6(6) + 5(3) — F453(10) = 0
F,p = 830kN

Factored Loads:

Fep = 1.4(6.70) = 9.38 kN

F,p = 1.4(8.30) = 11.62 kN

For rod AB

0.9[345(10%)] 77<6%B)2 = 11.62(10%)

dag = 0.00690 m = 6.90 mm
For rod CD

0.9[345(10%)] w(dzﬂ)z = 9.38(10°%)

dep = 0.00620m = 620 mm

Ans.

Ans.

6 kN

Ans:
dAB = 6.90 mm, dCD = 6.20 mm
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1-94.

The aluminum bracket A is used to support the centrally
applied load of 8 kip. If it has a thickness of 0.5 in., determine
the smallest height 4 in order to prevent a shear failure. The
failure shear stress is 7,; = 23 ksi. Use a factor of safety for
shear of F.S. = 2.5.

SOLUTION

Equation of Equilibrium:

+13F, = 0 V-8=0 V = 8.00 kip
Allowable Shear Stress: Design of the support size

T Vo 23(10°)  8.00(10°)

Tallow = Bg T 4° 25 h(05)

h = 1.741n. Ans.

8 kip
8 hnp
fv-sgaie

Ans:
h = 1.741n.

94




© 2017 Pearson Education, Inc., Hoboken, 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.

1-95.

If the allowable tensile stress for the bar is
(07) alow = 21 ksi, and the allowable shear stress for the
pin is 70w = 12 ksi, determine the diameter of the pin so
that the load P will be a maximum. What is this load?
Assume the hole in the bar has the same diameter d as the
pin. Take £ = Yin.and w = 2 in.

SOLUTION

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 A’ = (2 — d)(%).

Pmax

p
o, =-—;  21(10°) = —"F (§))
( t)allow A ( ) (2 B d)(%)
Allowable Shear Stress: The pin is subjected to double shear and therefore, V = ;ax
|4 Pa/2
Tallow — Z; 12(103) = ';;’;2 )
Solving Eq. (1) and (2) yields:
d = 0.620 in. Ans.
P = 725 kip Ans.

E Foan

Ans:
d = 0.620 in.,
PLax = 7.25kip
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*1-96.

The bar is connected to the support using a pin having a
diameter of d = 1 in. If the allowable tensile stress for the
bar is (0;)ai0w = 20 ksi, and the allowable bearing stress
between the pin and the baris (03, ) aow = 30 ksi, determine
the dimensions w and ¢ so that the gross area of the cross
section is wt = 2 in2 and the load P is a maximum. What is
this maximum load? Assume the hole in the bar has the
same diameter as the pin.

SOLUTION

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 intro-
duced by the hole. Here A’ = (w — 1)t = wt — t = (2 — ) in® where wt = 2 in%.

P

P,
(Ut)allow = I; 20(103) =

2 —t
Allowable Bearing Stress: The projected area
A, = ()t = tin’.

_ P . 3\ Pmax
(o-b)allow - Ap ’ 30(10 ) - ¢

Solving Eq. (1) and (2) yields:
t = 0.800 in.

Prax = 24.0 kip

And w = 2.501n.

@

()

Ans.
Ans.
Ans.

rin,

Ans:

t = 0.800 in.,
Prax = 24.0 kip,
w = 2.501in.
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R1-1.

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 1b/ft and the column FC has a weight of
180 1b/ft, determine the resultant internal loadings acting on
cross sections located at points D and E.

SOLUTION
Segment AD:
5 3F =0;
+|3F, =0
CG+xMp = 0;
Segment FE:
ESF =0
+I3F, = 0;
GHEME = 0;

Np + 2.16 = 0;
Vp + 072 — 0.72 = 0;
M, — 0.72(3) = 0;

Vi — 0.54 = 0;
Np + 0.72 — 5.04 = 0;
—Mj + 0.54(4) = 0;

Np = —2.16 kip
VD =0
Mp = 216 kip - ft

Vi = 0.540 kip
Ny = 432kip
My = 2.16 kip - ft

Ans. can®
285 .
Ans. N i
A on "’,‘g(a.qe)zhu""’
ns. o
2y
it e
24 ﬁ:’ thy
o™ Lo iro p2 XIP
Ans.
Ans. oz <TP
Ans. o 22ntie
X 216 RTF
09
, PR SN
2 v
Ny Less)
—_ o4t 0. 12%p
AP s04"P
Ans:

Np = —2.16kip, V, = 0, Mp = 2.16 kip - ft,
Vi = 0.540 kip, Ny = 4.32 kip, My = 2.16 kip - ft
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R1-2.

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.

SOLUTION
3
USZEZLO)ZZZOSMP(& Ans.
A 7(0.007)
3
(Tavg)a = v___3uo 4.72 MPa Ans.

A w(0.018)(0.030)

1% 8 (10%)

=L ) _4s5MP Ans.
(odde = 4 = 7 0.007)(0.008) a s

Ans:

g, = 208 MPa, (7,,), = 4.72 MPa,
(Tave)p = 45.5 MPa
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R1-3.

Determine the required thickness of member BC to the
nearest % in., and the diameter of the pins at A and B if the
allowable normal stress for member BC is oy = 29ksi
and the allowable shear stress for the pins is 7, = 10ksi.

SOLUTION

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

C+3IM, = 0; 2(8)(4) — Fpcsin60° (8) = 0 Fye = 9.238 kip
5 SF =0; 9.238cos60° — A, =0 A, = 4.619kip
+T2Fy =0 9.2385in 60° — 2(8) + A, = 0 A, = 8.00 kip

Thus, the force acting on pin A is

Fy = VA + A = V4619 + 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, =9238kip V= %C == = 4619kip
For member BC
Fyc 9.238
= - 29 = —— t = 0.2124 in.
Tallow Age’ 15(:) n
1
Uset = Zin.
For pin A,
v, 9.238 ,
Tallow — ﬁ; 10 = o) dy = 1.085in.

1
Usedy = 1gin.

For pin B,
Ve 4.619 )
Tallow — ZB; 10 = %dZB dB = 0.7669 in.
13 .
Usedp = Em.

2 kip /ft

ft A?
2(8) kip
@)

Vy
"
.Ecz' 7238 Kip
(b)

m };T =7.238 kl-f’

©)

Ans:

1. 1. 13 .
Uset = Zm., dy = 1§1n.,d3 = Rm.
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*R1-4.
The circular punch B exerts a force of 2 kN on the top of the 2 kN
plate A. Determine the average shear stress in the plate due
to this loading.
B
— ~— 4 mm
A 2 mm
SOLUTION
Average Shear Stress: The shear area A = 7(0.004)(0.002) = 8.00(10~%)7r m?
1% 2(10%)
=—=——"""—=79.6MPa Ans.
e T AT 8.00(10 %)
Ans:

Tavg = 79.6 MPa
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R1-5.

Determine the average punching shear stress the circular
shaft creates in the metal plate through section AC and BD.
Also, what is the average bearing stress developed on the
surface of the plate under the shaft?

SOLUTION

Average Shear and Bearing Stress: The area of the shear plane and the

bearing area on the punch are A, = 7(0.05)(0.01) = 0.5(10 )7

%(0.122 — 0.062) = 2.7(103)7 m?. We obtain

P 40(10°
Tavg = o = (7_3) = 25.5 MPa
Ay 0510 %)
40(10°
o = p__00) 4.72 MPa

Ay 270107

m” and A, =

Ans.

Ans.

120 mm

Ans:
Tavg = 25.5 MPa, 0, = 4.72 MPa
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R1-6.

The 150 mm by 150 mm block of aluminum 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.

SOLUTION

Equation of Equilibrium:

+/SF,=0; V,,—6cos60°=0 V, ,=300kN

N+3F,=0; N, ,—6sin60°=0 N, ,=5196kN

Average Normal Stress and Shear Stress: The cross sectional Area at section a—a is

1
A =< 0.15 )(0.15) = 0.02598 m?.

sin 60°
_ Ny 519(10°) 500 kP A
Tama = 74 T 7002598 a s
_ Veew  30000) 115 kP An
Tama = 74T T 002598 a s

Ans:
0,4—q = 200 kPa, 7,_, = 115 kPa
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R1-7.

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.

SOLUTION

For the 40 - mm - dia. rod:
P 5010

gy — —, — 7_‘_(7)2 = 398 MPa
A 7(0.04)

For the 30 - mm - dia. rod:
v 53010°

co=" =D 0 mpa
A 7(0.03)

Average shear stress for pin A:

P 25010
Tavg = = = (7)2 = 5.09 MPa
A 7(0.025)

5 kN
N

Ans.

Ans.

Ans.

40 mm

%

30 mm

SkN

Ans:
gy — 3.98 MPa, g3y — 7.07 MPa,
Tave = 5.09 MPa
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*R1-8.

The cable has a specific weight y (weight/volume) and cross-
sectional area A. Assuming the sag s is small, so that the
cable’s 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.

SOLUTION

Equation of Equilibrium:

AL
C+3xM, = 0; Ts — YT(E) =0

Average Normal Stress:

Ans.

Ans:
vy
"~ 8s
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