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

(a) ®)
(@) skip
+TXF =0 F,-10-3-3-18-5=0 “__L‘
F, = 13.8 kip Ans ] ‘ (0-/5)(/0)
‘ I 2,8 *ie
Kip l Kip
I
| 2§ =
0
R
) gxn
6"" eg,,;
+T2F =0, F-45-45-589-6-6-8=0 ;
F, =349 kN Ans 4500 ! 4.5
20026,
‘5’”*"
Fa
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1-2 Determine the resuitant internal torque acting on the
cross sections through points C and D. The support bearings
at A and B allow free turning of the shaft.

IM, =0 T-250=0
It =250 N-m Ans Te

M =0; =0 Ans
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1-3 Dectermine the resultant internal torque acting on the

cross scclions through points B and C. A 600 IRt

\

b
,< 350141

3ft
C
1 ft 500 1b-ft
2 &B/
2 V

50 16-f¢

=
SoN

M, =0; T3+350-500=
Sop %64t

T,=1501b-ft  Ans d

<

M, =0, To-500=0

A .
T.=5001b-ft Ans %ﬁw tb-rt
x
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*1-4 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 point A. The 500-1b load is
applied along the centroidal axis of the member.

5001b 50016

(a)
5%EF =0, N,—500=0 .
N, =500 1b Ans 531’: F* "
+lZF =0, V=0 Ans L
(b)

FEF, =0, N,~500cos30°=0

N, =4331b  Ans 500 vy
.ﬁ\ 2
30 Nb

+#TF, =0; V—500sin30°=0

V =2501b Ans
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1-§ Determine the resultant internal loadings acting on the
cross section through point D of member AB.

175N
| N
iBrest Y nm 41\
21875 N
nsw
3
131289 M,
Segment AD -
5 EF =0, Np+131.25=0; Np=-131N Ans
+lZF =0, W$%h+175=0; V% =-175N Ans

Q SMp=0; Mp+175(0.05)=0; Mp=-875N-m Ans
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1-6 - The beam AB is pin supported at A and supported by
a cable BC. Determine the resultant internal loadings act-
ing on the cross section at point D.

(6
6 =tan ‘(§)= 36.87°

/10
¢ =tan l(?)-36.87° = 14.47°

<

VAl

e s —

Member AB :
(+ =M, = 0;  Fy sin 14.47°(10) - 1200(6) = 0
FBC = 288146 lb

Segment BD :
iwIF =0 ~Np — 2881.46 cos 14.47° — 1200 cos 36.87° = 0

Np = - 37501b=-3.75 kip Ans

NEF = 0. W + 288146 sin 14.47° — 1200 sin 36.87° = 0

=0 Ans

C+ IM =0 2881.46 sin 14.47°(6.25) ~ 1200 sin 36.87°(6.25) ~ M, =0
M, =0 Ans

Notice that member AB is the two - force member ; therefore the shear force and moment are zero.
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1-7 Solve Prob. 1-6 for the resultant internal loadings act-
ing at point E.

X it
l——-4ﬂ'—+———6ﬁ_—‘|
0= tan'l(gJ =36.87°
10 4 /1\
—ant (10 o_ o ay
¢ =tan (8 ) 36.87° = 14.47 P
%
Member AB : 3é¢ye
/200 b
(+ M, = 0;  Fyc sin 14.47°(10) - 1200(6) = O y
Ne M E
E
FBC = 288146 lb
Segment BE :
:' IF =0 —Ng — 2881.46 cos 14.47° — 1200 cos 36.87° = 0

Ng = — 37501b=-3.75 kip Ans

XN+ ZFE =0; ¥ + 288146 sin 14.47° — 1200 sin 36.87° = 0
V=0 "Ans
(+ TM; = 0; 288146 5in 14.47°(3) - 1200in 36.87°(3) — M = 0

Mg =0 Ans

Notice that member AB is the two - force member ; therefore the shear force and moment are zero.
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*1-8. The beam AB is fixed to the wall and has a uniform
weight of 80 Ib/ft. If the trolley supports a load of 1500
1b, determine the resultant internal loadings acting on the
cross sections through points C and D.

‘ ey w0 i 08—
A =S R e B
c D
Segment BC:
:—2& =0, Nc =0 Ans
v,
+TELF =0 %-20-15=0 Ne "(‘I[ B 15001
M 12-5° "f,z.s’
¢ = 3.50 kip Ans L

25 (0.08) =2-0%7P
(+2Mc =0, ~M;-2(125-15(15 =0

Mc = -475kip-ft  Anms

Segment BD :
: 7/
«ZXIF, =0 Np =0 Ans »

Np £

My y
+TZF =0, %-024=0 5 .
0-08(3) = 0-24 5P
W = 0240 kip Ans
M, =0, —Mp- 0.24(1.5) = 0
Mp =-0.360 kip- ft Ans
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1-9. Determine the resultant internal loadings acting on
the cross section at point C. The cooling unit has a total
weight of 52 kapand a center of gravity at G.

From FBD (a)
(+IM =0; Tp(6)-523)=0: Tp=26kip
From FBD (b)

<+ IMp=0; Tgsin 30°(6)~26(6) =0; Tz =52 kip

From FBD ()
+ o .
- LFE=0; —Nc-52c0s30°=0; Nc=-450kip Ans _ T rpe
(€
+TZF =0, V+525in30°~26=0; -V =0 Ans T,
Y c c R A Tg‘:”_
GEMc=0 5208 30°(0.2)+ 52 5in 30°(3) ~26(3) - Mc = O — —
Me =9.00kip- ft Ans _rt ém 1
A ) fo=26*
M, Ve o 3
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1-10 Determine the resultant internal loadings acting on
the cross settions through points D and E of the frame.

(+ IM =0
(+2M,,= 0
L%F =0
For point D :
—XF, =0;
+TZF, =0
(+ IMp =0;
For point E :
+

—>XF, =0
+TZF =0
Q}:ME= o

anc (3) — 75(4)(5) — 150c0830°(7) = 0; Fyc = 1003.891b

A (3) - 75(4)(2) - 150 cos30°(4) = 0; A, = 373.201b

Fac 75¢4)1b
A - 2(1003.39) +1505in30 = 0; 4 = 527.331b : l o
"; r H
‘& )
Al B2t
- Y 38t | g4t G
Np + 52733 =0 A—} 'S0 b

Np = -5271b Ans

-373.20 -V, = 0

Yp
52733 Mp
V% = -373b Ans —a D} Ny
Tk ’

Mp +37320(1) = 0

313201
M, = -373b-ft Ans
/,5/\‘ 7803 13
Me o {78
1505in30° - Np= 0 Ne, ,'E S
v
Ne = 750 Ans € 31t o
Ve — 75(3) - 150 cos 30" = 0 ISo't
V% =355b Ans

—-Mg — 75(3)(1.5) — 150 c0s 30°(3) = 0;

Mg = -727b-ft Ans
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1-11 Determine the resultant internal loadings acting on
Lhe cross sections through points F and G of the frame.

Member AG : 150 Ib

(+zM = 0; g’FBF(s) - 300(5) — 150 cos 30°(7) = 0

FBF = 1003‘9 Ib
For point F : Fer 75(4)=300/b
;'ZI‘} =0 V=0 Ans Ax u ;E_“_ T
L J
\tZF = 0; N - 10039 =0 3ft [2Ft [ z4e
15016
Nr = 1004 1b Ans
Fac =1003.9 14
(+ SMr=0, Mp=0 Ans
For point G : FV;
. . M
&ZF =0, Ng-150sin30 = 0 Ne

Ng = 75.01b Ans

+TEZE =0 ¥ - 75(1) - 150cos 30 = 0-

Vo =205 Ans
G Mz = 0; Mg - 75(1)(0.5) - 150 cos 30°(1) = 0
Mg = -1671b-ft Ans
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*1-12 Determine the resultant internal loadings acting on
(a) section a—a and (b) section b-b. Each section is located
through the centroid, point C.

N+ ZF=0; Nc+5091sin45°=0

N¢ =-3.60 kip Ans

A ZE =0, V+5091cos45°-2.4=0
Ve =-1.20 kip Ans
(+ IMc=0;  —Mc~-2.4(2)+5.091 cos 45°(4) = 0
Mc =9.60 kip - ft Ans

(b)

T+
™M
!
[}
e

Nec+2.4c0s45°=0
Nc =-1.70 kip Ans

+TZF =0, 1 +5091-245in45°=0

V& =-3.39kip Ans
(+ZMc=0;  —Mc-2.4(2)+5.091c0s 45°(4) =0

M:=9.60kip-ft Ans
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1-13 Determine the resultant internal loadings acting on

,the cross section through 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.

— \
= o E—
T Z/m 1 </ m 1-9n, !
5886kn 300(981)
e KN
943 =2.9¢3 kN

M 2955 5 1m !oo
Ne ‘oé"ﬂfj
W06

2-943 kN

A&= -294kN  Ans

S TFE =0, N-+2943=0;

+TZF =0, V-2943=0; V¥ =294kN Ans

~Mc —2.943(0.6) +2.943(0.1) = 0

Mc=-147kN-m Ans
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1-14 Determine the resuitant internal loadings acting on
the cross section through point E of the beam in Prob. 1-13.

L5 5F =0, Ng+2943 =0

Ng = —294kN Ans Me

+TZE =0, =2943-% =0

Vi = —2.94kN Ans 29420
(+ SMg =0; Mg +2943(1) =0

Mg = =294kN-m Ans
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1-15 The 800-1b load is being hoisted at a constant speed
using the motor M, which has a weight of 90 1b. Determine
the resultant internal loadings acting on the cross section
through point B in the beam. The beam has a weight of
40 Ib/ft and is fixed to the wall at A.

0.4 2

N"Hz%

Ve a./s'“f‘
*E”&_aiem

- XFE =0 ~N3 -04=0
Ny =—0.4kip Ans

+TZF =0 V% -08-016=0

¥ = 0.960 kip Ans
Q- IMp =0, - Mz - 0.16(2) - 0.8(4.25) + 0.4(1.5) = 0
Mp=-3.12kip- ft Ans
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*1-16. Determine the resultant internal loadings acting

on the cross section through points C and D of the beam
in Prob. 1- ) S, -

For point C :

EIF =0, Ne+04=0;

Ne = - 04 kip Ans
+TEZF =0, V%-08-004(7)=0; V= 1.08kip Ans
(+IMc = 0; - Mc - 0.8(7.25) - 0.04(7)(3.5) + 0.4(15) = 0
Mc=-6.18kip-ft Ans
s2.09 kip
‘.‘_“_fi.
Ca
A
4 M» 2 )
» 0-04(/4) Kip
For point D : oBrip
]
77t 72si |
L ol EI'} = 0; ND =0 Ans
+TIF =0 $-009-004(14) - 08=0; W= 145kip Ans
(zmp =0

= Mp - 0.09(4) - 0.04(14)(7) ~ 0.8(14.25) = 0

Mp =157 kip +$%

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

5EE=0, N=0 Ans
+TZE =0; %—-%(48)(12):0
3 =2881b Ans
{* IMp=0, M- -;-(48)(12)(4) =0
Ans

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

ports A and B are vertical.

Ne =0 Ans

l+
™M
31
il
i

+d ZF=0; V+05+15-375=0
W =175kN Ans

€ ZMc=0;  Mc+05(1)+1.5(1.5-3753)=0
0'503) =r-5";_ §(0333)(3)=0.5Kn

M =850kN-m Ans
:i“,i”.:- L -/HT 0353 oy,
N
375K %
Rl I TAYp
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1-19 Determine the resultant internal Joadings acting on
the cross section through point D in Prob. 1-18.

SEF =0, Np=0 Ans
+TZF =0, 375-3-2-V% =
Vp = —1.25kN Ans

‘+ ZMD

]
2

Mp+2(2)+3(3)-3.75(6) = 0

Mp = 950kN-m Ans

S.284n
ki 24N
Y A,
A :?f%"“”"/w
f_\ b""‘\. m ”9
2,75 ki v ?

-]
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*1-20. The serving tray 7 used on an airplane is
supported on each side by an arm. The tray is pin
connected to the arm at A, and at B there is a smooth
pin. (The pin can move within the slot in the arms to
permit folding the tray against the front passenger seat
when not in use.) Determine the resultant internal
loadings acting on the cross section of the arm through
point C when the tray arm supports the loads shown.

2N

fEF =0; N +9cos30° + 12 cos 30°

0; Nc=-182N Ans

N+ 2F

0; Ve — 9sin30° — 125sin 30° = O; Ve = 105N Ans

0; —Mc ~ 9(0.5cos 60°+ 0.115) — 12(0.5 cos 60° + 0.265) = 0

[}

(+}:Mc

Mc = =946N-m Ans
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1-21. 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 internal resultant loadings acting on the
cross section passing through the handle arm at D.

(FIM 3 Fac cos 30°(50) — 120(500) = 0

Fge = 1385.6N = 1.39kN Ans

+
-
™
&
1}
(=]

A, — 1385.6 - 120cos 30° = 0
A, = 1489.56N
CXF =0, A -120sin30°=0; A =¢60N

F, = /1489.56% + 60?

= 1490N = 1.49kN Ans

Segment :
N IR =0 Np - 120=0

Np = 120N=0.J2kN  Ans

V}; Fy =0 Ww=20 Ans
(+ IMp =0; Mp - 120(03)= 0
Mp = 360N-m Ans
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1-22. Solve Prob. 1-21 for the resultant internal loadings
acting on the cross section passing through the handle
arm at E and at a cross section of the short link BC.

Member :
Q- IMy =0; Fpccos 30°(50) ~ 120(500) = 0

Fyc= 13856 N = 13856 kN

nt .
Segme! . rns

+/£F}' =0 Ne=0

N ZF =0 Ve - 120 = 0; V = 120N Ans

(+ IMg =0, M- 120004)=0 M= 480N-m Ans

|- 2856 KA)

z*——q
T ¢
<

Short link : Ans

+IFE =0, V=0

+TZF =0, 1386-N=0 N-= 1.39kN Ans
Ans

(+zMy=0 M=0
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1-23 The pipe has a mass of 12 kg/m. If it is fixed to the
wall at A, determine the resultant internal loadings acting on
the cross section at B. Neglect the weight of the wrench CD.

LFE=0; (Np)=0 Ans

LR =0; (), =0 Ans

EF=0; (), —60+60-(0.2)(12)(9.81) - (0.4)(12)(9.81) = 0
(%), =70.6 N Ans

IM =0; (T, +60(0.4)— 60(0.4)— (0.4)(12)(9.81)(0.2) = 0
(Tp), =9.42N-m Ans

IM, =0;  (Mp), +(0.2)(12)(9.81)(0.1) +(0.4)(12)(9.81)(0.2) - 60(0.3) = 0
(M), =623N-m Ans

21‘12 =0; (MB)z =0 Ans
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*1-24 The main beam AB supports the load on the wing of
the airplafie. The loads consist of the wheel reaction of
35000 1b at C, the 1200-Ib weight of fuel in the tank of the
wing, having a center of gravity at D, and the 400-1b weight
of the wing, having a center of gravity at E. If it is fixed to
the fuselage at A, determine the resultant internal loadings
on the beam at this point. Assume that the wing does not
transfer any of the loads to the fuselage, except through the

beam.

XF, =0; Mk =0 Ans
IF =0 M)y =0 Ans

ZF =0, (W), - 1200 - 400 + 35000 = 0

V), = -33.4kip Ans
IM, =0;  (My).- 1200(6) + 35000(10) - 400(12) = 0
(My), = 338kip- ft Ans
IM, = 0:  (Th), + 1200(1.5) - 400(1) = 0
Ty), = —1.40 kip - ft Ans
IM =0 My), =0 Ans

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may be
reproduced, in any form or by any means, without permission in writing from the publisher.




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

05
757
7C5)3)=105"
V) ey
Vo2 (Vl),l v
!);'

(x:;,(r')t

ZE=0; (W), —105=0; (%): =1051b Ans

ZF =0 W), =0 Ans
LF=0; (Ngh=0 Ans
IM =0, (Mp):=0 Ans

IM, =0 (M), —105(7.5) = 0; (Mg), =788 1b-ft Ans

M =0 (T), — 105(0.5) = 0; (Tz), =52.51b-ft Ans
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1-26. The shaft is supported at its ends by two bearings A
and B and is subjected to the forces applied to the pulleys
fixed to the shaft. Determine the resultant internal loadings
acting on the cross section located at point C. The 300-N
forces act in the —z direction and the 500-N forces act in the
+x direction. The journal bearings at A and B exert only x
and z components of force on the shaft.

IE=0; (%),+1000-750=0; (%), =-250N ' Ans
IF =0, (No) =0 Ans
IF, =0; (W), +240=0; (), =-240N Ans
IM, =0; (M), +24000.45)=0; (M), =—108N-m Ans
IM, =0; (Tp), =0 Ans

IM, =0. (M), -1000(0.2)+750(0.45) = O; M), =-1383N-m  Anms

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may be
reproduced, in any form or by any means, without permission in writing from the publisher.




1-27 A hand crank that is used in a press has the dimen-
sions shown. Determine the resultant internal loadings act-
ing on the cross section at A if a vertical force of 50 1b is
applied to the handle as shown. Assume the crank is fixed
to the shaft at B.

Jsu 1b

LF=0; (W):=0 Ans
£F=0; (N, +50sin30°=0; (Ny), =-251b Ans
TE =0, (V),-50c0s30°=0; (V;),=4331b Ans

IM =0 (My)x — 50 cos 30°(7) = 0; (My),=3031b-in.  Anms
IM, =0; (Ty), +50cos 30°(3)=0; = (Ti)y, =—130Ib-in. Anms

IM =0 (My), +505in 30°(3) = 0; (M), ==751b-in. Ans
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*1-28 Determine the resultant internal loadings acting on
the cross section of the frame at points F and G. The con-
tact at E is smooth.

Member DEF :
(+ IM, =0 N (5)-8009) =0

Ng = 1441

Member BCE :
GFEZMp=0;  Fyuc (g)('.")— 144 sin 30° (6) = 0

Fic = 1801b

LR =0 B,+180(§)-—144cos 30° = 0

B, = 16708 1b
4 .
+TZF =0 —By+180(g)—1445m30° =0
B, = 720D
N

For point F : d \/,.—
AIFE=0, Nr=0 Ans M:&*’/ sela
+#LF =0, %-80=0; ¥ =80 Ans
(+ IMy=0, M;-80(2 =0; My =160Ib-ft Ans

For point G : y

5 XF =0, 16708-Ng=0: Nz=1671b  Ans 16.707 b @

+T2F =0, ¥-720=0, V=720 Ans m,

7201,

G =Mz=0;, 72(15-Mg=0; M;=1081b-ft Ans
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1-29 The bolt shank is subjected to a tension of 80 lb.
Determine the resultant internal loadings acting on the cross
section at point C.

Segment AC :
5 EFE =0, Ne+80=0; Ne=-80Ib Ans
+TZE =0, V=0 Ans

(+ IMc=0; M +80(6)=0; Mc =-4801b-in.  Ans
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1-30 Determine the resultant internal loadings acting on
the cross section at points B and C of the curved member.

From FBD (a)
/AZF.=0; 400 cos 30°+300 cos 60°—V§ =0
Vb =496 1b Ans

\+ZF =0;  Ny+400 sin30°-300 sin 60° =0

Np=59.80=5981b  Ans l‘\y,

(+>:Mo =0;  300(2)—-59.80(2)—Mp =0
Mz=4801b-ft  Ans
From FBD (b)

JH+IF,.=0; 400 cos 45° +300 cos 45°—~ Ny = 0

Ne =4951b Ans
N+ZF =0; -V +400 sin 45°-300 sin 45° =0
V= =70.71b Ans

(+ M, =0; 300(2) +495(2)-M: =0

M =15901b-ft=159kip-ft  Ans
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1-31 The curved rod AD of radius r has a weight per length
of w, If it lie§ in the vertical plane, determine the resultant
internal loadings acting on the cross section through point
B. Hint: The distance from the centroid C of segment AB to
point O is OC = [2r sin (6/2)}/6.

\+ZP}=0; Ng +wr@cos6=0

Nz =—-wrB cos@ Ans

}ZF;. =0; "“écWTGSiIle:O
Vg = —wr6 sinf Ans
s (%)
57N
27 sin (612 r zr/#"
GEMo =0 wré (cos Sy Z SOy | (Noyr+ My =0 \ |W%
2 e o

Mz = —Ngremwr? 2 sin (6/2) cos (8/2)

Mg = wr2(6 cosf-sinf) Ans \1
) \/9
My W,
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*1-32. The curved rod AD of radius r has a weight per
length of w. If it lies in the horizontal plane, determine
the resultant internal loadings acting on the cross section
through point B. Hint: The distance from the centroid C
of segment AB to point O is CO = 0.9745r.

SE =0; %-grw=0; V = 0785wr Ans
IF =0 Ng =0 Ans

M, =0, Ty - ; rw(0.09968r) = 0; Ty = 0.0783wr’ Ans

™4

X
"

(=

My + f (037291 =0; Mz = -0293wr® Ans
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1-33. A differential element taken from a curved bar is
shown “in the figure. Show that dN/d§ =V,
dV/de = —N, dM/d6 = —T, and dT/d6 = M.

}( T+dT

,Hdrl
Vv M+dM
v
G
" A
" de EH
Nmn§£+Vdnd—8—(N+dN)ms£g+(V+dV):in—-=u 1)
2 2 2 2 T_
IF =0 " ht ‘0
NﬁnQ—Vensigi»(Nd-dN):in-dfd-(Ve-dV)m—=0 @ -
2 2 2 2
s de dé
Tmsizg+M|in£z-9--(T+d1)ool-;+(M+dM);in?so 3 do
T de
Tﬁnd—a-Mms‘—0+(T+m:in£+(M+dM)uo:—=0 [O)) deo 7
2 2 2 2 z

. dd. ,de_dﬂmsg_l
Smee—z—uunﬂl,lhcn sin = 2 2

davde
Eq. (1) becomes Vd@ - dN + - =0

Neglecting the second order term, Vd@ ~ dN =0
Ny QED
de

dNd8
Eq.(2) becomes Nd@ + dv+ —2—— =0

Neglecting the second order teem , Nd@ + dV = 0
Y__N o

de
dMde
Eq.(3) becomes Md6 — dT'+ -2— =0

Neghain;lhneeondmdeﬂzm.b{do— dar =0
LM  QED

pr
Eq. (4) becomes Td6 + dM+ ;‘I:_g =0

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

— =-T
de @
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1-34. The column is subjected to an axial force of 8 kN at
its top. If the cross-sectional area has the dimensions shown
in the figure, determine the average normal stress acting at
section a-a. Show this distribution of stress acting over the

area’s cross section. g kN

v 1-82 MRy

A = (2)(150)(10) + (140)(10)
= 4400 mm> = 4.4(10")m2

6= — = ——— = 1.82MPa Ans
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1-35 The anchor shackle supports a cable force of 600 Ib.
If the pin has a diameter of 0.25 in., determine the average
shear stress in the pin.

v o

¢oo b

600 1b

+TZF =0 2V-600=0

V=3001b
Tavg = 14 = ——Eo-i—=6.llksi Ans
A 50257
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*1-36 While running the foot of a 150-1b man is momen-
tarily subjected to a force which is 5 times his weight.
Determine the average normal stress developed in the tibia
7 of his leg at the mid section a~a. The cross section can be
assumed circular, having an ouler diameter of 1.75 in. and
an inner diameter of 1 in. Assume the fibula F does not sup-
port a load.

P =5(1501b) =750 Ib

= — = ———————— = 463 psi
O AT Ao et Ans

7501b
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1-37 The sma)l 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.

F= I o dA = volume under load diagram

F =20(1.5)(0.5) + %(20)( 1.5)(0.5) = 22.5 kip Ans A
20kt

Fd= | x(cdA)

(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
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1-38. The small block has a thickness of S mm. 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.

F=IadA = volume under stress diagram

F= %(0.06)(40)(10‘)(0.005) +(0.120)(40)(10°)(0.005) + %(0.120)(20)(10‘)-(0.005)
F=36kN  Ans

Require
Fd =[x(cda)

36.0(10°)d = §(0.06)(-%)(0.06)(40)( 10°)(0.005) + (0.06 + %(0. 120))(0.120)(40)(10°)(0.005) +

(0.06 + -;—(0. lZO))(% )(0.120)(20)(10°)(0.005)

36.0(10°)d = 3960

d=0.110=110mm Ans
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1-39 The lever is held to the fixed shaft using a tapered pin
AB, which has a mean diameter of 6 mm. If a couple is
applied to the lever, determine the average shear stress in
the pin between the pin and lever.

3 12mm F O ri2 mm

,\«-'*E : =@=<7 = @2‘: =
/ A l 250mam | 2 50 rmomn ‘
i——ﬁomm——.-—-ﬁnmm———T . 20" 30"

20N 20N

(.z M, =0; F(12)—20(500) = 0; F=83333N

= Y = &-3— =29.5 MPa Ans

Tavg = 6
A ;_t(looo)z
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*1-40. The supporting wheel on a scaffold is held in place
on the leg using a 4-mm-diameter pin as shown. If the wheel
is subjected to a normal force of 3 kN, determine the average
shear stress developed in the pin. Neglect friction between
the inner scaffold puller leg and the tube used on the wheel.

+TEZE=0; 3kN-2V=0; V=15kN

= = ————— =]119MPa  Ans
ry
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1-41 A 175-lb woman stands on a vinyl floor wearing
stiletto high-heel shoes. If the heel has the dimensions shown,
determine the average normal stress she exerts on the floor
and compare it with the average normal stress developed
when a man having the same weight is wearing flat-heeled
shoes. Assume the load is applied slowly, so that dynamic
effects can be ignored. Also, assume the entire weight is
supported only by the heel of one shoe.

1.2in. . _."._
0.1in.
H 1n.
0.5in.
Stiletto shoes :

A= %(n)(O.S)z + (0.6)(0.1) = 0.2014 in?

o=—=——— = 869 psi Ans
in

Flat- heeled shoes :
A= %(n)(1.2)2 + 2.4(0.5) = 3.462 in’

0= — = ——— = 50.5psi Ans
in
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1-42 The 50-Ib lamp is supported by three steel rods con-
nected by a ring at A. Determine which rod is subjected to
the greater average normal stress and compute its value.
Take 6 = 30°. The diameter of each rod is given in the fig-

ure.
5 XF =0,  Fyccos 30°— Fapcos 45° =0
+TZF =0; Fyesin30°+Fypsin45°-50=0
Fyc =36.601b, Fyp=44831
Rod AB :
50 .
Oup = ———— = 520 psi
477 T 035y P
RodAD :
44.83 )
Oup = ——> = 634psi
AT T3y P
Rod AC:
= 36.60 = 746 psi Ans

OAC = 7725
2(0.25)
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1-43 Solve Prob. 1-42 for @ = 45°.

- XF =0 Fyccos 45°—Fyp cos 45° =0
+T ZF =0; Fycsin45°+Fyp sin45°-50=0

P:{C = FAD = 3536 lb

Rod AB :

50
O1a = = =520 psi
A Tosse b

Rod AC: .
an

35.36
Ouc = ———— =720 psi Ans
AC 4£ 0257 P
450 4¢0°

Rod AD :

35.36 = 500 psi

(o) = —
T 503y Yk
Q
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*1-44 The 50-1b lamp is supported by three steel rods con-
nected by a ring at A. Determine the angle of orientation 6
of AC such that the average normal stress in rod AC is twice
the average normal stress in rod AD. What is the magnitude
of stress in each rqd? The diameter of each rod is given in

the figure.

\TAD
Opp = —» Tip = (0.070686)0',41)
2(0.3)?

Tac Tic = (0.098175)04p

Oac =204p = H
‘,E(O.ZS)2

5 LF =0, -TpcosdS®+Tccosf=0 (1)
+TEF =0; Ticsin0+Tpsind5®-50=0 (2)
Thus

— (0.070686)04p ( cos 45°) +(0.098175)G4p(cos 6) =0
6 =59.39° = 59.4° Ans

From Eq. (2) :

(0.098175)04p sin 59.39° + (0.070686)04p sin 45°-50 =10
Oap = 371.8 psi =372 psi Ans ’

Hence,
Oac = 2(371.8) =744 psi Ans
And,
——JL=——SL- =520 psi Ans
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1-45. The pedestal has a triangular cross section as shown.
If it 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. Compute the stress and
sketch its distribution acting on the cross section at a location
removed from the point of load application.

6
J"
X
,zll
1 12 1 12
- toandd s ieandd .
=1 i 2° =4in. Ans
1ma
soo
- 1maexd + Leune + H .
y= 2 =4in. Anms
5(9)(12)
P 500 . v 926 psi
0= — = —— = 926psi Ans

A Toay
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1-46 The two steel members are joined together using a 60°
scarf weld. Determine the average normal and average shear
stress resisted in the plane of the weld,

+/):F, =0 N -8sin60°= 0 8 kN <y

N = 6.928 kN 30 mm
YEIR =0 V- 8cos 60°= 0

V=4 kN

8 kN V o~
30 2 ‘o {
A= (25)( ) = 866.03 mm o o
sin 60° [7e)

3
6:!:.2918_(.19_)_=SMP3 Ans

== —————_ =462MPa Ans
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1-47. The built-up shaft consists of a pipe AB and solid rod
BC. The pipe has an inner diameter of 20 mm and outer
diameter of 28 mm. The rod has a diameter of 12 mm.
Determine the average normal stress at points D and E and
represent the stress on a volume element located at each of
these points.

e —— s 5
D 6kN £
At D:
3
op =L = 410°)

A £(0.0282 - 0.022) =133MPa (C) Ans

pJ

4k _—
R L FaMPa

gxn ;e kN
7¢-7 MpPa
At E:
P 8(10%) :
O =—= ——2_ = 70.7 MP.
FTAT Zo0d) * M Ans
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*1-48 The board is subjected to a tensile force of 85 Ib.
Determine the average normal and average shear stress
developed in the wood fibers that are oriented along sec-
tion a-a at 15° with the axis of the board.

YZE =0; V- 85cos 15=0

V= 8100Db

AzF, N -85sin15 = 0

]
e

N =22.000b

A= (1)(,—3—,) = 11.591 in?
sin 15

= — = ——__ = 1.90 1
A 11591 psi  Ans
vV 8210
Tayg = — = ——— = 7.0 i
® 747 Tiso1 Bpsi  Ans
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1-49. The plastic block is subjected to an axial compressive
force of 600 N. Assuming that the caps at the top and bottom
distribute the load uniformly throughout the bilock,
determine the average normal and average shear stress o
acting along section a—a.

‘}_ 150 mm
Alonga-a: N ’
o 50 mm
yEF =0 V-600sin30 =0 \ v _
4 B bwon
— A I
V =300N L's 600N
° “ 30'
AZF =0, -N+600cos30 =0 600"
N = 5196N
Ca.a = ——2—9—51——— = 90.0 kPa Ans
0.05) 55
Ta-a 300 = 520kPa Ans

= 0052

cos 30°
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1-50 The specimen failed in a tension test at an angle of
52° when the axial load was 19.80 kip. If the diameter of the
specimen is 0.5 in., determine the average normal and aver-
age 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?

4y TE=0; V- 19.80 cos 52° =0
’ V=12.19 kip

+\LF, =0; N-19.80sin52°= 0

N = 15.603 kip
Inclined plane : N .
s2° ¢ - 5z2°
P 15.603 . < I '
o= o= oz 62.6 ksi Ans v N 1574
A sin 52
vV 12.19 _ .
Thg = ;; Thvg = PTRTST =489ksi Ans
sin 52°
Cross section :
ool 6228 _jorksi Ans
A 7:(0.2‘5)2 :
1%
Tavg =f—\; Tavg = Y Ans
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1-51 A tension specimen having a cross-sectional area A is
subjected to an axial force P. Determine the maximum
average shear stress in the specimen and indicate the orien-
tation 6 of a section on which it occurs.

NLF, =0, V-Pcosf=0; V=Pcos8

_ Pcos 6 _ PcosBsin@ _ Psin 260

TS Alsme A 24
dr - Pcos28 =0
do A
cos26=0
20 =90°
9=45° Ans

P . P
Tmax = asm 90° = Z—A Ans
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*1-52 The joint is subjected to the axial member force of
5 kN. Determine the average normal stress acting on sec-
tions AB and BC. Assume the member is smooth and is
50 mm thick.

SkN

+

- XIE =0 Npa cos 30°—5 cos 45° =0

NBA = 4082 kN

+T ZF =0,  —Npc—4.082sin30°+5sin45° =0

Npc = 1494 kN

3
gy = s _ 408200) _, iMPa  Ans

Ags  (0.04)(0.05)

3
opc = Noc _ L0 _ 596 mPa  Ans
Asc  (0.05)(0.05)
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1-53. The joint in subjected to the axial member force
of 6 kip. Determine the average normal stress acting on

sections AB and BC. Assume the member is smooth and
is 1.5 in. thick.

+1 EF =0,  —6sin60°+Nyc cos 20°=0

Npc = 5.530 klp

Y LF =0, Nap—6cos60°—5.530sin20°=0

e
'P
Nag = 4.891 kip Aﬁ/i""
o= A0l _ g3k Ans \
Aw (15Q) ie
20
oo tBe 2 353 _0819ksi Ans Ny,
5= aee (1549
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1-54 The two members used in the construction of an air-
craft fuselage are joined together using a 30° fish-mouth
weld. Determine the average normal and average shear
stress on the plane of each weld. Assume each inclined plane
supports a horizontal force of 400 1b.

800 1b

N - 400sin30° = 0; N =2000b

400 cos30° -~ V = 0; V = 34641 b

yoo 15
sin 30°
o= E = —22—-0 = 66.7 psi Ans
A’ 3
Y _ 34641 ispsi Ans
A 3
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1-55. The driver of the sports car applies his rear brakes
and causes the tires to slip. If the normal force on each rear
tire is 400 1b and the coefficient of kinetic friction between
the tires and the pavement is u, = 0.5, determine the
average shear stress developed by the friction force on the
tires. Assume the rubber of the tires is flexible and each tire
is filled with an air pressure of 32 psi.

F = N=0.5 (400) =200 Ib

p:—IY; A=@=12.5iﬂ2
A 32
F 200 .
== = —— = 16 psi Ans
e =4 T 125 P
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*1-56 Rods AB and BC have diameters of 4 mm and 6 mm,
respectively. If the load of 8 kN is applied to the ring at B,
determine the average normal stress in each rod if 9 = 60°.

8kN

+TZF =0, Tzcsin60°-8=0
Toc =9.2376 kN

5 3FE =0, 92376cos 60°-Tyz =0

Tip = 4.6188 kN

_Tiz _ 46188(10°)

—AA = 70,004’ =368 MPa Ans
B (2

AB

3
oac = 3¢ = 20D _ 57 Mpa  Ans
Asc  E(0.006)
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1-57 Rods AB and BC have diameters of 4 mm and 6 mm,
tespectively. If the vertical load of 8 kN is applied to the ring
at B, determine the angle 8 of rod BC so that the average
normal stress in each rod is equivalent. What is this stress?

Fup = 0Asp = o(m)(0.002)°
Fac = 6Agc = o(m )(0.003)°

: © a(7)(0.003%)cos 6- o7 (0.0022)=0 (1)

—XF =0;
+TZE =0, om(0.003)sin 6-8(10°)=0 2
8kN

From Eq. (1) :
cos 6= (()';.02)2
0.003
8 Foc

6 =63.6°
From Eq. (2) :

3
= 8107 =316 MPa Ans
7 (0.003)2sin 63.6°
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1-58. The bars of the truss each have a cross-sectional area
of 1.25 in®. Determine the average normal stress in each
member due to the loading P = 8 kip. State whether the
stress is tensile or compressive.

Joint A :
ow =48
Asp
F,
GAE =—A£=
Asg
JointE :
Lo =E—=
[of =——E=
B
Joint B :
F
Opc =£=
Asc
(o] =@_
Agp

T 125

1333 = 10.7 ksi

1.25

1067 = 8.53 ksi
1.25

10.67
1.25
50 _ 480 ksi
125

= 8.53 ksi

29.33
1.25

23.33
= 18.7 ksi

©

©

©

Fag = /33357
’ -
A Fag z10-6751P
kip
Fea=6"P
107" Fep =/0-67%F
E
6 KI.P

13.33%1p g P Fpp=2333'
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1-59. 'The bars of the truss each have a cross-sectional area
of 1.25 in?. If the maximum average normal stress in any
bar is not to exceed 20 ksi, determine the maximum
magnitude P of the loads that can be applied to the truss.

JointA:

+TZF =0 ‘P+(§)&,=o

Fis = (166T)P
+ < F
SEIE=0  -Fap+(L66DP(H=0 sS40
5 rs
A 4
Fae=(1333)P : Fac
Joint E T
+TZE =0, F-(075P=0
Fe = (Q.75)P ‘ i Fez
L3337
. S
S IE=0; (1333)P-Fp=0
0.75%
Fgp =(1.333)P .
Joint B ;
+TZF =0 (g)r,,, -(0.75)P - (1.667)P(§) =0
B Fe.
Fsp = (2.9167)P 3V
- F
) LeL1p * £n
075

LS5R=0 B -(2.9167)P(—§)—(1.667)P(§) =0
Fac = B67P

‘The highest stressed member is BC :

6T)P
e = (31.25) =20

P=682kip Ans
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*1-60. The truss is made from three pin-connected
members having the cross-sectional areas shown in the
figure. Determine the average normal stress developed in
each member when the truss is subjected to the load shown.
State whether the stress is tensile or compressive.

Joint B : b 500 *
Fis 625 . Fe=375"
Oup =28 .92 _ 419 8
AR ym s psi © Ans - €
F 375
opc =-2C = o8 S Opi (D Ans 3
Asc 0. Fag =258
h:sw® .
Joint A : o
. Fye 500 *
Opc =——=oc— = i ’
AC A 08 833psi (T) Ans
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1-61 The uniform 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.

(+ IM=0; Fep(3)-6(1)=0 P 3m——
FCD=2kN éku F
Fre (3
+TZF =0, Fip-6+2=0 1/""‘ T
A R
Fyp =4kN
3
o’,w-f'—‘ﬂ——ﬂ-o—)—%ii Pa Ans
A 12(10%)
3
o‘cp-fﬂ)-—z—(lgl—ZSOMPa Ans
Acp 8(10°%)
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1-62 The uniform 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.

(+zMo =0; FpB-d-Fpg@=0 (1)

o = f‘ﬁ = @
12 8
F,
Fip = 15 Fep @ F“g d 1PN 3.4 4
k! 1

From Egs. (1) and (2),
Fop 3 —-d) - 1.5Fp(d) =0
Fp(3-d-15d) =0
3-25d=0

d=120m Ans
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1-63 Thé railcar docklight is supported by the }-in.-diame-
ter pin at A. If the lamp weighs 4 lb, 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.

EFZMA =0; W(1.25)-1.5(18)-4(36) =0

V=136.81b
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*1-64 The two-member frame is subjected to the distrib-
uted loading shown. Determine the average normal stress
and average shear stress acting at sections a-a and b-b.
Member CB has a square cross section of 35 mm on each
side. Take w = 8 kN/m.

Atsetiona-a:
o = 15(10%)
97 (0.035)

=122 MPa Ans

Ta.a =0 Ans

Atsectionb-b:

5 LE =0, N-153/5=0; N=9kN

KN
+lZF =0, V-154/59=0; V=12kN 15"3
AV
} N
Op.b = ——-————-——9(10 ) =441 MPa  Ans
(0.035)(0.035/0.6)
3
12107 =588MPa  Ans

%o-b = 0.035)(0.035/0.6)

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may be
reproduced, in any form or by any means, without permission in writing from the publisher.




1-65 The two-member frame is subjected to the distributed
loading shown. Determine the intensity w of the largest uni-
form loading that can be applied to the {rame without caus-
ing 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
35 mm on cach side.

(+ IM =0, (4/5)Fc(3)-3w(1.5)=0

2.4 FBC—45W=0 (1)

5LEE =0, N-QGI5Fac=0; N=06Fc
+V1ZF =0, V-@/59Fc=0; V=08F

o=1510%= ___ﬁ'f’ﬁ___
(0.035)(0.035/0.6)

Fpc =51.04 kN

0.8F3¢ Fee

~16(10%) = —3FBc
7= 160100 = < 03550.03570.6) J

»

Fac =40.83kN  (controls) N

From Eq. (1),
2.4(40.83)-4.5w=0

w=21.8 kN/m Ans
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Because of the number and variety of potential correct solutions to this problem, no
solution is being given.
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1-67. The beam is supported by a pin at A and a short link
BC. If P = 15kN, determine the average shear stress
developed in the pins at A, B, and C. All pins are in double
shear as shown, and each has a diameter of 18 mm.

&N

o 15K M g 20

;}_g;,—%'- 's“l ’7“*1"‘* 2. 9@

g2-s*
For pins B and C:
3 .5"’
T3 =1Tc =Y= 8,,2'51(810) = 324MPa  Ans &
A %G’ 165 kn
& sen
ForpinA:

Fy = /(8257 + (1429)* = 165kN

K
7 =§= 2500) _ 34mPa  Ans 165"~

x( 18 )1 82-?""

>
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*1-68. The beam is supported by a pin at A and a short
link BC. Determine the maximum magnitude P of the loads
the beam will support if the average shear stress in each pin
is not to exceed 80 MPa. All pins are in double shear as
shown, and each has a diameter of 18 mm.

)
3
?
3
2

(+ SM, =0; 2P(0.5)+4P(2) +4P(3.5) + P(4.5)- (I sin 30°)(5) =0
T =11P

L5 3E =0, A -11Pcos30°=0
A, =9.5263P

+T2E =0, 4, -11P+11Psin30°=0
A, =5.5P

F, =/ (9.5263P)2 + (5.5P®2 = 11P
Require;

11P/2

\4 6.
T==; 8010 = T ——
A Z(0.018)

P=370kKN Ans
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1-69 When the hand is holding the 5-1b stone, the humerus
H, assumed to be smooth, exerts normal forces Fc and Fu
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.

(+IMy=0; Fpsin75°(2)-5(14)=0

Fp =36.2351b

F 14 in.

0=—=——=121psi Ans

<
y 1

[
i
3
Ty
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