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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.

—
(]

4ft—+—41t 4ft——41t
400 Ib

800 Ib

SOLUTION

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

CGHSMg = 0;  C,(8) + 400(4) — 800(12) =0  C, = 1000 Ib

Internal Loadings: Using the result for C , section DE of the shaft will be considered.
Referring to the free-body diagram, Fig. b,

£ 3IF =0, Ng=0 Ans.
+1SF,=0; Vg +1000-80=0 Vy=—2001b Ans. (@)
C+3M,; = 0;1000(4) — 800(8) — My = 0

My = —24001b-ft = —2.40 kip - ft Ans. Me
The negative signs indicates that V; and M, act in the opposite sense to that shown N& e | 4

on the free-body diagram.
4ft A 4/t

(y=/abo It 8polb
(b)

Ans:
C, =1000 Ib, N = 0, Vi = 200lb, My = 2.40kip - ft
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1-2.

Determine the resultant internal normal and shear force in the

a b
member on (a) section a—a and (b) section b-b, each of which 30°
passes through the centroid A.The 500-1b load is applied along
the centroidal axis of the member. !
e
500 Ib €——— ! =—> 500 1b
/ \
A
b a
SOLUTION
(a) a
1
HK3IF=0, N,—500=0 m":'!}_"
a
N, = 5001b Ans. i
a
+SE=0; V,=0 Ans.
(b)
+ . oo %
NPSE =0, N, — 500 cos 30° = ”
30 . N.
N, = 4331b Ans.
SF, = 0; V}, — 500 sin 30° =
V, = 2501b Ans.
Ans:
(a) N, = 5001b,V, = 0,
(b) N, = 4331b, V, = 2501b
2
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1-3.

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

600 Ib-ft
< N
3t \
1At

SOLUTION
M, =0 Ty + 350 — 500 =0

Tg = 150 1b-ft Ans.
SM,=0; To—500=0

Te = 5001b - ft Ans.

i

Sop bfe

350 Ib-ft

Ans:
Tz =150 1b - ft
Te =500 1b - ft
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*1-4.
Determine the resultant internal loadings in the beam at 16 kip
cross sections through points D and E. Point E is just to the 2 kip/ft
left of the 16-kip load. l
| 1 g 1 lc
A D B E ===
Sft——5 ft——— 8 ft———— 8 ft——|
SOLUTION
Support Reactions: We will only need to calculate B,, B, and Cy by consider the
equilibrium of member BC with reference to its FBD shown in Fig. b.
GFEMp =0; C,(16)-16(8) =0 C, = 8kip
G-EMc =0; 16(8)-B,(16)=0 B, = 8kip
HE2Fy =0 B, =0
Internal Loadings: For point D, consider segment BD of member AB. Using the
results of B, and B, the FBD of this segment shown in Fig. ¢ is refered.
H Ik =0 Np =0 Ans.
1 2XF =0, Vp-10-8=0 V, =18.0kip Ans.
G-EMp=0; —Mp —10(25)-8(5)=0 M, =-65.0kip - ft Ans.
The negative sign indicates that M, acts in the sense opposite to that shown in FBD.
For point E, segment CE of member BC using the result of Cy will be considered.
Referring to its FBD, Fig. d
HIF =0 Np =0 Ans.
HNEF, =0 Vp+8-16=0 Vg = 8.00 kip Ans.
GEMg; =0; 8(8)— Mg =0 Mg =640kip - ft Ans.
2(10)=20 kip By, /6 kip
A I—
he gl > . 4 B g <
< |
\ Be ﬁ 3
M 2 sl S o
AT sfe T ot | ef 81t
a B &
G ¢ (b) 1
s é'
250t ZL@ 1orip 16 kip
i By=8kip
M.D % Mg Vg Ans:
— V,, = 18.0 kip
Mp = 65.0 kip - ft
B oo
e =
(C) =8 k’-f’ Ve = 8.00 kip
() i My = 64.0 kip - ft
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1-5.

The shaft is supported by a smooth thrust bearing at B and a 800 N/m
smooth journal bearing at A. Determine the resultant

internal loadings acting on the cross section at C. A B
iy = | 4L

~—0.6 0.6 m—r 0.6 m==0.6 m »~0.6 m -

800 N

SOLUTION

Support Reactions: We will only need to compute B ) by writing the moment
equation of equilibrium about A with reference to the FBD of the entire shaft, Fig. a.

G+IM, =0; B,(3) - 800(0.6) - 960(1.8) =0 B, = 736 N

Internal Loadings: Using the result of B,segment BC of the shaft will be considered.
Referring to its FBD, Fig. b,

X IE =0 Ne=0 Ans.
+ ZF=0; Vo+736-480=0 V. =-256N Ans.
GEMp =0; 736(1.2) - 480(03)— Mo = 0

My =7392N-m =739 N-m Ans.

The negative sign indicates that V -acts in the opposite sense to that shown in FBD.

800012 )=760N . 800(0-6)=480N

Ax 1]

o0-bm [ 2m /-2m

A? ~ 800N

(a)

Ans:

B, =736 N
NC = O

Ve =256 N

My =739N-m
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1-6.

Determine the resultant internal loading on the cross section 20|N ‘

through point C of the pliers. There is a pin at A, and the jaws 120 mm 40 mm
at B are smooth. l

SOLUTION

+1 2F, = 0; —Ve + 60 = 0; Ve =60N Ans.
LSFE =0 Ne=0 Ans.
+9SMe=0;  —Mc+ 60(0.015) = 0, M = 0.9N.m Ans.

Ans:
VC = 60 N
Ne =0
MC =09N m
6

Mo1_HIBB5613_11_SE_CO1.ndd 6 Mechanics of Materials 11th edition Hibbeler Solutions Manual

21/01/22 4:29 PM


https://ravanbooks.com/books/9780137605521-solutions

© 2022 by R. C. Hibbeler. Published by 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.

1-7.

Determine the resultant internal loading on the cross 20N

section through point D of the pliers. There is a pin at A, ' 120 mm 40 mm
and the jaws at B are smooth. l

SOLUTION

NFIF, = 0; Vp — 20 cos 30° = 0; Vp =173 N Ans.
+v/3F, = 0; Np — 20sin 30° = 0; Np = 10N Ans.
+D3IMp = 0; Mp — 20(0.08) = 0; Mp =160N-m Ans.

Ans:
Vp =173 N

Mp =1.60N - m
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*1-8.
The 800-1b load is being hoisted at a constant speed using /—M
the motor M, which has a weight of 90 Ib. Determine the o)
resultant internal loadings acting on the cross section .. 4 = L ft
through point B in the beam. The beam has a weight of A ! 2 — |
401b/ft and is fixed to the wall at A. ) c B
b4 ft e 4 ft ——n— 3 ft —}— 3 ft 4 ft—
0.25 ft
SOLUTION
+
— 3F, =0 —Ng—04=0
Np = — 0.4kip Ans.
+13F, =0, V3—-08-016=0
Vg = 0.960 kip Ans.
C+ ZMp=0;, — Mg—016(2) — 0.8(4.25) + 0.4(1.5) =0
Mp = =312 kip-ft Ans.
0490 45
N, |
%ox
&2 06“’
Ans:
Np = 0.4 kip
Vi = 0.960 kip
Mp =312 kip - ft
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1-9.
Determine the resultant internal loadings acting on the /—M
cross section through points C and D of the beam. o
k. : : 151t
A ) ? P |
FF b C B
b4 ft——e— 4 ft——~— 3 ft —=— 3 ft 4 ft—
0.25 ft
SOLUTION
For point C:
L OSF =0, Ne4+04=0; Ne= — 04kip Ans.
+T2Fy =0 Ve — 0.8 —0.04 (7) =0 Ve = 1.08 kip Ans.
C+ IMc=0;, — Mc— 0.8(7.25) — 0.04(7)(3.5) + 0.4(1.5) = 0
Me = —6.18 kip - ft Ans.
For point D:
EsE =0 Np =0 Ans.
+T2Fy =0 Vp — 0.09 — 0.04(14) — 0.8 = 0; Vp = 1.45kip Ans.
C+IMp =0, — Mp— 0.09(4) — 0.04(14)(7) — 0.8(14.25) = 0
Mp = —157kip-ft Ans.

» 0.04{ 18 ) Kip

o frip
T4¢ 7254¢ |

Ans:

N¢ =-04 kip

Ve = 1.08 kip

M- =—-6.18 kip - ft
Np =0

Vp = 1.45 kip

M, = -15.7 kip - ft
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1-10.

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

6 kN [6kN

200 mm 200 mm
4.5 kNl\ /l 4.5kN

SOLUTION
(@ +1 SF,=0;, F,-10-3-3-18-5=0

F, = 13.8kip

(b) +1 SF,=0; F4-45-45-580-6-6-8=0

Bip g

(N2)00)
a5k

h

Ans:
(a) Fy = 13.8 kip
(b) Fy =349 kN

10
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1-11.

Determine the resultant internal loadings on the cross 60 kN
section at point C. Assume the support reactions at A and B

e m\

N ' P
L c b L
l 3m ‘ 15m~><—15m‘>‘

SOLUTION

Support Reactions: Only By needs to be computed. Referring to the FBD of the
entire beam and writing the moment equation of equilibrium about A, Fig. a,

GFEM, =0; B,(6) - 67.5(1.5) - 60(45) =0 B, = 61.875 kN

Internal Loadings: Using the result of By and referring to the FBD of segment BC
of the beam, Fig. b.

HEFE =0 Ne =0 Ans.
+ 2F, =0; V¢ +61875-750-60=0 V. =5.625kN Ans.
G-I M- =0; 61.875(3) — 7.50(0.5) — 60(1.5) - M- = 0

Mc =91875kN -m = 91.9kN - m Ans.

$(10)(15)=7-50 kN

Vel 1:5mT (5m

by By 61875 kN

Ans:

B, = 61.875 kN
NC = O

Ve = 5.625 kN

Me =91.9kN - m

11
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*1-12.

Determine the resultant internal loadings on the cross 60 kN

section at point D. Assume point D is just to the left of the 30 kN/m

60-kN force. Assume the support reactions at A and B

vertical.
Al ! P
L c b L

l 3m 1.5Sm—F—15m—
SOLUTION

Support Reactions: Only By needs to be computed. Referring to the FBD of the entire beam and
writing the moment equation of equilibrium about A, Fig. a,

G+SM, =0; B,(6) - 675(15) - 60(4.5) =0 B, = 61.875 kN

Internal Loadings: using the result of B, and referring to the FBD of segment BD of the beam,

Fig. b,
HEF =0 Np =0 Ans.
+12F =0, Vp+61875-60=0 Vp = -1.875 kN Ans.
GH=Mp =0; 61.875(1.5) - Mp=0 Mp = 92.8125kN - m = 92.8 kN - m Ans.

The negative sign indicates that V, acts in the sense that opposite to that shown in the FBD.

L(30)(45)=6/5 kN (okn 60k

P~
|

rl-SmT 3m - Vp [-5m

By=61875 kN
Ay () Py (b) ¢

Ans:

B, = 61.875 kN
ND = O

Vp = -1.875 kN

Mp =928 kN -m

12
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1-13.

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

SOLUTION

shown in Fig. a,

shown on the free-body diagram.

FSE =0; N, .+ 100 =0 N, ,= 100 N
+13F, = 0; Vs =0
CHSMp = 0 -M, , - 100015 =0 M, ,= —15N-m

Internal Loadings: Referring to the free-body diagram of the section of the hacksaw

Ans.
Ans.
Ans.

The negative sign indicates that N,_, and M,_, act in the opposite sense to that

Ans:

NLI—H

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

13
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1-14.

The blade of the hacksaw is subjected to a pretension force a
of F =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 Ny—p + 100 cos 30° = 0 Ny_p= —86.6N Ans.
2E =0 V,_p — 100 sin 30° = 0 Vi, = 50N Ans.
C+3IMp =0,  —M,_, — 100(0.15) = 0 My_, = —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 = —866 N, ‘/bfb = 50 N
Mb*b =-15N-m ‘

14
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1-15.

Determine the resultant internal loadings on the cross 800 1b /ft

section at point C. Assume the reactions at the supports A
and B are vertical. /mm

Am .__IN o |
- L E
| ! 6 ft— \ !
6 ft 6 ft 451t 4.5 ft
SOLUTION
Support Reactions: Referring to the FBD of the entire beam, Fig. a,
C+3IMp = 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,
+H3F, =0 Ne=0 Ans.
+13F, = 0; 1.80 — %(0.5333)(12) - Ve=0 Ve = —1.40 kip Ans.
C+IMe = 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.
Fo8)Bkp L08)9)kp 0533200 kp,
(i5)08)
//"/’/T\‘ AN P | = 0.5333 k'P/Ft
= 4 R 2 s ¢
L ! Nc
T
~ c v
. L c'
2fe Toft |3 ot &ft 4t
Ay By Ay=/80kp
@) (b)
Ans:
A, = 1.80 kip
NC = O
Ve = 1.40 kip
M = 8.80 kip - ft
15
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*1-16.
Determine the resultant internal loadings on the cross 800 b /ft
section at points D and E. Assume the reactions at the
supports A and B are vertical. m
Am _ N N
B
- B
| | 6 ft— \ !
6 ft 6 ft 45ft' 4.5 ft
SOLUTION
Support Reactions: Referring to the FBD of the entire beam, Fig. a, ,-ZL(O' 8 ) (/8) ki f ,-zL ( 08 )(7 ) k’f
1 1
+3Mp = 0; —(0.8)(18)(6) — =(0.8)(9)(3) — A,(18) =0 A, = 1.80 ki
CHaMy = 0: S(08)(18)(6) - S(08)()(3) ~ 4,(18) = 0 4, ip PN
. . ///A : \\
Internal Loadings: Referring to the FBD of the left segment of the beam section //,"/ J | " SN
through D, Fig. b, iy L
HIF =0 Np=0 Ans.
1 . 12 I
+13F, = 0 1.80 — 5(0.2667)(6) -Vp=0 Vp = 1.00 kip Ans. ft é/t 3]‘(. éf'(,
1 A} B
C+=Mp = 0; Mp + 5(0.2667)(6)(2) - 1.80(6) = 0 y’
Mp = 920 kip - ft Ans. (a )
Referring to the FBD of the right segment of the beam sectioned through E, Fig. c,
HIF =0 N =0 Ans.
1
+13F, = 0; Ve — 5(0.4)(4.5) =0 Ve = 0.900 kip Ans.
1
C+3Mg = 0; —My — 5(0.4)(4.5)(1.5) =0 Mp = —135kip-ft Ans.

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

202667)(6) kjp
2 / 6
3)(08) 5100y SOHES) ki
=%.2557/5,,-,/k _(-f%i)'(oﬁ)z )(4.5) Kip
A M =04 k'f’/;t\
- N ME VE. N .
= D NE
Dy, 5
ks
2ft E g

A,a=/‘50k4’0 |'5ft
(b ) (C ) Ans:

A, = 1.80 kip,
Np =0,

V), = 1.00 kip,
My, = 9.20 kip - ft
Ny =0,

Vi = 0.900 kip,

My = —1.35kip - ft

16
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1-17.
The sky hook is used to support the cable of a scaffold over ko,z ma%o,z ma‘
the side of a building. If it consists of a smooth rod that 5
contacts the parapet of a wall at points A, B,and C, determine B E—
the normal force, shear force, and moment on the cross 02m 02m
section at points D and E. l
03m O-Zlm
SOLUTION
0.3 m—
Support Reactions:
+12F, =0, Nzp—18=0 N = 18.0kN
18 kN
G-IMe = 0; 18(0.7) — 18.0(0.2) — N4(0.1) =0
N4 = 90.0 kN
B SFE =0, Ne—900=0 Ne = 90.0 kN
Equations of Equilibrium: For point D
LSFE =0, V,-90=0
Vp = 90.0 kN Ans.
+12F, =0, Np,—18=0
0-4m
Np = 18.0kN Ans.
G-= My =0; Mp + 18(0.3) — 90.0(0.3) = 0
Mp =21.6 kN-m Ans.
Equations of Equilibrium: For point £
+
—> 3 F =0 900 — V=0 e Ne
VE = 90.0 kN Ans. Mp Vo V‘ M‘
+12F, =0 Ng =0 Ans. oam
0-3m
G2 Mg = 0; 90.0(0.2) — Mg =0 doorN
Mg = 18.0kN A ¢ ook
= 18. m ns. ‘W.I.
18k
Ans:
Vp = 90.0 kN
Np = 18.0 kN
Mp =21.6 kN -m
Vg =90.0 kN
NE = 0
Mg =18.0kN - m
17
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1-18.
Determine the resultant internal torque acting on the cross
section through points C and D. The support bearings at A
and B allow free turning of the shaft.
SOLUTION
M, =0 Tc — 250 =0
Tc = 250 N-m Ans.
M, =0, Tp=0 Ans.
250N m
T
X L
Ans:
T,=250N-m
T,=0
18
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1-19.

Determine the resultant internal loadings acting on the cross
section of the hand crank at point A if a vertical force of 50
Ib is applied to the handle. Assume the crank is fixed to the

shaft at B.

SOLUTION

SF,=0, (Vy,=0 Ans.
2F =0 (Na)y + 50sin 30° = 0; (Na)y = —251b Ans.
SF, =0, (V4); — 50 cos 30° = 0; (V4), = 4331b Ans.
SM,=0; (My), — 50cos30°(7) = 0; (M), = 303 1b-in. Ans.
M, =0; (Ty), + 50cos30°(3) = 0; (T4), = —1301b-in. Ans.
SM, =0; (M,),+ 50sin30°(3) = 0; (My), = =751b-in. Ans.

Ans:

(VA)x = 0’

(Na)y = —251b
(V). = 4331b
(M), = 303 1b-in.
(Tp), = —1301b-in.
(M), = —751b-in.

19
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*1-20.
Determine the resultant internal loadings on the cross B c
section at point D. The cable passes over a smooth peg at C. R = ==
0.5m
D 05m
A ) | £
[9 . R A—
Y ¥ 4

Y Y L 3 kN/m

in

1m 1 1m ‘ 1m ‘
SOLUTION
Support Reactions: Referring to the FBD of the entire assembly shown in Fig. a,
G+=M, =0; T(1)-9(1.5)=0 T =135kN
+ ZF =0 A,-9=0 A, =9 kN
HEFR=0; A -135kN=0 A, =135kN
Internal Loadings: Using the results of A, and A, segment AD will be considered.
Referring to its FBD, Fig. b,
H2F=0; Np+135=0 Np=-135kN Ans.
+HZF =0, 9-3-Vp, =0 Vp=6.00kN Ans.
GH=EMp =0; Mp+3(05)-9(1)=0 Mp =750KkN -m Ans.
The negative sign indicates N, acts in the sense opposite to that shown in FBD.
2
Ans:
Np =-13.5kN
Vp = 6.00 kN

Mp =750 kN - m

20
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1-21.
Determine the resultant internal loadings on the cross B c
section at point E. The cable passes over a smooth peg at C. R B T
0.5m
D 05m
P A ) | E
[9 . R A—
3 l >
S | A Y ‘ 4 Y ¥ Y 3 kN/m
1 1m | 1m | 1m |

SOLUTION

Support Reactions: Only Tension 7 in the cable needs to be calculated. Referring to
the FBD of the entire assembley shown in Fig. a and writing the moment equation
of equilibrium about A4,

G+SM, =0, T(1)-9(1.5)=0 T =135kN

Internal Loadings: Using the result of 7" and referring to the FBD of segment CE,
Fig. b,

HEF =0, Vp+ 13.5(%) -135=0 Vg =3.954kN = 3.95kN Ans.
+ 2F, =0, —-Ng- 13.5(%) =0 Ng =-9546 kN = -9.55 kN Ans.
1
+2 My = 0; 13.5(0.5) - 13.5| —= |(0.5) - M =0
GrE Mg (0.5) (ﬁ)( )= Mg
My =1977T kN -m = 1.98 kN - m Ans.

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

Ans:
Vi =395 kN
Ny = -9.55 kN

My =198 kN - m
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1-22.

SOLUTION

Member:
C+IM, = 0;

+13F, = 0;
ESF =0;

F, = \V1489.56 + 60?

= 1491 N = 149kN

Segment:

F3E =0
'3F, = 0;
C+IMp = 0;

The metal stud punch is subjected to a force of 120 N on the
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.

Fye cos 30°(50) — 120(500) = 0
Fpe = 1385.6 N = 1.39kN
A, — 1385.6 — 120 cos 30° = 0

A, = 1489.56 N

A, — 120sin 30° = 0; A, = 60N
Np — 120 =0
Np = 120N
VD =0

My, — 120(0.3) = 0
M, = 360N-m

120 N

Ans.

Ans.

Ans.
Ans.

Ans.

Ans:
Fpge = 1.39kN,F, = 149kN,Np = 120N,
Vp =0,Mp =36.0N-m
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1-23.

The metal stud punch is subjected to a force of 120 N on the
handle. Determine the resultant internal loadings acting on
the cross section of the handle arm at point E, and on the
cross section of the short link BC.

SOLUTION
Member:
C+2IM, = 0; Fgccos 30°(50) — 120(500) = 0

Fpe = 1385.6 N = 1.3856 kN

Segment:

VSE =o; Ng =0

N+2E = 0; Vi — 120 = 0; Vg = 120N
C+IMy = 0; Mg — 120(04) = 0; Mg = 480N-m
Short link:

L SE =0; V=0

+13F = 0; 1.3856 — N = 0; N = 1.39kN
C+3IMy =0 M=0

Ans.
Ans.
Ans.

Ans.
Ans.
Ans.

120N

Ans:
Ng =0,Vy = 120N, M = 480N -m,
Short link: V =0, N = 1.39kN, M = 0

23
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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)
CHEIM, = 0; Tx(6) — 52(3) = 0; T = 26 kip

From FBD (b)

From FBD (c)

M = 9.00 kip - ft

C+HSMp = 0; Tp; sin 30°(6) — 26(6) = 0; Ty = 52 kip

HIF =0 —N¢ — 52 cos 30° = 0 N¢e = —45.0 kip
+13F, = 0; Ve + 52sin30°—26=0; Vo=0
CH+3I Mg = 0; 52 cos 30°(0.2) + 52sin 30°(3) — 26(3) — M- =0

Ans.

Ans.

Ans.

Ans.

Ans.

> (5 > |
Ans:
Tz = 26 kip
Tz = 52 kip
N¢ = 45.0 kip,
Ve =0

M = 9.00 kip - ft
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1-25.

A force of 80 N is supported by the bracket. Determine the
resultant internal loadings acting on the cross section at

point A.
SOLUTION
Equations of Equilibrium:
*/SF, = 0; Ny —80cos15° =0
N,y =773N Ans.
N' 2F, =0; V4, — 80sin 15° =
V4 =207N Ans.

C+ =XM,=0, M, + 80cos45°(0.3 cos 30°)
—80sin 45°(0.1 + 0.3 sin 30°) = 0

M, = —0.555N'm Ans.

or

C+ =M,= M, + 80sin 15°(0.3 + 0.1 sin 30°)

=

)

—80 cos 15°(0.1 cos 30°) = 0

M,y = —0555N'm Ans.

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

Vo M

Ans:
N4y =713N
V, =207N

M, =-0555N-m

25

MO1_HIBB5613_11_SE_CO1.indd 25 Mechanics of Materials 11th edition Hibbeler Solutions Manual 21/01/22 4:30 PM


https://ravanbooks.com/books/9780137605521-solutions

© 2022 by R. C. Hibbeler. Published by 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.

1-26.
The curved rod has a radius r and is fixed to the wall at B. B
Determine the resultant internal loadings acting on the cross
section at point A which is located at an angle 6 from the
horizontal.
A
r
4
¥
SOLUTION
Equations of Equilibrium: For point A M
N+2EF, = 0; Pcos§ — Ny=0
Ny = Pcosf Ans.
7+2F, = 0; Vo— Psind =0
V,= Psin6 Ans.
G-=M, = 0; M,y — P[r(1 — cos6)] =0
My = Pr(1 — cos ) Ans.
Ans:
N, = Pcosf
V4, = Psin@
M, = Pr(1—cos@)
26
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1-27.

The pipe assembly is subjected to a force of 600 N 600N
at B. Determine the resultant internal loading acting on the
cross section at point C.

SOLUTION

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

SF, =0; (N¢)e — 600 cos 60° sin 30° = (N¢)y = 150N Ans.
2F, =0; (V¢), + 600 cos 60° cos 30° = 0 (Ve)y = —260N Ans.
2F,=0; (Vi), + 600sin 60° = 0 (V¢), = =520N Ans.

EM, = 0; (T¢), + 600 sin 60°(0.4) — 600 cos 60° cos 30°(0.5) = 0

(T¢)y = =779 N-m Ans.
M, = 0; (M¢), — 600 sin 60° (0.15) — 600 cos 60° sin 30°(0.5) = 0

(M¢)y = 153 N-m Ans.
SM, = 0; (Mc), + 600 cos 60° cos 30°(0.15) + 600 cos 60° sin 30°(0.4) = 0

(M¢), = —99.0N-m Ans.

The negative signs indicate that (V¢)y, (Vc¢),, (T¢),, and (M), act in the opposite
sense to that shown on the free-body diagram.

Ans:

(Nc)e = 150N, (V¢), = =260 N,
(Ve), = =520N, (T¢), = 779 N-m,
(M¢), = 153N-m, (M¢), = —=99.0N-m
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*1-28.

If the drill bit jams when the handle of the hand drill 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,

SE = 0; (Va),—30=0 (V4), =301b Ans.
S, =0; (Na), —50=0 (Na)y, =501b Ans.
SE = 0; (Vy).—10=0 (V4).=101b Ans.
SM, = 0 (My), — 10(2.25) = 0 (M), =2251b-ft Ans.
SM, = 0; (Tx), — 30(0.75) = 0 (Tq), =2251b-ft Ans.
SM, = 0; (My). +30(1.25) = 0 (My), = -3751b-ft Ans.

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

28
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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 Vg — %rw =0, Vg =0.785wr Ans.
SF, =0, Ng =0 Ans.
M, = 0; T — %rw(0.09968r) =0; Ty=0.0783wr? Ans.
SM, =0 My + %rw(0.3729 P)=0; My=—0293wr? Ans.

Ans:
Vg = 0.785wr,
Np =0,

Tz = 0.0783wr?,
My = —0.293wr?
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1-30.
A differential element taken from a curved bar is shown in M + dM T+dT
the figure. Show that dN/do =V, dV/de = —N, (\/
dM/d6 = —T, and dT/do = M. Vv ~<
N + dN
M V.
N
5
SOLUTION
3F = 0;
Ttdr
do do do do nedrl
N0037 + Vsin7 — (N + dN) cos = + (V +dV) sin7 =0 @ Vv Madm
3F, = 0;
v
. do do . de do A N
Nsmj—Vcos?-i-(N-i-dN)sm?-i-(V+dV)0057—0 2 ‘:1“
M, = 0; 411
do . de do . do
Tcos7+Msm7—(T+dT)cos7+(M+dM)s1n7=0 A3 4
SM, = 0;
y do
do de do do
TsinT—Mcos?-i-(T+dT)sin7+(M+dM)c057:O “4) ‘% y
. ae. . do_ do do
Since 2 is can add, then sin ) , COS > = 1 X
dvde
Eq. (1) becomes Vd# — dN + = 0
Neglecting the second order term, Vdf — dN = 0
dN
—=V ED
do Q
dNdo
Eq. (2) becomes Ndo + dV + =0
Neglecting the second order term, Ndf + dV = 0
av
— =-N ED
de Q
dMdé
Eq. (3) becomes Md# — dT + =0
Neglecting the second order term, Mdf — dT = 0
dT
— =M ED
do Q
dTde
Eq. (4) becomes T7d0 + dM + — = 0
Neglecting the second order term, 7d6 + dM = 0
M
—=-T7 ED
do Q
Ans:
N/A
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1-31.

A 175-1b woman stands on a vinyl floor wearing stiletto high-
heel shoes. If the heel has the dimensions shown, determine
the average normal stress she exerts on the floor and
compare it with the average normal stress developed when a
man having the same weight is wearing flat-heeled shoes.
Assume the entire weight is supported only by the heel of

one shoe.
SOLUTION 12 in./@] 03in €l
Stiletto shoes: | ~fF=01in.
1 , 0.5 in.
A= 5(77)(0.3)2 + (0.6)(0.1) = 0.2014 in’
P 1751b
-4 _ - _ i Ans.
7T AT 02014 PO e
Flat-heeled shoes:
A= %@)(1.2)2 + 2.4(0.5) = 3.462 in’
P 1751b
P . _ 50.5 psi Ans.
A 346210 50.5 psi ns

Ans:
Stiletto shoes:
o = 869 psi

Flat-heeled shoes:
o = 50.5 psi
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*1-32.
Determine the largest intensity w of the uniform loading B
that can be applied to the frame without causing either the ° w
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. b b
3m
SOLUTION .
0 Ao
Support Reactions: FBD(a) S
4 | 4m ‘
Equations of Equilibrium: For section b—b, FBD(b) o
=1~
s, [
4 |
B 3E =0; 5(1.875w) —Vpp =0 Vi_p = 1.50w i 15m
. B
+13F, = 0 §(1.875w) — Np_p =0 Ny_, = 1.125w g L6m
A’.j .J..n_

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

. 54
A = 57; where A = (0.03)(0.03) = 0.90(107%) n?’.

Then A" = %(0.90)(10*3) = 1.50(107%) m’.

Assume failure due to normal stress.

Np—p 1.125w
o/ = —; 15(10°) = —————
( b b)Allow A ( ) 150(10,3)
w = 20000 N/m = 20.0 kN/m Ans.
Assume failure due to shear stress.
Vb 1.50w
_ w = 16(100) = ————
(Tp-b) Allo A (10°) 1.50(10,3)
w = 16000 N/m = 16.0 kN/m (Controls) Ans.
Ans:
w = 20.0 kN/m
w = 16.0 kN/m (Controls)
32
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1-33.

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?

SOLUTION

WSF, =0, V —19.80cos52° = 0
V = 12.19 kip

NI F, =0; N — 19.80sin52° = 0

N = 15.603 kip
Inclined plane:
, P . 15.603 .
o' = Z; o= oy T 62.6 ksi
sin 52°
, 14 , 12.19 .
Tavg = Z; Tave = L0257 = 48.9 ksi
sin 52°
Cross section:
P 19.80
=— =———— = 101 ksi
774 77 2025
14
Tavg = Z; Tavg = 0

s2°

Ans.

Ans.

Ans.

Ans.

I

52°

2.80 kip

Ans:

Inclined plane:
o’ = 62.6 ksi
Tl = 489 ksi

Cross section:
o =101 ksi
Tavg = 0
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1-34.

The built-up shaft consists of a pipe AB and solid rod BC.
The pipe has an inner diameter of 25 mm and outer diameter
of 30 mm. The rod has a diameter of 15 mm. Determine the {
average normal stress at points D and E and represent the

stress on a volume element located at each of these points.

B

<

|O'\
(=)
~
P

K

SOLUTION

Internal Loadings: Referring to the FBD of the rod and the pipe shown in Fig. a and
b respectively,
ZF =0

20-F, =0 F; =20kN

SF=0; 60-F,=0 Fp=60kN

Normal stress: The cross-sectional area of the rod and the pipe are

A = %(0.0152) = 56.25(10°% )7 m?
/9
4y = 2003 - 0.025) = 6875010 )y
Then

op = T2 2000 413 18108)Pa(T) = 113 MPa (T) Ans

ETA 5625100 N )
3
op =22 o 00D _ 237 80(10°)Pa(C) = 278 MPa(C) Ans.
A, 6875(10°)x

The state of stress at points D and E can be represented by the volume element
shown in Fig. d and c respectively.

60 kN
Fe

b) &

()

X

Z0kN
N

X
>
hg Ug =lI3MFo
«)

(@)

(_?L»m KN

(=278 Mt

40 kN

40kN E

Ans:

o = 113 MPa(T)
op = 278 MPa(C)
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1-35.

Thus,

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)] = 76 in?

Nll Pll
Tallow — ZOW; 120 = ;60w
Piiow = 91201b = 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.
1in.

SOLUTION

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

Thus,

—N—6(103)—78947 i = 78.9 psi A
0 == oo = 18947 psi = 789 psi ns.

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

P 6Uo®) b

Ans:
o = 78.9 psi
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1-37.

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

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 = (15x)(10°)(0.5dx) = 7.5(10°)x? dx

+13F, = 0; /dF—P=0

4m
/ 7.5(10%x3dx — P = 0
0

P = 40(10%) N = 40 MN Ans.

Equilibrium requires

C+EM, = 0; /xdF —Pd=0

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

d=240m Ans.

A P

-~

\
Ny
l,
/
{
-

Ans:
P =40MN,d = 240m
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1-38.
The member is subjected to a tensile force of 200 Ib. 7 in.
Determine the average normal and average shear stress in
the wood fibers, which are oriented along plane a—a at 20° a
with the axis of the member. |_ ¢
2001 s 207 2001b
Ta
SOLUTION
Internal Loadings: Referring to the FBD of the lower segment of the board x I\) v
sectioned through plane a—a, Fig. a, \
SF =0, N —200sin20° = 0 N = 68.401b
2F =0 200cos20° =V =0 V =187941b
Average Normal and Shear Stress: The area of plane a—a is
— 4 — 2
A= z(sin 200) = 23.391in
Then, / /
N  68.40
=—=_——=292psi Ans. 1&
A 2339 'ﬁ
vV _ 187.94
= — = = 1 [~
T= 23.39 8.03 psi Ans.

20°
Y 2001b
(a)

Ans:
o = 2.92 psi,
7 = 8.03 psi
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1-39.

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° = 6 = 90°.

SOLUTION

Support Reactions:

Q‘FEMA = 0, FBCsin(45° + g)(:;)

—600(1.5cos0) =0

300 cos 6

a sin (45° + §)

Average Normal Stress:

300 cos 6
oo Fsc _sin(45°+3)
BET Ape 7(0.5%)
_ { 1.528 cos 0 }ksi Ans
sin (45° + §) )

Ans:

{ 1.528 cos 0 }k51
Opc=——————
BE Lsin(45° + 9)
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*1-40.
Determine the average normal stress in each of the C P
20-mm-diameter bars of the truss. Set P =40 kN. 3 =
1.5m
ﬁg 5 1
(@ Yo
SOLUTION e
Internal Loadings: The force developed in each member of the truss can be determined ‘ 2m
by using the method of joints. First, consider the equilibrium of joint C, Fig. a,
+ 4 %
3
+13F = 0; 50 3 —Fue=0 Fyc = 30kN (T)
Subsequently, the equilibrium of joint B, Fig. b, is considered c 7 ﬁ’kﬁl X
A .

5 3SF =0 50(§> —Fu;3=0 Fup = 40kN (T) 3'7
Average Normal Stress: The cross-sectional area of each of the bars is [.{A
A= %(0.022) = 0.3142(10~%) m’. We obtain, Ac

Fye 50(10%)

wBc = = —————— = 159 MPa Ans. a
(Oae)ne = =" = 3142107 @)
F, 30(10°
Fac o 3009) o5 vipa Ans. ¥

(Cagac = =" = 31020079

(Tave) Fap 40007 127 MP A
v =——=———"—"-= a ns.
T T4 T (03142(107%)

Ans:

(Uavg)BC =159 MPa>
(Fug)ac = 95.5 MPa,
(Guvg)as = 127 MPa
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1-41.

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

1.5m

ﬁ 4 i
SOLUTION _ R

Internal Loadings: The force developed in each member of the truss can be ‘ 2m ‘
determined by using the method of joints. First, consider the equilibrium of joint C,

Fig. a.
1g.a ) qﬂ_

I 3FE =0 P - FBC<5) =0 Fge = 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. C P
4 »—
E3F =0 1.25P(§) —Fu=0 Fup = P(T) x
310X
Average Normal Stress: Since the cross-sectional area and the allowable normal <4
stress of each bar are the same, member BC, which is subjected to the maximum FéC
normal force, is the critical member. The cross-sectional area of each of the bars is f;
c
A= %(0.022) = 0.3142(1073) m> We have,
Q
(Cave) Fyc 150(106) 1.25P C )
Tavg)allow = R —
avelaliow = 4 0.3142(1073)
P =37699N = 37.7kN Ans. ..a‘
e l25pP
8¢
3
=~ 2
€ X
36
(6
Ans:
P = 377kN
41
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1-42.
Determine the maximum average shear stress in pin A of C P
the truss. A horizontal force of P = 40 kN is applied to N >

joint C. Each pin has a diameter of 25 mm and is subjected
to double shear.

1.5m

A B
SOLUTION ﬁ e —

Internal Loadings: The forces acting on pins A and B are equal to the support 2m

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
H3F=0; 40 — A, =0 A, = 40kN
+13F, = 0; 30-4,=0 A, = 30kN
Thus,

Ey = VA2 + A2 = V40? + 30> = S0kN

Since pin A is in double shear, Fig. b, the shear forces developed on the shear planes

of pin A are
F, 50
Vo=—=—=25kN
472 2
Average Shear Stress: The area of the shear plane for pin A is A4 = %(0.0252) =
0.4909(1073) m?. We have
v, 25(10°
(Tavg)t =~ _Bae) 50.9 MPa Ans.

Ay 0.4909(1073)

B=50kN

pfn/_"'
(b)

Ans:
F, = 50 kN
(avg ), = 50.9 MPa
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1-43.

The 150-kg bucket is suspended from end E of the frame.
Determine the avarage normal stress in the 6-mm diameter
wire CF and the 15-mm diameter short struct BD.

SOLUTION

Internal Loadings: The normal force developed in rod BD and cable CF can be
determined by writing the moment equations of equilibrium about C and A with
reference to the free-body diagram of member CE and the entire frame shown in
Figs. a and b, respectively.

C+3Mc=0;  Fppsin45°(0.6) — 150(9.81)(1.2) = 0 Fgp = 4162.03N

C+SM,=0;  Fepsin30°(1.8) — 150(9.81)(1.2) = 0 Fep = 192N

Average Normal Stress: The cross-sectional areas of rod BD and cable CF are
App = %(0.0152) = 0.1767(103) m? and Acp = %(0.0062) = 28274(10°%) m?.
We have

Fgp  4162.03
Agp  0.1767(107%)

(o-avg)BD = = 23.6 MPa Ans.

Fer 1962

= = 69.4MPa Ans.
Acr 28274(107°)

(Uavg)CF =

~

FS

150(9.81)N

¥
150(981)A

A7 (b )

Ans:
(Uavg)BD =236 MPa, (Uavg)CF = 69.4 MPa

MO1_HIBB5613_11_SE_CO01.indd 43

43

Mechanics of Materials 11th edition Hibbeler Solutions Manual 21/01/22 4:30 PM


https://ravanbooks.com/books/9780137605521-solutions

© 2022 by R. C. Hibbeler. Published by 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.

*1-44.

The 150-kg bucket is suspended from end E of the frame. If the
diameters of the pins at A and D are 6 mm and 10 mm,
respectively, determine the average shear stress developed in
these pins. Each pin is subjected to double shear.

SOLUTION

Internal Loading: The forces exerted on pins D and A are equal to the support

reaction at D and A. First, consider the free-body diagram of member CE shown

in Fig. a. 1.2m

C +3ZMp=0; Fgpsin45°(0.6) — 150(9.81)(1.2) = 0 Fgp = 4162.03 N |
Subsequently, the free-body diagram of the entire frame shown in Fig. b will be ‘ |
considered. F 31 A ‘
C +3IM, =0; Fepsin30°(1.8) — 150(9.81)(1.2) = 0 Ferp = 1962 N

5 2F, =0 A, —1962sin30° = 0 A, =981N

+T2Fy =0 Ay — 1962 cos 30° — 150(9.81) = 0 A, = 3170.64 N

Thus, the forces acting on pins D and A are

Fp=Fgp=416203N  F, = VA2+ A2 = V9812 + 3170.64* = 331893 N
Since both pins are in double shear

FD FA
Vp = 5= 2081.02 N Va= 5= 1659.47 N

Average Shear Stress: The cross-sectional areas of the shear plane of pins D and A
are Aj = %(0.012) = 78.540(10 ) m? and A, = %(0.0062) = 28274(10°%) m?.

We obtain
_Va _ 165947 _
(Tae)a = 40 " 2samaaosy 0T MP Ans.
_ Vo _ 208102 _
(Tagdp = 3400109 26.5 MPa Ans.
—
(0:bm | 0.6m
[-8m
Cx 45° [
cy %0 I50(81)A

4
Ax‘ ' Ans:
(9. _ (rave ), = 587 MPa
ca) /5 (9 31)1\’ A'[} (b ) (ravg )D — 26.5 MPa
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1-45.
If the pedestal is subjected to a compressive force of 500 Ib,
specify the x and y coordinates for the location of point P(x, y),
where the load must be applied on the cross section, so that the
average normal stress is uniform. Calculate the stress and sketch
its distribution acting on the cross section at a location removed
from the point of load application.
SOLUTION
312)(5) +360)02)(5)
x = n = 4in. Ans. ]
29(12)
1 2 1 6 ¢ ;
AWE)E) + 3603 +8) ;
y = 1 = 4in. Ans. 4 ‘
2(9)(12) —t
Ans.
P 500
=— =7 ——=926psi 500"
A 19)12)
~ 926 psi
Ans:
x =4in.
y =4in.
o = 9.26 psi

45
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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+3My, =0;  Fep(3) —6(1) =0
FCD = ZkN
FAB = 4kN
Fug 4(10%)
oup = —— = ——"— = 333 MPa
P A 12(107)
Fop  2(10°)
=== = 250 MPa
7" Acp 8(10°9)

(il
T
a

——-—|___V

—

Ans.

Ans.

Ans:
OABp — 333 MPa,
ocp — 250 MPa
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1-47.
The beam is supported by two rods AB and CD that have -— —-—
cross-sectional areas of 12 mm? and 8 mm?, respectively. B D
Determine the position d of the 6-kN load so that the average
normal stress in each rod is the same.
6 kN
—d
A= — ijc
| 3m |
SOLUTION
GHSMo = 0;  Fep(3 = d) = Fap(d) = 0 m o £
s ep
5 = fas _ Feo 3
12 8 OL
Fyp =15 Fcp @ T ‘
From Egs. (1) and (2), 3
FCD(3 - d) - 1.5 FCD(d) =0
Fop3—d—15d)=0
3-25d=0
d=120m Ans.
Ans:
d=120m
47
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*1-48.
The beam is supported by a pin at B and a short link AC. 80kN  80kN 40 kN
Determine the average shear stress developed in the pins at | 15m | 15m 15m |, 15m
A, B,and C. All pins are in double shear as shown, and each vy A
has a diameter of 30 mm. 1 I
AB |
_&_

SOLUTION

Internal Loadings: The force acting on pin A (or C) and B can be determined by
considering the equilibrium of the entire beam, Fig a.

G+SMy = 0;  80(L5) + 80(3) — 40(1.5) — Fycsin30°(4.5) = 0

Fyc = 13333kN
G+XM, =0; B,(4.5) - 80(1.5) - 80(3) - 40(6) = 0 B, = 13333 kN
+ 3F =0; 13333 cos30°~ B, =0 B, = 11547 kN

Thus,

Fy = B2 + B? =+11547 + 13333 = 17638 kN

Since pins A (or C) and B are subjected to double shear as shown in their FBDs,

Fig. b and c respectively, the shear planes are subjected to
Vv, = F;C _ 133;.33 — 66.67kN V= % _ 176.38

Average Shear Stress: The area of shear plane for pins A and B are

= 88.19 kN

Ay = Ay = %(0.032) = 0.225(10%)rm?
Then
Vi 66.67(10°)
Ay 0225(103)7
Vs 88.19(10°)
Ay 02251077

(Tavg)c = (Tavg)a = =94.31(10°) Pa = 943 MPa  Ans.

(Tavg)s = = 124.77(10°) Pa = 125 MPa Ans.

Bok) 8B0kn 40 kA

Ans:
B (Tavg)a = 94.3 MPa
Fp=17628} (Tasg)c = 943 MPa
(c ) (Tavg)s = 125 MPa
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1-49.

The railcar lamp is supported by the %-in.-diameter

pin at A. If the lamp weighs 4 1b, and the extension arm AB
has a weight of 0.51b/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
CG+SM, =0;  V(1.25) — 1.5(18) — 4(36) = 0
V =136.81b
V. 13638
avg = = 11.1ksi
AT

3 ft |
b A ‘
—= J iy
g L1.25 in. {)

vV 4
~Xy ; - —
| 2Sw. f 18in 1§ vn
AN .Sk m
Ans.
Ans:

Tae = 111 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. T a
150 mm
30°
a
ﬁo mm
SOLUTION Yanva v
50 mm 50 mm
Along a-a: |
+/SE =0, V- 600sin30° =0 600N
V =300N
MNEE, = 0; —N + 600 cos30° =0
N =519.6 N ‘}\
N
519.6
Opa = —— o7 = 90.0kPa Ans. ’\/V
(005) ( C()S‘300) < -
300
Tama = 7 o1\ = 92.0kPa Ans. 30°
(005) (cos'30° ) oo"
Ans:
04—a = 90.0 kPa,
T,—q = 52.0kPa
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1-51.

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

SOLUTION

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

+12F, = 0; -N=0 N=P

Referring to the free-body diagram shown in fig. b, the shear force developed in the
shear plane a-a is

P P
+12F, = 0; 7 " Vaa=0 Via =75
Average Normal Stress and Shear Stress: The cross-sectional area of the specimen is
A = 1(2) = 2in% We have

N P
e = 200 =
P = 4(10%1b = 4 kip Ans.
, P _ 4(10% 3 ,
Using the resultof P,V ,_, = ST, T 2(10°) Ib. The area of the shear plane is

Aq_q = 2(4) = 8in%. We obtain

Vo 20109 .
(Ta_a)avg = A =—3 250 psi Ans.

Va-a,

£y

NI oS

()

Ans:
P = 4Kip, (74— 4)avg = 250 psi
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*1-52.
The bar has a cross-sectional area of 400(107%)m?2. 8 kN
If it is subjected to a uniform axial distributed loading along its > > O o/ o» > 4kN
length of 9kN/m, and to two concentrated loads as shown, T ——— ; — | >
determine the average normal stress in the bar as a function of x I ‘
for 0.6m < x < 1.5m. ——06m—| 0.9m |
SOLUTION
Internal Loading: Referring to a FBD of the right segment of the bar sectioned at x,
£E3F =0, 4+9(15-x)—-N=0
N = {175 - 9x} kN
Average Normal Stress:
N (175 - 9x)(10°)
A 400(107°)
= {4375 — 22.5x} MPa Ans.
Lok " 4 )N
- —> —> > — J"—"‘"‘V
7/
RN fim
Ans:
o = {4375 — 22.5x} MPa
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1-53.

The bar has a cross-sectional area of 400(107°)m?2.

8 kN

If it is subjected to a triangular axial distributed loading along its
length which is 0 at x = 0 and 9kN/m at x = 1.5m, 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.

SOLUTION

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

HSF =0 8+4+%(6x+9)(1.5—x)=0

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

o= —

A 400(107°)

= {4375 - 22.5x } MPa Ans.

,,-Zx%x k"/m. e

& | 9 kelfen

N < » 4k

[5=X

(@

Ans:
o = {43.75— 22.5x} MPa
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1-54.

When the hand is holding the 5-1b stone, the humerus H,
assumed to be smooth, exerts normal forces F- and F, on the
radius C and ulna A, respectively, as shown. If the smallest
cross-sectional area of the ligament at B is 0.30 in?, determine
the greatest average tensile stress to which it is subjected.

SOLUTION

—{21n.
C +ZMp=0; Fgsin75°(2) — 5(14) = 0 ! 14 in.
Fp =36.2351b
P 36.235 .
T T 030 121 psi Ans.

Ans:
o = 121 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° — Fyp cos 15° = 0 Fip = 14362.83 N (T)
3F, =0; 2000(9.81) sin 45° — 14 362.83sin 15° — F4c = 0 F4c = 10156.06 N (T)
Average Normal Stress: The cross-sectional areas of cables AB and AC are
Aup = %(0.0122) = 0113110} m®> and Ao = %(0.012) = 78.540(107%) m?.
We have

F,p 1436283

2000(98)N
X

oy = > =—""— =127 MPa Ans.
AT Agp T 0.1131(107%)
F 10 156.06
G =5 =" = 129 MPa Ans.
Ayc 78.540(107°)
(a)
Ans:
o4 = 127 MPa, o4 = 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; 200009.81) cos 45° — Fygcos 15° = 0 F,z = 14.36 kN Ans.
SF, = 0; 2000(9.81) sin 45° — 14 362.83 sin 15° — Fye = 0 Fyc = 10.16 KN Ans.

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

Ay = %dABZ and Ay = %(0.012) = 78.540(1076) .

Here, we require

4B = 0AcC
Eip Fic
Aap Aac

14362.83  10156.06
Td g’ 78.540(107°)

dyp = 0.01189 m = 11.9 mm Ans.
(&)
Ans:
F,p = 1436 kN
F,c =10.16 kKN
dAB =11.9 mm
56
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1-57.

The pier is made of material having a specific weight y. 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 wy.

SOLUTION

Assume constant stress oy, then at the top,
P
0= 00
w1

For an increase in z the area must increase,

_dﬂ_yAdz dA

[o5] gq A [o5]

dA

For the top section:

Aﬁ - Zdz
La, A (%)
A
M T o
A = Apel):
A =w?
Ay = wi
w = w elzn)z
From Eq. (1),
[52:
w = we Ans.

Ans:

w = wye?f
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1-58.

SOLUTION

+13F, = 0;

shown, determine the force P that is applied to the bolt.

Average Normal Stress:

For the frustum, A = 27r¥L = 2ar(0.025 + 0.025)(V/0.05% + 0.05%)

Average Shear Stress:

14
Tavg = X;

Equation of Equilibrium:

The anchor bolt was pulled out of the concrete wall and the P
failure surface formed part of a frustum and cylinder. This

indicates a shear failure occurred along the cylinder BC and

tension failure along the frustum AB. If the shear and

normal stresses along these surfaces have the magnitudes A

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

T i
45° 5%
50 mm
3 MPa 3 MPa
B 20
[
y V45 Mpa Y Tm
_ 2 3
) 0.02221 m - 25 mm '25 mm
_ . 6y — 1
A’ 3(10 ) 0.02221
F| = 66.64 kN p
F,
4.5(10%) = ————
( ) 0.004712
F, = 2121 kN .
=
30mm
P — 2121 — 66.64 sin45° = 0
P = 683kN Ans.

Ans:
P = 68.3kN
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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 w, determine the
average normal stress in the bar as a function of x.

SOLUTION

Equation of Motion:

d3IF =may; N= mB (L - 2)6)}02{‘1l (L + 2x)}

2
= (2 - 4)
Average Normal Stress:
N 2
= X:%([} - 4x2) Ans.

p |t~

__:ﬁ,]z

L, -,
122k (L 2x)

x %-z =5 (L-2

il
G2z w'[FcL+an)]

Ans:
2
_ maw 2 )
o=l (12 — 4x?)
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*1-60.

If the shaft is subjected to an axial force of 5 kN, determine
the bearing stress acting on the collar A.

SOLUTION

Bearing Stress: The bearing area on the collar, shown shaded in Fig. a, is
Ay = 71-(0.052 - 0.03252) = 4.536(1073) m?. Referring to the free-body diagram of
the collar, Fig. a, and writing the force equation of equilibrium along the axis of

the shaft,

SF, = 0 5(10%) — ab[4.536(1073)} =0

o, = 1.10 MPa Ans.

5k .

Ans:
o, = 1.10 MPa
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1-61.

If the 60-mm diameter shaft is subjected to an axial force of
5 kN, determine the average shear stress developed in the
shear plane where the collar A and shaft are connected.

SOLUTION

Average Shear Stress: The area of the shear plane, shown shaded in Fig. a,
is A = 277(0.03)(0.015) = 2.827(10 *)m?. Referring to the free-body diagram of the
shaft, Fig. a, and writing the force equation of equilibrium along the axis of the shaft,

SF, = 0 5(10%) — Tavg|:2.827(10_3):| =0

Tavg = 1.77 MPa Ans.

Ans:
Tavg = 1.77 MPa
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1-62.

The triangular blocks are glued along each side of the joint.
A C-clamp placed between two of the blocks is used to draw
the joint tight. If the glue can withstand a maximum average
shear stress of 800 kPa, determine the maximum allowable
clamping force F.

SOLUTION

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

2
L3k =0 Fcosd5® —V =0 V=%F

Average Normal and Shear Stress: The area of the glued shear plane is
A = 0.05(0.025) = 1.25(10"*)m?. We obtain

v F

~p
1% 2
=—; 800(10°) = ———— ‘
Tave = 4 19 = 12500%) 457
F = 1414N = 1.41 kN Ans. 45

Ans:
F =141kN
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1-63.

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

\

SOLUTION

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

% 2F, = 0; 900 cos45° =V =0 V = 63640 N

Average Normal and Shear Stress: The area of the glued shear plane is
A = 0.05(0.025) = 1.25(10"*)m?. We obtain

Vo 63640
SV 0900 0 p Ans. -
Tove T4 T 125010°9) : " F=400N

Ans:
Tave = 509 kPa
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*1-64.

in the pins at A and C. All pins are subjected to double shear

If P = 20kN, determine the average shear stress developed
as shown, and each has a diameter of 18 mm.

P P

SOLUTION
Referring to the FBD of member AB, Fig. a
C+IM, = 0; Fpcsin 30° (6) — 20(2) — 20(4) = 0 Fpc = 40 kN
5 2F. =0 A, —40cos30° =0 A, = 34.64 kN
+T2Fy:0; A, —20 — 20 + 40sin 30° A, =20kN
Thus, the force acting on pin A is
Fa= VA2 + A2 =V34647 + 20> = 40kN
Pins A and C are subjected to double shear. Referring to their FBDs in Figs. b and c,

Fy 40 Fpe 40

=—=—=20kN =——=—=20kN

Va 2 2 0 Ve > > 0
The cross-sectional area of Pins A and C are Ay = Ac = %(0.0182)
= 81(10 %)z m2. Thus

v, 20(10°
Ta= -2 = a0y _ 78.59(10°) Pa = 78.6 MPa Ans.

Ag 81(107 % V

Ve 20(10%) . ¢
Tc= = oo — = 7859(10°) Pa = 78.6 MPa Ans.

Ac 8110 )rr v

c

? 20k 20KN
(@) (b)

Ans:
T, = 78.6 MPa
T = 78.6 MPa
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1-65.

Determine the maximum magnitude P of the load the beam
will support if the average shear stress in each pin is not
allowed to exceed 60 MPa. All pins are subjected to double
shear as shown, and each has a diameter of 18 mm.

SOLUTION

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

C+=ZM, =0, Fpcsin30°(6) — P(2) — P(4) =0 Fgc = 2P
ESE =0 A, -2Pcos30°=0 A, = 1732P

+12F, = 0; A, — P — P +2Psin30°=0 A, =P

y

Thus, the force acting on pin A is

Fo= VA2 + A2 =\(1732P) + P? = 2P

All pins are subjected to same force and double shear. Referring to the FBD of the
pin, Fig. b,

F 2P
y=L-""cp

2 2
The cross-sectional area of the pinis A = % (0.018?) = 81.0(10 ®)7r m> Thus,

%4 P
Tallow = 3 60(10°) = —————
dlow ™A (10 81.0(10 %)
P = 15268 N = 153 kN Ans.

B

2P

(b)

Ans:
P =153kN
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1-66.

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

SOLUTION

3 2
A= 77(2 - g) = 7.069 in?

6
S F, = 0; N—/(60+40x)dx=0; N = 7201b
3

720 .
o = m =102 pst

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

r:(Z—% ) in.
— - -,
X
—_—y———>—_’>——_>—__>
B‘
3in. i 3in
Ans.
Ans:
o = 102 psi
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1-67.

Determine the greatest constant angular velocity @ of the
flywheel so that the average normal stress in its rim does not
exceed 0 = 15 MPa. Assume the rim is a thin ring having a
thickness of 3 mm, width of 20 mm, and a mass of 30kg/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
+l2Eq = m(ag),; 2T = m(;)wz
(Zr) 5
20’A =m ? W
2(15(10%))(0.003)(0.020) = w(o,g)(30)(2(5)7.8))w2
w = 6.85rad/s Aus.

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

Consider the general problem of a bar made from m d,
segments, each having a constant cross-sectional area A,, d,

and length L,,. If there are n loads on the bar as shown, 4
write a computer program that can be used to determine the ! ﬁ 1
average normal stress at any specified location x. Show an A > A
application of the program using the values L; = 4ft, P

d, = 2ft, P, =400lb, A, =3in?, L, =2ft, d, = 6ft,
P, = -3001b, A, = 1in2 Ly Ly Lo w

SOLUTION
N/A
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1-69.
If A and B are both made of wood and are 3 in. thick,
determine to the nearest }in. the smallest dimension & of
the vertical segment so that it does not fail in shear. The
allowable shear stress for the segment is 7., = 300 psi.
SOLUTION
307.7
Tallow — 300 =
(%) h Y
13— 800
h =274in. 5
- h
Useh =2 %in. Ans. i
Ans:
Useh =2 3 in
7.
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1-70.

The eye bolt is used to support the load of 5 kip. Determine
its diameter d to the nearest % in. and the required thickness
h 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 7,4y = 5 ksi.

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

HG

d = 0.5506 in.

P
Tallow = A7b; 210(103) =

5
Used = gin.

Allowable Shear Stress: Design of support thickness
5(10%)
m(1)(h)

3
Use h = gin.

14
Tallow = 5(10%) =

‘«1 in.»‘

S kip

Ans.

Ans.
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1-71.
The connection is made using a bolt and nut and two washers. l 2: S
If the allowable bearing stress of the washers on the boards is e
(03)atiow = 2 ksi, and the allowable tensile stress within the
bolt shank S is (0;)aow = 18 ksi, determine the maximum o
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
P P
Tallow = 75 18 = —/——r
dlow ™ 4 7(031)
P = 1.36 kip
Allowable Bearing Stress: Assume bearing failure
P P
(Ub)allow A %(0752 _ 0502)
P = 0.491 kip (Controls) Ans.
Ans:
P =1.36 kip
P = 0.491 kip (Controls)
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*1-72.

SOLUTION

C+3IM,=0;

C +EM,=0;
_P

O'—A,

Determine the required cross-sectional area of member BC
if the allowable normal stress is ooy = 24 ksi.

~400(6) — 800(8.485) + 2(8.485)(D,) = 0
D, =541421b

541.42(8.485) — Fy- (5.379) = 0
Fpp =854.01 Ib

854.01
24000 =
A
A = 0.0356 in?

L

Ans.

355k g4¥s
b SATH 8 ft Py

v.4gsht

sqidz 4y

W2l S 30

Ans:
A = 0.0356 in?
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1-73.

The steel swivel bushing 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 % in. thick.

SOLUTION
Tave = K; 21(10%) = %
A 27(0.375)(35)
F =3092.51b = 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 oy, = 150 MPa?

SOLUTION

Equations of Equilibrium:

C+3IMy = 0; —Fyr(200) + F45(200) = 0
Fgp = Fag = F

+13F, = 0; 2F + Fy — 50 =0

Required,
FH F
Ay = Ap; — = —
7880 60
F=0.75Fy

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

d =0.01128m = 11.3 mm

dEF = dCG = 11.3 mm

@

(2

Ans.
Ans.

Ans.

S0 kN

-

| 200mm| 200 m:

Ans:

Fy; = 20.0kN,

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

The hangers support the joist in such a way that the four nails 900 1b
on each hanger can be assumed to support an equal portion 600 Tb
of the load. If the joist is subjected to the loading shown, st

y

. . . 5ft 51t
determine the average shear stress in each nail of the hanger

at ends A and B. Each nail has a diameter of % in. The
hangers only support vertical loads. ;F
B

SOLUTION

Support Reactions: Referring to the FBD of the beam, Fig a,
G+EM, =0; B,(15) - 600(5) - 900(10) =0 B, = 800 Ib
GFEMp =0; 900(5) +600(10) — A,(15) =0 A, =700 Ib
Average Shear Stress: Since each of the vertical reactions A and B are supported
equally by four nails, the shear force supported by each nail at hangers A and B are
A, _ 700 B, _ 800

Vy=-L=""=1751b Vy=-—2=2"=2001b
47y 4 BTy Ty

The area of shear plane for nails at A and B are

2
Ay = Ag = %(%) = 0.02761 in?

Then

Va 175
A, 0.02761
Vg 200
Ag  0.02761

(Tavg)a = 6.338(10%) psi = 6.34 ksi Ans.

= 7.243(10%) psi = 7.24 ksi Ans.

(Tavg )B =

6o0lb  9001b

Sft 54 | S5 |

()

Ans:
(‘L'avg)A = 6.34 ksi

(Tug)s = 724 ksi

75
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*1-76.

The hangers support the joist in such a way that the four 900 1b
nails on each hanger can be assumed to support an equal 6001b
portion of the load. Determine the smallest diameter of the st

y

. .. 5ft
nails at A and B to the nearest % in. if the allowable shear St

stress for the nails is 7,,, = 6.5 ksi. The hangers only
support vertical loads. ;F
B

SOLUTION

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

G+EM, =0; B,(15) - 600(5) - 900(10) =0 B, = 800 Ib

GFEMg =0; 900(5) +600(10) — A,(15) =0 A, =700 Ib
Allowable Shear Stress: Since each of the vertical reactions A and B  are supported
equally by four nails, the shear force supported by each nail at hangers A and B are

A, 700 B, 800

Vy="2=2221751 V=2 =22=2001b
4 4 4 4

Then

V. 175

(Tavg Jallow = A_A; 65(103) = p
A ~d 2

4%

d, = 0.1851 in.

use dy =— in. Ans.

Vi 200 .
(Tavg)allow = AfB; 65(103) = T dg =0.1979 in.

B Zdn?
4 4B

use dg = % in. Ans.

600lb  9001b

Sft 54 | S5 |

Ca') Ans:

S
I
|
g
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1-77.

The tension member is fastened together using two
bolts, one on each side of the member. Each bolt has a

be applied to the member if the allowable shear stress for a

diameter of 0.3 in. Determine the maximum load P that can ' %
pP—- A—» P

bolt is 7,y = 12 ksi and the allowable average normal
Stress is Oyow = 20 ksi.

SOLUTION

/+2F, =0 V — Pcos60° =0

P=2V 2)

Assume failure due to shear:
\%4
w=12=——
e @7 (03)
V = 1.696 kip

From Eq. (2),

P = 339kip

Assume failure due to normal force:
N

N = 2.827 kip
From Eq. (1),
P = 3.26kip (Controls) Ans.

N+3F, =0, N — Psin60° =0 N VY "
P = 11547 N (1)

Ans:
P = 3.39 kip
P = 3.26 kip (Controls)
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1-78.

The two aluminum rods support the ve
P = 60 kN. Determine their required diamet

SOLUTION

Allowable Normal Stress: Using the F.S. =2,

Callow = ES - 2
Then,
3
Callow = FAB 5 200(106) = M
App T a2,
4

dyp = 002523 m

1 3

Guton = 22<: 200(107) = 208D
Apc T 42

7 %

t

60 knl

_ O'tail _ 400 MPa

rtical force of
ers if the failure

stress for the aluminum is o,; = 400 MPa. Use F.S. = 2.

Internal Loadings: The normal force developed in members AB and BC can be
determined by considering the equilibrium of joint B, Fig a.

4
£ 3F =0; 100(§) — Fge =0 Fye =80 kN (C)

= 200 MPa
=252 mm Ans.
=22.6 mm Ans.
X

g

Ans:
dAB =252 mm
dBC = 22.6 mm
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1-79.

The two aluminum rods AB and BC have diameters of P
25 and 20 mm, respectively. Determine the largest vertical
force P that can be supported. The failure stress for the
aluminum is o,; = 400 MPa. Use F.S. = 2.

SOLUTION

Internal Loadings: The normal force developed in members AB and BC can be
determined by considering the equilibrium of joint B, Fig a.

5 4 4
HEF =0; (gpj(gj—FBc =0 Fpc = 3 P (C)

Allowable Normal Stress: Using the F.S. =2,

. 400 MP
Calow = ‘;f*;l - % = 200 MPa

The cross-sectional area of members AB and BC are

Aup = %(0.0252) = 015625103 ) rm?  Age = %(0.022) = 0.1(103)rm>

Then,
F %P
_ TAB . 6\ —
Cutow = ~2E-: 200(100) = ——2
AMow A g (10%) 0.15625(103 )7
P = 58.90(10°) N = 58.90 kN
F %P
=B, 2000100) = ———
Fallow =7 (10 = S 1(10%)x
P = 47.12(10°) N = 47.1 kN (Controls) Ans.
foc
X
3
4—
51—5 Ans:
(a) P = 58.90 kN

P = 47.1 kN (Controls)
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*1-80.

The cotter pin is used to hold the two rods together.
Determine the smallest thickness ¢ of the pin and the smallest
diameter d of the rods. All parts are made of steel for which
the failure normal stress is o,; = 500 MPa and the failure
shear stress is 7y; = 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°)

o _ Ol _ P _
alow ™ g T A4° 25 742

d = 0.01382 m = 13.8 mm

Allowable Shear Stress: Design of cotter size.

Tl V.

375(10°)  15.0(10°)
Tallow = g T 47 175 (0.0l

t = 0.0070 m = 7.00 mm

Ans.

30 kA

Ans.

N——r/

QU

V=15.0 kN

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

The 200-mm-diameter aluminum cylinder supports a

compressive load of 300 kN. Determine the average normal

and shear stress acting on section a-a. Show the results on a 300 kN
differential element located on the section.

SOLUTION

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

30°
+/2F, = 0; N,—, — 300 cos 30° = 0 N,—, = 259.81 kN
+NZF, =0;  V,_, — 300sin30° = V, o = 150 kN a
. . . . . 0.1

Section a—a of the cylinder is an ellipse with @ = 0.1 m and b = os30° ™ Thus,

0.1 \ \
Apy = Tgp = w(O.l)(COS 3 00) = 0.03628 m>. \ d \
(Tua)ave = Noca _ 2998100) _ o)1) pa = 7.16 MP A
Oa—a)avg = A o068 (10°) Pa = 7. a ns.

V.., 150(10%) .
(Tua)ave = A= 0068 4.135(10°) Pa = 4.13 MPa Ans.

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

305

Va-d

30° /" LM
g |G
Ta-q)w ?= 4. /3 MFa,

Na-a

@) (b)

Ans:
(Cu-a)pyy = 7-16 MPa

(TH)avg = 4.13 MPa
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1-82.

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

SOLUTION
For failure of pine block:
P P
== 2510 = —————
o= U =506)006)
P =90 kN
For failure of oak post:
P P
= 43(10%) =
T (10%) = 0.06)(0.06)
P = 1548 kN

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

A
A = 6.19(107%) m?

P
I 25(10°) =
o ; 5(10°)

Py = 155 kN

Ans.

Ans.

Ans.

Ans:
P =90kN, A = 6.19(107%) m?%, P, = 155kN
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1-83.

A and B is (0p)a0w = 1.8 MPa, determine the size of square

If the allowable bearing stress for the plates under the supports at P
bearing plates A’ and B’ required to support the load. Dimension l

20 kN/m

the plates to the nearest mm. The reactions at the supports are

vertical. Take P = 150kN.

i
K Y

SOLUTION

Support Reactions: The vertical force acting on bearing plates A” and B’ can be
determined by considering the equilibrium of the beam, Fig a.

(+SM, =0, Fy(4)-150(2) - 40(5) =0 Fy = 125kN
GHSMy =0; 150(2) — 40(1) — F4(4) =0 F, = 65kN

Allowable Bearing Stress: For plate A,

K 65(10
(O-b)allow = A_A; 18(106) = %
LAY ay
ay = 0.1900 m = 190 mm Ans.
For plate B’,
£ 125(10°
(O-b)allow = AB 5 18(106) = %
B’ ag
ag = 0.2635 m = 264 mm Ans.
150 knl 2002)=40kN
i S
: |
e . S
|
7|
<m 2m im

‘%2m4~‘2 m44—‘2m

Ans:
ay =190 mm
ag = 264 mm
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*1-84.
If the allowable bearing stress for the plates under the lP 20 kN/m

supports at A and B is (0p)aiow = 1.8 MPa, determine

the maximum load P that can be applied to the beam.

The plates A’ and B’ have square cross sections of v

200mm X 200 mm and 300 mm x 300 mm, respectively. ’ B
K Y s

‘%2m4~‘2m i 2m

SOLUTION

Support Reactions: The vertical force acting on bearing plates A" and B’ can be
determined by considering the equilibrium of the beam, Fig. a.

G+SM, = 0; Fy(4)— P(2)—40(5) =0 Fy = 0.5P + 50
G+SMp =0; P(2)-40(1)— Fy,(4)=0 F, = 0.5P - 10

Allowable Bearing Stress: For plate A’,

_ 3
G = A 180106 = (03P =10)10)
Ay 0.2(0.2)
P =164 kN (Controls) Ans.
For plate B’,
3
Callow = F—B; 1.8(109) = (0.5P + 50)(10°)
Ay 0.3(0.3)
P =224 kN

p 20(2)=40kN

———f——-

e

Ans:
P =164 kN (Controls)
P =224 kN
84
Mechanics of Materials 11th edition Hibbeler Solutions Manual 21/01/22 4:34 PM

MO1_HIBB5613_11_SE_CO01.indd 84


https://ravanbooks.com/books/9780137605521-solutions

© 2022 by R. C. Hibbeler. Published by 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.

1-85.

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)a0w = 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 5 5( 0 ) ‘7Td2(001)

d, = 0.03565 m = 35.7 mm

Allowable Bearing Stress: Assume bearing failure for disk C.

P 140(10%)

=—; 350(10%) = —— ————
(%) atiow A ( ) %(0.035652 _ d%)
d; = 0.02760 m = 27.6 mm

Allowable Bearing Stress: Assume bearing failure for disk B.

140(10%)

P
(@)aow = 73 350(10°) = —= 5

d; = 0.02257 m = 22.6 mm

%4 140(10%)
A (0.02257)(0.02)

Therefore, dy, = 22.6 mm

Since d3 = 27.6 mm > d; = 22.6 mm, disk B might fail due to shear.

T=—=——" " = 987MPa < 7y, = 125 MPa (OK)

140 kN
dl*" l ‘<— 20 mm
B AFI—\ l 1(‘) mm
C, | I I | EE——
T [
d,
Ans.
Ans.
Ans.
Ans:
d, = 35.7 mm,
dy; = 27.6 mm,
d; = 22.6 mm
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1-86.

SOLUTION

Support Reactions: Referring to the FBD of member B, Fig a,

+ 3F =0; F—910[

Allowable Average Shear Stress:

Fig. b,
+ 3F
Then,
(Tan )allow
F
7
N

Member B is subjected to a compressive force of 910 Ib. If A
and B are both made of wood and are % in. thick, determine
to the nearest £ in. the smallest dimension b of the horizontal
segment so that it does not fail in shear. The allowable
average shear stress for the segment is 7., = 275 psi.

12

—]=0 F =8401b
13

0; V-80=0 V=8401b

Y s 2 B 6109,
“ 3
bl =
2
useb=6lin.
8

(a)

Referring to the FBD of the horizontal segment,

Ans.

F=840/b

(b)

Ans:

b=06—in.
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1-87.

The beam is made from southern pine and is
supported by base plates resting on brickwork. If the
allowable Dbearing stresses for the materials are
(0'pine Jallow = 2-81 ksi and (6,54 atiow = 6.70 ksi, determine
the required length of the base plates at A and B to the
nearest % inch in order to support the load shown. The

plates are 3 in. wide.

SOLUTION

The design must be based on strength of the pine.

At A:
P 3910
=— 2810 =
Ta 14(3)
1. .
Usel, = > in. [, = 0.464 in.
At B:
P 4690
=— 2810 = ———
A 1(3)
3. .
Use lg = 1 in. [z = 0.556 in.

Y Yvvvuyy

Gaootb

i

Zoﬂ"vH
bor 3 1

=

Ans.

Ans.

‘\fq\. b s ‘]
23,0k LTI

Ans:

~
S
I

1in ) *Ein
2 .,B 4 .
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*1-88.

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

SOLUTION

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

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

Fsp = 5905.36 N

LsF =0 C, — 5905.36 cos 60° = 0 C, = 2952.68 N
/500N
+12F, = 0; 5905.36 sin 60° — 1500 — C, = 0 C, = 361420 N
Thus,

Fp = Fpp = 590536 N Fo = \C.2+ C,> = \V/2952.68> + 3614.20°

= 4666.98 N

Since both pins are in double shear,

F 5905.36 F, 4666.98
Ve =2 = = 2952.68 N Ve=-"SX-= = 233349 N
2 2 2
Allowable Shear Stress:
i 150
Tallow = ;fas‘ = - =75MPa
Using this result,
Vg 2952.68
Tallow — T; 75(106) =
B m ds2
4 9B
dg = 0.007080 m = 7.08 mm Ans.
\% 2333.49
Tallow = —= 75(10%) = =22
AC zd 2
4 dc
de = 0.006294 m = 6.29 mm Ans.
Ans:
dg = 7.08 mm
de = 6.29 mm
88
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1-89.

The soft-ride suspension system of the mountain bike

is pinned at C and supported by the shock absorber BD.
If it is designed to support a load of P = 1500 N,
determine the factor of safety of pins B and C against
failure if they are made of a material having a shear failure
stress of 7p,; = 150 MPa. Pin B has a diameter of 7.5 mm,
and pin C has a diameter of 6.5 mm. Both pins are subjected
to double shear.

SOLUTION

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

+SMe = 0; 1500(0.4) — Fgp sin 60°(0.1) — Fyp cos 60°(0.03) = 0

SsE =0 C, — 5905.36 cos 60° = 0 C, = 2952.68 N
. /500N
+135F, = 0; 5905.36 sin 60° — 1500 — C, = 0 C, = 3614.20 N
0-3m
Thus, %
Fg = Fgp = 590536 N F.=\C. >+ C,? = 1V/2952.68% + 3614.20° h 4
= 4666.98 N

Since both pins are in double shear,

_ Fg 590536 _ ~ Fe 4666.98
Vg = =" = 2952.68N Ve="="

= 233349N

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

Ap = %(0.00752) = 4417910 9m®> and Ac = %(0.00652) — 33.183(10 ®)m>.

We obtain Ca)

0:03m ) (4 ”%

Vg 2952.68
Tave)p = —— = ————— = 66.84 MPa
(7ave) s Ap  44179(107°)
Ve 2333.49
Tave)c = —— = —————— = 70.32 MPa
(7ave)c Ac 33.183(10°%)
Using these results,
(FS.)p = ( Tfa“) = % =224 Ans.
Tavg ) B :
Tfail 150
F.S)c = =_——=213 Ans.
(F:S-)e (rag)e 7032 e
Ans:
(FS.)p = 2.24
(F.S)e =213
89
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1-90.
The compound wooden beam is connected together by a 3kN 1S kN 2 kN
bolt at B. Assumving that the connections at A, B, C, anq D e m2m 15 m»‘«l.S o155 mel15m-
exert only vertical forces on the members, determine ‘ ‘
therequired diameter of the bolt at B and the required outer vy D
diameter of its washers if the allowable tensile stress for the L —
bolt is (0;) 0w = 150 MPa and the allowable bearing stress B
for the wood is (0},) 0w = 28 MPa. Assume that the hole in
the washers has the same diameter as the bolt.
SOLUTION
From FBD (a):
C +3Mp = 0; Fp(4.5) + 1.5(3) + 2(1.5) — F(6) =0
45F; — 6 Fc = =15 @ 5™ 2™
/5o, . 3
From FBD (b): #%
F,
C+3M, = 0;  Fy(55) — Fo(d) —32) = 0 o R
5.5 FB - 4FC =6 (2) 3 £ .
Lo | B i
Solving Egs. (1) and (2) yields
A
Fg = 440 kN; Fe = 455kN (TS
For bolt:
.
4.40(10° 7
Tallow — 150(106) = %2) ®/‘
Z(dB) C.r/.,,'
dg = 0.00611 m
= 6.11 mm Ans.
For washer:
. 4.40(10%)
Gallow = 28(10%) = ——————~
7 (d;, — 0.00611%)
d,, = 0.0154 m = 154 mm Ans.
Ans:
dg = 6.11 mm
d, =154 mm

920
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1-91.

The 60-kg flowerpot is suspended from wires AB and BC. If
the wires have a failure normal stress of oy,; = 380 MPa,
determine the minimum diameter of each wire. Use a factor
of safety of 2.

SOLUTION

Internal Loading: The normal force developed in cables AB and BC can be
determined by considering the equilibrium of joint B, Fig a.

HIF =0;  Fpecosd5® — Fypcos60° =0 ()]
+2F, =0; Fpcsind5® + Fypsin60° - 60(9.81) = 0 2)
Solving Egs. (1) and (2),
Fup =430.89 N Fpe =304.68 N

Allowable Normal Stress: Using the FS. =2,

Oy = St = SOMPA_ 5y py
F.S. 2
Then,
Oallow = @; 190(106) = 13089
A 7
AB 2 %s
dyp =1.6993(103)m = 1.70 mm Ans.
Oallow = Fac 5 190(106) = 304.68
Apc T4
e
o(98()N
dpc = 1.4289(1073)m = 1.43 mm Ans. é 98)

@)

Ans:

F,p = 430.89 N
Fge = 304.68 N
dyg = 1.70 mm

dBC =1.43 mm

91
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*1-92.

The 60-kg flowerpot is suspended from wires AB and BC
which have diameters of 1.75 mm and 1.5 mm, respectively.
If the wires have a failure normal stress of o,; = 380 MPa,
determine the factor of safety of each wire.

SOLUTION

Internal Loading: The normal force developed in cables AB and BC can be
determined by considering the equilibrium of joint B, Fig a.

B IF =0; Fgecosd5® — Fupcos60° =0 @
+1 2F, =0; Fpcsind5° + F,psin60° - 60(9.81) = 0 ?)
Solving Egs. (1) and (2),
Fup = 43089 N Fze = 304.68 N

Average Normal Stress: The cross-sectional area of wires AB and BC are

Aus = 7 (0.00175) = 0.765625(10° e

Ape = %(0.00152) = 0.5625(10°6 ) rm>

Then,
Fug 430.89 .
Cap = = =179.14(10°) Pa = 179.14 MPa
AT AL 0.765625(10° ) (10°%)
ope = LBC 30468 _ 175 41(106)Pa = 172.41 MPa

Age  0.5625(10° 1)

Using these result

O _ 380 ©0(981) N

(FS)ap = 2oL = 5 = 21212 = 2.12 Ans.
O-AB .
@)
(FS)pe = St = 389 55040 = 220 Ans.
ope | 17241
Ans:
Fyp = 430.89 N
FBC = 30468 N
(F‘S')AB = 2.12
(F.S)pe = 220
92
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1-93.

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 =180 MPa and 7 = 75 MPa, respectively. Member CB
has a square cross section of 40 mm on each side.

SOLUTION

Method of Joint: Consider the equilibrium of joint C, Fig a,

+ 2 F =0; P—FBC(§)=0 FBC=§P

Internal Loading: The normal and shear forces on section a—a can be determined
by considering the equilibrium of upper segment of member BC, Fig b.

5 \(3
+3SF =0; [2P|[2|-V,,=0 V,,=P
s2h -0 (3r)(g)
5 Y4 4
1 3F=0; N, -(gpj(gjz 0 New=3P

Allowable Normal and Shear Stresses: The area of section a—a is

A, = 0.04[0'4&] = 0.002 m?
5
Then,
dp
_Noy. 6y _ _3 _ 3 _

(Oue), = . 180(10°) = P =270(103) N = 270 kN

allow A 0.002

Va—a 6 P 3

(Tavg ), ==%: 75(10°) = —— P =150(10°) N = 150 kN (Controls) Ans.

allow Ag—a 0.002

56232/9

Ans:

P =270 kN
P =150 kN (Controls)
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1-94.

SOLUTION

+13F, = 0;

Equation of Equilibrium:

Thil _ V.

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 / 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.

V-8=0 V = 8.00 kip
Allowable Shear Stress: Design of the support size
23(10°)  8.00(10%)

Tallow — ES - A

25 h(0.5)

h = 1.741n. Ans.

-

8 kip
8 hnp
fv-saie

Ans:
h = 1.741n.
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1-95.

If the allowable tensile stress for the bar is
(0)4110w = 21 ksi, and the allowable shear stress for the
pin is 7, . = 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 r = % in.and w =2 in.

SOLUTION
Allowable Normal Stress: The effective cross-sectional area A’ for the bar must Pra
be considered here by taking into account the reduction in cross sectional area 'Zé Fin
introduced by the hole. Here A’ = (2 — d) (). \
7 )
P P, L
Tatow = —73 21(10%) = —==—— 6)) < /7
( t)allo A ( ) (2 B d)(%) max,
Allowable Shear Stress: The pin is subjected to double shear and therefore, V = ;ax
v P2  Prs
Tallow — Z; 12(103) = a0 2) V &.
id ¢
Pmax.
Solving Eq. (1) and (2) yields:
d = 0.620 in. Ans.
Poax = 7.25kip Ans.

Ans:
d = 0.620in.,
Poax = 725 kip
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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,) 110w = 20 ksi, and the allowable bearing stress between
the pin and the bar is (0,),, = 30 ksi, determine the
dimensions w and ¢ so that the gross area of the cross section
is wt = 2 in? 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

t
Allowable Normal Stress: The effective cross-sectional area A’ for the bar must be E

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
max

P Pmax

@)aow = —73 20(10°) = 2 o
Allowable Bearing Stress: The projected area N
A, = (1)t = tin%. fin.
Ap
(T8 )attow = %: 30(10%) = P% @
Solving Eq. (1) and (2) yields:
t = 0.800 in. Ans.
Prax = 24.0 kip Ans.
And w = 2.50in. Ans.

Ans:

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

SOLUTION
Segment AD:
L 5F=0;
+l3F, = 0;
GHEMp = 0;
Segment FE:
ESF =0
+|3F, = 0
CGHIMg = 0;

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

Vi — 054 = 0;
Ng + 0.72 — 5.04 = 0;
—Mj; + 0.54(4) = 0;

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 the beam AB and the column FC have a weight per unit
length of 120 1b/ft and 180 Ib/ft, respectively, determine the
resultant internal loadings acting on cross sections located
at points D and E.

Np = —2.16 kip
VD =0
M, = 2.16 kip - ft

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

Ans.
Ans.
Ans.

Ans.
Ans.
Ans.

Ans:

™

2K,
b_‘ ¢?
on "’,g(a.qg)zhu""’

’

_ 4»-’-#4,_
z.ui'—’J:f:!}-L— th

o R Lo iro p2 P

ouh)=288"" e
Vg

AL X 504"

Np = —2.16kip, Vp = 0, Mp = 2.16 kip - ft,

Vi = 0.540 kip, N = 4.32 kip, My = 2.16 kip - ft

1 Less)
ostt L Jron"P

MO1_HIBB5613_11_SE_CO01.indd 97

97

Mechanics of Materials 11th edition Hibbeler Solutions Manual

21/01/22 4:34 PM


https://ravanbooks.com/books/9780137605521-solutions

© 2022 by R. C. Hibbeler. Published by 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.

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

o, :§= m= 208 MPa

(Tave)a = % = w(o.ig)oz(z.(no) = 472 MPa
(Tave)s = % = 77(030(71)0(2.008) = 455 MPa

Ans.

Ans.

Ans.

8 kN

Ans:

0, = 208 MPa, (7,,,), = 4.72 MPa,
(Tavg)» = 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 7,10 = 10ksi.

8 ft

@\:t>

SOLUTION

A

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

C+EM, = 0; 2(8)(4) — Fycsin60° (8) = 0 Fge = 9.238 kip

B SF =0 9.238cos60° — A, =0 A, = 4.619kip

+13F, = 0; 9.238sin 60° — 2(8) + A, =0 A, = 8.00 kip ,-;C

Thus, the force acting on pin A is

Fy = VA + A = V4619 + 8.00° = 9.238 kip

2 kip/ft

16

©)

Ans:

Pin A is subjected to single shear, Fig. ¢, while pin B is subjected to double shear,
Fig. b.
F 9.238
Vy = Fy, = 9238kip Vi = % == = 4619kip
For member BC
Fye 9.238 .
=— 29 = —— t = 02124 in.
Tallow Age’ 15() n
1.
Uset = Zln. Ans.
For pin A,
v 9.238
Taiow = 3 10=-"7"" d, = 1085 in. ‘/9
AA sz v
) p
Used, = 1§in. Ans.
For pin B, = -
b Fac 7238 kp
Yoo =3 G~ 07669in
Tallow = 3 = =0. in.
allo AB %d% B Cb)
13
Usedp = —in. Ans.

/ ];T =7.238 kip

1

1
Uset = Zin., dy = 1-in.,dp = —in.

8

13
16
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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.
B
—i ~— 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°
Tavg = 5 = (7l = 79.6 MPa Ans.
A 8.00(107 %)
Ans:
Tavg = 79.6 MPa
100
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R1-5.
Determine the average punching shear stress the circular
shaft creates in the circular 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 m? and A, = 120 mm
%(0.122 ~ 0.06%) = 2.7(10 )7 m> We obtain
P 40(10°
Tavg = 5 = (773) = 25.5 MPa Ans.
Ay 0.5(1077) 7
P 40(10°
o, = — = (7_3) = 4.72 MPa Ans.
Ay 271077
Ans:
Tavg = 25.5MPa, 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
stress and shear stress acting on the plane through section a—a.
Show the results on a volume element located on the plane.
SOLUTION
Equation of Equilibrium:
+/73F, = 0; Vg—a — 6cos60° = 0 Vi—q = 3.00kN
N+2F, = 0; N,_, — 6sin60° = 0 N,—, = 5196 kN
Average Normal Stress and Shear Stress: The cross sectional Area at section a—a is
0.15
A= 0.15) = 0.02598 m”.
(sin 60°)( ) o8
N, 519(10%) 500 kP A
T T4 T 002598 : e
Voea  3.00(10%)

= =————=115kP Ans.

Tooa T AT 002598 : ns
Ans:
0,—4 = 200 kPa, 7,_, = 115 kPa
102
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R1-7.

The yoke-and-rod connection is subjected to a tensile force 40 mm
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 S5»10 s
o = — = 7,(7)2 = 3.98 MPa Ans. o j
A T(0.04) 5k

For the 30 - mm - dia. rod:

v 5(010°
o = — = W(7)2 = 7.07 MPa Ans.
A T(0.03)

Average shear stress for pin A:

P 25(10%
Twg = 5 = 7 o5 = 5.09 MPa Ans.
A T(0.025)

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

SOLUTION

Equation of Equilibrium:

2

Average Normal Stress:

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.

AL
C+IMy = 0;  Ts - V—(E) —0

4

Al?
T:y

8s

yAL? 2
Tr_w _E
A A 8s

Ans.
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