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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.

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

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

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

L3k, =0 Np =0 Ans.

+13F, =0 Vi + 1000 — 800 = 0 Vi = —2001b Ans.

C +3 Mg = 0; 1000(4) — 800(8) — My = 0

Mp = —=24001b-ft = —2.40kip-ft Ans.

The negative signs indicates that V;, and M, act in the opposite sense to that shown
on the free-body diagram.

4 ft
400 1b

@)

e \:;T -

(—g =/0b0 It Boolb
(k)

Ans:
Ng=0,Vg = -2001b, Mg = —2.40 kip - ft
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1-2. Determine the resultant internal normal and shear a b
force in the member at (a) section a—a and (b) section b-b, 30°
each of which passes through point A. The 500-Ib load is
e’4
\
A

applied along the centroidal axis of the member. |
500 Ib ——— ﬁ —> 500 Ib

/

b a
(a)
+
= 3F, = 0; N, — 500 =0
a
N, = 5001b Ans. ' Y,
= ta
+3F, =0 V,=0 Ans.
a
(b)
sF, = o N, — 500 cos 30° = 0
N, = 433 1b Ans.
t3F =0 V), — 500 sin 30° =
V, =2501b Ans.

Ans:
N, =5001b,V, =0,
N, = 4331b,V, = 2501b
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1-3. The beam AB is fixed to the wall and has a uniform | 20 ft ‘ 10 ft———
weight of 80 Ib/ft. If the trolley supports a load of 1500 Ib,
determine the resultant internal loadings acting on the cross A -
sections through points C and D. C D
1500 Ib
Segment BC:
Esr =0 Ne=0 Ans.
¥

+13F, = 0; Ve-20-15=0 N, £

Ve = 3.50 kip Ans. e

(J leuﬂ )
25 (0-08) =2.0%P

C+ZIMe =0, -Mc —2(125) = 1.5(15) =0

Mc = —475kip - ft Ans.
Segment BD:
EsF =0 Np=0 Ans.

Ve
=0: — = N

+13F, = 0; Vp— 024 =0 ‘-'STL%H'

Vp = 0.240 kip Ans. 0-08(3) = 0-24 5P
C+EZMp=0; -Mp — 024(1.5) =0

Mp = —0.360 kip - ft Ans.

Ans:
N¢ = 0,Ve =3.50kip, M¢ = —47.5kip - ft,
Np = 0,V) = 0.240 kip, M, = —0.360 kip - ft
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*1-4. The shaft is supported by a smooth thrust bearing at A
and a smooth journal bearing at B. Determine the resultant
internal loadings acting on the cross section at C.

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

C+IMy=0; By45) - 60022)(2) — 900(6) =0 B, =173333N

Internal Loadings: Using the result of B, section CD of the shaft will be
considered. Referring to the free-body diagram of this part, Fig. b,
ESF =0 Ne=o0 Ans.
+T2Fy =0 Ve —600(1) + 173333 — 900 = 0 Ve=—-233N Ans.
C+ZMce = 0; 1733.33(2.5) — 600(1)(0.5) — 900(4) — M =0

Mc=433N-m Ans.

The negative sign indicates that V.. act in the opposite sense to that shown on the
free-body diagram.

600 N/m

1 m—

~lm-<lm-~—1.5m——1.5m

900 N

@

600C)N

asm

i am ( ijl

oooN
5?*-"!733..&3»1

(6)
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1-5. Determine the resultant internal loadings in the 3 kip
peam at cross sections through points D and E. Point E is 1.5 Kip/ft
just to the right of the 3-kip load.
Am :
—== D B E c
‘&6& i 6t —— 4ft——4ft —

Support Reactions: For member AB
C+ZMp=0; 9.004) — A,(12) =0 Ay = 3.00 kip
LSF =0 B, =0
+T2Fy =0 B, +3.00 — 9.00 =0 B, = 6.00 kip
Equations of Equilibrium: For point D
L sE =0 Np =0 Ans.
+12F,=0; 3.00-225-V,=0

Vp = 0.750 kip Ans.
C+IMp=0; Mp + 2.25(2) — 3.00(6) = 0

Mp =135 kip - ft Ans.
Equations of Equilibrium: For point £
LSFE =0 Ny =0 Ans.
+T2Fy:O; —600 -3 -Vy=0

Ve = —9.00 kip Ans.
C +3IMg =0; My + 6.00(4) =0

Mg = —24.0kip-ft Ans.
Negative signs indicate that M and V; act in the opposite direction to that shown
on FBD.

% (158202)29.0 kip - Jkip +075)t6) 2225 Kip borp  3kip
s Sl .. i Be 1 ,p_ Cp — pe== o 0 LU
—ar 4t e ‘?M‘ T %

A, B# 3o kp

Ans:
Np =10, Vp =0.750 kip, M p
Ng =0, Vg = —9.00 kip, Mg

13.5 kip - ft,
= —24.0 kip - ft
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1-6. Determine the normal force, shear force, and
moment at a section through point C. Take P = 8 kN.

Support Reactions:

C+ZM,=0; 8225 —T(0.6)=0 T =300kN
LSF =0, 300-A,=0 A, = 30.0kN
+12F, =0, A, -8=0 A, =800kN
Equations of Equilibrium: For point C

LSE =0 ~Np—300=0

Ng = —30.0kN
+12F, =0 Ve +8.00 =0
Ve = —8.00 kN
C+3Mc=0; 800(0.75) — Mc =0

M = 6.00kN-m

Negative signs indicate that N and V- act in the opposite direction to that shown

on FBD.

B
0.5m
| C A
— v . S
{——0sm 0.75 m————0.75m |
P
3 7
,éﬂ:““
LS AF
Y
8k Ay
v,
& <. mok”
i oJsm
8.0 kN
Ans.
Ans.
Ans.
Ans:

N¢ = —=30.0kN, V. = —8.00 kN,

M = 6.00kN-m
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1-7. 'The cable will fail when subjected to a tension of 2 kN.
Determine the largest vertical load P the frame will support
and calculate the internal normal force, shear force, and
moment at the cross section through point C for this loading.

Support Reactions:
C+EIM,=0; P(2.25) — 2(0.6) = 0

P = 0.5333 kN = 0.533 kN
5SFE =0 2-A,=0 A, = 2.00kN
+T2Fy = 0; A, —05333=0 A, = 0.5333kN
Equations of Equilibrium: For point C
SsF =0 ~Ng — 2.00 = 0

N¢ = —2.00kN
+12F,=0; Vo+05333=0

Ve = —0.533 kN
C+ZMc =0 0.5333(0.75) — M¢c =0

M = 0.400 kKN -m

B
3
0.1m 05m
| C A
I A . S
y07sm e 075m———075m :
P
- +2 kN
Ans. 0-6m
— oy A.:
ZLE5Mm A
¥ ¢
Ans.
M&v‘ Z:0 ku
N
oJsm
Ans. 0-5333K Al
Ans.

Negative signs indicate that N~ and V- act in the opposite direction to that shown

on FBD.

Ans:
P = 0.533 kN, No = —=2.00kN, V- = —0.533 kN,
Mc = 0.400 kN -m
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*]1-8. Determine the resultant internal loadings on the
cross section through point C. Assume the reactions at the
supports A and B are vertical.

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

C+3IMp=0; —A/4) +6(3.5) + %(3)(3)(2) =0 A, =750kN

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

+T2Fy:0; 750 =6 = V=0 Ve = 1.50 kN

C +3Mc=0; Mc+6(05) —751)=0 Mc=450kN-m

o KN

Ans.
Ans.

Ans.

6 kN
3 kN/m
k ﬂB
L ‘ ¢ D L
l05m‘0.5m LSm 15 m
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1-9. Determine the resultant internal loadings on the 6 kN
cross section through point D. Assume the reactions at the 3 kN/m

supports A and B are vertical. m

A| ; : _F
L ‘ ¢ b L
|
\

1.5m i 1.5m

Referring to the FBD of the entire beam, Fig. a,
1
C +=M, =0 By(4) — 6(0.5) — 5 3)3)2)=0 B, = 3.00 kN %(!_5)6(5) kN

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

SSF =0 Np =0 Ans.

+1SF, =0, V- %(1.5)(1.5) +300=0 Vp=—1875kN Ans.

1
C +EMp = 0; 3.00(15) = 2 (15)(15)(05) = Mp =0 Mp =39375kN-m

=394kN-m Ans.

Ans:

Np=0,Vp=—1875kN,
Mp =394kN-m
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1-10. The boom DF of the jib crane and the column DE
have a uniform weight of 50 Ib/ft. If the hoist and load
weigh 300 1b, determine the resultant internal loadings in
the crane on cross sections through points A, B, and C.

Equations of Equilibrium: For point A
EsE =0 Ny=0
+12F =0, V,—150 -300=0
V4 =4501b
C+=M, =0, —M,— 150(1.5) — 300(3) = 0

M, = —11251b-ft = —1.125kip - ft

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

Equations of Equilibrium: For point B
EsE =0 Ny =0
+T2Fy:0; Vg — 550 — 300 =0
Vi = 8501b
C +3 Mg = 0; —Mp — 550(5.5) — 300(11) = 0

Mp = —63251b-ft = —6.325 kip - ft

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

Equations of Equilibrium: For point C
EsE =0 Ve =0
+1SF, =0, —Nc—250 — 650 — 300 =0
Nc = —12001b = —1.20 kip
C +IMc =0, —Mc — 650(6.5) — 300(13) = 0

Mc = —81251b-ft = —8.125 kip - ft

-2t 8 ft 31t

A

300 Ib

E
Ans.
Ans.
Ans.
Socd) =550
/S N -
My, x 1
< 5
U safe saft l
Ans. 0, 40
Ans. 5013)* 650 1b
i’ """""" _"“""'"".
Ans. fgmr)-zsm

Ans.

Ans.

Ans.

Negative signs indicate that N, and M. act in the opposite direction to that shown

on FBD.

Ans:

Ny=0,V,=4501b, M, = —1.125 kip - ft,
Np =10,V =8501b, Mg = —6.325 kip - ft,
Ve=0,Nc= —120kip, Mc = —8.125 kip * ft

10
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1-11. The forearm and biceps support the 2-kgload at A. If C
can be assumed as a pin support, determine the resultant
internal loadings acting on the cross section of the bone of the
forearm at E. The biceps pulls on the bone along BD.

Support Reactions: In this case, all the support reactions will be completed. yany 230 mm

Referring to the free-body diagram of the forearm, Fig. a, 35 mm 35 mm

C+ZIMq =0, Fppsin 75°(0.07) — 2(9.81)(0.3) = 0 Fgp = 87.05N 3(45;)”
+

—>3F =0 C, — 87.05cos 75° = C,=2253N 5

+T2Fy =0 87.05sin 75° — 2(9.81) — C, = 0 C, = 6447TN ! !%)

Internal Loadings: Using the results of C_and C, section CE of the forearm will be
considered. Referring to the free-body diagram of this part shown in Fig. b,

0-23m
LsF =0 Ny +2253 =0 Np=-225N Ans.
+1=F, = 0; —Vi — 6447 =0 Vy = —645 N Ans.
a
C +SMp=0; Mg+ 64.47(0.035) = 0 My = —226N-m Ans. @

The negative signs indicate that N, V, and My, act in the opposite sense to that
shown on the free-body diagram.

C"y=64-47h’ 0.035m

Ge=22.53N Me
Ne

k)

Ans:
Np=-225N,Vy = =645 N,M; = —226 N-m

11
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#]1-12. The serving tray 7 used on an airplane is supported 12N
on each side by an arm. The tray is pin connected to the arm 9N
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 15 mm 100 mm-—— 150 mm
the front passenger seat when not in use.) Determine the ﬂ TA Y
resultant internal loadings acting on the cross section of the j
arm through point C when the tray arm supports the loads 60° T
shown.
500 mm
Ve
C
Mc
Nc¢
/+3SF, =0; Nc+ 9cos30°+ 12 cos30° = 0; Ne=-182N Ans.
g jan
'\+2Fy =0; Vo —9sin30° — 12sin 30° = 0; Ve =105N Ans. trmn | |1l _sstma] 3
4 30"
C+EMc =0, —M¢ — 9(0.5 cos 60° + 0.115) — 12(0.5 cos 60° + 0.265) = 0 3
Mc=-946N - m Ans.
’ Somm
~ Ve
<
M
/ Ne
X

12
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1-13. The blade of the hacksaw is subjected to a a
pretension force of F = 100 N. Determine the resultant
internal loadings acting on section a—a that passes through
point D.
Internal Loadings: Referring to the free-body diagram of the section of the hacksaw Va-a.
shown in Fig. a, Maa
+ = h
—3F =0 Ny, +100 =0 N,—,= —100 N Ans. Na-a. o.15m
+13F, = 0; Vea=0 Ans.
C+3Mp=0;  —M, ,— 100(0.15) = 0 M, ,=-15N-m  Ans F=100N

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

Ans:
N, ,=-100N,V, ,=0, M, ,= —15N-m

13
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1-14. The blade of the hacksaw is subjected to a
pretension force of F = 100 N. Determine the resultant
internal loadings acting on section b—b that passes through
point D.

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

SF. =0 Ny_p, + 100 cos 30° = 0 Ny_p,= —86.6 N Ans.
2Fy = 0; Vip—p — 100 sin 30° = Vi—p = 50N Ans.
C+3IMp =0, —My_, — 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:
Nbfb = —86.6 N, beb =50 N,
Mb*b = —15N'm

14
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1-15. A 150-1b bucket is suspended from a cable on the
wooden frame. Determine the resultant internal loadings
on the cross section at D.

Support Reactions: We will only need to compute B,, B, and F;; . Referring to the
free-body diagram of member BC, Fig. a,

C +3SMg=0:  Fgysin45°2) — 150(4) = 0 Fou = 42426 1b
S5k =0 42426 cos 45° — B, = 0 B, = 3001b
+13F, =0 424.26'5in 45° — 150 — B, = 0 B, =1501b

Internal Loadings: Using the results of B, and B, section BD of member BC will be
considered. Referring to the free-body diagram of this part shown in Fig. b,

SsF =0 Np — 300 = 0 Np = 300 Ib Ans.
+12F, = 0; -Vp =150 =0 Vp = —1501b Ans.
C+3My=0; 150(1) + Mp =0 Mp = —1501b - ft Ans.

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

| ¢ | a2 Ift

Bl

1ft | 1ft

ert——‘

l B=3001b Mo

' > o N
Bx 45° /_) D

D

Fe Vo,
By, 41 b Ba =/50 1b

(b)

Ans:
Np =3001b,Vp = —1501b, Mp = —1501b - ft

15
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*#1-16. A 150-1b bucket is suspended from a cable on the
wooden frame. Determine the resultant internal loadings
acting on the cross section at E.

Support Reactions: We will only need to compute A , Ay, and Fp,. Referring to the
free-body diagram of the frame, Fig. a,

C+3IM, =0 F gy sin 30°(6) — 150(4) = 0 Fg; =2001b
LSE =0 A,—200sin 30° = 0 A, =1001b
+13F, =0 A, — 200 cos 30° — 150 = 0 A, =323211b

Internal Loadings: Using the results of A, and A, section AE of member AB will be
considered. Referring to the free-body diagram of this part shown in Fig. b,

5SSk =0 Np + 32321 =0 Np = —3231b Ans.
+13F, =0 100 — Vg =0 Ve = 1001b Ans.
G +2Mp=0; 1003) — Mg =0 Mg =3001b - ft Ans.

The negative sign indicates that N acts in the opposite sense to that shown on the
free-body diagram.

1) 11t Hzﬁa‘

3ft

%

1501 Az=1001b

&)

4 .

A7 =323.211b

16
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1-17. Determine resultant internal loadings acting on
section a—a and section b-b. Each section passes through
the centerline at point C.

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

C+IM, = 0; Npsin45°(6) — 5(4.5) =0 Np = 5303 kN
Referring to the FBD of this segment (section a—a), Fig. b,

+/2F, = 0; N,—q + 5303 cos 45° = N,_, = —3.75kN

+NZ2F, =0; V,,+5303sind45°—5=0 V, ,=125kN

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

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

sl SF,=0; Ny_p—5c0s45° +5303 =0 N,_, = —1.768kN
= —1.77kN

+12F,=0; V,p —5sind5° =0 V,_, = 3536 kN = 3.54kN

C+ZMc=0; 5303sin45°(3) — 5(1.5) = My, =0

Mb—b =375kN-m

Ans.

Ans.

Ans.

Ans.

Ans.

Ans:

N, ,= —-375kN,V,_, = 125kN,
M, ,=375kN-m, N,_, = —1.77 kN,
Viy—p =354kN-m, M, = 3.75kN-m

17
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1-18. The bolt shank is subjected to a tension of 80 Ib.
Determine the resultant internal loadings acting on the
cross section at point C.

Segment AC:

+ kA
—3F, =0 N-+80 =0, Nc=-801Ib Ans. M N
+12F, =0, Ve=0 Ans. bin
C+SMe=0; Mc+806)=0;, Mc=—4801b-in. Ans. ol

Ans:
Nc=—-801b,Ve =0, M= —4801b-in.

18
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1-19. Determine the resultant internal loadings acting on 6 kip/ft 6 kip /ft

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

— 3t —— 3 ft— 6 ft |
Referring to the FBD of the entire beam, Fig. a,
C+3IMp=0; %(6)(6)(2) + %(6)(6)(10) - A(12) =0 A, =18.0kip
Referring to the FBD of this segment, Fig. b,
ESE =0 N.=0 Ans.
+T2Fy =0 18.0 — %(3)(3) -3)3) —Ve=0 Ve = 4.50 kip Ans.
C +3M=0; Mc + (3)(3)(1.5) + %(3)(3)(2) - 18.03) = 0
M- = 31.5kip-ft Ans.
(e )c6) kip Z@XE) kip
L .
23)3) kiR .?5%) kip
3kipltt

Ans:
Nc = 0’ Ve =450 kip7 Mc = 315kip-ft

19
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#1-20. Determine the resultant internal loadings acting 6 kip/ft 6 kip/ft

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

3t 3 ] 6 ft |
Referring to the FBD of the entire beam, Fig. a,
1 1 .
C+EZMp =0, 5(6)(6)(2) + 5(6)(6)(10) - A,(12) =0 A, = 18.0kip
Referring to the FBD of this segment, Fig. b,
LSE =0 Np=0 Ans.
1
+13F,=0; 180 — E(6)(6) -Vp=0  Vp=0 Ans.
C+=IM, =0, Mp—18.0(2)=0 Mp = 36.0kip-ft Ans.

T@)okip  F@wkp  FE® kp

20
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1-21. The forged steel clamp exerts a force of F = 900 N
on the wooden block. Determine the resultant internal
loadings acting on section a—a passing through point A.

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

SF, =0 900 cos 30° — N,_, = 0 N,y = 779N Ans.
SF, = 0; V,_a — 900 sin 30° = V= 450N Ans.
C+SM,=0; 900002) — M, ,=0 M, ,=180N-m Ans.

Ans:
Nyw=79N,V, ,=450N,M, , = 180N -m:

21
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1-22. The metal stud punch is subjected to a force of 120 N 120N
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.

Member:

C+IM,=0;  Fgecos30°(50) — 120(500) = 0

Fye = 1385.6 N = 1.39 kN Ans.
+13F, = 0; A, — 1385.6 — 120 cos 30° = 0
A, = 1489.56 N
EsF =0 A, — 120sin 30° = 0; A, = 60N
F 4, = \V1489.56% + 60?
= 1491 N = 1.49kN Ans.
Segment:
NFSF, = 0; Np—120=0
ND = 120N Ans.
YVSF, = 0; Vp=0 Ans.
C+3IMp =0; Mp — 120(0.3) = 0
Mp =360N-m Ans.
Ans:

FBC = 1.39 kN, FA =1.49 kN, ND =120 N,
VD = O,MD =36.0N-m
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1-23. Solve Prob. 1-22 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:
C+=M,=0; Fpc cos 30°(50) — 120(500) = 0

Fpe = 1385.6 N = 1.3856 kN

Segment:

VSF, =0; Ng=0

N+3F, = 0; Vi — 120 = 0; Ve =120N
C+ZMg = 0; Mg —120(04) = 0; Mg =480N-m
Short link:

Esk =0 V=0

+13F, = 0; 13856 — N = 0; N = 139kN
C+3IMy = 0; M=0

120 N

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans:
NE = O,VE = 120N,ME = 480N'm,
Shortlink: V =0, N = 1.39kN, M =0

23




© 2014 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.

*1-24. Determine the resultant internal loadings acting
on the cross section of the semicircular arch at C.

C+EM,4=0; B,(2r) - /W(wor d)(cos 6)(r sin 6)
0

- /n(wor df)(sin 0)r(1 — cos9) =0
0

B, (2r) — worzl sinfdo =0

B, (2r) — wyr*(—cos 0)[; = 0

By = wyr
+ 2
—>2F =0 —Nc —wyr cosfdh =0
0
2 N, AVe
N¢c = —wy rsin 9‘[ = —wqyr Ans. - (
5 .
+T2Fy=0; w0r+VC—w0r/ sinfdf =0 -
° \
. | .5(9 \
2 &
wor + Ve — wqy r(—cos 6)/ =0, V,=0 Ans. g C (I
0 | | Wo v
|
C +=ZM,=0; wor(r) — Mc + (=wor)(r) =0
Ans.

MC=0
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1-25. Determine the resultant internal loadings acting on
the cross section through point B of the signpost. The post is
fixed to the ground and a uniform pressure of 7 Ib/ft> acts
perpendicular to the face of the sign.

SE, =0, (Vg),—105=0; (Vg), = 1051b Ans.
2F, =0; (Vg), =0 Ans.
2F, =0 (Np), =0 Ans.
M, =0 (Mp), =0 Ans.
SM,=0; (Mg, — 105(7.5) = 0;  (Mp), = 7881b-ft Ans.
M, = 0; (Tp), — 105(0.5) = 0; (Tp), = 52.51b-ft Ans.
05,
s 5
7(Ss)zr05% 44
Py
Vel pl ot
o
1)

Yo,

Ans:

(Vp)y =1051b, (Vg), = 0,(Np), = 0,
(Mp), = 0,(Mp), = 788 1b-ft,

(Tp), =5251b-1ft
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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.

SE, =0, (Ve), + 1000 — 750 = 0;  (V¢), = 250N
SF,=0; (No), =0

SE,=0;  (Vo), +240 =0,  (Vg), = 240N

SM,=0; (Mg, +240(045) = 0;  (M¢), = —108 N-m

SM,=0;  (To), =0

=M

Ans. zﬂj% 2%0m e
Ans. ot
Ans. e Zo 200" ;ﬂoﬂ 78" 240"
Ans.

Ans.

=0, (M), — 1000(0.2) + 750(0.45) = 0;  (M¢), = —138N-m Auns.

Ans:

(Ve)e = =250N,(N¢), = 0,(V¢), = —240N,
(M¢), = —108N-m, (T¢), = 0,

(M¢), = —138N-m
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1-27. The pipe assembly is subjected to a force of 600 N
at B. Determine the resultant internal loadings acting on
the cross section at C.

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

2F, =0; (N¢)e — 600 cos 60°sin 30° = 0 (N¢)y = 150N Ans.
2F, =0; (V¢), + 600 cos 60° cos 30° = 0 (Ve)y = —260N Ans.
SF.=0; (V¢), + 600sin60° = 0 (Ve), = —520N Ans.

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

(Tc)e = -779N-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; (M), + 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, (V¢),, (T¢)y, and (M¢), act in the opposite
sense to that shown on the free-body diagram.

Ans:

(N¢), = 150N, (V¢), = =260 N,
(Ve), = —520N, (T¢), = 779 N-m,
(M¢), = 153N-m, (M¢), = —99.0N-m
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*1-28. The brace and drill bit is used to drill a hole at O.If
the drill bit jams when the brace is subjected to the forces
shown, determine the resultant internal loadings acting on
the cross section of the drill bit at A.

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

SF, = 0; (Va)e =30 =0 (V). = 301b Ans.
SF, = 0; (Na), =50 =0 (N4), = 501b Ans.
SF, =0 (Va). — (V). = 101b Ans.
M, = 0; (M), — 10(2.25) = 0 (M), = 2251b- 1t Ans.
M, = 0; (T4), — 30(0.75) = 0 (T4), = 22.51b-ft Ans.
M, = 0; (M), +30(125) = 0 (M4), = —3751b-ft Ans.

The negative sign indicates that (M), acts in the opposite sense to that shown on
the free-body diagram.
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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 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 (0/2)]/6.

NSE, = 0; N+ wrfcos=0
Npg = —wrf cos 0 Ans.

+/'EFy =0, —Vg—wrfsinf =0

Vg = —wrfsin 0 Ans.
6/ 2r sin (6/2)
C +XMy=0; wro s\ + (Ng)r + Mg =0

My = —Ngr — wr?2sin (0/2) cos (6/2)

Mg = wr’(6 cos 6 — sin 6) Ans.

Ans:
Np = —wrfcos0, Vg = —wr sin 0,
Mg = wr?(6 cos 6 — sin 6)
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1-30. A differential element taken from a curved bar is M + dM T+dT
shown in the figure. Show that dN/d6 =V, dV/d6® = —N, o
dM/d6 = —T,and dT/d6 = M. VAV g S

N + dN

~
s
N <
% <
/‘3
: %

2F, =0

Ncos?-ﬁ-VSin?—(N+dN)cos%+(V+dV)sin?:0 @
2F, = 0;

Nsin?fVcos?+(N+dN)sin?+(V+dV)cos%=O ?2)
M, =0

Tcos%-ﬁ-Msin?—(T+dT)cos?+(M+dM)sin?:0 3
M, = 0;

Tsin%—Mcos?—%(T+dT)sin?+(M+dM)cos?:0 “@
Since?is can add, then sin? = ?, cos? =1

Eq. (1) becomes Vdf — dN + @ =0

Neglecting the second order term, Vd# — dN = 0

dN

— =V ED

do Q

dNdo
2

Eq. (2) becomes Ndf + dV + 0

Neglecting the second order term, Ndf + dV = 0

dv

SS= N ED

do Q
dMde

Eq. (3) becomes Mdo — dT + — = 0

Neglecting the second order term, Mdf — dT = 0
dT
— =M ED
do Q

dTde

Eq. (4) becomes Tdf + dM + 0

Neglecting the second order term,7d0 + dM = 0

M
= =-T ED
do Q
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1-31. The supporting wheel on a scaffold is held in place
on the leg using a 4-mm-diameter pin 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.
+T2Fy:0; 3kN- 2V =0; V =15kN v o,
v o1510° H
Tavg = 5 = #(7)2 = 119 MPa Ans. 1
A 7(0.004) ETYY

Ans:
Tavg = 119 MPa
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*1-32. The lever is held to the fixed shaft using a tapered B 12mm

pin AB, which has a mean diameter of 6 mm. If a couple is {
applied to the lever, determine the average shear stress in A
the pin between the pin and lever.

20N 20N

C +=My=0; —F(12) +20(500) = 0; F = 83333N F o0 ri2 wmn
vV 83333 I 250mm | E;.sm....l
_ Ans.

— = = 29.5 MP
a1 z(s)z 9.5 a
41000

Tavg =
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1-33. The bar has a cross-sectional area A and is subjected
to the axial load P. Determine the average normal and P <— P
average shear stresses acting over the shaded section, which 0,

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

Equations of Equilibrium:
N+HEF, =0 V —Pcosf =0 V = Pcos6

7+2F, = 0; N — Psinf =0 N = Psinf

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

sin
N Psin 0 P .
Tag = 47 = i = Zsm2 0 Ans.
V. Pcoso
Tavg = ? - ﬁ
o
P P
=1 sin 6 cos 0 = A sin 26 Ans. -———-&::f:;r_;;p. ......

s go
Ans:
P P
Tavg = 1 sin® 6, Tavg = A sin 260
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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 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.

At D:
P 4(10%)
=~ =7 —133MPa (C
70T AT 7(0.028 — 0.029) a ©
At E:
P 8(10°
op=—= 10) 207 MPa (T)

A Z(0.012?)

Ans:

A B 6kN
ﬂ{ g A ( ‘. 0 < » 8 kN
D 6kN FE
)
4 ‘ am
Ans.
Clu-anfq
gt & kN
Ans.
7e-7 MPa

op = 133 MPa (C), oz = 70.7 MPa (T)
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1-35. If the turnbuckle is subjected to an axial force of
P = 900 Ib, determine the average normal stress developed
in section a—a and in each of the bolt shanks at B and C.
Each bolt shank has a diameter of 0.5 in.

Internal Loading: The normal force developed in section a—a of the bracket and
the bolt shank can be obtained by writing the force equations of equilibrium along
the x axis with reference to the free-body diagrams of the sections shown in Figs. a
and b, respectively.

LSk =0 900 — 2N, , = 0 N, , = 4501b
+
—2F, =0 900 — N, =0 N, = 9001b

Average Normal Stress: The cross-sectional areas of section a—a and the bolt shank
are A, , = (1)(025) = 025in> and A, = %(0.52) = 0.1963in%, respectively.
We obtain

_ New _ 450 _ . .
(Ta—a)ave = A, 025 1800 psi = 1.80 ksi Ans.
N, 900 . .
op = Xb = 01963 4584 psi = 4.58 ksi Ans.

Na-o.
Neear

J001b

@)

N /
I 9o0lb

(b)

Ans:
(0a-a)ave = 1.80ksi, o, = 4.58 ksi
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*1-36. The average normal stresses developed in section a—a
of the turnbuckle, and the bolts shanks at B and C, are not
allowed to exceed 15 ksi and 45 ksi, respectively. Determine
the maximum axial force P that can be applied to the
turnbuckle. Each bolt shank has a diameter of 0.5 in.

Internal Loading: The normal force developed in section a—a of the bracket and the
bolt shank can be obtained by writing the force equations of equilibrium along
the x axis with reference to the free-body diagrams of the sections shown in Figs. a
and b, respectively.

LsF =0 P-2N, , =0 Now=PJ2
+
—IF =0 P—Ny,=0 N,=P

Average Normal Stress: The cross-sectional areas of section a—a and the bolt
shank are A,_, = 1(0.25) = 0.25in? and A, = %(0.52) = 0.1963 in%, respectively.

We obtain
N, P/2
- =% 1510%) =
(O'a a)allow Aafa’ ( ) 0.25
P = 75001b = 7.50 kip (controls) Ans.
N,
=— 45(10°%) =
T4 (109 = 51063

P = 83361b = 8.84 kip

N

Na-a.
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1-37. The plate has a width of 0.5 m. If the stress distri- 4m
bution at the support varies as shown, determine the force P
P applied to the plate and the distance d to where it is d
applied. Y
X
g = (15)61/2) MPa 30 MPa

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

dF = oy dA = (15x)(10°(0.5dx) = 7.5(10°)x* dx
+13F, = 0; /dF—P=0
4m 1
/ 7.5(10%x2dx — P =0
0

P = 40(10°) N = 40 MN Ans.

Equilibrium requires

C+=M, = 0; /xdF—szO

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

d=240m Ans.

dx o e .
IS
\ﬁ.‘ - U
2 . b
Vi S ]
x
AF

Ans:
P =40MN,d = 240 m
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1-38. The two members used in the construction of an
aircraft 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 Ib.

N — 400 sin 30° = 0; N =2001b

400 cos 30° — V = 0; V =346.411b

, 1.5(1) .
" sin30° 3in
N 200 .
o = A —T = 66.7pSl
14 346.41
TE Ty T 115 psi

800 1b <—1\ 7 Lin. |
lin. |

Ans.

Ans.

1.51in.
ya

30°

Ans:
o = 66.7 psi, 7 = 115 psi
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1-39. If the block is subjected to the centrally applied
force of 600 kN, determine the average normal stress in the
material. Show the stress acting on a differential volume
element of the material.

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

P 600(10%) s
Tavg = Z = W = 5(10 )Pa = 5 MPa Ans.
The average normal stress distribution over the cross section of the block and the
state of stress of a point in the block represented by a differential volume element
are shown in Fig. a

Ans:
Tavg = S MPa
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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. R
1.5m
! Al B
(o Yo
2 m
Internal Loadings: The force developed in each member of the truss can %

be determined by using the method of joints. First, consider the equilibrium of
joint C, Fig. a,

+ 4
’ ¢ 4o
3 »—X
+13F, = 0 so(g) — Fue=0 Fuc = 30 kN (T)
3108
+
Subsequently, the equilibrium of joint B, Fig. b, is considered FBC.'
4
LsF =0 50(5) — Fy=0 Fap = 40 kN (T) F;c

Average Normal Stress: The cross-sectional area of each of the bars is
A= %(0.022) = 0.3142(10" %) m%. We obtain,

F 50(10°
Fpe __5000) 159 MPa Ans.

(@ave)pe = =~ = 0.3142(107%)

Fuc 30(10%)
_fac PR _ 955Mp Ans.
(@aveac = 4" = 0 31m103) ~ S MPa s

( _ Fap 40010 127 MP A
Tae)AB = 4T = (3a10°7) . e
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1-41. If the average normal stress in each of the 20-mm- C P
diameter bars is not allowed to exceed 150 MPa, determine -
the maximum force P that can be applied to joint C.

1.5m
m
Internal Loadings: The force developed in each member of the truss can be determined
by using the method of joints. First, consider the equilibrium of joint C, Fig. a, 44.
+ 4
3
+13F, = 0 1.25P 5)- Fiue =0 Fuc = 0.75P(T)
e c P
Subsequently, the equilibrium of joint B, Fig. b, is considered X
4
LsF =0, 1.25P<g> CFyp=0 Fas = P(T) 3 -
\ foc
Average Normal Stress: Since the cross-sectional area and the allowable normal stress of - AcC
each bar are the same, member BC which is subjected to the maximum normal force is
the critical member. The cross-sectional area of each of the bars is A = %(0.022) = Ca)
0.3142(1073) m2 We have, ‘
Fpc 1.25P k
wvgallow = — 5 150(10°) = ——=""
(ave)an A (0% = 5314210 )
P =3769N =37.7kN ans.  TBcrl25P
3 8
X
e
(6
Ans:
P =377kN
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1-42. Determine the average shear stress developed in
pin A of the truss. A horizontal force of P = 40kN is
applied to joint C. Each pin has a diameter of 25 mm and is
subjected to double shear.

1.5m

L

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

SM, = 0; B,(2) — 40(1.5) = 0
LsF =0 40— A, =0
+13F, =0 30— A, =0

Thus,

Fo=VAZ+ A2 = V40> + 30° = 50kN

B, = 30kN
A, = 40kN

A, = 30kN

hS

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

of pin A are

Fy 50
VA=—A=7=25kN

Average Shear Stress: The area of the shear plane for pin A is A4, = %(0.0252) =

0.4909(1073) m2. We have

V,  2510°

Ao 2 509 MP
As 0.4909(107%) :

(Tavg)A =

Ans.

» 40 kN

G=50KN
pfn A’
Cb)

Ans:
(Tavg) 4 = 50.9 MPa

42




© 2014 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.

1-43. The 150-kg bucket is suspended from end E of the
frame. Determine the average normal stress in the 6-mm
diameter wire CF and the 15-mm diameter short strut BD.

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;  Fgpsin45°(0.6) — 150(9.81)(1.2) = 0 Fgp = 4162.03 N

C+SM,y=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(10%) m? and Acp = %(0.0062) = 28274(10 %) m2.
We have

Fgp 4162.03

= = = 23.6 MP Ans.
(O'avg)BD ABD 01767(10_3) a ns.

Fer 1962

o = P2 694 MPa Ans.
Cowder =5 7 28.274(1075)

Ans:
(aavg)BD = 23.6 MPa, (aavg)CF = 69.4 MPa
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*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.

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.

C +3Mc=0; Fgpsin45°(0.6) — 150(9.81)(1.2) = 0 Fyp = 4162.03N

Subsequently, the free-body diagram of the entire frame shown in Fig. b will be
considered.

C +SM, = 0; Fepsin30°(1.8) — 150(9.81)(1.2) = 0 Fep = 192N
SSE =0, A, - 1962sin30° = 0 A, = 981N
+1SF, =0; A, — 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 + A} = V9812 + 3170.642 = 3318.93 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 Ap = %(0.012) = 78.540(10 %) m? and A, = %(0.0062) = 28.274(107%) m?.
We obtain

Va 1659.47

=————— =587MPa Ans.
Ay 28274(107°)

(Tavg)A =

Vp 208102
Twe)p = —2 = ————"__ — 765MPa Ans.
(Tave)o = 78.540(107%)

0 ém‘ | 06om

1
A, 7
150(9.81)N

(@) Ay (b )

~xy

x =4in.,y = 4in.,0 = 9.26 psi
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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.

13)02)(2) + X6)(12)(2)

X = 1 =
39)(12)
_33)1296)(3) +30)12)(3 +5) _
’ 19)02)
o= L 00 9.26 psi

A~ J9)12)

Ans. 4
§ 5’
Ans. 'y P
#* iz
Ans.
500
~ 926 psi
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1-46. The 20-kg chandelier is suspended from the wall
and ceiling using rods AB and BC, which have diameters of
3 mm and 4 mm, respectively. Determine the angle 6 so that
the average normal stress in both rods is the same.

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

LSk =0 Fpe cos 6 — Fypcos 30° = 0 (1)
Average Normal Stress: The cross-sectional areas of cables AB and BC are
Aup = %(0.0032) =7.06910 % m?> and Apc = %(0.0042) = 12.566(10~%) m?.
Since the average normal stress in both cables are required to be the same, then

(O-avg)AB = (O'avg)BC

Fap _ Fpe

Aap Apc

Fyp _ Fpc
7.069(107%)  12.566(107%)

FAB = 05625FBC (2)

Substituting Eq. (2) into Eq. (1),

Fgc(cos 0 — 0.5625 cos 30°) = 0

Since Fpc # 0, then

cos O — 0.5625 cos 30° = 0

6 = 60.8° Ans.

20(9.81) N
(@)

Ans:
6 = 60.8°
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1-47. The chandelier is suspended from the wall and ceiling
using rods AB and BC, which have diameters of 3 mm and
4 mm, respectively. If the average normal stress in both rods is
not allowed to exceed 150 MPa, determine the largest mass of
the chandelier that can be supported if 6 = 45.

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

B Fpe cos 45° — Fyp cos 30° = 0 (1)

+T2Fy =0 Fpc sin45° + F,p sin 30° — m(9.81) = 0 (2)

Solving Egs. (1) and (2) yields
FAB = 7.181m FBC = 8.795m
Average Normal Stress: The cross-sectional areas of cables AB and BC are

Aup = %(0.0032) =7.06910 "% m?> and Apc = %(0.0042) = 12.566(10%) m?.
We have,

Fap 6 7.181m
- === 150(10°) = —————
( avg)allow Aup ( ) 7.069(10_6)
m = 147.64 kg = 148 kg (controls) Ans.
Fpe o 8.795m
Tadatow = 2S5 150(10°) = —o
(0a g)allo Apc (10% 12.566(1076)
m = 21431 kg

Ans:
m = 148 kg
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*1-48. The beam is supported by a pin at A and a short
link BC. If P =15 kN, determine the average shear stress
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.

For pins B and C:

v 8510°
TBTTCT 4T ( 2)—324MPa
4 (1000)
For pin A:
F, = V(82.5)* + (142.9)? = 165 kN
v o 825010°
Ta=—= ( 2)—324MPa
A 4 (1000)

k3

P 4P

«—1.5m
)

4P

2P
0.5 m

1.5m

Ans.

Ans.

of =

a..‘kﬂ

165 knt
B.ser

@35"’
165

gzce~
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1-49. The joint is 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.

+13F, = 0; —6sin 60° + Npccos 20° =

Nge = 5.530 kip

S5k, =0 Nap — 6 cos 60° — 5.530sin 20° = 0

Nag = 4.891 kip

_ Nag 4891

= A ) 17ksi
Asg (15)(15)

_ Npe 5530

ope = 2 = 22 _ (819 ksi
BT Ape  (15)(45)

Ans.

Ans.

6 kip
60°
A C
k
1.51n. 20°
——
B 4.5 in
o L.". .
ba*

Ans:
o4p = 217 ksi, opc = 0.819 ksi
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1-50. The driver of the sports car applies his rear brakes - :
and causes the tires to slip. If the normal force on each rear /' ‘Aﬁ‘
tire is 400 1b and the coefficient of kinetic friction between — ‘

the tires and the pavement is w;, = 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.

400 Ib
F = N = 0.5(400) = 200 1b
_N _ 00 _ s
p= 7 A= 0 =125in
F 200 .
Tae =4 T g5 10PS Ans.
Ans:
Tavg = 16 psi

50




© 2014 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.

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

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

+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

P
Tavg = Z; 2(102) = E
P = 4(10%1b = 4 kip Ans.
P 4(10°)

Using the result of P,V ,_, = — = 2(10%) Ib. The area of the shear plane is

2 2
A,q = 2(4) = 8in%. We obtain

Vo _ 2(10°) .
(Ta_a)avg = A =—5 - 250 psi Ans.

Ans:
P = 4Kip, (Ty-y)ave = 250 psi
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*1-52. If the joint is subjected to an axial force of
P = 9 kN, determine the average shear stress developed in
each of the 6-mm diameter bolts between the plates and the
members and along each of the four shaded shear planes.

100 mm N J{W
100 mm <3

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

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

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

( ) v, 2.25(10%) 9.6 MP A
Tay =—=———= . a ns.
“eP A, 28274(107°°)

Ve 225010°
(Tavg)p = = = 2BUO) _ s kpa Ans.

ra, 0.01
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1-53. 'The average shear stress in each of the 6-mm diameter
bolts and along each of the four shaded shear planes is not
allowed to exceed 80 MPa and 500 kPa, respectively.
Determine the maximum axial force P that can be applied
to the joint.

100 mm

~ J/
100 mm

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

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

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

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

We obtain
Vv P/4
Tallow )b =~ 80(10°) = ——"———
(rato)s Ay (10) 28.274(107%)
P = 9047 N = 9.05 kN (controls) Ans.
vV, P/4
(Tallow)p = A7p; 500(103) = m

P =20000N = 20 kN

P

Ans:
P = 9.05kN
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1-54. 'When the hand is holding the 5-Ib stone, the humerus H,
assumed to be smooth, exerts normal forces F- and F,4 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.

—2in
C +3ZMy =0; Fgsin75°(2) — 5(14) =0 ! 14 in.
Fz = 36.2351b Fy <1y

I, /}\
P 36235 Z ‘%w -
a1 030 - 121 psi Ans. 9 {2 ] J

Y PN
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 developed in the cables. The diameters of
AB and AC are 12 mm and 10 mm, respectively.

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.

ZF. =0; 2000(9.81)cos45° — F4p cos 15° =0 Fyp = 14362.83 N (T)
2F, = 0; 2000(9.81) sin 45° — 14 362.83 sin 15° — Fyec = 0 Fyc = 10 156.06 N (T)
Average Normal Stress: The cross-sectional areas of cables AB and AC are

Aup = %(0.0122) =0.1131(10 %) m?> and Ay = %(0.012) = 78.540(10 %) m>.
We have,

_ Fup 1436283

- taB - 127 MP Ans.
TAB T ALy 0.1131(10°9) a e

F 10 156.06
Oac = € = = 129 MPa Ans.
Aasc 78.540(107°)

(&)

Ans:
OAB — 127 MPa, OAc — 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 developed in this cable is the same as in the
10-mm diameter cable AC.

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

SF, = 0; 2000(9.81) cos 45° — F,p cos 15° = 0 Fup = 14362.83 N (T) 00(9.
| | . 2000(9-80)N
S F, = 0; 2000(9.81) sin 45° — 14 362.83 sin 15° — Fyc = 0 F4c = 10156.06 N (T) /?

/

Average Normal Stress: The cross-sectional areas of cables AB and AC are
Aup = %d L5 and Aye = %(0.012) = 78.540(10%) m?>.

Here, we require
TAB = 0AC

FAB _ FAC

Aap  Anc f:';
A ‘

14 362.83 _ 10 156.06 A‘a

Tdap®  78.540(107°)
dsp = 001189 m = 11.9 mm Ans. Ca')
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1-57. If the concrete pedestal has a specific weight of vy,
determine the average normal stress developed in the
pedestal as a function of z.

Internal Loading: From the geometry shown in Fig. a,

h  h+h
= . h/ — h
ro 2}’0
and then —
r ro ro ' \
_ 1o, =20, 4 ]
2+ h W reREEh N L\
[}
1

R . \
Thus, the volume of the frustrum shown in Fig. b is A ]

V= %{w{% (z + h)r}(z +h) - %(wr(,z)h h :

"\
= 7Troz[(z + h)® — h3} :

32

<t
™ |

The weight of this frustrum is

{(z + h) - hﬂ

Average Normal Stress: The cross-sectional area the frustrum as a function of z is

2
A=7TI’2=L;;(Z+I’Z)2. !

Also, the normal force acting on this cross section is N = W, Fig. b. We have

2
Y

N R 7{(1 + hy - hT >
Oavg = 4 = > == 3 Ans.
R R | O

(6 )

Ans: P
+ —
e

Tavg = 3 (z + h)z
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1-58. The anchor bolt was pulled out of the concrete wall P
and the failure surface formed part of a frustum and
cylinder. This indicates a shear failure occurred along the
cylinder BC and tension failure along the frustum AB. If

the shear and normal stresses along these surfaces have the A
magnitudes shown, determine the force P that must have ] 535S,
been applied to the bolt. 45 45
50 mm
3 MPa ‘ ‘ 3 MPa
B S
Average Normal Stress:

v v
i {45 Mpy 20 mm

o
f—ﬁ—»’

For the frustum, A = 2L = 2m(0.025 + 0.025)(V0.05? + 0.05) 2 ‘

= 0.02221 m?
P P 5 mm 25 mm
- . 1 6\ — 1
M 3(10°) 0.02221
F, = 66.64 kN

Average Shear Stress:

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

45(10°) = 0.004712

|4
Tavg — Z;

F, = 2121 kN

Equation of Equilibrium:

+13F,=0; P —2121 — 66.64sin45° = 0

P = 68.3kN Ans.

Ans:
P = 683 kN
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1-59. The jib crane is pinned at A and supports a chain
hoist that can travel along the bottom flange of the beam,
1ft = x = 12 ft. If the hoist is rated to support a maximum
of 1500 1b, determine the maximum average normal stress in
the %-in. diameter tie rod BC and the maximum average

shear stress in the %-in. -diameter pin at B.

C +3M,=0; Tpyesin30°(10) — 1500(x) = 0

Maximum T occurs when x = 12 ft

TBC = 3600 lb
UzﬁzﬁLOOz:S.lSkSi
A T(0.75)
3600/2
S /2:5.87ksi
A 3(5/8)

Ans.

Ans.

30°

T i

7

+1500 Ib
10 ft

1520l

Ans:
o = 8.15ksi, 7 = 5.87 ksi
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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.

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(10*3)} =0

o, = 1.10 MPa Ans.
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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.

Average Shear Stress: The area of the shear plane, shown shaded in Fig. q,
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

Tave = 1.77 MPa Ans.

Ans:
Tavg = 1.77 MPa
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1-62. The crimping tool is used to crimp the end of the wire E.
If a force of 20 1b is applied to the handles, determine the
average shear stress in the pin at A. The pin is subjected to
double shear and has a diameter of 0.2 in. Only a vertical force
is exerted on the wire.

Support Reactions:

From FBD(a)

C +IMp=0; 20(5)—B,(1)=0 B, =1001Ib

LsF =0 B, =0
From FBD(b)
L5k, =0 A, =0

C+IMp=0; A, (15) — 100(3.5 =0

A, =233331b
Average Shear Stress: Pin A is subjected to double shear. Hence,
Fa 4
Va=—=—=116671b

)

() Vi 11667

T ave = — =

AT A, T(0.2))

= 3714 psi = 3.71 ksi

Ans.

201b

E e\

Q.

éB°DV//I/

[
1.5in. 2in. 1lin.

5in.

—

201b

)
Z016

oo I
A (B

2]
sl

\j=6-§7 16

233331

Ans:
(TA)ave = 3.71 ksi
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1-63. Solve Prob. 1-62 for pin B. The pin is subjected to
double shear and has a diameter of 0.2 in.

Support Reactions:

From FBD(a)
C +3Mp=0; 20(5) - B,(1)=0 B, =100lb
L5k, =0 B, =0

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

Fy By
= —— = - = 01
Vg > > 50.0 1b
() Vg 50.0
Tave = 2 = =
Bave ™ Ay T T (0.27)

= 1592 psi = 1.59 ksi

201b

e

16

e \\
éBc’D///

1.5in. 2in. 1in.

Ans.

| 5in. |

201b

Varfo b

he100 1b

Ans:
(TB)ave = 1.59 ksi
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*1-64. A vertical force of P = 1500 N is applied to the
bell crank. Determine the average normal stress developed
in the 10-mm diameter rod CD, and the average shear stress
developed in the 6-mm diameter pin B that is subjected to
double shear.

Internal Loading: Referring to the free-body diagram of the bell crank shown

in Fig. a,

C +3Mg=0; Fcp(0.3sin45°) — 1500(0.45) = 0 Fcp = 3181.98N
L3 =0 B, —3181.98 = 0 B, = 3181.98N
+12F, =0, B, —1500 =0 B, = 1500 N

Thus, the force acting on pin B is

Fp= VB2 + B} = V3181.98% + 1500* = 3517.81 N

Pin B is in double shear. Referring to its free-body diagram, Fig. b,

Fy  3517.81
Vg = 7” == = 175891N

Average Normal and Shear Stress: The cross-sectional area of rod CD is
Acp = %(0.012) = 78.540(10 ®)m?, and the area of the shear plane of pin B is

Ap = %(0.0062) = 28.274(10%) m’. We obtain

Fep 318198
o = = = 40.5 MPa Ans.
(Caeler =4 = 78.540010)
Vs 175891
Twe)p = 2 = — > — 22 MPa Ans.
(Taw)s =7, 28.274(107%)

1500N
o-45m J
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1-65. Determine the maximum vertical force P that can
be applied to the bell crank so that the average normal
stress developed in the 10-mm diameter rod CD, and the
average shear stress developed in the 6-mm diameter
double sheared pin B not exceed 175 MPa and 75 MPa,
respectively.

Internal Loading: Referring to the free-body diagram of the bell crank shown in Fig. a,
C+SMp=0;, Fcp(03sind5°) — P(045) =0  Fop = 2.121P

LsF, =0 B, —2121P =0 B, = 2.121P

+13F, = 0; B,—P=0 B, =P

Thus, the force acting on pin B is

Fp="\B2+ B} = \V(2121P) + P? = 2.345P

Pin B is in double shear. Referring to its free-body diagram, Fig. b,

F 2.345P
Vi=g -

= 1.173P

Average Normal and Shear Stress: The cross-sectional area of rod CD is
Acp = %(0.012) = 78.540(10 ®)m?, and the area of the shear plane of pin B

is Ag = %(0.0062) = 28.274(10~®)m?. We obtain

Fep 2.121P
Tos)ation = <2 175(10°) = - ———
(avdatiow = 7~ (10 78.540(10°°)
P = 647920 N = 6.48 kN
Vy 1.173P
Tavgallow = 75100 = 106
(Ta g)allo Ap ( ) 28.274(1076)

P = 1808.43 N = 1.81 kN (controls) Ans.

b)

Ans:
P = 181kN
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1-66. Determine the largest load P that can be applied to
the frame without causing either the average normal stress
or the average shear stress at section a-a to exceed
o = 150 MPa and 7 = 60 MPa, respectively. Member CB
has a square cross section of 25 mm on each side.

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

4
+13F, =0;  Fye (5) —P=0  Fpgc=125P

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

S SF, =0, N, - 1.25P(%) =0 N, . = 0.75P
4
+12F,=0; 125P 5) - Vau=0 Voa=P
. . . 0.025
The cross-sectional area of section a-a is A,_, = (0.025) W
= 1.0417(10™%) m?. For Normal stress,
N, 0.75P
dlow = ——5 150(10%) = —————
Tallow = " — (107 1.0417(10°3)
P = 208.33(10%) N = 208.33 kN
For Shear Stress
Ve P
w = 60(10°) = ———
Tallow = 4 T (0% = T 0a1710 %)
P = 62.5(10°) N = 62.5 kN (Controls!) Ans.
F 125P
Bc
5
4
3
4
9

foc y Ne-a

Ans:
P = 62.5kN
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1-67. The pedestal in the shape of a frustum of a cone is made
of concrete having a specific weight of 150 1b/ft>. Determine
the average normal stress acting in the pedestal at its base.
Hint: The volume of a cone of radius r and height /4 is

V= %wrzh.

h h—38

E = 71 s h =24 ft
1 2 1 2 3

V=37 (15)%24) — S (1)°(16); V =39.794 ft

W =150(39.794) = 5.969 kip
P 5969

=== = 844 pst = 5.86 psi Ans.

A w(15) ps pet

1.5ft

Ans:
o = 5.86 psi
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*1-68. The pedestal in the shape of a frustum of a cone is
made of concrete having a specific weight of 150 Ib/ft>.
Determine the average normal stress acting in the pedestal
at its midheight, z = 4 ft. Hint: The volume of a cone of

radius 7 and height his V = 17r2h.

h h—8
E—f, h =241t

W = %77(1.25)220 - %(w)(lz)(m (150) = 2395.51b

+1SF,=0; P—23955 =0

P =239551b

P 2395.5 Ans.

=L 2P0 g psf = 3.39 psi
A~ 7(125) ps pst

1.5 ft

y
Te
h
l- 4
9
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1-69. Member B is subjected to a compressive force of
800 1b. If A and B are both made of wood and are % in. thick,
determine to the nearest § in. the smallest dimension / of
the horizontal segment so that it does not fail in shear. The
average shear stress for the segment is 7,y = 300 psi.

307.7

Tallow — 300 = (%) h
h =274 in.
Use h = 2%in.

Ans.

Ans: 3
Use h = 2—in.
se 41n
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1-70. The lever is attached to the shaft A using a key that
has a width d and length of 25 mm. If the shaft is fixed and
a vertical force of 200 N is applied perpendicular to the
handle, determine the dimension d if the allowable shear
stress for the key is 710w = 35 MPa.

C +3SM,=0; F,,(20) — 200(500) = 0

F,_,=5000N

F, 5000
_ _~a-a, oy — VY
Tallow = g 35(10°) d(0.025)

d = 0.00571 m = 5.71 mm

— d
a S >
) = i
— 20 mm \ |
500 mm
Y
200 N
Zomm
Fe
) |
Ans. ) Sesmay 1
ZooN
Ans:
d = 571 mm
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1-71. The joint is fastened together using two bolts.
Determine the required diameter of the bolts if the failure
shear stress for the bolts is 7p,; = 350 MPa. Use a factor of
safety for shear of F.S. = 2.5.

350(10°)

_ 6
>3 140(10%

20(10%)

Tallow — 140(106) = Edz
4

d = 0.0135m = 13.5 mm

30 m/HQ 80 kKN
<7 30 mm
40 kKN
40 kKN
mﬂ‘
<=
40!"
Ans.
Ans:
d = 13.5 mm
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*1-72. The truss is used to support the loading shown
Determine the required cross-sectional area of member BC
if the allowable normal stress is oy = 24 ksi.

C+3IM,=0;

C +2M,=0;
_P

O'—A,

~400(6) — 800(8.485) + 2(8.485)(D,) = 0
D, =541.421b

541.42(8.485) — Fy- (5.379) = 0
Fpyp =854.011b

854.01
24000 = ——
A
A = 0.0356 in?

800 1b

)
/\

YA
B '\ﬂ

Ans.

o203 S 20*

s4id4z iy
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1-73. The steel swivel bushing in the elevator control of
an airplane is held in place using a nut and washer as shown
in Fig. (a). Failure of the washer A can cause the push rod to
separate as shown in Fig. (b). If the maximum average
normal stress for the washer is o, = 60ksi and the
maximum average shear stress is 7, = 21 ksi, determine
the force F that must be applied to the bushing that will
cause this to happen. The washer is % in. thick.

F

2100) = 3037500

Tavg = Z;

F =3092.51b = 3.09 kip

Ans.

A
(b)
Ans:
F =3.09 kip
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1-74. Member B is subjected to a compressive force of
600 1b. If A and B are both made of wood and are 1.5 in.
thick, determine to the nearest é in. the smallest dimension a
of the support so that the average shear stress along the
blue line does not exceed 7,0, = 50 psi. Neglect friction.

Consider the equilibrium of the FBD of member B, Fig. a,
4
LsF, =0 600(5) ~F,=0 F,=4801b
Referring to the FBD of the wood segment sectioned through glue line, Fig. b

S SF, =0, 480-V=0 V=4801b

’

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

%4 480
Tallow — Z; 50 = 1.54
a = 6.401in.
Usea = 6% in. Ans.

6oolb |<_6'~_,l
}%460 b
3\ —_E

* v

<N

@)

600 1b

1
Usea = 65 in.
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1-75. The hangers support the joist uniformly, so that it is 40 1b /ft

assumed the four nails on each hanger carry an equal 30 1b/ft
portion of the load. If the joist is subjected to the loading
shown, determine the average shear stress in each nail of
the hanger at ends A and B. Each nail has a diameter of —Lk ;r

B

0.25 in. The hangers only support vertical loads.

‘A
18 1t
C +=ZM, =0, F(18) — 540(9) — 90(12) = 0; Fg = 3301b
+13F, =0 F4 + 330 — 540 — 90 = 0; F, =3001b
For nails at A, 2008)= S40 /b
Fy 300 . fuodugr=any
h e - --J==.‘-

Toe S 4, T )05y
A (4)( . ) Y T
— 1528 psi = 1.53 ki Ans. f:l 27 Ispl &7
[ ]
For nails at B,
Fp 330
P -
Y& Ap 4(5)(0.25)?
= 1681 psi = 1.68 ksi Ans.
Ans:

For nails at A: T4y, = 1.53 ksi
For nails at B: Ty, = 1.68 ksi
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#1-76. The hangers support the joists uniformly, so that it

40 b /ft

is assumed the four nails on each hanger carry an equal 30 Ib/ft
portion of the load. Determine the smallest diameter of the
nails at A and at B if the allowable stress for the nails is
Talow = 4 ksi. The hangers only support vertical loads. —Lk )r
‘A B
18 ft
C+=ZIM,=0; Fp(18) — 540(9) — 90(12) = 0; Fp =3301b
+T2Fy=0; F, + 330 — 540 — 90 = 0; F, =3001b
For nails at A,
_E 3y _ 300 3008): 240l
Tallow — AA7 4(10 ) - 4(%)61142 1 li“‘)f‘ﬂ): doih
d, = 0.155 in. Ans. - .
I 774 Lkl [753 ,
For nails at B, R A
Fy 330
W= 4010%) =
Tallo Ag (10°) A(T) di?
dg = 0.162 in. Ans.
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bolts, one on each side of the member as shown. Each bolt
has a diameter of 0.3 in. Determine the maximum load P '

that can be applied to the member if the allowable shear P A P
stress for the bolts is 7,,, = 12 ksi and the allowable

average normal stress is oo = 20 ksi.

1-77. The tension member is fastened together using two A
60°

N+ZF, =0, N — Psin60°=0 N_ VY ,
b }J_,ao P
P=11547N 1)

/+2F, =0 V — Pcos60° =0

P=2V )

Assume failure due to shear:
|4
=12=-—
Tallow (2) % (03)2
V = 1.696 kip

From Eq. (2),

P = 339kip

Assume failure due to normal force:
N

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

Ans:
P = 3.26kip
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1-78. The 50-kg flowerpot is suspended from wires AB
and BC. If the wires have a normal failure stress of
O = 350 MPa, determine the minimum diameter of each
wire. Use a factor of safety of 2.5.

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

B SE =0 Fyecosd5° — Fupcos30° = 0 (1) %
+T2Fy =0;  Fupsin30° + Fgesin 45° — 50(9.81) = 0 )
Solving Egs. (1) and (2), F’
AB fac
FAB = 35907 N FBC = 43977 N °
30 45
Allowable Normal Stress: x
O fail 350
Callow = F;‘ =55 = 140 MPa
Using this result,
Fyp 359.07
Tallow = 140(10%) =
BN T A 10 =%, 50(9.81)N
d,5=0.001807 m = 1.81 mm Ans.
F, 439.77 (a)
_ 1BC 6\ .
w = 140(10°) =
Tallo ABC ( ) 4£dBC2
dgc = 0.00200 m = 2.00 mm Ans.

Ans:
dyp =181 mm,dgc = 2.00 mm
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1-79. The 50-kg flowerpot is suspended from wires AB and
BC which have diameters of 1.5 mm and 2 mm, respectively. If
the wires have a normal failure stress of oy,; = 350 MPa,
determine the factor of safety of each wire.

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

AP =0 Fpe cos 45° — Fyp cos 30° = 0 1) y_
+13F, = 0; Fap sin 30° + Fyesin45° — 50(9.81) = 0 @)

Solving Egs. (1) and (2),

>

®
ol
O

Fup = 359.07TN Fye = 439.77TN
. . 30" 45°
Average Normal Stress: The cross-sectional area of wires AB and BC are 2
Aup = %(0.0015)2 = 1.767(10 % m? and A = %(0.0022) = 3.142(10°%) m?.
Fap 359.07
o =—=——"—=20319MPa
Cadas = 1.767(10°°)
Fpe 439.77

(@wgnc = 4 = 0000 139.98 MPa 50(9-81) N
We obtain, _ (a)

O fai] 350
F.S)ap = = -172 Ans.
(FS)as (Cav)ap 20319 ns

Tril 350

FS)pc= - = =
(F:S)sc (Tasc 13998

2.50 Ans.

Ans:
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*1-80. The thrust bearing consists of a circular collar A
fixed to the shaft B. Determine the maximum axial force P
that can be applied to the shaft so that it does not cause the
shear stress along a cylindrical surface a or b to exceed an
allowable shear stress of 7., = 170 MPa.

Assume failure along a:

P
=170(10%) = —————
Tallow (0 = 0.03)(0.033)
P = 561 kN (controls) Ans.
Assume failure along b:
P
=170(10%) = ——————+—
Tallow (0 = . 0.058)(0.02)

P = 620kN

80




© 2014 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.

1-81. The steel pipe is supported on the circular base
plate and concrete pedestal. If the normal failure stress for
the steel is (opj)s = 350 MPa, determine the minimum
thickness 7 of the pipe if it supports the force of 500 kN. Use
a factor of safety against failure of 1.5. Also, find the
minimum radius r of the base plate so that the minimum
factor of safety against failure of the concrete due to
bearing is 2.5. The failure bearing stress for concrete is
(Ufail)con = 25 MPa.

Allowable Stress:
_ (o-fail)st 350

(Tattow)st = “FS — 15" 233.33 MPa
(T fait) 25
(Uallow)con = % = g = 10 MPa

The cross-sectional area of the steel pipe and the heaving area of the concrete
pedestal are Ay = 7(0.12 — r?) and (Agon), = 2. Using these results,

500(10°)
(012 = r?)
r; = 0.09653 m = 96.53 mm

(Uallow)st = 23333(106) =

;
As

Thus, the minimum required thickness of the steel pipe is
t =ro—r; =100 — 96.53 = 3.47 mm Ans.

The minimum required radius of the bearing area of the concrete pedestal is

P 500(10%)
=— 10(10%) = ———=
(Uallow)con (Acon)b, ( ) 77}’2
r =0.1262m = 126 mm Ans.

Ans:
t =347 mm, r = 126 mm

81




© 2014 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.

1-82. The steel pipe is supported on the circular base
plate and concrete pedestal. If the thickness of the pipe
is t=5 mm and the base plate has a radius of
150 mm, determine the factors of safety against failure of
the steel and concrete. The applied force is 500 kN, and the
normal failure stresses for steel and concrete are
(tai)st = 350 MPa and (0,1)con = 25 MPa, respectively.

Average Normal and Bearing Stress: The cross-sectional area of the steel pipe and
the bearing area of the concrete pedestal are Ay = 7(0.1% — 0.095%) =
0.975(10*)7r m? and (Agon), = 7(0.15%) = 0.02257 m>. We have

n) _ P S000) o p

Tavg)st = Ag - 0975(10_3)77 - . ‘
_ P 50000 e

(O'avg)con = (Acon)b ©0.02257 !

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

(Fs), = Gk 350, Ans.

(Cavgdst 16324

(O-fail)con 25
F.S. =————=—=353 Ans.
8 )eon = (deon 7074 "

Ans:
(F.S.)y = 2.14, (F.S.) e, = 3.53
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the pine block. If the allowable bearing stresses for

these materials are oo, = 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 \ A

be supported. What is this load?

1-83. The 60 mm X 60 mm oak post is supported on lP

For failure of pine block:

P P
=— 25(10%) = ————
TN (10% (0.06)(0.06)
P =90kN Ans.
For failure of oak post:
P P
— . 43(1 oy — -~
=g BU%) = 006)006)
P = 1548 kN

Area of plate based on strength of pine block:

_ P o 154.8(10)°
T=3 25(10°) = )
A =6.19(107%) m? Ans.
P = 155kN Ans.

Ans:
P =90kN, A = 6.19(107%) m?, P, = 155kN
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*1-84. The frame is subjected to the load of 4 kN which
acts on member ABD at D. Determine the required
diameter of the pins at D and C if the allowable shear stress
for the material is 7,0y = 40 MPa. Pin C is subjected to
double shear, whereas pin D is subjected to single shear.

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

C +3ZMp=0; Dy(2.5) — Fpesind5° (1) =0 (1)
iEFXZO FpccosdS® — D, =0 (2)
Referring to the FBD of member ABD, Fig. b,

C +=M, =0 4 cos 45° (3) + Fpesin45°(1.5) — D, (3) =0 (3)
Solving Egs (2) and (3),

Fye =800kN D, = 5.657kN Im

i

‘klm

1.5m
BE T
1.5m
1

Substitute the result of Fzc into (1)

D, = 2263 kN

Thus, the force acting on pin D is

Fp=VD2+ D, = V5657 + 2263 = 6.093 kN NE

Pin C is subjected to double shear white pin D is subjected to single shear. Referring
to the FBDs of pins C, and D in Fig ¢ and d, respectively,

F 8.00
Ve = % == =400kN  Vp = Fp=6.093kN
For pin C,
Ve 4.00(10%)
Tallow — TC; 40(106) = W
dc = 0.01128 m = 11.3 mm Ans.
For pin D,
Vo 6.093(10%)
== 40(10%) = ——5—~
Tallow AD7 ( ) % dDz
dp = 0.01393 m = 13.9 mm Ans.

Vb

(00 6‘606‘3 kN (C) FB'C=6-OO kﬁl

[-Em
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1-85. The beam is made from southern pine and is
supported by base plates resting on brick work. If the
allowable bearing stresses for the materials are
(Tpine)atlow = 2-81 ksi and (Fprick Jallow = 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.

The design must be based on strength of the pine.

At A:
P 3910
o= 2810 = 1,03)
1. .
Usel, = 5 in. [, = 0.464 in.
At B:
P 4690
g = Z, 2810 = W
3. .
Uselp = 1 in. lp = 0.556 in.

Ans.

Ans.

6 kip
200 Ib /ft
y YYY VVYVYVY VY
B
5ft 5ft 3 ft—
6 oootb
Zoajv,f)f

=

’\'q;, b SH 1
2410 $,9Dl=
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1-86. The two aluminum rods support the vertical force of
P = 20kN. Determine their required diameters if the
allowable tensile stress for the aluminum is oy, = 150 MPa.

+13F, = 0; Fapsin 45° — 20 = 0; Fup = 28284 kN 4
= SF,=0; 28.284 cos 45° — Fye = 0; Fic = 20.0kN Fis
For rod AB: Fac 45’
—— A
E 28.284(10°
Tallow = 2 150(10°) = #
Aupp 1dAB 120 Kk~
dsp = 0.0155m = 15.5 mm Ans. |
For rod AC:
Eyc 20.0(10%)
W= 150(10°) = ——5—
T allo Axc ( ) %dAZC
dye = 0.0130 m = 13.0 mm Ans.
Ans:

dAB =155 mm, dAC = 13.0 mm
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1-87. The two aluminum rods AB and AC have diameters
of 10 mm and 8 mm, respectively. Determine the largest
vertical force P that can be supported. The allowable tensile

stress for the aluminum is o, = 150 MPa.

+12F, = 0 Fupsin45° — P = 0;

Ly Fypcos 45° — Fye = 0

Assume failure of rod AB:

Fyup
7(0.01)?

Fyp
Tallow — TAB; 150(106) =

From Eq. (1),
P = 833 kN

Assume failure of rod AC:

Fyc
7(0.008)*

Fyc
Tallow — A7AC; 150(106) =

Fyc = 7.540 kN
Solving Egs. (1) and (2) yields:
Fup = 1066 kN; P = 7.54kN

Choose the smallest value

P =754kN

P = F,psin 45°

M
@)

Ans.

Ans:
P = 754 kN
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*1-88. The compound wooden beam is connected together KN 2 kN
by a bolt at B. Assuming that the connections at A, B, C,and D L5 kN
. . . ~——2m—}—2m—~1.5m-~1.5m=|<1.5 m~|~1.5 m~|
exert only vertical forces on the beam, determine the required ‘
diameter of the bolt at B and the required outer diameter of its \ CE
washers if the allowable tensile stress for the bolt is Al '
(07¢)alow = 150 MPa and the allowable bearing stress for the B

wood iS (07)anow = 28 MPa. Assume that the hole in the
washers has the same diameter as the bolt.

From FBD (a):

C+3Mp =0, Fud5) + 1.53) + 2(15) — Fe(6) = 0 i
45Fy — 6 Fc= —15 @ Fo Ry i Fs
From FBD (b):
C+3ZM,4=0; Fg(5.5) — Fc(4) —3(2) =0 L3 e R
55Fz —4Fc=6 ) =
Solving Egs. (1) and (2) yields R W

Fp=440kN; Fo = 455kN

For bolt: @4.

4.40(10%)

Tatow = 15010%) = =05 Gl
dg = 0.00611 m
= 6.11 mm Ans.
For washer:
3
Talow = 28(10%) = Z(d;ﬂi()((;(())();ll%
d, = 0.0154 m = 154 mm Ans.
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1-89. Determine the required minimum thickness ¢ of
member AB and edge distance b of the frame if P = 9 kip
and the factor of safety against failure is 2. The wood has a
normal failure stress of op,; = 6 ksi, and shear failure stress
of Ttail — 1.5 ksi.

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

i) IF,=0; Fypcos30° — Fyccos30° =0 Fic = Eup

+13F, = 0; 2F,5sin30° — 9 =0 Fu5 = 9kip

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

LsF =0 (Fg), — 9 cos 30° = (Fp), = 7.794 kip

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

L5k =0 Viaw— 1779 =0 Va-u = 7.794 kip

Allowable Normal Stress:

O £ai] 6 .
Tallow — Fgl :5:31(51
i 1.5 .
Tallow — ;fasl = 7 = 0.75 ksi
Using these results,
Eip 9(10°)
= == 3(10°) = ——
T allow AAB7 ( ) 3t
t = 1lin. Ans.
Vi 7.794(10%)
Tatow = 0.75(10%) = EEETe
b = 3.46in. Ans.

(@527 7 kip
aQa = Q
Va-a

©)

3o

e

30°

Ans:
t =1in.,b = 3.461n.
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1-90. Determine the maximum allowable load P that can
be safely supported by the frame if r = 1.25 in. and
b =3.5in. The wood has a normal failure stress of
Ot = 6 ksi, and shear failure stress of ¢,; = 1.5 ksi. Use a
factor of safety against failure of 2.

Internal Loadings: The normal force developed in member AB can be determined qﬂ_
by considering the equilibrium of joint A. Fig. a.
% 2F, = 0; F,pcos 30° — F4ccos 30° = Eic = Eip ,

+13F, = 0; 2F45sin30° — 9 =0 Fup =P

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

BSF, =0.  (Fp),— Pcos30° =0  (Fg), = 0.8660P

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

shear plane a—a is F
+ A8
—>3F, =0 Ve — 0.8660P = 0 Vu—a = 0.8660P

(a)

Allowable Normal and Shear Stress:

T fai 6 .
Tallow — ngl = 5 = 3 ksi
i 1.5
Tallow = % = = 0T5ksi
Using these results,
Fup P
= ; 3(10°) =
Tallow AAB’ ( ) 3(125)
P =112501b = 11.25kip
|7 0.8660P
a—a 3\
Tallow Aafa’ 075(10 ) 3(35)
P =9093.271b = 9.09 kip (controls) Ans.

. "_@.‘:‘9’85@?

mu* (2.9
Va-a

<)

Ans:
P = 9.09 kip
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1-91. If the allowable bearing stress for the material
under the supports at A and B is (0})a0w = 1.5 MPa,
determine the size of square bearing plates A’ and B’
required to support the load. Dimension the plates to the
nearest mm. The reactions at the supports are vertical.
Take P = 100 kN.

Referring to the FBD of the bean, Fig. a
C +3ZM,=0; Np(3) + 40(1.5)(0.75) — 100(4.5) = 0
C +3ZMyz =0, 40(1.5)(3.75) — 100(1.5) = N4(3) =0

For plate A,

A

N 25.0(10%)
(Ub)allow = T; 15(106) =—F
B

ay
ay = 01291 m = 130 mm

For plate B,
Ng 135(10%)
Tallow = 4 1.5(10% = &

ag = 0.300 m = 300 mm

Ny = 135kN

N, = 250kN

40 kN/m

A
AL 4

Ans.

Ans.

3m l 1.5m—

Ans:
ay =130 mm, ap = 300 mm
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*1-92. If the allowable bearing stress for the material under 40 kKN /m P
the supports at A and B is (07)a0w = 1.5 MPa, determine l
the maximum load P that can be applied to the beam. The Y
bearing plates A’ and B’ have square cross sections of f _

1.5 m—

150 mm X 150 mm and 250 mm X 250 mm, respectively. : 2
sl

|

\

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

C +3SM,=0; Ng3)+40(1.5)(0.75) — P(4.5) =0 Ny =15P — 15

C +3Mp=0; 40(15)(3.75) — P(15) = N43) =0 N, =75 — 05P

For plate A’,
3
(Tp)allow = %; 1.5(10%) = %
P = 82.5kN
For plate B’,
3
(Tp)allow = %; 1.5(10%) = %

P =725kN (Controls!) Ans.
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1-93. The rods AB and CD are made of steel. Determine
their smallest diameter so that they can support the dead
loads shown. The beam is assumed to be pin connected at A
and C. Use the LRFD method, where the resistance factor
for steel in tension is ¢ = 0.9, and the dead load factor is
vp = 1.4.The failure stress is o,; = 345 MPa.

Support Reactions:

CH+IM,=0; Fep(10) — 5(7) — 6(4) — 4(2) = 0

Fep = 6.70 kN
C+IMq=0; 4(8) + 6(6) + 5(3) — F45(10) =0
F, 5 = 830kN
Factored Loads:

Fcp = 1.4(6.70) = 9.38 kN
F, 5 = 1.4(8.30) = 11.62 kN
For rod AB

0.9[345(10%)] n(%)z = 11.62(10%)

dsp = 0.00690 m = 6.90 mm
For rod CD

0.9[345(10%)] w(dg—D)z = 9.38(10°)

dcp = 0.00620 m = 6.20 mm

Ans.

Ans.

6 kN

Ans:
dAB = 6.90 mm, dCD = 6.20 mm
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1-94. The aluminum bracket A is used to support the
centrally applied load of 8 kip. If it has a constant thickness
of 0.5 in., determine the smallest height 4 in order to
prevent a shear failure. The failure shear stress is
Trail = 23 ksi. Use a factor of safety for shear of F.S. = 2.5.

Equation of Equilibrium:

+1SF,=0; V-8=0 V=800kip

Allowable Shear Stress: Design of the support size

TV 23(10°)  8.00(10%)

Tallow = g~ 4 25 K05)

h = 1.741in.

Ans.

8 kip
84ap
fv-gai

Ans:
h = 1.741n.
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1-95. The pin support A and roller support B of the
bridge truss are supported on concrete abutments. If the
bearing failure stress of the concrete is (o), = 4 ksi,
determine the required minimum dimension of the square
bearing plates at C and D to the nearest ﬁ in. Apply a factor
of safety of 2 against failure.

&) o) o) o)\

. Lo
15(11? 1 ﬁkip
A X B

s T
¢ v [P
Y VY VY 20
300 kip 300 kip 300 kip300 kip

0 kip

<6 ft =<6 ft—~~6 ft~~6 ft =6 ft~~6 ft~

Internal Loadings: The forces acting on the bearing plates C and D can be
determined by considering the equilibrium of the free-body diagram of the truss

shown in Fig. a,

C +3M, = 0; B,(36) — 100(36) — 200(30) — 300(24) — 300(18) — 300(12) — 300(6) = 0

B, = 766.67 kip

C +3Mg = 0; 150(36) + 300(30) + 300(24) + 300(18) + 300(12) + 200(6) — A,(36) = 0

A, = 883.33 kip

Thus, the axial forces acting on C and D are

Fc = A, = 88333 kip Fp = B, = 766.67 kip
Allowable Bearing Stress:
(ori)y 4 .
(O'allow)b = F.aé' = 5 = 2ksi
Using this result,
F 766.67(10%)
(Uallow)b = Al; 2(103) =T 2
D ap
5
ap = 19.58in. = 19§ in.
Fc 883.33(10%)
(Uallow)b = A7; 2(103) =T 2
c a

1
ac = 21.02in. = 21R in.

/ 50,-‘!/? JOOK ;f

* 3N éftféft Tajer G|
Ay, 300 300 300 300 200 3?

(A )

Ans.

Ans.

Ans:

5 1
Use ap = 19§ in., ac = 21% in.
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#*1-96. The pin support A and roller support B of the 150 kip s S D] D)
bridge truss are supported on the concrete abutments. If the

square bearing plates at C and D are 21 in. X 21 in.,and the A l/ /]
bearing failure stress for concrete is (o), = 4 ksi, °

determine the factor of safety against bearing failure for the ¢

concrete under each plate. \ \ M

) 200
300 kip 300 kip 300 kip300 kip

<6 ft—~~6 ft =6 ft~~6 ft~~6 ft~~6 ft—~

Internal Loadings: The forces acting on the bearing plates C and D can be
determined by considering the equilibrium of the free-body diagram of the truss
shown in Fig. a,

C +2M, = 0; By(36) — 100(36) — 200(30) — 300(24) — 300(18) — 300(12) — 300(6) = 0
B, = 766.67 kips

C +3 My = 0; 150(36) + 300(30) + 300(24) + 300(18) + 300(12) + 200(6) — Ay(36) =0
A, = 883.33 kips
Thus, the axial forces acting on C and D are
Fc = A, = 883.33 kips Fp = B, = 766.67 kips

Allowable Bearing Stress: The bearing area on the concrete abutment is
Ap, = 21(21) = 441 in%. We obtain

F- 88333 .
((Tb)c = Ab = 441 = 2.003 ksi
Fp  766.67
=D _ = 1.738 ksi
(ou)p A, 141 738 ksi
Using these results,
(o sai)s 4
FS)e=—""—=-—>-=200 Ans.
(FS)e =" = 2003 ns
(o sai)p 4
FS)e=—"""—=-—-=230 Ans.
(FS)e =" =178 e

150 kjp 100 Ki'f

* 3N éftféft ]:gﬁ]fehj G|
Ay, 300 300 300 300 200 3?

(4)
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1-97. The beam AB is pin supported at A and supported
by a cable BC. A separate cable CG is used to hold up the
frame. If AB weighs 120 Ib/ft and the column FC has a
weight of 180 Ib/ft, determine the resultant internal loadings
acting on cross sections located at points D and E. Neglect
the thickness of both the beam and column in the

calculation.

Segment AD:

LSF, =0, Np+216=0
+{3F, =0 Vp + 072 - 072 =0;
C +3IMp=0;, Mp—0723)=0;
Segment FE:

ESF =00 Ve-054=0;
+ISF, = 0; Ny + 072 — 5.04 = 0;
C+3Mp=0; —Mg+0544) =0;

Np = —2.16 kip
VD =0

Mp = 2.16 kip - ft

Vi = 0.540 kip
Ny = 432kip

My = 2.16kip- ft

@
T
4 ft.-ﬁ e
/ BB—6tt— ~_ B
A = |
.ﬁh y b ] 3 ‘
12 ft |
8 ft
4 g E
. 4t I
G/ |
-l| “\ F
| 12 ft }
:en:"”
Ans. 2 _n‘x_'l‘. :
A [ _
ns. o7 ‘rlélm)f ““rhp
Ans. i ‘f'3+£’"
24 H; th
’ -
02" Lloktiro g2 <P
Ans.
Ans.
Ans.
kip
2
o5
Ans:
Np = —2.16kip, V), = 0, My, = 2.16 kip - ft,

Vi = 0540 kip, Ny = 4.32 kip, My = 2.16 kip - ft
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1-98. 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.

8 (10°
(O 2527(7)2 = 208 MPa
A T(0.007)

1% 8 (10°%)
(Taveda = 4 = " 0.018)(0.030) — 7> MPa

1% 8 (10%)

=L _4s55MP

(Taveds = 40 = 0,007y (0.008) 2> MPa

Ans.

Ans.

Ans.

Ans:
o, = 208 MPa, (Tay,), = 4.72 MPa,
(Tavg)b = 45.5 MPa
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1-99. To the nearest i in., determine the required

thickness of member BC and the diameter of the pins at

A and B if the allowable normal stress for member BC is

Taow = 29 ksi and the allowable shear stress for the )
pins is o ygn = 10 ksi. L5in.

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

\60"

B 8 ft A
C+ZM,=0; 2(8)(4) — Fpesin60°(8) =0 Fpe = 9.238 kip %:I @ €
=% ZF, =0 9.238 cos 60° — A, =0 A, = 4.619 kip 2 kit
1p
+T2Fy =0 9.238 sin 60° — 2(8) + A, =0 A, = 8.00 kip S
Thus, the force acting on pin A is
Fo= VA2 + A2 = V4619 + 8.00% = 9238 kip
Pin A is subjected to single shear, Fig. ¢, while pin B is subjected to double shear,
Fig. b.
F 9.238
Va=F,=9238kp V= % = == = 4619kip
For member BC
Fpc 9.238 .
Tallow = AL;C; = 1.5(:) t = 0.2124 in.
1.
Uset = —in. Ans.
4
For pin A
Va 9.238 .
Tallow — TA, 10 = %d%‘ dA = 1.085 in.
1.
Used, = 1§ in. Ans.
For pin B
14 4.619 .
Tallow — 72; 10 = %d% dg = 0.7669 in.
13 .
Usedp = 16 in. Ans.
Fac
Vb
Ve
o
00
F =G.236 k
! AJ( B¢ 7 5/51,0
L!—._.—-._..-.-—._—— —— e 2 e .
N T4 }
2(8) kip
A
@) F= 7258 kip
Ans:
CC) I PR PR
set = in,ds = lgin, dp = ¢

—in.
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Average Shear Stress: The shear area A = 7(0.004)(0.002) = 8.00(107%)7r m?

#1-100. The circular punch B exerts a force of 2 kN on the 2 kN
lop of the plate A. Determine the average shear stress in the
plate due to this loading. 5
4 mm
TAT [2mm

2(10°
= K = # = 79.6 MPa Ans.

; -
YA 8001007
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1-101. Determine the average punching shear stress the
circular shaft creates in the metal plate through section AC
and BD. Also, what is the bearing stress developed on the
surface of the plate under the shaft?

120 mm

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 *)7r m? and A, = %(0.122 - 0.062) =
2.7(10™ )7 m% We obtain

P 40(10%)

= T2 ) assmp Ans.
e T AT 05(10 Oy a "

P 40(10%)
o, = —— =

= —————>— =472MPa Ans.
A, 27107

Ans:
Tavg = 25.5 MPa, 0, = 4.72 MPa
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block of aluminum that supports a compressive load of
6 kN. Determine the average normal and shear stress acting
on the plane through section a—a. Show the results on a
differential volume element located on the plane. a

1-102. The bearing pad consists of a 150 mm by 150 mm l6 KN

30°|

150 mm

Equation of Equilibrium:
+/72F, =0 Vg — 6cos60° =0 Vu—q = 3.00kN

N+3F, =0; N, ,—6sin60°=0 N, ,=5196kN

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

(015 ~ ,
A= (Sm . 00)(0'15) = 0.02598 m”.

_ No, 519(10°) 500 kP A
Tama = T4 T 002598 a s

o Via _ 3.00(10%)
A 0.02598

= 115 kPa Ans.

Ans:
0,4 = 200kPa, 7,_, = 115 kPa
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1-103. The yoke-and-rod connection is subjected to a
tensile force of 5 kN. Determine the average normal stress
in each rod and the average shear stress in the pin A
between the members.

For the 40 — mm — dia rod:

P 5(10° &
Oy =—= ”(7)2 = 3.98 MPa Ans. J
A T(0.04)

For the 30 — mm - dia rod:

Vv o 5(10%)
=L =~ - 707MP Ans.
70T AT T 0,03y a s

Average shear stress for pin A:

_E_w_sogMP Al
Tavg_A_%(O.OZS)z_ . a ns.

Ans:
Ty = 3.98 MPa, g3 = 7.07 MPa
Tug = 5.09 MPa
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*1-104. The cable has a specific weight y (weight/volume)
and cross-sectional area A. If the sag s is small, so that its
length is approximately L and its weight can be distributed
uniformly along the horizontal axis, determine the average
normal stress in the cable at its lowest point C.

Equation of Equilibrium:

AL
C+3IM, = 0; Ts—y—(£) =0

2 \4
_ yAL?
85
Average Normal Stress:
2
N 75
A A 8s

Ans.
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2-1. An air-filled rubber ball has a diameter of 6 in. If the air
pressure within it is increased until the ball’s diameter
becomes 7 in., determine the average normal strain in the

rubber.
dy = 6in.
d = T7in.
_7Td*7Td()_7_6_ . .
€= mde 6 0.167 in./in. Ans.

Ans:
€ = 0.167 in./in.
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2-2. A thin strip of rubber has an unstretched length of
15 in. If it is stretched around a pipe having an outer
diameter of 5 in., determine the average normal strain in

the strip.

Ly = 15in.
L = w(5in.)

L—-Ly 57m-15 .
=L 15 0.0472 in./in.

€

Ans.

Ans:
€ = 0.0472 in./in.
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2-3. The rigid beam is supported by a pin at A and wires
BD and CE. If the load P on the beam causes the end C to
be displaced 10 mm downward, determine the normal strain

developed in

wires CE and BD.

ALgp  ALcg
37
3 (10)

ALcg 10

€CET T T 2000 0.00250 mm/mm
AL 4.286

€gp = LBD = 2000 ~ 0.00107 mm/mm

3 4~

Ans.

Ans.

Ans:
ecrg = 0.00250 mm/mm, egp = 0.00107 mm/mm
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*2-4. The force applied at the handle of the rigid lever
causes the lever to rotate clockwise about the pin B through
an angle of 2°. Determine the average normal strain
developed in each wire. The wires are unstretched when the
lever is in the horizontal position.

o

2
Geometry: The lever arm rotates through an angle of § = (180

)ﬂ-rad = 0.03491 rad.

Since 6 is small, the displacements of points A, C, and D can be approximated by

8,4 = 200(0.03491) = 6.9813 mm
8¢ = 300(0.03491) = 10.4720 mm
8p = 500(0.03491) = 17.4533 mm

Average Normal Strain: The unstretched length of wires AH, CG, and DF are

L, = 200 mm, Lo = 300 mm, and Lpr = 300 mm. We obtain

) 6.9813

(favg)AH = T:H = 200 = 0.0349 mm/mm Ans.
Sc 10.4720

(€avg)cG = TCCG = 30 0.0349 mm/mm Ans.
o 17.4533

(€aveg)DF = T;)F = 30 0.0582 mm/mm Ans.
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2-5. The two wires are connected together at A. If the force P
causes point A to be displaced horizontally 2 mm, determine
the normal strain developed in each wire.

Ll = V300% + 22 — 2(300)(2) cos 150° = 301.734 mm

Ly — L 301.734 — 300
€ac = €ap = ACLAC AC 200 = 0.00578 mm/mm

300”“4\,\ ¢

1SD° 2 YA,

Ans.

Ans:
€EAC = €EAB = 0.00578 mm/mm
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2-6. The rubber band of unstretched length 27 is forced

down the frustum of the cone. Determine the
normal strain in the band as a function of z.

Geometry: Using similar triangles shown in Fig. a,

h' h'+h
— = . h =h

ro 2r0

Subsequently, using the result of A’

o
— Y. —
= r h(Z+h)

average

Average Normal Strain: The length of the rubber band as a function of z is

2’7Tr0 .
L =2nr = T (z+h). With Ly = 2ry, we have

27Tr0
L-L, &
ean h LO 2]"0

(Z +h) _27'0

=%(z+h)—1 Ans.

Ans:

a
eavg:;(z-i_h)_l
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2-7. The pin-connected rigid rods AB and BC are inclined
at 6 = 30° when they are unloaded. When the force P is
applied 6 becomes 30.2°. Determine the average normal
strain developed in wire AC.

Geometry: Referring to Fig. a, the unstretched and stretched lengths of wire AD are
L,c = 2(600 sin 30°) = 600 mm
L ¢ = 2(600 sin 30.2°) = 603.6239 mm

Average Normal Strain:

Lac' = Lac _ 603.6239 — 600
Lac 600

(€avglac = = 6.04(10"*)mm/mm  Ans.

@)

Ans:
(Eavg)AC = 604(1073) mm/mm
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*2-8. Part of a control linkage for an airplane consists of a
rigid member CBD and a flexible cable AB. If a force is
applied to the end D of the member and causes it to rotate
by 6 = 0.3°, determine the normal strain in the cable.

' 300 mm

Originally the cable is unstretched.

300 mm

400 mm

AB = V400% + 300°> = 500 mm

AB’ = \V/400* + 300% — 2(400)(300) cos 90.3°

= 501.255 mm
_ AB' — AB _ 501255 — 500
€AB AB 500

= 0.00251 mm/mm

Ans.
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2-9. Part of a control linkage for an airplane consists of a
rigid member CBD and a flexible cable AB. If a force is
applied to the end D of the member and causes a normal
strain in the cable of 0.0035 mm/mm, determine the !
displacement of point D. Originally the cable is unstretched. © 300 mm
B -
e ) 300 mm
A F |
# c)
5’ %

AB = V300 + 400° = 500 mm

AB' = AB + e,3AB
=500 + 0.0035(500) = 501.75 mm

501.75%2 = 300% + 400> — 2(300)(400) cos a

a = 90.4185°
o_ T
= 0.4185 130° (0.4185) rad
Ans.

6 = 90.4185° — 90°

Ap = 600(8) = 600( 1;700)(0.4185) = 438 mm

Ans:
Ap = 4.38 mm
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2-10. The corners of the square plate are given the y
displacements indicated. Determine the shear strain along 0.2in.
the edges of the plate at A and B. A
10 in.
D B
L4 X
0.3 in—~ |< J -
0.31in.[10 in.
10 in. 10 in. f
0.2in
At A:

0 4 97\ _ R
> = tan (710.2) = 43.561

0" = 1.52056 rad °
(Yad =~ 1:52056 N
= 0.0502 rad Ans. t
At B:
% ~ tan~! (%) = 46.439° )

¢' = 1.62104 rad
T
YB)nt = 5 - 1.62104 10Li,

= —0.0502 rad Ans.

Ans:
(Ya) = 0.0502 rad, (yg),, = —0.0502 rad
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2-11. The corners of the square plate are given the y
displacements indicated. Determine the average normal 02in.
strains along side AB and diagonals AC and DB. A
10 in.
D B
L4 X
0.3 in | *‘ -
7 0.31n.[10 in.
10in—C 10 in. !
0.2 in
For AB:
AB = V(102)* + (9.7)* = 14.0759 in.
AB = V(10)* + (10)*> = 14.14214 in. ,
A
14.0759 — 14.14214 .
€4 = 1414214 = —0.00469 in./in. Ans.
10,2
For AC: Ny
7.7 0a.
20.4 — 20
€qsc = ———— = 0.0200 in./in. Ans.
20
For DB:
19.4 —20
epp = ———— = —0.0300 in./in. Ans.
20
Ans:

€45 = —0.00469 in./in., e 5 = 0.0200 in./in.,
€pp = —0.0300 in./in.
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#*2-12. The piece of rubber is originally rectangular. y
Determine the average shear strain v, at A if the corners B
and D are subjected to the displacements that cause the 3mm—| |—
rubber to distort as shown by the dashed lines. D!
1
!
1
1
400 mm ;'
!
]

L
Al—300mm—— B *

2 mm

2
6, = tan 0; = 300 = 0.006667 rad

3
0, = tan 6, = 200 0.0075 rad

Yxy = 61 + 92
= 0.006667 + 0.0075 = 0.0142 rad Ans.
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2-13. The piece of rubber is originally rectangular and y
subjected to the deformation shown by the dashed lines.
Determine the average normal strain along the diagonal 3mm—f b c
DB and side AD. D[ i i
/ ."
! :'
400 mm lu' ‘.'
| .=
| .‘4L
= X
Al—300 mm— B |
2 mm
AD' = V/(400)* + (3)> = 400.01125 mm
3
=tan"' () = 0.42971°
¢ = tan (400> 0.4297
AB' = V/(300)* + (2)* = 300.00667
2
=tan"' { | = 0.381966°
@ = tan (300) 0.38196
a = 90° — 0.42971° — 0.381966° = 89.18832°
D'B' = \/(400.01125)2 + (300.00667)* — 2(400.01125)(300.00667) cos (89.18832°)
D'B’ = 496.6014 mm
DB = V/(300)? + (400)> = 500 mm
496.6014 — 500
epp = —————— = —0.00680 mm/mm Ans.
500
400.01125 — 400
€ap=—""—— = 0.0281(10"%) mm/mm Ans.
400
TS
. @, =4
D E
4 A“‘F’Lﬂa e "
400w ™ e
400 012 S,
A
A B’
300.0 0607 amam,
Ans:
epp = —0.00680 mm/mm,

€4p = 0.0281(107%) mm/mm
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2-14. The force P applied at joint D of the square frame «~—200 mm—}—200 mm«L
causes the frame to sway and form the dashed rhombus. P D ————— '_E _____ DC
Determine the average normal strain developed in wire AC. ! B
Assume the three rods are rigid. I I
o _ I
S ;
U
400 mm
Il
!
A

@
(o)
[y

Geometry: Referring to Fig. a, the stretched length of L ¢ of wire AC’" can be
determined using the cosine law.

Lac = V400> + 400> — 2(400)(400) cos 93° = 580.30 mm

The unstretched length of wire AC is

Lc = V400> + 400> = 565.69 mm

Average Normal Strain:

) Lac — Lac 58030 — 565.69
e - -
avglAC Lac 565.69

= 0.0258 mm/mm  Ans.

Ans:
(€avg)ac = 0.0258 mm/mm
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2-15. The force P applied at joint D of the square frame <200 mm—~~—200 mm«L
causes the frame to sway and form the dashed rhombus. P D N 1_5 _____ MC
Determine the average normal strain developed in wire ik B
AE. Assume the three rods are rigid. i I
i |
U
400 mm
Il
!

b
()
s}

Geometry: Referring to Fig. a, the stretched length of L,x of wire AE can be
determined using the cosine law.

Lag = V4002 + 2007 — 2(400)(200) cos 93° = 456.48 mm

The unstretched length of wire AE is

L = V40024+200% = 447.21 mm

Average Normal Strain:

Lag — Lap  456.48 — 447.21

(€avg)ar = Lur 44721 = 0.0207 mm/mm  Ans.

Ans:
(€avg)ar = 0.0207 mm/mm
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#2-16. The triangular plate ABC is deformed into the y
shape shown by the dashed lines. If at A, 45 = 0.0075,
€4c = 0.01 and vy,, = 0.005 rad, determine the average
normal strain along edge BC. <l .
| h N
I S
300 mm ,I o N
- T\yxy R N
! > N
| N N
A 400 mm B

Average Normal Strain: The stretched length of sides AB and AC are
Lo = (1 + &)Lac = (1 + 0.01)(300) = 303 mm
Lap = (1 + g)Lap = (1 + 0.0075)(400) = 403 mm

Also,

]8Od) = 89.7135°

0 =" — 0005 = 1.5658 rad(
2 Tra

The unstretched length of edge BC'is

Lpc = V300% + 400° = 500 mm

and the stretched length of this edge is
Lyc = V3032 + 4037 — 2(303)(403) cos 89.7135°

= 502.9880 mm

We obtain,
Lypc — Lpe  502.9880 — 500
pc — Lac _ 5029 = 5.98(107%) mm/mm Ans.

€BC T T e 500

-y
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2-17. The plate is deformed uniformly into the shape , y
shown by the dashed lines. If at A, y,, = 0.0075 rad., while Y
€ap = €4 = 0,determine the average shear strain at point
G with respect to the x” and y’ axes.
F E
I7 - [
/
| [
|
600 mm ,I DH————— C%
e /‘\ny |
I )’ 300 mm
I I l
180° A G B
Geometry: Here, y,, = 0.0075 rad(wra d) = 0.4297°. Thus, 300 mm 600 mm —
¥ = 90° — 0.4297° = 89.5703° B =90° + 0.4297° = 90.4297°
Subsequently, applying the cosine law to triangles AGF’ and GBC', Fig. a,
Lor = V6002 + 3002 — 2(600)(300) cos 89.5703° = 668.8049 mm
Loer = V600> + 300> — 2(600)(300) cos 90.4297° = 672.8298 mm
Then, applying the sine law to the same triangles,
sin¢g  sin 89.5703°
= ; = 63.7791°
600 668.8049 ° ¢
sina _ sin 90.4297° R
300 6728298 ° o = 264787
Thus,
0 =180° — ¢ — a = 180° — 63.7791° — 26.4787°
=89 74220(@) = 1.5663 rad
’ 180° '
Shear Strain:
(Vo)xy = % —g= g ~ 15663 = 4.50(103) rad Ans.
Y
X
Ans:

(Y6)vy = 4.50(107%) rad
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2-18. The piece of plastic is originally rectangular.
Determine the shear strain vy,, at corners A and B if the
plastic distorts as shown by the dashed lines.

Geometry: For small angles,

2
a=y = 300 " 0.00662252 rad

2
B=0= 203 0.00496278 rad

Shear Strain:

(’YB)xy =at B
= 0.0116 rad = 11.6(107) rad

(YA)xy =60+ !1[/
= 0.0116 rad = 11.6(107%) rad

122

y
5 mm,
Amm I
ommf T B ,,' ]4 mm
! 1
' !
300 mm|/ i
i !
3 J
e B mom
400 mm;»—l
3 mm
5m
Zmm _____:Le___!___'
st Uy Jame
; {
' i
! -
300ma |; . ~1: 2
oot 4
----- I - 1 x
Ans. 400 mm Jm}:;j
Ans.
Ans:
(vB)xy = 11.6(107%) rad,
(Ya)xy = 11.6(107%) rad
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2-19. The piece of plastic is originally rectangular. y
Determine the shear strain vy, at corners D and C if the 5 mm
plastic distorts as shown by the dashed lines. Eﬂ mm |
dmmp T B ,', J4 mm
Cl! !
j /
300 mm|/ !
i |
I !
| e 71 12mm
D A *
—400 mm—w——‘
3 mm
Geometry: For small angles,
5
wj[.—&ﬂﬂ 4;_
— = -2 — 000496278 vad o A pama y L -
] 103 0.00496278 rad P B ..J]E’"'"
[] 1
ire .'
- i' "'Mm
A 1
I
; F  EECa
’ 00 mm 3.-1.!:-‘

2
B=0= 300 0.00662252 rad

Shear Strain:
Ans.

(VC)sy =@+ B

= 0.0116 rad = 11.6(10") rad

(Yp)wy =0+ ¢

= 0.0116 rad = 11.6(107) rad Ans.

Ans:
(¥c)xy = 11.6(107%) rad,

(¥p)xy = 11.6(107%) rad
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#2-20. The piece of plastic is originally rectangular. y
Determine the average normal strain that occurs along the 2 mm
diagonals AC and DB. 2 mm B
o I -—=-
2mmj] | | B ]4 mm
¢l
1
I’
300 mm| !
|
U
—————————— :4‘ "7 12mm X
400 mm—»—J
3 mm

Geometry:

AC = DB = V400? + 300? = 500 mm

DB’ = V405 + 304> = 506.4 mm
A'C’ = V401% + 300% = 500.8 mm

Average Normal Strain:
A'C' — AC _ 500.8 — 500

et aAc 500
= 0.00160 mm/mm = 1.60(10~°) mm/mm

DB’ — DB 506.4 — 500

Y- 500
= 0.0128 mm/mm = 12.8(1073) mm/mm
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2-21. The rectangular plate is deformed into the shape of a
parallelogram shown by the dashed lines. Determine the

average shear strain vy, at corners A and B.

Geometry: Referring to Fig. @ and using small angle analysis,

0=—-=0.
300 = 0-01667 rad
¢ = Jop = 00125 rad

Shear Strain: Referring to Fig. a,
(Ya)yy = 0 + ¢ = 0.01667 + 0.0125 = 0.0292 rad

(Y8)xy = 0 + ¢ = 0.01667 + 0.0125 = 0.0292 rad

(Smm
o[l -
| /
U I
|
I ,’
300 mm /’ |
I
|
: |
i i
e 15 mm
A B
400 mm
Ans.
Ans.

Ans:
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2-22. 'The triangular plate is fixed at its base, and its apex A is
given a horizontal displacement of 5 mm. Determine the shear

strain, yy,, at A.

L = V800> + 52 — 2(800)(5) cos 135° = 803.54 mm

sin 135°  sin 6 o
30354~ 800° 0 = 44.75° = 0.7810 rad L
T T A0 &1
Yo =5~ 20= 5 = 207810) A
1350 S
= (0.00880 rad Ans.
Ans:

¥4y = 0.00880 rad
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2-23. The triangular plate is fixed at its base, and its apex A
is given a horizontal displacement of 5 mm. Determine the
average normal strain €, along the x axis.

L = V8002 + 52 — 2(800)(5) cos 135° = 803.54 mm

_803.54 — 800

€, 300 = 0.00443 mm/mm Ans.

Ans:
€, = 0.00443 mm/mm
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*2-24. The triangular plate is fixed at its base, and its apex A
is given a horizontal displacement of 5 mm. Determine the
average normal strain €, along the x" axis.

L = 800 cos 45° = 565.69 mm
$8 0 sae
5
€ = Se560 0.00884 mm/mm Ans. W
L § g,
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2-25. The square rubber block is subjected to a shear
strain of y,, = 40(10%x + 20(107°)y, where x and y are
in mm. This deformation is in the shape shown by the dashed
lines, where all the lines parallel to the y axis remain vertical
after the deformation. Determine the normal strain along
edge BC.

Shear Strain: Along edge DC, y = 400 mm. Thus, (y,,)pc = 40(10%x + 0.008.

d
Here,ﬁ = tan (yy)pc = tan [40(10™%)x + 0.008]. Then,

X 300 mm
/ dy = / tan [40(10~%)x + 0.008]dx
JO 0

300 mm

8, = —%{m cos {40(10_6)x + o.oosﬂ
40(10°°)

= 4.2003 mm

0

d
Along edge AB, y = 0. Thus, (vy)as = 40(107%)x. Here, ?i = tan(yyy)ap =
tan [40(10~%)x]. Then,

dp 300 mm
/ dy = / tan [40(10 %) x]dx
0 0
1

o = —40(106){ln cos {40(1076))(}}

= 1.8000 mm

300 mm

0

Average Normal Strain: The stretched length of edge BC is

Ly =400 + 4.2003 — 1.8000 = 402.4003 mm

We obtain,

Lpc — Lpc _ 402.4003 — 400

Lpc 400
*

(A —
P /% 'F

C

(eavg)BC =

400mm

= 6.00(107%) mm/mm Ans.

400 mm

Ans:
(€avg)pc = 6.00(107%) mm/mm
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2-26. The square plate is deformed into the shape shown by y
the dashed lines. If DC has a normal strain €, = 0.004, DA has Y x
a normal strain €, = 0.005 and at D, vy,, = 0.02 rad,
determine the average normal strain along diagonal CA. A,600 mm 5
A / B /’
{ /
d /
d /
600 mm| | E /
/ /
/ /
/ /
/ ; B
D c C’
Average Normal Strain: The stretched length of sides DA and DC are
LDC' = (1 + EX)LDC = (1 + 0004)(600) = 602.4 mm
Lpy =1+ ¢€)Lps = (1+ 0.005)(600) = 603 mm
Also,
180°
a="—002= 1558 rad( ) = 88.854°
2 mrad
Thus, the length of C’A’ can be determined using the cosine law with reference
to Fig. a.
Loy = V602.4% + 6032 — 2(602.4)(603) cos 88.854°
= 843.7807 mm
The original length of diagonal CA can be determined using Pythagorean’s
theorem.
Lea = V6007 + 600> = 848.5281 mm
Thus,
Loa — Lea 8437807 — 848.5281 73
(€avg)ca = Lo = 8485081 = —5.59(10"°) mm/mm Ans.
¢ !
N g
/
A /
\.K“""“'"'"/' &
! &
| \\ s ,’
! [
éoomm "' ’ E\’\ lI ¢
N
w L
J ! 4
1.
boomm
@
) Ans:
(Eavg)CA =
130

—5.59(107%) mm/mm
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2-27. The square plate ABCD is deformed into the shape y
shown by the dashed lines. If DC has a normal strain Y x
€, = 0.004, DA has a normal strain €, = 0.005 and at D,
Yxy = 0.02 rad, determine the shear strain at point E with A’600 mm
’ e N Y - — *B,
respect to the x” and y’ axes. 7\ / B
{ /
d /
d /
600 mm // E !
/ /
/ /
/ /
/ /
D c C’

Average Normal Strain: The stretched length of sides DC and BC are

Lpc = (1 + €,)Lpc = (1 + 0.004)(600) = 602.4 mm '\é /
\ A V4
m—-——-——-—— 5

LB'C’ = (1 + Ey)LBC = (1 + 0005)(600) = 603 mm

Also,

= 1.5508 rad< 180 ) = 88.854°
d éwmm

=T _0m
Tra

“7

o

T
=—+002=1.
¢ ) 0.0 5908 rad(’rrrad

) = 91.146°

Thus, the length of C'A’" and DB’ can be determined using the cosine law with
reference to Fig. a.
@& )

Lea = V60242 + 6032 — 2(602.4)(603) cos 88.854° = 843.7807 mm

Lpg = V602.4% + 6032 — 2(602.4)(603) cos 91.146° = 860.8273 mm

Thus,
Lnp
Lpg = % = 430.4137 mm

Leoa
Lpy = —<% = 421.8903 mm

Using this result and applying the cosine law to the triangle A'E’B’, Fig. a,
602.4% = 421.8903> + 430.4137% — 2(421.8903)(430.4137) cos 0

of mrad)
6 = 89.9429 ( 130° > = 1.5698 rad

Shear Strain:
('yE)xryr = % -0 = % — 1.5698 = 0.996(10’3) rad Ans.

Ans:

131
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#*2-28. The wire is subjected to a normal strain that is
defined by e = (x/L)e L If the wire has an initial
length L, determine the increase in its length.

1 [t .
AL = 7-/ xe D dy
L Jy

—(x/Ly* L
-1 ] = S0 - e
L
= 5 le ~ 1]

Ans.

€= (x/L)e™/L”

X -

/,-I‘-ép-dl

s e
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2-29. The rectangular plate is deformed into the shape y
shown by the dashed lines. Determine the average normal
strain along diagonal AC, and the average shear strain at 6 mm
400 mm
corner A.
me*‘gmm TR
e I I6mm
1D C |
| |
| I
300 mm |
|
|
‘ ;J 2 mm
_________ | ) ]
Z\ B I
Geometry: The unstretched length of diagonal AC is 400 mm ~3 mm
Lic = V300% + 400 = 500 mm
Referring to Fig. a, the stretched length of diagonal AC is
Lc = V(400 + 6)* + (300 + 6)* = 508.4014 mm
Referring to Fig. a and using small angle analysis,
=—7>=0. 2
¢ 300 + 2 0.006623 rad
-2 0.004963 rad
“Ta0+3 :
Average Normal Strain: Applying Eq. 2,
Lsc — Lyc  508.4014 — 500
(€ave)ac = Lo = 500 = 0.0168 mm/mm Ans.
Shear Strain: Referring to Fig. a,
(Ya)xy = ¢ + a = 0.006623 + 0.004963 = 0.0116 rad Ans.
% omm
F00mm ’(
‘(,zmm o’
i_ﬂ F'__.__.---—--“""'—_/ "Fémm
Amm S Al
T s 13
t » !
i s |
1 // |
Joomm |“ed - | |30omm
! ' i
e & :
/-_ ____,_..}-.-——- _'i./‘/‘zmm
Al A
mm ¢
400 3mm
Ans:
(€avg) ac = 0.0168 mm/mm, (y4),, = 0.0116 rad
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2-30. The rectangular plate is deformed into the shape y
shown by the dashed lines. Determine the average normal
strain along diagonal BD, and the average shear strain at 6 mm
400 mm
corner B. ‘
me*\me R
e 1 I6mm
1D C |
| I
| |
300 mm |
|
|
‘ ;J 2 mm
______ | )
Al B I
Geometry: The unstretched length of diagonal BD is 400 mm <3 mm
Lgp = V3002 + 400> = 500 mm
Referring to Fig. a, the stretched length of diagonal BD is
Lgp = \/(300 +2 —2)% + (400 + 3 — 2)> = 500.8004 mm
Referring to Fig. a and using small angle analysis,
2
¢ = 08 - 0.004963 rad
o = m = (0.009868 rad
Average Normal Strain: Applying Eq. 2,
Lgpy — L 500.8004 — 500 _
(€avg)BD = BDLBD BD 500 = 1.60(10"%) mm/mm Ans.
Shear Strain: Referring to Fig. a,
(YB)xy = ¢ + @ = 0.004963 + 0.009868 = 0.0148 rad Ans.
% 3mm
(
2mm / —J
D IRl Ly by
3 \\ ,l y
Pl [
~
| ~ e
Jo0mm | i o ||| Beomm
~
mel; ) SO\ zam
| _ %
~ YT T f‘L x
= 2mm — [
400 mm 1N3mm
) Ans:
(€avg)pp = 1.60(107%) mm/mm,

(v8)xy = 0.0148 rad
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2-31. The nonuniform loading causes a normal strain in

|
the shaft that can be expressed as €, = kx?, where k is a L \
constant. Determine the displacement of the end B. Also, FH S — 1 B
what is the average normal strain in the rod? - T
I
d(Ax)
dx &7 kx?
L 3
kL
(Ax)p :/ kx' = - Ans.
0 3
kL?
(Ax)p 3 kIL?
(Ex)avg = L = L = 3 Ans.
Ans:
3 2
kL

kL
(Ax)B = ?’ (Ex)avg = T
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#2-32 The rubber block is fixed along edge AB, and edge y
CD is moved so that the vertical displacement of any point
in the block is given by v(x) = (vy/b*)x>. Determine the
shear strain v, at points (b/2, a/2) and (b, a).

Shear Strain: From Fig. a, .
|
v p—
E = tanvyy,

31)0
?xz = tan Yxy

_1f 3
Yxy = tan 1<Fx2)
Thus, at point (b/2,a/2),
= 31}0 b 2
'ny = tan 1{?(5) :|
v,
= tan‘{%(;o)} Ans.

and at point (b, a),

3w
Yyy = tan 1[730@2)}

o] .
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2-33. The fiber AB has a length L and orientation 6. If its
ends A and B undergo very small displacements u4 and vp,
respectively, determine the normal strain in the fiber when
it is in position A'B’.

Geometry:

Lag = V(LcosO — uy)? + (Lsing + vg)?

= VL2 + 1 + v} + 2L(vgsin 6 — w4 cos6)

Average Normal Strain:

Lyp - L
“as==p

2 2 ) —
_ \/1 LU -Ll-sz N Z(UBsmGL uy cosh) 1

Neglecting higher terms 12 and v%

2(vgsin 6 — 1, cosh) b
EAB_[H(B A )}_

L

Using the binomial theorem:

1({2vgsin @  2u, cosb
eAB:1+2< BL - AL >+_1

vpsin®  u,cosh
L L

Ans.

Ans.

vpsin®  u,cosd
€AB = I - I
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2-34. If the normal strain is defined in reference to the
final length, that is,

instead of in reference to the original length, Eq.2-2 , show
that the difference in these strains is represented as a
second-order term, namely, €, — €, = €,¢€,,.

_AS' - AS
cs AS
., _AS' - AS  AS' - AS
BT AT A AS’
~ AS? — ASAS' — AS'AS + AS?
ASAS’
_ AS? + AS? - 2A8'AS
; ASAS’
_(AS" = AS)”  [AS' — AS\[AS' — AS
- ASAST AS AS’
= €,€3 (Q.ED)
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3-1. A tension test was performed on a steel specimen Load (kip) | Elongation (in.)
having an original diameter of 0.503 in. and gauge length of
2.00 in. The data is listed in the table. Plot the 0 0
stress—strain diagram and determine approximately the 1.50 0.0005
modulus of elasticity, the yield stress, the ultimate stress, and ggg 888;2
the rupture stress. Use a scale of 1 in. = 20 ksi and 11.00 0.0035
1in. = 0.05 in./in. Redraw the elastic region, using the same 11.80 0.0050
stress scale but a strain scale of 1 in. = 0.001 in./in. 11.80 0.0080
12.00 0.0200
1 . 16.60 0.0400
A= Z77(0.503)2 = 0.1987 in? 20.00 0.1000
21.50 0.2800
_ : 19.50 0.4000
L =2001n. 18.50 0.4600
o(ksi) e(in./in.)
0 0
7.55 0.00025
23.15 0.00075
40.26 0.00125
55.36 0.00175
59.38 0.0025
59.38 0.0040
60.39 0.010
83.54 0.020
100.65 0.050
108.20 0.140
98.13 0.200
93.10 0.230

48

Eapprox = 40015 — 32.0(10°) ksi Ans.

Tst)

120 JF/ (Eﬂf_ )ﬂr?mt = w_si

- ==

Op = 23.1 &s5¢

———

(UYJ appror = 55 KJ’E

1
w0t :
l
]
20-|~ :
]
'
: : | " . & (;4/.
T v L T ‘n)
e a8 E a-l.ro 015 o0.2o 025 2 Ans:
O-ool" 0.002 0-p03 0.004 0005 (Gult)approx =110 kSia (O'R)approx =931 kSia
0.0015 (0 )approx = 55 Ksi, Eqpprox = 32.0(10%) ksi
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3-2. Data taken from a stress—strain test for a ceramic are
given in the table. The curve is linear between the origin and
the first point. Plot the diagram, and determine the modulus
of elasticity and the modulus of resilience.

Modulus of Elasticity: From the stress—strain diagram

Eo 2270 55.3(10%) ksi

= 0.0006 — 0 Ans.

Modulus of Resilience: The modulus of resilience is equal to the area under the
linear portion of the stress—strain diagram (shown shaded).

_ 1 5)( 1o In.} _ gggin-I0
u, = (332)(10 )<m2><0.0006 in.) = 9.96 =

Ans.

40+

32 g

Jo <4

o (ksi) | e (in./in.)

0 0

33.2 0.0006

45.5 0.0010

49.4 0.0014

51.5 0.0018

534 0.0022

}——F— € Cin.fin)

0.0025

L) 1
00005 0000 0-00I5 OO0

Ans:
E = 553(10°) ki, u, = 9.96 ——

in-1lb

m
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3-3. Data taken from a stress—strain test for a ceramic are
given in the table. The curve is linear between the origin and
the first point. Plot the diagram, and determine
approximately the modulus of toughness. The rupture stress
is o, = 53.4 ksi.

Modulus of Toughness: The modulus of toughness is equal to the area under the

stress-strain diagram (shown shaded).

1 Ib in.
(t)approx = 2(33.2)(103)(inz>(0.0004 + 0.0010)<m>

- 45‘5(103)<11nb2>(0'0012)<$>

1 Ib in.
+ 2(7'90)(103)(1112)(0'0012)(111.)

1 Ib in.
+ 2(12'3)(103)<m2>(0'0004)<in.>

in-1b

in®

= 85.0

o (ksi) | e (in./in.)

332
45.5
49.4
51.5
534

0

0.0006
0.0010
0.0014
0.0018
0.0022

wd AR
10 1 .f!‘

a4
[]

0006

Ans:

(ut)approx =85.0

4 o002k

\--;i L ;(.'n-/m-)

0-0005| 0.00/0 ©-Co/5 GO0 0-002.

in-1b
in’
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*3—4. A tension test was performed on a steel specimen Load (kip) | Elongation (in.)
having an original diameter of 0.503 in. and a gauge length
of 2.00 in. The data is listed in the table. Plot the 0 0
stress—strain diagram and determine approximately the 2.50 0.0009
o : 6.50 0.0025
modulus of elasticity, the ultimate stress, and the rupture 250 0.0040
stress. Use a scale of 1 in. = 15 ksi and 1 in. = 0.05 in./in. 920 0.0065
Redraw the linear-elastic region, using the same stress scale 9.80 0.0098
but a strain scale of 1 in. = 0.001 in. 12.0 0.0400
14.0 0.1200
1 14.5 0.2500
1 , - 14.0 0.3500
A= 477(0.503) = 0.19871 in 132 0.4700
L = 2.00in.
o =Lksi)  e=45E(n/in.)
0 0
12.58 0.00045
32.71 0.00125
42.78 0.0020
46.30 0.00325
49.32 0.0049
60.39 0.02
70.45 0.06
72.97 0.125
70.45 0.175
66.43 0.235
32.71 3
Epprox = 000125 26.2(10°) ksi Ans.

301 :
|
]
|
5% :
I
]
] o
g i/ -+ i — €0
0-08§ 10 a5 oz0 025
' - - -+ ¥ +
0 B.001 0.002 0003 OO0 0005
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3-5. A tension test was performed on a steel specimen Load (kip) | Elongation (in.)
having an original diameter of 0.503 in. and gauge length of
2.00 in. Using the data listed in the table, plot the 0 0
stress—strain diagram and determine approximately the 2.50 0.0009
modulus of toughness. 228 8883(5)
9.20 0.0065
9.80 0.0098
Modulus of toughness (approx) 12.0 0.0400
14.0 0.1200
u, = total area under the curve 13(5) 8%288
= 87 (7.5) (0.025) 1) 132 04700
in. - kip
=163 —— Ans.
in
In Eq.(1), 87 is the number of squares under the curve.
o =2L(ksi) e=4E(in/in)
0 0
12.58 0.00045
32.71 0.00125
42.78 0.0020
46.30 0.00325
49.32 0.0049
60.39 0.02
70.45 0.06
72.97 0.125
70.45 0.175
66.43 0.235
v (ksi)
_ Qo = ZEQ KSI
75 “*T=~"r-= = __L*
o S ——
-1:- -/ﬂ{--n— e it i et el —--h:.;"‘w
“1/ — Ve = g6 A4
-2
45 /"/ a
30 '
]
//'
I
!
5 }
bl |
'
I -
I € ("yrn)
0.08 010 015 20 0-25
L
] ot ; L . R Ans . .
t ¥ } } } 4 in. - kip
0.00| 0002 0003 000 0005 u, =163 2
i
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3-6. A specimen is originally 1 ft long, has a diameter of
0.5 in., and is subjected to a force of 500 Ib. When the force
is increased from 500 Ib to 1800 Ib, the specimen elongates
0.009 in. Determine the modulus of elasticity for the
material if it remains linear elastic.

P oL
Normal Stress and Strain: Applying o = 1 ande = A

o1 = 2% ) sa6ksi
7(0.5%)

2= 0 9167 ksi
7(0.5%)

Ae = % = 0.000750 in./in.

Modulus of Elasticity:

Ao 9.167 — 2.546

E=3e = 0000750

= 8.83(10%) ksi

Ans.

Ans:
E = 8.83(10%) ksi

144




© 2014 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.

3-7. A structural member in a nuclear reactor is made of a
zirconium alloy. If an axial load of 4 kip is to be supported
by the member, determine its required cross-sectional area.
Use a factor of safety of 3 relative to yielding. What is the
load on the member if it is 3 ft long and its elongation is
0.02 in.? E,, = 14(10%) ksi, oy = 57.5 ksi. The material has
elastic behavior.

Allowable Normal Stress:

ag
FS. =
Tallow
57.5
3 =
Tallow

Tallow — 19.17 ksi

[

Tallow —

19.17

NN

A = 02087 in® = 0.209 in?

Stress—Strain Relationship: Applying Hooke’s law with

o 0.02 .
Z = m = 0.000555 1n./1n.

€=
o = Ee = 14(10%) (0.000555) = 7.778 ksi

. . P

Normal Force: Applying equation o = T

P =0A = 17778 (0.2087) = 1.62 kip

Ans.

Ans.

Ans:
A = 0209in? P = 1.62 kip
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*3-8. 'The strut is supported by a pin at C and an A-36 steel
guy wire AB. If the wire has a diameter of 0.2 in., determine
how much it stretches when the distributed load acts on
the strut.

Here, we are only interested in determining the force in wire AB.

1
CHIMc =0 Fapeos60°(9) = 2 (00)(9)(3) =0 Fap = 6001b

The normal stress the wire is

F 5 600
=== = 19.10(10%) psi = 19.10 ksi
O AB AAB % (022) ( )p

Since 045 < o, = 36 ksi, Hooke’s Law can be applied to determine the strain
in wire.

o= Eenp 1910 = 29.0(10%)e 45
€45 = 0.6586(1073) in/in

9(12
The unstretched length of the wire is Ly = s ( )O = 124.71 in. Thus, the wire

stretches in 60

Sap = €ap Lag = 0.6586(1073)(124.71)

= 0.0821 in. Ans.

4200)(9) 1b

"
-hu

-~
1
|
{
1

43
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3-9. The o—e¢ diagram for elastic fibers that make up o (psi)
human skin and muscle is shown. Determine the modulus of

elasticity of the fibers and estimate their modulus of 55
toughness and modulus of resilience.

11
i é s € (in./in.)
11 . alpahh
E = ) = 5.5 psi Ans. 5
1 1 .
u = 5(2)(11) + 5(55 + 11)(2.25 — 2) = 19.25 psi Ans. ul
" ;21’ ¢ {Indin)
1
u, = 5(2)(11) = 11 psi Ans.

Ans:
E = 55psi,u, = 19.25 psi, u, = 11 psi
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3-10. The stress—strain diagram for a metal alloy having o (ksi)
an original diameter of 0.5 in. and a gauge length of 2 in. is 105
given in the figure. Determine approximately the modulus o—T—T—2
of elasticity for the material, the load on the specimen that 90 \a\
causes yielding, and the ultimate load the specimen will 75 o
support. /{ 5
60 —
45
30
15
0 € (in./in.)
0 005 0.10 0.15 020 0.25 0.30 0.35
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007

From the stress—strain diagram, Fig. a,

E 60ksi — 0 B -
.~ 0002 —0° E = 30.0(10°) ksi Ans.

oy =60ksi oy = 100 ksi

Thus,
Py = ayA = 60[5(0.5%)] = 11.78 kip = 11.8 kip Ans.
Py = ou A = 100[% (0.5%)] = 19.63 kip = 19.6 kip Ans.
& (ksi)
10,
O 90 =] B N
N
75
(IY-ao
45
30 /
5 :
0K € (in.fin.)

0 005 010 0.15 020 0.25 0.30 035
0-00L.| 0003 | 0:005 | 007
0002, 0.004 0006

@)

Ans:
E = 30.0(103) ksi, Py = 11.8 kip, Py, = 19.6 kip
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3-11. The stress—strain diagram for a steel alloy having an o (ksi)
original diameter of 0.5 in. and a gauge length of 2 in. is
. . . . : e, 105
given in the figure. If the specimen is loaded until it is =
stressed to 90 ksi, determine the approximate amount of 90 \b\
elastic recovery and the increase in the gauge length after it 75 o
is unloaded. .
60 L
45
30
15
0
0.05 0.10 0.15 0.20 0.25 0.30 0.35
0.001 0.002 0.003 0.004 0.005 0.006 0.007

From the stress—strain diagram Fig. a, the modulus of elasticity for the steel alloy is

E_60ksi—0 B o
= oom o E = 30000 ksi

when the specimen is unloaded, its normal strain recovers along line AB, Fig. a,
which has a slope of E. Thus

90 90 ksi
Elastic Recovery = — = St

= 0,003 in/in.
E  30.0(10°) ksi in/in

Ans.

Thus, the permanent set is
ep = 0.05 — 0.003 = 0.047 in/in.
Then, the increase in gauge length is

AL = epl = 0.047(2) = 0.094 in. Ans.

o (ksi)
105

E
15
-8 ¢ € (in./in.)
0.05 010 G.15.0.20 025 030 0.35 i
aol | 0:003 | 0005 | ooao]

092 ‘6.004 0000
Elastic Recovery

(4)

Ans:

€ (in./in.)

Elastic Recovery = 0.003 in./in., AL = 0.094 in.
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*3-12. The stress—strain diagram for a steel alloy having o (ksi)
an original diameter of 0.5 in. and a gauge length of 2 in. is
. - . . . 105
given in the figure. Determine approximately the modulus 5 S
of resilience and the modulus of toughness for the material. 90 \a\
M
75 /
60 L
45
30
15
0 € (in./in.)
0 0.05 0.10 0.15 020 0.25 0.30 0.35
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007
The Modulus of resilience is equal to the area under the stress—strain diagram up to
the proportional limit.
Opr = 60 ksi €Ep; = 0.002 ln/ln
Thus,
1 1 in. - 1b
(), = ~ oprepr = 5 [60(10%)](0.002) = 60.0 Ans.
2 2 n
The modulus of toughness is equal to the area under the entire stress—strain
diagram. This area can be approximated by counting the number of squares. The
total number is 38. Thus,
b in. in.-1b
- 3y 10 m. ) 3
[ 43): Japprox = 38 {15(10 ) inz} (0.05 in.) = 285(10°) = Ans.
o (kst)
105
P il N
920 g
75
DALY 4
L
45
30
15 /
00 505 040 0.5 020 028 0.0 035« (/)

0.001 | 0003 L 0.005 | 0-007
0003 g.004 0006

@
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3-13. A bar having a length of 5 in. and cross-sectional
area of 0.7 in.? is subjected to an axial force of 8000 Ib. If the 800‘0 b L J 800’0 b
bar stretches 0.002 in., determine the modulus of elasticity Sin. ‘

of the material. The material has linear-elastic behavior.

Normal Stress and Strain:

P 8.00 .
o —Z —W— 11.43 ksi
o  0.002 .
€ = z = ? = 0.000400 11’1./11’1.
Modulus of Elasticity:
_ o _ 1143 3
E = < = 0.000400 = 28.6(10°) ksi Ans.

Ans:
E = 28.6(10°) ksi
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3-14. The rigid pipe is supported by a pin at A and E
an A-36 steel guy wire BD. If the wire has a diameter of B
0.25 in., determine how much it stretches when a load of
P = 600 b acts on the pipe.

B 1A D
5 > |C
=3
1 3t : 3 ft 1
Here, we are only interested in determining the force in wire BD. Referring to the
FBD in Fig. a
C+IM, =0;  Fyp(2)3) — 600(6) =0  Fpp =15001b
The normal stress developed in the wire is
Fgp 1500 . .
= = —— - =30.56(10°) psi = 30.56 ks
TED T Ap T (025) (107 psi '
Since opp < o, = 36 ksi, Hooke’s Law can be applied to determine the strain in
the wire.
ogp = Eegp;  30.56 = 29.0(10%)ep)
egp = 1.054(107%) in./in.
The unstretched length of the wire is Lgp = V 32 + 4> = 5ft = 60 in. Thus, the
wire stretches
8sp = €gp Lpp = 1.054(1073)(60)
= 0.0632 in. Ans.
4 Fop Goo 1b
5
4
Ax, — = 4 |
r ﬂ
3ft 3ft
@)
Ans:

8zp = 0.0632 in.
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3-15. The rigid pipe is supported by a pin at A and an -
A-36 guy wire BD. If the wire has a diameter of 0.25 in., B
determine the load P if the end C is displaced 0.15 in.
downward.

‘ 31t ‘ 31t 1

Here, we are only interested in determining the force in wire BD. Referring to the
FBD in Fig. a

C+IMy =0,  Fpp()3) — P(6) =0  Fpp=250P

The unstretched length for wire BD is Lgp = V 3% + 4% = 5 ft = 60 in. From the
geometry shown in Fig. b, the stretched length of wire BD is

Lgp = V60* + 0.075> — 2(60)(0.075) cos 143.13° = 60.060017

Thus, the normal strain is

P Lgp — Lgp _ 60.060017 — 60
BD Len 0

= 1.0003(10"%) in./in.

Then, the normal stress can be obtain by applying Hooke’s Law.

opp = Eegp = 29(10%)[1.0003(107%)| = 29.01 ksi

Since opp < o, = 36 ksi, the result is valid.

Fgp 250 P
= ;o 29.01(10%) = —
OBD Agp ( ) % (0.252)
P =569.571b = 570 Ib Ans.

Ans:
P =5701b
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*3-16. The wire has a diameter of 5 mm and is made from
A-36 steel. If a 80-kg man is sitting on seat C, determine the £
. . w
elongation of wire DE. |
600 mm
D
A B C
800 mm ‘ 600 mm

Equations of Equilibrium: The force developed in wire DE can be determined by
writing the moment equation of equilibrium about A with reference to the free-
body diagram shown in Fig. a,

C+=IM, =0, FDE(%)(O.S) —80(9.81)(1.4) =0
Fpr = 2289 N
Normal Stress and Strain:
Fpe 2289

opr = PF = S = 11658 MPa
DE %(0.0052)

Since o pr < oy, Hooke’s Law can be applied

opr = Eepg
116.58(10°) = 200(10%)ep g

epr = 0.5829(107%) mm/mm

The unstretched length of wire DE is Lpr = V600> + 800?> = 1000 mm. Thus, the
elongation of this wire is given by

Spr = €prLpr = 0.5829(107%)(1000) = 0.583 mm Ans.

809-8:) N
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3-17. A tension test was performed on a magnesium alloy
specimen having a diameter 0.5 in. and gauge length 2 in.
The resulting stress—strain diagram is shown in the figure.
Determine the approximate modulus of elasticity and the
yield strength of the alloy using the 0.2% strain offset
method.

o (ksi)

40
35

30

25

20

15

10

5

0 0.002

Modulus of Elasticity: From the stress—strain diagram, when e = 0.002 in./in., its

corresponding stress is o = 13.0 ksi. Thus,

13.0 -0 .
Eapprox = m = 650(103) ksi

Ans.

Yield Strength: The intersection point between the stress—strain diagram and the
straight line drawn parallel to the initial straight portion of the stress—strain diagram
from the offset strain of e = 0.002 in./in. is the yield strength of the alloy. From the

stress—strain diagram,

Oys = 25.9 ksi

o (ksl)

h—.\d _—

20

1 e
ot | X

».

TVT

0 0002 0.004 0008 0.008

i

) z( 9, Strain of/-fef

0-0/0

Ans.

€ (infin.)

0004 0006 0008 0oio© (nin)

Ans:
Eapprox = 6'50(103) ksi, oyg = 25.9 ksi
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3-18. A tension test was performed on a magnesium alloy o (ksi)
specimen having a diameter 0.5 in. and gauge length of 2 in.
The resulting stress—strain diagram is shown in the figure. If 40
the specimen is stressed to 30 ksi and unloaded, determine 35
the permanent elongation of the specimen. =
30
25 /
20 -
15
10
5
€ (in./in.)
0 0.002 0.004 0.006 0.008 0.010

Permanent Elongation: From the stress—strain diagram, the strain recovered is
along the straight line BC which is parallel to the straight line OA. Since

13.0 -0
Epprox = 0002 =0 6.50(10%) ksi, then the permanent set for the specimen is
30(10%) o
ep = 0.0078 — ———— = 0.00318 in./in.
6.5(10%)
Thus,
8p = €pL = 0.00318(2) = 0.00637 in. Ans.
o (kst)
40
k1]
30 B

20 / T4
" A/

RRLARY4
A

O C\/ € (infin.)

0 0-002 | 0.004 0006 0008 0-0/0

v

Ans:
8p = 0.00637 in.
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3-19. The stress-strain diagram for a bone is shown, and
can be described by the equation € = 0.45(10°%) o +
0.36(107'2) o, where o is in kPa. Determine the yield
strength assuming a 0.3% offset.

€ = 0.45(10%0 + 0.36(107'?)c?,

de = (0.45(10°°) + 1.08(1072) 0?)dor
_Gdo|\__ 1
de 0.45(107°)

o=0

= 2.22(10°% kPa = 2.22 GPa

The equation for the recovery line is o = 2.22(10%)(e — 0.003).

This line intersects the stress—strain curve at oyg = 2027 kPa = 2.03 MPa

TP

€ =0.45(10"%0 + 0.36(107 )0
.

P

TP

€,

0.4

5(10%)0 +0.36(10 '})a?

€ ‘P

el
0.003

Ans.

Ans:
agys = 2.03 MPa
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*3-20. The stress—strain diagram for a bone is shown TP
and can be described by the equation € = 0.45(107°) o +

0.36(107'2) ¢, where o is in kPa. Determine the modulus of -
toughness and the amount of elongation of a 200-mm-long region
just before it fractures if failure occurs at e = 0.12 mm/mm.

€ = 0.45(10 %0 + 0.36(10 120
-

P

When e = 0.12
120(107%) = 0.45 o + 0.36(10 %0

Solving for the real root:

o = 6873.52 kPa

6873.52
u; = /dA = / (0.12 — e)do
A 0

6873.52
u, = / (0.12 — 0.45(10 %0 — 0.36(10 %)) do
0

6873.52
0

=0120 — 0.225(1076)0-2 — 0.09(10712)0_4

= 613 kJ/m’ Ans.
8 = eL = 0.12(200) = 24 mm Ans.

<

el

F o

76

l- o '* é

o. /2
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3-21. The two bars are made of polystyrene, which has the
stress—strain diagram shown. If the cross-sectional area of
bar AB is 1.5 in? and BC is 4 in2, determine the largest force
P that can be supported before any member ruptures.
Assume that buckling does not occur.

3
+13F, =0; gFAB - P=0; Fup = 1.6667 P

4
«—3F,=0; Fpc— 5(1.6667P) =0; Fpc=1333P
Assuming failure of bar BC:

From the stress—strain diagram (og), = 5 ksi

Fpce Fpce .
o= ABC; 5= 1 ] FB‘C = 20.0 klp
From Eq. (2), P = 15.0 kip
Assuming failure of bar AB:

From stress—strain diagram (og). = 25.0 ksi
Fas Fas .
=— 250 = — Fap =375k
g AAB’ 15 > AB 1p

From Eq. (1), P = 22.5 kip
Choose the smallest value

P = 150kip

25 f-mmmmmmmm oo

(1) 20+
15+
) 10}

tension

W

compression

L
0 0.20

Ans.

L
0.40

I
0.60

O.ISO € (in./in.)

Ans:
P = 15.0kip
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3-22. The two bars are made of polystyrene, which has the
stress—strain diagram shown. Determine the cross-sectional
area of each bar so that the bars rupture simultaneously
when the load P = 3 kip. Assume that buckling does not

occur.
3 .
+13F, = 0; Fpa 5 -3 =0 Fy, = Skip
+ 4 )
_)EF)C:O’ _Fgc“"S g :O, FBC:4klp
For member BC:
Fpe 4 kip .
(Omax)r = A Apc = % = 0.8in°
For member BA:
FBA 5 klp
(Umax)c = TBA; BA — 25 ksi = 0.2 ln2

Ans.

Ans.

P
‘ 41t
B lc y
’[ ) (B
31t
+ b
o (ksi)
] S —
i
20F !
1
15+ o
CompI'ESSlOIl :
10k :
1
5 H ptension 1
1
1
L 1 L Ll in. /in.
00020 040 060 o0 <0/
s
3
*

Ans:

Apc = 0.8in%, Ag, = 0.21in?
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3-23. The stress—strain diagram for many metal alloys can
be described analytically using the Ramberg-Osgood three
parameter equation € = o/E + ko", where E, k, and n are
determined from measurements taken from the diagram.
Using the stress—strain diagram shown in the figure, take
E = 30(10%) ksi and determine the other two parameters k
and n and thereby obtain an analytical expression for the

curve.

Choose,
o =40ksi,e = 0.1

o =60ksi, e =03

40

0.1 = — + k(40)"
30(10%)

S — + k(60)"
30(10%)

0.098667 = k(40)"
0.29800 = k(60)"

0.3310962 = (0.6667)"

In (0.3310962) = n In (0.6667)

n=273

k = 423(107%)

Ans.

Ans.

o (ksi)

80

60

40

20

\

01 02 03 04 05

€ (107%)

(ki)

T

€(10-%)

0.1 02 03 04 05

Ans:
n =273,k = 4231079
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3-24. The wires AB and BC have original lengths of 2 ft
and 3 ft, and diameters of é in. and 1% in., respectively. If
these wires are made of a material that has the approximate
stress—strain diagram shown, determine the elongations of
the wires after the 1500-1b load is placed on the platform.

Equations of Equilibrium: The forces developed in wires AB and BC can be
determined by analyzing the equilibrium of joint B, Fig. a,

L3F, =0 Fpesin30° — F ,psin45° = 0 (1)

+T2Fy =0 Fpccos 30° + F 45 cos 45° = 1500 )

Solving Egs. (1) and (2),

F a5 = 77646 1b Fye = 1098.08 Ib

Normal Stress and Strain:

F 776.46
OAB = AAB = ——— =63.27ksi
o
LAy
4
o (ksi)
F 1098.08
ope = 2= = 3977 ksi 80
BC 2
—(3/16
7 (3/16) B
The corresponding normal strain can be determined from the stress—strain diagram,
Fig. b.
39.77 58
= egc = 0.001371 in./in. -
€pc 0.002 BC / 0,002 YT (in./in.)
63.27 — 58 80 — 58

- ; = 0.003917 in./in.
e p — 0.002  0.01 — 0.002° €AB 917 in./in

Thus, the elongations of wires AB and BC are

6AB = EABLAB = 0003917(24) = 0.0940 Ans.

8pc = epcLpe = 0.001371(36) = 0.0494 Ans.

b (ksi)

80 +
FA—B FB_G 018:63,271 __/
58 F

@c=39'7] .

\4 ot F—&0nJm.
/1500 1b ¢ l05"«’45,“3 0.0/ /)
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3-25. The acrylic plastic rod is 200 mm long and 15 mm in
diameter. If an axial load of 300 N is applied to it, determine
the change in its length and the change in its diameter.
E, =2.70 GPa, v, = 04.

P 300
— == = 1678 MPa
A 7(0.015)

_ o _ 16780109 0.0006288
one T g T 270109
8 = €long L = 0.0006288 (200) = 0.126 mm
€l = —Velong = —0.4(0.0006288) = —0.0002515

Ad = ed = —0.0002515 (15) = —0.00377 mm

-

300 N ‘

Ans.

Ans.

200 mm |

Ans:
8 = 0.126 mm, Ad = —0.00377 mm
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3-26. The thin-walled tube is subjected to an axial force of
40 kN. If the tube elongates 3 mm and its circumference
decreases 0.09 mm, determine the modulus of elasticity,
Poisson’s ratio, and the shear modulus of the tube’s
material. The material behaves elastically.

Normal Stress and Strain:

P 40(10°)
o=—= 3 7 = 226.35 MPa
A 7(0.0125° — 0.01°)
SR 3.3333 (10 %) mm/mm
€= 900
Applying Hooke’s law,

o = Ee,; 22635(10% = E[3.3333(107%)]

E = 67.91(10°) Pa = 67.9 GPa

Ans.

Poisson’s Ratio: The circumference of the loaded tube is 27(12.5) — 0.09 =

78.4498 mm. Thus, the outer radius of the tube is

_ 78.4498
2

r = 12.4857 mm

The lateral strain is

r—ry 124857 — 125

€lat = = = —1.1459(107%) mm/mm

ro 12.5

L G _ _[71.1459(10—3)

- } = 03438 = 0.344
3.3333(1079)

€4

~E  6791(10%)
T 2(1 +wv) 21 + 0.3438)

G

= 25.27(10%) Pa = 25.3 GPa

Ans.

Ans.

Ans:
E =679GPa,v = 0344, G = 25.3 GPa
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3-27. When the two forces are placed on the beam, the
diameter of the A-36 steel rod BC decreases from 40 mm to
39.99 mm. Determine the magnitude of each force P.

Equations of Equilibrium: The force developed in rod BC can be determined by
writing the moment equation of equilibrium about A with reference to the
free-body diagram of the beam shown in Fig. a.

4
Normal Stress and Strain: The lateral strain of rod BC is

Cd—dy 3999 — 40
B T

= —0.25(10"%) mm/mm

€lat = — Ve —0.25(107%) = —(0.32)e,
€, = 0.78125(107°) mm/mm
Assuming that Hooke’s Law applies,
oge = Eey opc = 200(10%)(0.78125)(1073) = 156.25 MPa

Since o < oy, the assumption is correct.

F
o= 25 15625(10°%) = #Lﬂ
BC
S (004)
P = 157.08(10°)N = 157 kN Ans.
fac
A >
X A 4 a
im | |m 1m

(&)

Ans:
P = 157kN
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*3-28. If P = 150 kN, determine the elastic elongation of
rod BC and the decrease in its diameter. Rod BC is made of
A-36 steel and has a diameter of 40 mm.

Equations of Equilibrium: The force developed in rod BC can be determined by
writing the moment equation of equilibrium about A with reference to the free-
body diagram of the beam shown in Fig. a.

C+IM, =0; FBCG)@) —150(2) — 150(1) = 0 Fye = 187.5kN

Normal Stress and Strain: The lateral strain of rod BC is

Fpe _187500) _ 149.21 MPa

B ABC m
4009)

O BC

Since o < oy, Hooke’s Law can be applied. Thus,
Opc = EEBC; 14921(106) = 200(109)€BC
egc = 0.7460(107%) mm/mm

The unstretched length of rod BCis Ly = V750% + 1000*> = 1250 mm. Thus the
elongation of this rod is given by

dpc = €pcLpe = 0.7460(107%)(1250) = 0.933 mm Ans.
We obtain,
€t = —VE; € = —(0.32)(0.7460)(107)
= —0.2387(10°) mm/mm
Thus,

8d = € de = —0.2387(107)(40) = —9.55(1073) mm Ans.

/50kN /50 KkN
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3-29. The friction pad A is used to support the member,
which is subjected to an axial force of P = 2 kN. The pad is
made from a material having a modulus of elasticity of
E = 4 MPa and Poisson’s ratio v = 0.4. If slipping does not
occur, determine the normal and shear strains in the pad.
The width is 50 mm. Assume that the material is linearly
elastic. Also, neglect the effect of the moment acting on
the pad.

Internal Loading: The normal force and shear force acting on the friction pad can be
determined by considering the equilibrium of the pin shown in Fig. a.

SsF, =0 V = 2cos 60° = V = 1kN

+T2Fy=0; N — 2sin60° =0 N = 1.732 kN Z KA’
Normal and Shear Stress:
v 1(10%) 2
TS 4T 01(005)  200KPa o
N 1.732(10°)
=7 = 0100 = 346.41 kPa

Normal and Shear Strain: The shear modulus of the friction pad is

G= 2(1€ » 20 j 04y ~ 42 MPa
Applying Hooke’s Law,
o = Ee; 346.41(10°) = 4(10%e € = 0.08660 mm/mm Ans.
=Gy, 200(10°) = 1.429(10%y  y = 0.140 rad Ans.

Ans:
€ = 0.08660 mm/mm,y = 0.140 rad
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3-30. The lap joint is connected together using a 1.25 in. P
2

diameter bolt. If the bolt is made from a material having a
shear stress—strain diagram that is approximated as shown,
determine the shear strain developed in the shear plane of
the bolt when P = 75 kip.

Internal Loadings: The shear force developed in the shear planes of the bolt can be
determined by considering the equilibrium of the free-body diagram shown in Fig. a.

BSF, =0, 75-2V=0  V =375kip
Shear Stress and Strain:

37.5
=V o 3T 556k

A 7
2 125%)

Using this result, the corresponding shear strain can be obtained from the shear
stress—strain diagram, Fig. b.

30.56 50

= 0005 y = 3.06(107%) rad Ans.
Y .

< P
-
P
7 (ksi)
75
50
0.005 0.05 v (rad)
D — 75kips
l—|=l——&ﬁ
—

T (ksi)

75

50
7=30.56 -

Ans:
y = 3.06(1073) rad
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3-31. The lap joint is connected together using a 1.25 in.

P

diameter bolt. If the bolt is made from a material having a 2
shear stress—strain diagram that is approximated as shown, ¢
determine the permanent shear strain in the shear plane of P‘
the bolt when the applied force P = 150 kip is removed. 7

7 (ksi)

75

50

Internal Loadings: The shear force developed in the shear planes of the bolt can be
determined by considering the equilibrium of the free-body diagram shown in Fig. a.

BsF, =0, 150-2V =0 V =75kip

Shear Stress and Strain: 0.005

T = % - 61.12 ksi

™ 2
2129)

Using this result, the corresponding shear strain can be obtained from the shear
stress—strain diagram, Fig. b.

61.12 — 50 75 = 50

= ; = 0.02501 rad

¥ — 0005 _ 0.05 — 0.005 4 ra
When force P is removed, the shear strain recovers linearly along line BC, Fig. b,
with a slope that is the same as line OA. This slope represents the shear modulus.

50
= —— = 10(10°) ksi
G 0,005 0(10°) ksi

Thus, the elastic recovery of shear strain is

=Gy, 6112 = (10)(10%)y, vy, = 6.112(107%) rad
And the permanent shear strain is

yp =7 — 7y, = 002501 — 6.112(107%) = 0.0189 rad Ans.

Tlkse)
Fiics 5
Voo i50kips 16112~ 1
{ J—-——’ 5-0 T
é—-—
¢ 19
(&) l
I L / % -
0| o005 €| 0-05
%, 1T

0.05

Yerad)

Ans:

v (rad)

yp = 0.0189 rad
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*3-32. A shear spring is made by bonding the rubber P
annulus to a rigid fixed ring and a plug. When an axial load
P is placed on the plug, show that the slope at point y in
the rubber is dy/dr = —tan y = —tan(P/(2whGr)). For small
angles we can write dy/dr = —P/(2whGr). Integrate this
expression and evaluate the constant of integration using
the condition that y = 0 at » = r,. From the result compute
the deflection y = § of the plug.

Shear Stress—Strain Relationship: Applying Hooke’s law with 74, = Py
T

TA P

Y76 T 2rhGr

(QE.D)

Y = —t (L)
Cony = A WG

If 7y is small, then tan y = vy. Therefore,

dy P
dr 20hGr
___F dr
YT T omnG |y
=— +
y 27'rhGlnr C
Atr =r,, y=20
P
=— +
0 27_l_hGlnro C
= P In
2hG e
Then, y = In’2
Y= kG "y
Atr =r,, y=25
P r,
S = — Ans.
2hG T, ns

,uFli
1 \w}

170




© 2014 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.

3-33. The aluminum block has a rectangular cross section
and is subjected to an axial compressive force of 8 kip. If the
1.5-in. side changed its length to 1.500132 in., determine
Poisson’s ratio and the new length of the 2-in. side.
E, = 10(10%) ksi.

P 8
=== = 2.667 ksi
A (2)(15) .
o —2.667
=2 = —0.0002667
Slone = B T 10(10%)
1.500132 — 1.5
G = e = 0.0000880
—0.0000880
= 0 Ans.
Y= 200002667 ~ 20 e
B’ =2 + 0.0000880(2) = 2.000176 in. Ans.

Ans:
v = 0.330, i’ = 2.000176 in.
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3-34. A shear spring is made from two blocks of rubber,
each having a height A, width b, and thickness a. The
blocks are bonded to three plates as shown. If the plates
are rigid and the shear modulus of the rubber is G,
determine the displacement of plate A if a vertical load P is
applied to this plate. Assume that the displacement is small
sothaté = atany =~ ay.

P
Average Shear Stress: The rubber block is subjected to a shear force of V' = Ex

P .4

P
2z

_V
A bh 2b

v-£

Shear Strain: Applying Hooke’s law for shear

§
P -.‘
_ Tt _3m_ P ¥
Y267 G  2bhG
Thus,
Pa
S = = = A X
ay 2bhG ns
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3-35. The elastic portion of the tension stress—strain o (ksi)
diagram for an aluminum alloy is shown in the figure. The P
specimen used for the test has a gauge length of 2 in. and a 70—
diameter of 0.5 in. When the applied load is 9 kip, the new
diameter of the specimen is 0.49935 in. Compute the shear

modulus Gy, for the aluminum. l

-
-

o € (in./in.)
From the stress—strain diagram, 0.00614

o 70
E,=—=
a e T 0.00614

= 11400.65 ksi

When specimen is loaded with a 9 - kip load,

P 9
=—=_——5 =4584ksi
A 7(05)
o 45.84 o
€long = & = 11400.65 0.0040205 in./in.
d —d 049935 — 0.5
€l = = 03 = —0.0013 in./in.
€lat —0.0013
V=- = - =0.32334
€long 0.0040205
E,  114(10° _ e
Gy 4.31(10°) ksi Ans.

T2 +v) 201 + 0.32334)

Ans:
Gy = 4.31(10°) ksi
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*3-36. The elastic portion of the tension stress—strain o (ksi)
diagram for an aluminum alloy is shown in the figure. The s
specimen used for the test has a gauge length of 2 in. and a 01—
diameter of 0.5 in. If the applied load is 10 kip, determine
the new diameter of the specimen. The shear modulus is
Ga = 3.8(10°) ksi.

-

-

-

10 0.00614

P
o=-—=_——> = 50929 ksi
A Z(05)

From the stress—strain diagram

70

E= = 11400.65 ksi
0.00614 0065 ksi
o 509296 L
€lone = £ = 1140065 0.0044673 in./in.
__E 3y — 11400.65 _
G ary WO Tpqa,y v

€la = — Veiong = —0.500(0.0044673) = —0.002234 in. /in.
Ad = € d = —0.002234(0.5) = —0.001117 in.

d =d+ Ad =05 — 0.001117 = 0.4989 in. Ans.

€ (in./in.)
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3-37. The rigid beam rests in the horizontal position on
two 2014-T6 aluminum cylinders having the wunloaded
lengths shown. If each cylinder has a diameter of 30 mm.

determine the placement x of the applied 80-kN load so
that the beam remains horizontal. What is the new diameter -

of cylinder A after the load is applied? v, = 0.35.

C+SM,=0;  Fp(3) —80(x) =0;  Fjy= %

Since the beam is held horizontally, 64 = g

_ P o _ i
T4 “TETE
P
A PL
s=eL=(4)L="=
€ (E) AE
s s 806 =9 (220) _ 80x (210)
A AE AE

80(3 — x)(220) = 80x(210)

x =153m
From Eq. (2),
F, = 39.07kN
F 39.07(10°
o= 7“ _ 3007000 s s Mmpa
a
—(0.03?
4( )
55.27(10°
Elong = ﬂ = - ( ) = _0000756

e 731(10°)
€lat = —Velong = —0.35(—~0.000756) = 0.0002646

dj=d, + dey = 30 + 30(0.0002646) = 30.008 mm

2}0 mm

80 kN
..x_.l
t1]a B!
220 mim
! 3m
(1) lao (4]
80(3 — | ]
_ 80( . x) (2) } —t—s %
-K
A A
Ans.
Ans.
Ans:

x = 1.53m,d) = 30.008 mm
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3-38. The wires each have a diameter of % in., length of
2 ft, and are made from 304 stainless steel. If P = 6 kip, Cc
determine the angle of tilt of the rigid beam AB.

Equations of Equilibrium: Referring to the free-body diagram of beam AB shown

in Fig. a,
+1=Myz =0, 6(1) — F4p(3) =0 Fap = 2kip

Normal Stress and Strain:

F 4(10°
o = e X )2 = 20.37 ksi
ABC z(l)
4\2
F 2(10°
oap = 22— 19 10 ksi

RO
4\2

Since o3¢ < oy and 04 < oy, Hooke’s Law can be applied.
opc = Eepes 20.37 = 28.0(10%)epc egc = 0.7276(1073) in./in.
oap = Eesp; 1019 = 28.0(10°)e,p  €4p = 0.3638(1073) in./in.
Thus, the elongation of cables BC and AD are given by

6BC = EBCLBC = 07276(10_3)(24) = 0.017462 in.

84p = €aplap = 0.3638(107%)(24) = 0.008731 in.
Referring to the geometry shown in Fig. b and using small angle analysis,

o

Spc — O . — 0.
BC ap _ 0.017462 — 0.008731 d) — 0.0139° Ans.

0="% 36

180
= 0.2425(107%) rad(
ra

Sac=0-01744 i

h

Ans:
0 = 0.0139°
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3-39. The wires each have a diameter of } in., length of
2 ft, and are made from 304 stainless steel. Determine the
magnitude of force P so that the rigid beam tilts 0.015°.

Equations of Equilibrium: Referring to the free-body diagram of beam AB shown

in Fig. a,
+1=Mz=0; P(1) — F,p(3) =0 Fp = 0.3333P
Normal Stress and Strain:
Fge  0.6667P
=—= = 3.3953P
(el ABC 77(1)2
4\2
F 0.3333P
Oap = A—AD = = 1.6977P
AD

EOR

Assuming that ogc < oy and 0 4p < oy and applying Hooke’s Law,

opc = Ee€pc;

oap = E€ p;

3.3953P = 28.0(10%)¢pc

1.6977P = 28.0(10%¢ 4p,

epc = 0.12126(10°%)P

€, p = 60.6305(10°)P

Thus, the elongation of cables BC and AD are given by

Spc = epcLpe = 0.12126(107°)P(24) = 2.9103(1075)P

Sap = €apLap = 60.6305(107%)P(24) = 1.4551(10°%)P

Here, the angle of the tile is 6 = 0.015°(

angle analysis,

7rrad
180°

) = 0.2618(103) rad. Using small

dpc
9 =
36

B 6AD

2.9103(10°%)P — 1.4551(10°%) P

. 0.2618(107%) =

P =6476.931b = 6.48 kip

Ans.

Since opc = 3.3953(6476.93) = 21.99ksi < oy and o,p = 1.6977(6476.93) =

11.00 ksi <

oy, the assumption is correct.

b
1
4

o

P e
2ft 1t i

@)

36in

c
21t
IP
21t 1ft—
Ad 4B 1
s ——
595 =29/03007%)p

S is_r e e e e
e
-

e e i e e . o) |
--.-..—..______'__JL

Bl

Ans:
P = 6.48 kip
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*3-40. The head H is connected to the cylinder of a L
compressor using six steel bolts. If the clamping force in
each bolt is 800 Ib, determine the normal strain in the
bolts. Each bolt has a diameter of 1% in. If oy = 40 ksi and
Eg = 29(10%) ksi, what is the strain in each bolt when the
nut is unscrewed so that the clamping force is released?

Normal Stress:

P 800
c== = 2897ksi < o, = 40ksi

z(i)Z B
4\16

Normal Strain: Since o < o, Hooke’s law is still valid.

28.97
=7 = 222 = 0.000999 in./in. Ans.
E  29(10°)
If the nut is unscrewed, the load is zero. Therefore, the strain e = 0 Ans.
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3-41. The stress—strain diagram for polyethylene, which is o (ksi)
used to sheath coaxial cables, is determined from testing a P
specimen that has a gauge length of 10 in. If a load P on the 5
specimen develops a strain of e = 0.024 in./in., determine | ¢
the approximate length of the specimen, measured between 4 5 5 = =
the gauge points, when the load is removed. Assume the N ] ° ©
specimen recovers elastically. 3 °
2
! P
0 € (in./in.)
0 0.008 0.016 0.024 0.032 0.040 0.048
Modulus of Elasticity: From the stress—strain diagram, o = 2 ksi when
€ = 0.004 in./in.
2-0
E = ———— = 0.500(10°) ksi
0.004 — 0 0.500(10°) ksi
Elastic Recovery: From the stress—strain diagram, o = 3.70 ksi when
€ = 0.024 in./in.
o 3.70
Elastic recovery = — = —————— = 0.00740 in./in.
VYT E T 0.500(10%) /
Permanent Set:
Permanent set = 0.024 — 0.00740 = 0.0166 in./in.
Thus,
Permanent elongation = 0.0166(10) = 0.166 in.
L = Ly + permanent elongation
=10 + 0.166
= 10.17 in. Ans.
Ans:
L = 1017 in.
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3-42. The pipe with two rigid caps attached to its ends is
subjected to an axial force P. If the pipe is made from a
material having a modulus of elasticity £ and Poisson’s
ratio v, determine the change in volume of the material.

P
Normal Stress: The rod is subjected to uniaxial loading. Thus, ojpp, = " and o, = 0.

8V = ASL + 2mrLor

= A€iong L + 27rLerr
Using Poisson’s ratio and noting that AL = 7L =V,
OV = €1onV — 2v€15nV

= €tong (1 — 20)V

70-10ng1 2V
= -2

Since oopy = P/ A,

P
8V = - (1 - WAL

PL
= ? (1 - 21/) Ans.

Ans:
PL
oV = ? (1 - 21/)
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3-43. The 8-mm-diameter bolt is made of an aluminum
alloy. It fits through a magnesium sleeve that has an inner
diameter of 12 mm and an outer diameter of 20 mm. If the
original lengths of the bolt and sleeve are 80 mm and
50 mm, respectively, determine the strains in the sleeve and
the bolt if the nut on the bolt is tightened so that the tension
in the bolt is 8 kN. Assume the material at A is rigid.
E, = 70 GPa, E,, = 45 GPa.

Normal Stress:

P 8(10°
op=—= % = 159.15 MPa
Ay 7(0.008%)
P 8(10°
oy =——= % = 39.79 MPa
Ay 7(0.02° — 0.0127)

Normal Strain: Applying Hooke’s Law

oy 159.15(10°) 0.00227 mm)
= < = .o =L mm/mm
T E. T 70(10%)
o, 39.79(10°%)
€ = =

E,g 45(10%)

= 0.000884 mm/mm

50 mm

!‘30 mm

1

Ans.

Ans.

Ans:
€, = 0.00227 mm/mm, €, = 0.000884 mm,/mm
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at its top and bottom surfaces. If the top plate displaces
2 mm horizontally when it is subjected to a horizontal force
P = 2 kN, determine the shear modulus of the polymer.
The width of the block is 100 mm. Assume that the polymer
is linearly elastic and use small angle analysis.

*3-44. An acetal polymer block is fixed to the rigid plates 400 mm |
P =2kN

Normal and Shear Stress: amm
vV 2(10%
T4 T 0a01)  OkPa

Referring to the geometry of the undeformed and deformed shape of the block
shown in Fig. a,
200mm

——

e~

——

2
Y = % = 0.01 rad

T T
D e

Applying Hooke’s Law,
=Gy, 50(10%) = G(0.01) ( A )

G = 5MPa Ans.
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4-1. The A992 steel rod is subjected to the loading shown.
If the cross-sectional area of the rod is 60 mm?, determine
the displacement of B and A, Neglect the size of the
couplings at B, C,and D.

PL  16.116(10%)(0.75) . 10.4(10%)(1.50)

Op = E—
B TAE T 60(107%)(200)(10%)  60(106)(200)(10%)
= 0.00231 m = 2.31 mm
8(10%)(0.5)
54 =0y + = 0.00264 m = 2.64 mm

60(107°)(200)(10%)

Ans.

Ans.

60° 60°

3.30kN 3.30 kN

Ans:
0p = 231 mm, 6, = 2.64 mm
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*4-2. The copper shaft is subjected to the axial loads shown. <80 in.— 150 in. 100 in—
Determine the displacement of end A with respect to end D ) 5 kip 2 kip ]
if the diameters of each segment are d,p = 0.75in., 8 kip 6 kip
dge = lin., and dcp = 0.5 in. Take E,, = 18(10°) ksi. A SYoB 5 kip
PL —8(80) 2(150) 6(100)
BA/DZ AE 7 * T * T 8“'"’ Kip
—(0.75)2(18)(10%)  —(1)*(18)(10°)  —(0.5)*(18)(10°) —— ) a8
4 4 4 g¥p 5
= 01111 A Focx2 "7
= 0.111 in. ns. sp o

fop=6 "2 !

The positive sign indicates that end A moves away from end D.

Ans:

04/p = 0.111 in. away from end D.
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4-3. The composite shaft, consisting of aluminum, copper,
and steel sections, is subjected to the loading shown.
Determine the displacement of end A with respect to end D
and the normal stress in each section. The cross-sectional
area and modulus of elasticity for each section are shown in
the figure. Neglect the size of the collars at B and C.

Pap 2 .
- = 2 -2k T
TaB Ty T 0,09 St (T)
Ppe 5 .
=BG 0 g7k
TBC T e T 0412 St ©
Pgc 15 :
=86 22 950k C
7D = Y T 006 St ©
PL 2(18 ~5)(12 ~1.5)(16
s _yPL_ 219 (H0) (L5016

AE — (0.09)(10)(10%)  (0.12)(18)(10%) ~ (0.06)(29)(10%)

= —0.00157 in.

The negative sign indicates end A moves towards end D.

Aluminum

Copper Steel

E,=10(10°)ksi  E,=18(10%) ksi  E, =29(10%) ksi

Ayup=0.09 in’ Agc=0.121in? Acp = 0.06 in?
3.50kip _ 1.75 kip
2.00 kip <« 1.50 kip
g —
4 B C

Ans.

Ans.

Ans.

Ans.

50 kip

D
‘ ‘ 1.75 kip
18 in: =12 in— 16 in:

xip -
2 R.= 2 Kip

:

[ 4
xip 35°F -
< ‘:" |_' Px’5KP
35”.’

15 kip

;

ﬂpﬁhsh

Ans:

oap = 22.2ksi (T), opc = 41.7 ksi (C),
ocp = 25.0ksi (O), 84/p = 0.00157 in.
towards end D
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*4-4. Determine the displacement of B with respect to C Aluminum Copper Steel
of the composite shaft in Prob. 4-3. E,=10(10°)ksi  E,=18(10°)ksi  FE, =29(10%) ksi
A,up=0.09 in’ Ape=0.12in? Acp = 0.06 in?

3.50 ki 1.75 ki
p < p

2.00 kip 1.50 kip
A D
B ‘3.50 kip € | 1.75 kip
18 in———12 in——16 in:
PL (=5)(12)
Spjc= — = —————"__ — _0.0278in. Ans.
€T AE T (0.12)(18)(10%) 2dip 25k .
S R a5
== 35hp

The negative sign indicates end B moves towards end C.
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4-5. The assembly consists of a steel rod CB and an
aluminum rod BA, each having a diameter of 12 mm. If the rod
is subjected to the axial loadings at A and at the coupling B,
determine the displacement of the coupling B and the end A.
The unstretched length of each segment is shown in the

18 kN

figure. Neglect the size of the connections at B and C, and
assume that they are rigid. Ey = 200 GPa, E, = 70 GPa.

12(10%)(3
g = rL = — (2 )G) o = 0.00159 m = 1.59 mm Ans.
AE  7(0.012)%(200)(10%)
PL 12(10°)(3) 18(10°)(2)
6A = E =

AE T (00122200)(10°)  5(0.012)%(70)(10%)

0.00614 m = 6.14 mm Ans.

Fg=12

Kn""__r-u-: rﬁ e
i [ S
eKN
-l 8 kN
foa18"
Ans:

0 = 1.59mm, 8,4 = 6.14 mm
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4-6. The bar has a cross-sectional area of 3in% and

x——  w=500x""1b/in.
E = 35(10%) ksi. Determine the displacement of its end A
when it is subjected to the distributed loading. e —
A
4ft |
e
X X 1 1 4
P(x)=/wdx=500/x;dx=ﬂx§ =
0 0 4
s /Lp(x) dx _ 1 /4(12) 1500 x% dx — < 1500 )(é)(48)%
Yl AE T 335109 Jo 4 (3)(35)(10(4) /\7
6,4 = 0.0128 in. Ans.
Ans:
54 = 0.0128 in.
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4-7. 1If P; = 50 kip and P, = 150 kip, determine the vertical
displacement of end A of the high strength precast concrete

column. T
10 ft
Internal Loading: The normal forces developed in segments AB and BC are shown LR b b
on the free-body diagrams of these segments in Figs. a and b, respectively.
| C
Displacement: The cross-sectional area of segments AB and BCare A .5 = 6(6) = 36 in’ — a—

and Age = 10(10) = 100 in?.

_JPL  PugLap = PpcLpc
Sac= S =
AE A pEcon Apc Econ

~(=100)(10)(12) . —400(10)(12)
O 36(4.2)(10%) 100(4.2)(10%)

= —0.194 in. Ans.

The negative sign indicates that end A is moving towards C.

Sokip Bokip 50K, POKp

120Kp,| |+ 150 Kip

fe= 100 Kip
(&)

foc=—400 kip
k)

[ 16in.
|

6 in.
Section a-a

[] hoin.

10 in.
Section b-b

Ans:
6,4 = —0.194 in.
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*4-8. If the vertical displacements of end A of the high
strength precast concrete column relative to B and B
relative to C are 0.08 in. and 0.1 in., respectively, determine
the magnitudes of P; and P,.

10 ft

Internal Loading: The normal forces developed in segments AB and BC are shown
on the free-body diagrams of these segments in Figs. a and b, respectively.

Displacement: The cross-sectional area of segments AB and BC are A,z = 6(6) =
36in” and Agc = 10(10) = 100 in%

S _ PAB LAB
4/B AAB Econ

_ —2P,(10)(12)
©36(4.2)(10%)

P, = 504 kip Ans.
5. — Ppc Lpc

Bic ABC Econ

[2(50.4) + 2P,](10)(12)

—01= 100(4.2)(10%)

P, = 124.6 kip = 125 kip Ans.

The negative sign indicates that end A is moving towards C.

Pp R OR

[ 16in.
|

6 in.
Section a-a

[ foin.

10 in.
Section b-b
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450 mm

brass C83400 copper rods AB and CD, a 15-mm diameter
304 stainless steel rod EF, and a rigid bar G. If P = 5 kN, A B P
determine the horizontal displacement of end F of rod EF. o

4-9. The assembly consists of two 10-mm diameter red 300 mmﬂ

§4P

Internal Loading: The normal forces developed in rods EF, AB, and CD are shown
on the free-body diagrams in Figs. a and b.

Displacement: The cross-sectional areas of rods EF and AB are Agp = %(0.0152) =
56.25(10 %7 m? and A,y = %(0.012) = 25(107%)7 m>

B 20(10%)(450) N 5(10%)(300)
56.25(107%)(193)(10%)  25(10%)ar(101)(10°)

= 0.453 mm Ans.

The positive sign indicates that end F moves away from the fixed end.

rd

PEF’ =20kl\}

ZO)IEN Ry =5 KA

(a
) p5kA

(b)

ROk

Ans:
o0r = 0.453 mm

191




© 2014 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.

450 mm ——

§ 4P

4-10. The assembly consists of two 10-mm diameter red <~ 300 mm
brass C83400 copper rods AB and CD, a 15-mm diameter W
304 stainless steel rod EF, and a rigid bar G. If the A B P
horizontal displacement of end F of rod EF is 0.45 mm, o
determine the magnitude of P. RE
P
C D G

Internal Loading: The normal forces developed in rods EF, AB, and CD are shown
on the free-body diagrams in Figs. @ and b.

Displacement: The cross-sectional areas of rods EF and AB are Agp = %(0.0152) =

56.25(107%)7 m? and

Aup = %(0.012) = 25(10 %) m>.

_WPL  PppLgr | PapLas
Sy = S = +
AE  AprEyq  AupEy
4P(450) N P(300)

:56.25(10*6)77(193)(109) 25(107%)7r(101)(10%)

P = 4967 N = 497 kN Ans.

4P fo=P
--
A o [ 4p

e =4P —

() \ammand
fo=P

®)

Ans:
P = 49.7kN
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4-11. The load is supported by the four 304 stainless steel
wires that are connected to the rigid members AB and DC.
Determine the vertical displacement of the 500-1b load if
the members were originally horizontal when the load was
applied. Each wire has a cross-sectional area of 0.025 in.

Internal Forces in the wires:

FBD (b)

C+SM,=0;  Fpe(4) —5003) =0  Fpe =37501b
+13F, =0;  Fay +3750-500=0  Fuy=12501b
FBD (a)

C+3Mp=0; Fep(3) —1250(1) =0 Fep = 41.671b
+13F, =0, Fpp+41.67—1250=0  Fp; =83331b
Displacement:

8p = FXZEE = 0.(?;.53(32,;3.())%())6) = 0.0042857 in.

5 = Ferlep 41670012 60014091n.

AcrE  0.025(28.0)(10°)

8y 0.002142
R 000379; 8y = 0.0014286 in.

6y = 0.0014286 + 0.0021429 = 0.0035714 in.

FauLay  1250(1.8)(12)
AsgE  0.025(28.0)(10°)

Sam = = 0.0038571 in.

84 =8y + Sa; = 0.0035714 + 0.0038571 = 0.0074286 in.

_ Faolpg _ 375.0(5)(12)

5 - = 0.0321428 in.
P ApcE T 0.025(28.0)(10°)

5 0.0247143

gl =T 8= 00185357 in.

6, = 0.0074286 + 0.0185357 = 0.0260 in.

0005206 in.
| 3/t If
{ 1_1_
—— T—
‘?‘--..___ J': Jx E
¢ TeeL ;:)
~=d
0-024743 in.

H

D

| Flfed—2
1.8t

Of—2

Al

3ft

V500 1b

Ve
S
-

Ans.

=
&

Ans:
6; = 0.0260 in.
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*4-12. The load is supported by the four 304 stainless
steel wires that are connected to the rigid members AB
and DC. Determine the angle of tilt of each member after
the 500-1b load is applied. The members were originally
horizontal, and each wire has a cross-sectional area of
0.025 in’.

Internal Forces in the wires:

FBD (b)

C+EM,4=0; Fgs4) —5003) =0  Fgg=237501b
+1SF,=0; Fay +3750-500=0  Fuy=12501b
FBD (a)

C+EIMp=0; Fep(3) —1250(1) =0  Fep = 41671b
+1SF,=0; Fpp+4167-1250=0  Fpp = 83331b
Displacement:

8p = FjigE = 0'52'53(32;3.())5236) = 0.0042857 in.

5o = Ferker _ ALOTONID) 0y 409 in,

AcrE 0.025(28.0)(10°)

8y 0.
% W; 8 = 00014286 in.

8y = 8y + 8¢ = 0.0014286 + 0.0021429 = 0.0035714 in.

tan o = 20021429, o = 0.00341°
36
Faul 125.0(1.8)(12
S = — =21 = U824 1038571 in.

AsnE  0.025(28.0)(10%
84 =8y + 8, = 0.0035714 + 0.0038571 = 0.0074286 in.

FpcL 375.0(5)(12
8y = —D9BG _ ©2) 0.0321428 in.
ApcE  0.025(28.0)(10%)
tan B = W’ B = 0.0295°
48
| 3 n u:ajw‘““n
r T—11]
L:_.— D |
‘?"—--,‘ 4 ' & =b
[ Teed
~=d
0024743 in.

Ans.

Ans.

F G
31t
51t
D | f
T 1 ft 2 ft—
1.8 ft
| I
A =53
3 ft -1 £t
Y500 1b
F’f ’T
L =] @
I .
‘E.. ‘f
e
l —
I 37t ift ]
J
»y Soon
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4-13. The rigid bar is supported by the pin-connected rod
CB that has a cross-sectional area of 14 mm? and is made
from 6061-T6 aluminum. Determine the vertical deflection
of the bar at D when the distributed load is applied.

C+ SM,=0; 120002) — Tep(0.6)(2) = 0
Tcep = 2000 N

PL _ (2000)(2.5)
AE  14(1079)(68.9)(10°)

850 = = 0.0051835

(2.5051835)% = (1.5)*> + (2)*> — 2(1.5)(2) cos 0
6 = 90.248°
6 = 90.248° — 90° = 0.2478° = 0.004324 rad

Op = 6 r = 0.004324(4000) = 17.3 mm

1.5

Ans.

F C
& 300 N/m
TN
B
D) ) D
P A B |
i 2m i 2m |
Tie 200N
bWy
e Lo 3 .
A ™
Ans:
6p = 17.3 mm
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4-14. The post is made of Douglas fir and has a diameter
of 60 mm. If it is subjected to the load of 20 kN and the soil
provides a frictional resistance that is uniformly distributed
along its sides of w = 4 kN/m, determine the force F at its
bottom needed for equilibrium. Also, what is the displacement
of the top of the post A with respect to its bottom B?
Neglect the weight of the post.

Equation of Equilibrium: For entire post [FBD (a)]
+T2Fy:0; F +800—-20=0 F = 12.0kN
Internal Force: FBD (b)

+1SF, =0, —F(y)+4y—-20=0

F(y) = {4y — 20} kN

Displacement:
L 2m
Fiydy 1
S48 = =—— 4y — 20)d
A/B A A()E AE J, (4y )dy
2 2m
=5 (27 - 20y) |,
 320kN-m
a AE
32.0(10%)

T 7006) 131 (10%)
= —0.8639 (107) m

= — 0.864 mm

Negative sign indicates that end A moves toward end B.

Ans.

Ans.

20 kN

Ya
*
*
$w

|
-

2m

P i e i
> > >

R S

&
T

1
-

2m &)

42)+80 k)

[ SRR

20 kn

4

&)

+y

| SRR
-

F(’ )

Ans:
F = 12.0kN, SA/B = — 0.864 mm
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4-15. The post is made of Douglas fir and has a diameter
of 60 mm. If it is subjected to the load of 20 kN and the soil
provides a frictional resistance that is distributed along its
length and varies linearly from w =0 at y =0 to
w = 3kN/m at y = 2m, determine the force F at its
bottom needed for equilibrium. Also, what is the
displacement of the top of the post A with respect to its
bottom B? Neglect the weight of the post.

Equation of Equilibrium: For entire post [FBD (a)]

+1SF,=0; F+300-20=0 F=170kN Ans.

Internal Force: FBD (b)
1 3y>
+ — () _ + — | = — =
TSF, =0 F(y) 2(2 y—20=0
35
F(y) = 27 — 20 ¢ kN

Displacement:

LFyydy 1 [*™(3
5. = - 2y 20)d
A/B /o A(Y)E AE/O <4” Y

3 1 y3 )Zm
- AE(4 20y

_ 380kN-m
AE

0

B 38.0(10%)
7(0.06%) 13.1 (10°%)

= —1.026 (10 %) m

= —1.03 mm Ans.

Negative sign indicates that end A moves toward end B.

20 kA
\
(@ , \\ |‘ b)
s \
Fey)

20 kN

Ya
T
*
3

|
-

2 m

> > > > > >
> > >

32;‘;?_’,;:_-,':}'ﬁ«;fl‘;ﬁ T

Ans:
F = 17.0kN, 8A/B = — 1.03 mm
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*4-16. The hanger consists of three 2014-T6 aluminum
alloy rods, rigid beams AC and BD, and a spring. If the hook
supports a load of P = 60 kN, determine the vertical
displacement of F. Rods AB and CD each have a diameter
of 10 mm, and rod EF has a diameter of 15 mm. The spring
has a stiffness of & = 100 MN/m and is unstretched when
P =0.

Internal Loading: The normal forces developed in rods EF, AB, and CD and the
spring are shown in their respective free-body diagrams shown in Figs. a, b, and c.

Displacements: The cross-sectional areas of the rods are
App = %(0.0152) = 56.25(10~ %) m? and
Aup = Acp = %(0.012) = 25(10 %) m>.

FprlL 60(10%)(450
8k = erLer _ (76 )(450) = 20901 mm |
AprEaq  56.25(107%)(73.1)(10%)

FapLap _ 30(10°)(450)

5 =23514mm |
B AugEa 25107 (73.1)(10%)

The positive signs indicate that ends Fand B move away from E and A, respectively.
Applying the spring formula,

Fyp —60

—=——— = —-06(10")m = 0.6
kK 100(10°) (107 m mm |

5E/B =

The negative sign indicates that £ moves towards B. Thus, the vertical displacement
of Fis

+1) Orja = Op/a + 8pjp + Sy
= 2.3514 + 2.0901 + 0.6

=504mm | Ans.

Re=60 Kk

A

-

6O KN
(@) (b)

450 mm

By=30kN  P,=30 kN
'\ 4

6o kN
<y
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4-17. The hanger consists of three 2014-T6 aluminum
alloy rods, rigid beams AC and BD, and a spring. If the
vertical displacement of end F is 5 mm, determine the
magnitude of the load P. Rods AB and CD each have a
diameter of 10 mm, and rod EF has a diameter of 15 mm.
The spring has a stiffness of k& = 100 MN/m and is
unstretched when P = 0.

450 mm

Internal Loading: The normal forces developed in rods EF, AB, and CD and the
spring are shown in their respective free-body diagrams shown in Figs. a, b, and c.

Displacements: The cross-sectional areas of the rods are

App = %(0.0152) = 56.25(10 )7 m? and

Aup = Acp = %(0.012) = 25(10 %7 m?.

FrrL P(450
I e _6( ) oo = 34.836(10°°)P |
AppEy  56.25(107%)7(73.1)(10%)

FagL P/2)(450
Spja = A8 = (P/2)(430) =39.190(10°%)P |
AapEa 251077 (73.1)(10%)

The positive signs indicate that ends F and B move away from E and A, respectively.
Applying the spring formula with

k = [100(103)%}(10001\1)( L m ) = 100(10%) N/mm.

1kN /\ 1000 mm
Fy —P
Spp = — = ———— = —10(10 )P = 10(10 )P
EB =k 100(10%) (107 ao™op |

The negative sign indicates that £ moves towards B. Thus, the vertical displacement
of Fis

(+1) Op/a = Op/a + O/ + Opyp
5 = 34.836(10"%)P + 39.190(10"%)P + 10(10~%)P

P =59505.71 N = 59.5 kN Ans.

@F"P

A

(a') (,b ) (c ) ?’n:S:59.5 kN
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4-18. Collar A can slide freely along the smooth vertical
guide. If the supporting rod AB is made of 304 stainless
steel and has a diameter of 0.75 in., determine the vertical
displacement of the collar when P = 10 kip.

Internal Loading: The normal force developed in rod AB can be determined
by considering the equilibrium of collar A with reference to its free-body diagram,
Fig. a.

4
+13F, = 0; —FAB(§> -10=0 F,5 = —125kip

Displacements: The cross-sectional area of rod AB is
Aup = %(0,752) = 0.4418 in%, and the initial length of rod AB is

L.z = V2% + 1.5% = 2.5 ft. The axial deformation of rod AB is

_ Faplag  —125(25)(12)

Sap = = = —0.03032 in.
BT AupEq  0.4418(28)(10°) o

The negative sign indicates that end A moves towards B. From the geometry shown

1.5
in Fig. b, we obtain 6 = tan”(?) = 36.87°. Thus,

dap _ 0.03032

050 cos3687c ~ 00379, l Ans.

Gy =

/okie @,
\ A < drg=003032n,
Run Y

Al

B

S

.
(k)

Ans:
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4-19. Collar A can slide freely along the smooth vertical
guide. If the vertical displacement of the collar is 0.035 in.
and the supporting 0.75 in. diameter rod AB is made of
304 stainless steel, determine the magnitude of P.

Internal Loading: The normal force developed in rod AB can be determined
by considering the equilibrium of collar A with reference to its free-body diagram,
Fig. a.

4
+1SF, =0, —Fup (g) -P=0 F,z=-125P

Displacements: The cross-sectional area of rod AB is

Aup = %(0,752) = 0.4418 in%, and the initial length of rod AB is

Lag = V22 + 1.5% = 2.5 ft. The axial deformation of rod AB is

AP AupEq  0.4418(28.0)(10%)

—0.003032P

The negative sign indicates that end A moves towards B. From the geometry shown
1.5

in Fig. b, we obtain 6 = tan_1<7) = 36.87°. Thus,

84 = (84)y cosO
0.003032P = 0.035 cos 36.87°

P = 924 kip Ans.

P (63){"0-035;0.
: ) A Spe=0.003032P

-3 Y

-

AI

/6 ft
(b)

Ans:
P = 9.24kip
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*4-20. The A992 steel drill shaft of an oil well extends
12000 ft into the ground. Assuming that the pipe used to
drill the well is suspended freely from the derrick at A,
determine the maximum average normal stress in each pipe
segment and the elongation of its end D with respect to the
fixed end at A. The shaft consists of three different sizes of
pipe, AB, BC, and CD, each having the length, weight per
unit length, and cross-sectional area indicated.

_ P _32(5000) + 18000 _ o
TAT AT 25 - ok

P 2.8(5000) + 4000 ,
op = - 175 = 10.3 ksi

P 2(2000) .
oc= = 125 3.2 ksi
5 % /P(x) dx /2000 2x dx . /5000(2.8x + 4000)dx
P A E  Jo (125)29)(10°  Jo

2.99 ft

(1.75)(29)(10°)

)

Ans.

Ans.

Ans.

30003 2x + 18000)dx

(2.5)(29)(10%)

Ans.

4

A

Ayp=2.501in? 5000 ft
wap=3.21b/ft

Ape=1.75in2
wge=281b/ft | 5000t

Acp=125in?
wep=201b/te | p 2001

= 3.2 41900
Pxj<pa foom 1‘
Posy2pR 1,

i

PR gpamn  pgon,
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4-21. A spring-supported pipe hanger consists of two
springs which are originally unstretched and have a stiffness
of k = 60 kN/m, three 304 stainless steel rods, AB and CD,
which have a diameter of 5 mm, and EF, which has a
diameter of 12 mm, and a rigid beam GH. If the pipe and
the fluid it carries have a total weight of 4 kN, determine the
displacement of the pipe when it is attached to the support.

Internal Force in the Rods:

FBD (a)

C+=M, =0; Fcp(0.5) —4(0.25) =0 Fep = 2.00kN
+T2Fy:0; Fap+200—-4=0 F g = 2.00 kN
FBD (b)

+T2Fy=0; Fgp—2.00 —2.00=0 Fpr = 4.00kN
Displacement:

FppL 4.00(10%)(750
dp =0y = —EL = (2)( )9:0.1374mm
AgrE  Z(0.012)2(193)(10°%)

PcpLep 2(10°)(750)

SA/B = SC/D = = = 0.3958 mm

AcpE  7(0.005)%(193)(10%)

8¢ = 8p + dc/p = 0.1374 + 0.3958 = 0.5332 mm

Displacement of the springs

Fy 200
P .
By = = g = 00333333 m = 33.3333 mm
8=25c+38,
= (0.5332 + 33.3333 = 33.9mm
Fe Feo
A

@)
o-25m o.25m
Fa20kn Tf Fop 220 K4l
L ] ®

l a-2Em l o.25m

Ans.

0.75m
0.25m0.25m
Ans:
6 = 33.9mm
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4-22. A spring-supported pipe hanger consists of two
springs, which are originally unstretched and have a
stiffness of k = 60 kN/m, three 304 stainless steel rods, AB
and CD, which have a diameter of 5 mm, and EF, which has
a diameter of 12 mm, and a rigid beam GH. If the pipe is
displaced 82 mm when it is filled with fluid, determine the
weight of the fluid.

Internal Force in the Rods:

FBD (a)

w

w w
+13F, = 0; Fap+ 5 =W=0  Fap="

FBD (b) e -

wow

+12F, = 0; FEF—7—7:0 Fpp=W
0-25m | 0-25m ‘
Displacement:
N W (750)
PR AgrE T T(0.012)%(193)(10°%)
= 34.35988(10"%) W
FepLep 5 (750)
04/ = 8c/p = =

AcpE  %(0.005)%(193)(10%)
= 98.95644(10° %) W
dc = 68p *+ 8¢/p
= 34.35988(10 %) W + 98.95644(10 %) W
= 0.133316(10 3 W

Displacement of the springs

Fyp %
O, = = 1000) = 0.008333 W

Blal = 8C + 8sp
82 = 0.133316(10 ) W + 0.008333W

W =9685N = 9.69 kN Ans.

Bas= % Far ©" %

L

I o-25m l o.25m l

Ans:
W = 9.69 kN
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4-23. The rod has a slight taper and length L. It is

r
suspended from the ceiling and supports a load P at its end.
Show that the displacement of its end due to this load is 7
& = PL/(wEr,ry). Neglect the weight of the material. The
modulus of elasticity is E.
L
r, — 1 r1L+(r2*r1)x
= + =
r(x) =r I X I
rn -
™ , ¢
A(x) = p(’lL + (rp = ry)x) P
5—/de _pL* (" dx
A(X)E  @E Jy [nL + (ry — r)x]?
_ PLz[ 1 F N 2% { 1 1
7 E | (ry — r)(rilL + (ry — r)x) Jo 7 E(ry —r) L+ (r, —r)L rlL
NN RN R .
7 E(ry —r) lrnL L 7 E(ry — r)) L rorL

~ wE(r, — 1)

PL? |:i’2 - r,} PL

= ED
r2r1L 7TE}’2r1 Q
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*4-24. Determine the relative displacement of one end of
the tapered plate with respect to the other end when it is
subjected to an axial load P.

d2 - dl dlh + (dz - dl)x
X =

W:d1+

h h
_ [P(x)dx _ P " dx
°= JAmE T EJ, Wt —anl
_pu (" dx

T Et)y dih+ (dy — dy)x

h
“Frail e - 2 (A (1
Etdih)o 1+ %= =500\, - 4

dih

- %[l“(l ’ dzc;dlﬂ - Ez(dfh— ) [I“(

Ph [ dz}
= _|m=>
Etd,—d) | d

Ans.

AP

P —
h
!

WT
Aaty

P
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4-25. Determine the elongation of the A-36 steel member
when it is subjected to an axial force of 30 kN. The member
is 10 mm thick. Use the result of Prob. 4-24.

Using the result of Prob. 4-24 by substituting d; = 0.02 m,d, = 0.075 m, ¢ = 0.0l m
and &~ = 0.5m.

Ph dz}
S = 2[7 In—
Eyt(d, — dy)  dy

_ 30(10%) (0.5) 0.075
- 2{200(10‘/’)(0.01)(0.075 “om) " ( 0.02 )}

= 0.360(10%) m = 0.360 mm Ans.

Ans:
6 = 0.360 mm
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4-26. Determine the elongation of the tapered A992 steel
shaft when it is subjected to an axial force of 18 kip. Hint:
Use the result of Prob. 4-23.

5_ 0 PL, PL,
B ( )7TE rorq * E
_ (2)(18)(4) N 18(20)
© 7(29)(10%)(2)(0.5)  7(2)%(29)(10%)

= 0.00257 in.

e

4
Bk L

ry=0.5in. r,=2in. j r1=0.5in.
L ( L >
Ans.
Ans:
6 = 0.00257 in.
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4-27. The circular bar has a variable radius of r = rpe™
and is made of a material having a modulus of elasticity
of E. Determine the displacement of end A when it is
subjected to the axial force P.

Displacements: The cross-sectional area of the bar as a function of x is
A(x) = wr? = 7ry%e*™*. We have

5 /LP(x)dx_ P /de
T Jo AXE  wr’E )y &~

arg’EL 24’ ] |
= _r <1 — e_Z”L) Ans.
2077'"0 2E

Ans:

P
5_

= - 1 — —2al
2a’7T}’02E ( ¢ )
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*4-28. Bone material has a stress—strain diagram that can P
be defined by the relation o = E[e/(1 + kEe)], where k

and E are constants. Determine the compression within the

length L of the bone, where it is assumed the cross-sectional

area A of the bone is constant.

o= E(;) P E(ch) 4

N

p—

+

w

)
7N
&‘m
= | =
~—
N —

PL
AE PL
6—(1 Pk)_E(A—Pk) Ans.
A
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4-29. The weight of the kentledge exerts an axial force of
P = 1500 kN on the 300-mm diameter high-strength
concrete bore pile. If the distribution of the resisting skin
friction developed from the interaction between the soil
and the surface of the pile is approximated as shown, and
the resisting bearing force F is required to be zero,
determine the maximum intensity p,kN/m for equilibrium.
Also, find the corresponding elastic shortening of the pile.
Neglect the weight of the pile.

Internal Loading: By considering the equilibrium of the pile with reference to its
entire free-body diagram shown in Fig. a. We have

1
+13F, = 0; 5 po(12) — 1500 = 0 Po = 250 kN/m Ans.

Thus,
250
p(y) = ST 20.83y kN/m

The normal force developed in the pile as a function of y can be determined by
considering the equilibrium of a section of the pile shown in Fig. b.

1
+13F, = 0; 5(20.83y)y —P(y)=0 P(y) = 10.42y* kN
Displacement: The cross-sectional area of the pile is A = %(0.32) = 0.02257 m°.

We have

B /LP(y)dy_ /12m 10.42(10%)y*dy
“Jo AWME  Jy  0.02257(29.0)(10°)

12m
/ 5.0816(107%)y*dy
0

12 m

1.6939(10%)y?

0

= 2.9270(10"%*)m = 2.93 mm Ans.

)

o4)=20.83
p=2003¢

—
\ A

\
\

\

_’é(wé’s?)% kn
)

&M

Ans:
po = 250 kN/m, 6 = 2.93 mm
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4-30. The weight of the kentledge exerts an axial force of

P =1500kN on the 300-mm diameter high-strength

concrete bore pile. If the distribution of the resisting skin [

friction developed from the interaction between the soil
and the surface of the pile is approximated as shown,
determine the resisting bearing force F for equilibrium.

Take py = 180 kN/m. Also, find the corresponding elastic T
shortening of the pile. Neglect the weight of the pile. ‘
12m ° T |
N
Al
A
—TF
Internal Loading: By considering the equilibrium of the pile with reference to its K A
entire free-body diagram shown in Fig. a. We have / 500
1
+T2Fy =0; F + 5(180)(12) — 1500 = 0 F = 420 kN Ans.
(B0 kslm _
Also, |y X

\
p(y) = %y = 15y kN/m i(/go)(l,’&) K\Ni\:\ﬁ

The normal force developed in the pile as a function of y can be determined \
by considering the equilibrium of the sectional of the pile with reference to its

free-body diagram shown in Fig. b. @66) \\
\

+12F, = 0; %(15y)y +420 — P(y) =0 P(y) = (7.5y*> + 420) kN

Displacement: The cross-sectional area of the pile is A = %(0.32) = 0.02257 m>.
We have

C[FP)dy  [M(7.5)% + 420)(10%)dy
_l AWE l 0.02257(29.0)(10%)

12m
= / {3.6587(10_6))12 + 0.2049(10—3)}@
0

12m
= [1.2196(10*%3 + 0.2049(10*3)y}
0

= 4.566(107%) m = 4.57 mm Ans.

A
F = 420kN, 6 = 4.57 mm

-5 |

\\

F=420 KN
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4-31. The concrete column is reinforced using four steel
reinforcing rods, each having a diameter of 18 mm.
Determine the stress in the concrete and the steel if
the column is subjected to an axial load of 800 kN.
Ey = 200 GPa, E, = 25 GPa.

Equilibrium:
+T2Fy =0; Py + Peon —800=0
Compatibility:

85t = Bcon

Py (L) B Peon(L)

4(%)(0.0182)(200)(109) [0.32 - 4(%)(0.0182)}(25)(109)
Py = 0.091513 P,
Solving Egs. (1) and (2) yields:
Py = 67072kN P, = 732.928 kN

Average Normal Stress:

67.072(10%)
Oy =————— = 65.9MPa
K 2
4( 4)(0.018)
732.928(10°)
Ocon — = 8.24 MPa

{0.32 —4 (%)(0.0182)}

(M

@)

Ans.

Ans.

800 kN

Ans:
oy = 659 MPa, o, = 8.24 MPa
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*4-32. The column is constructed from high-strength
concrete and four A-36 steel reinforcing rods. If it is
subjected to an axial force of 800 kN, determine the
required diameter of each rod so that one-fourth of the load
is carried by the steel and three-fourths by the concrete.
Ey = 200 GPa, E. = 25 GPa.

1
Equilibrium: Require Py = 1(800) = 200 kN and

3
Poon = 1(800) = 600 kN.
Compatibility:
6001’1 = 85[

PconL _ PstL
(0.32 — Ay)(25.0)(10°)  A4(200)(10%)

_0.09P
N 8Peon + Py

4K%)d2} B 8((6)3)09)(?02)00

d = 0.03385m = 33.9mm

Ans.
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4-33. The steel pipe is filled with concrete and subjected
to a compressive force of 80 kN. Determine the average
normal stress in the concrete and the steel due to this
loading. The pipe has an outer diameter of 80 mm and an
inner diameter of 70 mm. £y = 200 GPa, E. = 24 GPa.

+13F, =0, Py + Peon — 80 =0

Py L Peon L

7(0.08% — 0.07%) (200) (10%) N 7(0.07) (24) (10°%)

Py = 2.5510 P,

Solving Egs. (1) and (2) yields
P, =57T47kN P, = 22.53kN

Py 57.47 (10%)
Og =, — T ol A2 = 48.8 MPa
7(0.082 — 0.07%)

Ocon =

Ag
P 2253 (10°)
=

— 585 MP
on 7 (0.077) a

(M

@)

Ans.

Ans.

80 kN

500 mm

8ok~

5t
P n

Ans:
oy = 48.8 MPa, o, = 5.85 MPa
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4-34. If column AB is made from high strength pre-cast P P

concrete and reinforced with four % in. diameter A-36 steel

rods, determine the average normal stress developed in the [
™

concrete and in each rod. Set P = 75 kip.
a a [53 Join.
9in.
10 £t Section a-a
Equation of Equilibrium: Referring to the free-body diagram of the cut part of the
concrete column shown in Fig. a, B

+12F, =0; Py + 4Py — 2(75) = 0 (1)

Compatibility Equation: Since the steel bars and the concrete are firmly bonded,

their deformation must be the same. Thus, 75 kiP 75 | 41 ,05

dcon = Ot
Poon(10)(12) __ Pu(10)(12)
{(9)(9) - 4(})(2)2}(4.20)(103) %(%)2(29)(103)
Peon = 25.974P, (2)

Solving Egs. (1) and (2),
Py = 5.0043 kip Peon = 129.98 kip

Normal Stress: Applying Eq. (1-6),

PCOH 129.98 .
Oeon = 2 = N2 = 1.64 ksi Ans.
o (9)9) - 4<§)(Z>
P .
st 30043 11.3 ksi Ans.

Ost = Z l(é)z
4\4

Ans:
Ocon = 1.64 ksi, oy = 11.3 ksi
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4-35. If column AB is made from high strength pre-cast P P

concrete and reinforced with four % in. diameter A-36 steel

rods, determine the maximum allowable floor loadings P. g

The allowable normal stress for the high strength concrete A

and the steel are (0 10w)con = 2.5 ksi and (o yjow)st = 24 Ksi,
respectively.

a a @19 in.

9 in.
10 ft

Section a-a

Equation of Equilibrium: Referring to the free-body diagram of the cut part of the
concrete column shown in Fig. a,

+13F, = 0; P, + 4Py — 2P =0 (1)

Compatibility Equation: Since the steel bars and the concrete are firmly bonded,
their deformation must be the same. Thus,

Ocon = 8t
Peon(10)(12) _ Py(10)(12)
{(9)(9) - 4(%)(%)2}(4.20)(103) %(%)2(29.0)(103)
Peoon = 25.974P, (2)

Solving Egs. (1) and (2),
Py = 0.06672P P.on = 1.7331P

Allowable Normal Stress:

P 1.7331P
(Ucon)allow = ﬂ; 25 =
A 7\ /3\?
con
— 4 — =
oo -4(5)(3)
P = 114.29 kip = 114 kip (controls) Ans.
Py 0.06672P
(Ts)allow = 7;; 24 = 77(3)2
4\4
P = 15891 kip

Ans:
P = 114 kip
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*4-36. Determine the support reactions at the rigid
supports A and C. The material has a modulus of elasticity

of E. F g 4¢ g
P.
i
JJA T B cH

2a

~—
[
B

N}

Equation of Equilibrium: Referring to the free-body diagram of the assembly shown
in Fig. a,

L5k, =0 P—F,—Fe=0 (1)
Compatibility Equation: Using the method of superposition, Fig. b,

() 8=268p— 8,

0— P(2a) Fca Fc(2a)
(7w (3 \? T
7d2 E el el A 2)
(Ga)e [5Ga)e (Fa)
9
F [ p— .
c= 17 Ans

Substituting this result into Eq. (1),

8

= 17 P Ans.

Fa
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4-37. If the supports at A and C are flexible and have a
stiffness k, determine the support reactions at A and C. The d 3.4
material has a modulus of elasticity of E. | 4 I
P >
i
W A T B CcH
2a a

Equation of Equilibrium: Referring to the free-body diagram of the assembly
shown in Fig. a,

LsF, =0 P—F,—Fe=0 1)
Compatibility Equation: Using the method of superposition, Fig. b,

(i) oc = 6p — OF,

= T+ - Y + +k
) 2 KipY)
(4d>E 4(4d)E (4d>E

- [ 9(8ka + mwd’E) }

FC P(Za) 5 Fca FC(Za) E
k

> Ans.
136ka + 18mwd°E
Substituting this result into Eq. (1),
( 64ka + 9md°E )
A=\ T e o Ans.
136ka + 18mwd°E

.
fe

C b ) Ans:

B { 9(8ka + wd’E) }
¢ 136ka + 187d*E ]’

64ka + 97d*E
Fa=|"7r— 0o
136ka + 187d*E
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4-38. The load of 2800 Ib is to be supported by the two

essentially vertical A-36 steel wires. If originally wire AB is - B
60 in. long and wire AC is 40 in. long, determine the force 5
developed in each wire after the load is suspended. Each
wire has a cross-sectional area of 0.02 in’. C
60 in. T
40 in.

+12F, = 0; Tup+ Tac — 2800 =0

T
04 = S4c I‘B Ac
T 45(60) _Tac (40)
AE AE 2doo'®
1'5TAB = TAC
Solving,
T 4p = 1.12 kip Ans.
TAC = 1.68 klp Ans.

Ans:
TAB =1.12 klp, TAC = 1.68 klp
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4-39. The load of 2800 Ib is to be supported by the two
essentially vertical A-36 steel wires. If originally wire AB is
60 in. long and wire AC is 40 in. long, determine the cross-
sectional area of AB if the load is to be shared equally
between both wires. Wire AC has a cross-sectional area of
0.02 in”.

TAC = TAB = T = 14001b

5Ac = 848
1400(40)  1400(60)
0.02)(29)(10°%) A ,5(29)(10%
A = 0.03in’

Ans.

Ans:

C
60 in. T

The

'

A o0l

Aqp = 0.03 in?




© 2014 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.

*4-40. The rigid member is held in the position shown by
three A-36 steel tie rods. Each rod has an unstretched length
of 0.75 m and a cross-sectional area of 125 mm?. Determine
the forces in the rods if a turnbuckle on rod EF undergoes
one full turn. The lead of the screw is 1.5 mm. Neglect the
size of the turnbuckle and assume that it is rigid. Note: The
lead would cause the rod, when unloaded, to shorten 1.5 mm
when the turnbuckle is rotated one revolution.

Tap=Tcp=T
+ISF,=0; Tpp—2T=0

TEF = 2T

Rod EF shortens 1.5 mm causing AB (and DC) to elongate. Thus:

7(0.75) 27(0.75)
0.0015 = +
(125)(107%)(200)(10%)  (125)(10~°)(200)(10°%)
2.25T = 37500
T = 16,666.67 N

TAB = TCD = 16.7 kN

1

@)

Ans.

Ans.

T e
’ B D
0.75m
E [
o II

Al—05m——05m— C

0.75m
F
P T
T
I" o5m 2.§m P
1 1
L )
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4-41. The 2014-T6 aluminum rod AC is reinforced with

(R

|

D
the firmly bonded A992 steel tube BC. If the assembly fits T A
snugly between the rigid supports so that there is no gap at
C, determine the support reactions when the axial force of 400 mm 400 kN
400 kN is applied. The assembly is attached at D.
B
A992 steel
800 mm 50 mm
a a
25 mm 014-T6 aluminum alloy
Section a-a
77|_IC
Equation of Equilibrium: Referring to the free-body diagram of the assembly shown
in Fig. a, F—;)
+12F, = 0; Fp + (Fo)a + (Fo)y — 400(10%) = 0 (1)
Compatibility Equation: Using the method of superposition, Fig. b, 4
(+\|/) 0=6, — 6FC
’ 400(10°) N
_ 400(109(400) | (FOuB00)  [(Foda + (Foal(400) !
(0.025%)(73.1)(10%) m(0.025%)(73.1)(10°)  #(0.025%)(73.1)(10%) Il
I
400(10°) = 3(Fc)a + (Fo)s ) |
|
Also, since the aluminum rod and steel tube of segment BC are firmly bonded, their J : h
deformation must be the same. Thus,
(8c)st = (8pc)al F
(N
(Fc)s(800) __ (Fo)a(800)
w(0.052 — 0.025%)(200)(10%)  7(0.025%)(73.1)(10°) (F )
C/st.
(FC)st = 82079(Fc)a1 (3)
Solving Egs. (1) and (2), Ca )
(FC)al = 35.689 kN (FC)st = 292.93 kN ‘@- @ @
Substituting these results into Eq. (1), ,400003[\'
Fp =T71.4kN Ans. [T B
Also,
=09m
Fe = (Fou + (Fola dzosinm
= 35.689 + 292.93 < =
RCET
= 329 kN Ans.
dp
(b)
Ans:

Fp = 71.4KkN, Fe = 329kN
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4-42. The 2014-T6 aluminum rod AC is reinforced with
the firmly bonded A992 steel tube BC. When no load is T A
applied to the assembly, the gap between end C and the
rigid support is 0.5 mm. Determine the support reactions 400 mm 400 kN
when the axial force of 400 kN is applied.

A992 steel

800
mm 50 mm

a a
25 mm 014-T6 aluminum alloy

Section a—a
77|_IC
Equation of Equilibrium: Referring to the free-body diagram of the assembly
shown in Fig. a,
+12F, =0 Fp + (Fe)a + (Fe)g — 400(10%) = 0 1) =
D
Compatibility Equation: Using the method of superposition, Fig. b,
+1) 8¢ = 8p — brc F
—400(/10°>) N
05 =+ 400(10%)(400) (Fc)a (800) [(Fc)a + (Fc)s](400) !
' (0.025%)(73.1)(10°) w(0.025%)(73.1)(10%)  #(0.025%)(73.1)(10°) I
N
]
220.585(10°) = 3(Fc)a + (Fow ©) i
)
Also, since the aluminum rod and steel tube of segment BC are firmly bonded, their Vil
deformation must be the same. Thus,
F.'
(0Bc)st = (8BC)al \(C)aj,
(Fc)st
(Fc)s (800) __ (F)a(800)
m(0.05% — 0.025%)(200)(10°)  (0.025%)(73.1)(10°%) Ca )
(Fo)st = 82079(F ¢)al (3)

Solving Egs. (2) and (3),

(F¢)a = 19.681 kN (Fo)y = 161.54 kN

Substituting these results into Eq. (1),

Fp = 218777 kN = 219 kN Ans. |
Iy
Also, J?_
Fe = (Fo)a + (Fo)st (S-ﬁ; (E.JAL
= 19.681 + 161.54 T(F )
C/st
= 181 kN Ans. (b)
Ans:

Fp = 219kN, Fe = 181 kN
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4-43. The assembly consists of two red brass C83400
copper alloy rods AB and CD of diameter 30 mm, a stainless
304 steel alloy rod EF of diameter 40 mm, and a rigid cap G.
If the supports at A, C and F are rigid, determine the
average normal stress developed in rods AB, CD and EF.

Equation of Equilibrium: Due to symmetry, F 5 = Fcp = F. Referring to the
free-body diagram of the assembly shown in Fig. a,

L3F, =0 2F + Fpp — 2[40(10%)] = 0 (1)
Compatibility Equation: Using the method of superposition, Fig. b,
(i)) O = _813 + 8EF

B 40(10%)(300) { Fr (450) (Fer/2)(300) }
T T(0.039)(101)(10%) [ 7(0.042)(193)(10°)  T(0.03%)(101)(10%)

Fpp = 4248323 N

Substituting this result into Eq. (1),

F = 1875838 N

Normal Stress: We have,

F 18 758.38
= =——=—-—"—=265MP Ans.
T AB gcp ACD %(0032) a ns
Frp 4248323
Agr 5(0.04%)

Opp = = 33.8 MPa Ans.

400N

F 40G0ON

.
>

3 e L0UOIN

(4)

£0(I0)N

—=_¢\Z—
S
_ﬁ'\

Ans:
OAaBp = Ocp = 26.5 MPa, OFEF = 33.8 MPa
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copper rods AB and CD having a diameter of 30 mm, a
304 stainless steel rod EF having a diameter of 40 mm, and
arigid member G. If the supports at A, C, and F each have a
stiffness of &k = 200 MN/m determine the average normal
stress developed in the rods when the load is applied.

*4-44. The assembly consists of two red brass C83400 F300 mmj ‘<— 450 mm —
|

40 kKN
<

Equation of Equilibrium: Due to symmetry, F 43 = Fcp = F.Referring to the free-
body diagram of the assembly shown in Fig. a,

B IF, =0, 2F + Frp — 2[40(10%)] = 0 1)

Compatibility Equation: Using the method of superposition, Fig. b,

(£ 8p =5, dpr 2) F ] 40(/0’)#
Where e EE‘ F

5p = 10— _LEr(1000) = 5(1079)Fy mm )
k200 (10% F 40(10)1\’
40(10%)(300 40(10°
p= 100300, 4% 6) (1000) = 0.3681 mm
%(0.032)(101)(109) 200(10°)
F (450 Fer/2)(300 Fpp/2
Sy = £r(450) L Fer/2)300)  ( EF/6)(1000)
m T
1(0'042)(193)(109) 2(0.032)(101)(109) 200(10°)
= 6.4565(10 °)F ;rmm
Thus,
510 %) Fgr = 0.3681 — 6.4565(10 ) F g
FEF = 32]3 kN
From Eq. (1),
2F + 32.13(10% — 2[40(10%)] = 0
F = 23.93kN
F 2393010°
OaB = 0¢p = T = # = 33.9 MPa
o T 0.03?)
4
F 32.13(10°
‘TEF:TEF:¥:256MPa Ans. {b)
Er %(0.042)
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4-45. The bolt has a diameter of 20 mm and passes
through a tube that has an inner diameter of 50 mm and an
outer diameter of 60 mm. If the bolt and tube are made of
A-36 steel, determine the normal stress in the tube and bolt
when a force of 40 kN is applied to the bolt. Assume the end
caps are rigid.

Referring to the FBD of left portion of the cut assembly, Fig. a
BIF, =0, 40(10°) — F, — F, =0 1)

Here, it is required that the bolt and the tube have the same deformation. Thus

o = 0Op
F,(150) _ F(160)
7(0.06* — 0.05%)[200¢6%]  %(0.022)[200¢16%]
F, = 29333 F, 2)

Solving Eqs (1) and (2) yields
F,=1017 (10N  F, =29.83 (10> N

Thus,

_F,  1017(10%)

=—= = 32.4 MPa Ans.
Ay, 7(0.02%)

gp

F, 29.83 (10%)
O'[ = = ﬁ = 345 MPa Ans.
A, %(0.06° — 0.05%)

400> N

40 kN

Ans:
o, = 32.4 MPa, o, = 34.5 MPa

227




© 2014 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.

4-46. If the gap between C and the rigid wall at D is
initially 0.15 mm, determine the support reactions at A and

600 mm i
D when the force P = 200 kN is applied. The assembly I {

600 mm ——| |—0.15 mm

is made of A-36 steel. P D
50 mm B 25 mm
Equation of Equilibrium: Referring to the free-body diagram of the assembly shown in Fig. a,
HISF, =0 200(10°) — Fp — F4, =0 (1)
Compatibility Equation: Using the method of superposition, Fig. b,
(%) §=08p— op,
015 = 200(10°)(600) F;(600) Fp (600)

T T(0.05%)(200)(10%) 7(0.05%)(200)(10%)  %(0.025%)(200)(10%)

Fp =20365.05N = 204 kN Ans.
Substituting this result into Eq. (1),

F,=17963495N = 180 kN Ans.
200N
F 5
(@)
(k)
Ans:

Fp = 204kN, F, = 180 kN
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4-47. The support consists of a solid red brass C83400 P
copper post surrounded by a 304 stainless steel tube. Before
the load is applied the gap between these two parts is 1 mm. A n
Given the dimensions shown, determine the greatest axial Tl mm
load that can be applied to the rigid cap A without causing
yielding of any one of the materials.
0.25m
. ‘ 60 mm‘
Require, ~80 mm~| =10 mm
g = Op; + 0.001 fa] e .I—:"". 2.00|
Fy(0.25 Fy,(0.25
> st( )2 = b2( ) 5 + 0.001 ‘
7[(0.05)> — (0.04)7]193(10°)  (0.03)7(101)(10)
0.45813 F, = 0.87544 F,, + 10° 1) P
+1SF, =0, Fy+Fy—-P=0 ©) y ﬂ
'S
Assume brass yields, then “
(Fo)max = 0y Ape = 70(10%)(77)(0.03)* = 197 920.3 N
70.0(10°) .
(€)br = 0,/E = 10100 ~ 0.6931(10~%) mm/mm
8o = (&)L = 0.6931(107%)(0.25) = 0.1733 mm < 1 mm
Thus only the brass is loaded.
P = Fy, = 198 kN Ans.
Ans:
P = 198 kN
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*4-48. The specimen represents a filament-reinforced
matrix system made from plastic (matrix) and glass (fiber).
If there are n fibers, each having a cross-sectional area
of Ay and modulus of E;, embedded in a matrix having
a cross-sectional area of A,, and modulus of E,,, determine
the stress in the matrix and each fiber when the force P is

imposed on the specimen.

+T2Fy = 0;
Sm = 6f
P,L PfL

AmEm l’lAfEf ’
Solving Egs. (1) and (2) yields

AnEn
I’lAfEf + AmEm ’

Normal stress:

( AmEm
Pm nAfEf + AmEm

Py =

~P+ P, +P;=0

nAfEf + AmEm

’)
E,

O, = "=

7)

Ey

Ap Ap
Pf nAfEf + AmEm
o= —— =

P

= P

M

@)

Ans.

Ans.

— "

N —

Ol

te.
Ih

230




© 2014 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.

4-49. The tapered member is fixed connected at its ends
A and B and is subjected to a load P = 7 kip at x = 30 in.
Determine the reactions at the supports. The material is
2 in. thick and is made from 2014-T6 aluminum.

y 15
120 — x 60
y=3-0025x

HSF =0, F,+Fg—7=0

5/4/3 =0

30 FA dx 60 FBdX -0
N /0 263 — 0025 )Q)(E) /30 23 — 0.025 )2)(E)

30 60
I A S / _dx
4, (3 —0.025x) By (3 — 0.025x)
40 F 4 1n(3 — 0.025 x)[° — 40 F5z1In(3 — 0.025x)[3) = 0
—F 4(0.2876) + 0.40547 Fz = 0

F, = 1.40942 F

Thus, from Eq. (1).

F, = 4.09kip
Fy = 291 kip

gl

bl . 1.5
L’x/_,’_’__)_:_ <
b bom fon

- TRT
=1 7,

P<——o 13in.

60 in.
)
Ans.
Ans.
Ans:

F, = 4.09 kip, F = 2.91 kip
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4-50. The tapered member is fixed connected at its ends
A and B and is subjected to a load P. Determine the
greatest possible magnitude for P without exceeding an
average normal stress of oo, = 4 ksi anywhere in the
member, and determine the location x at which P would
need to be applied. The member is 2 in. thick.

y__15

120—x 60

y=3-0025x

b SF, =0, F4+Fz—P=0
Sa3 =0

[ F,dx . 60 Fpdx 0
[ 2(3 — 0.025 x)(2)(E) / 23 — 0.025 x)(2Q)(E)

60
dx

X
dx
Y L S S —
AA G-0059 5 G-o00sx

F 4(40) In (3 — 0.025 x)|§ — F5(40)In (3 — 0.025x)|9 = 0

0.025 x) 0.025x)

- —Fyln(2-
Bn( 15

F,ln (1 -

For greatest magnitude of P require,

PR i N T —
T 2(3 - 0.0250)(2)° A~ o
a= L bk
—2(3), B = 1p

Thus,

02 02
(48—0.4x)ln<1 - 0035x> = —24ln<2— 022’6)

Solving by trial and error,

x = 289in.
Therefore,
F, = 36.4kip
P = 60.4 kip

B
P<——o 13in.
60 in.
¢
E1%
¢ AEe
P~
S + . o
B om Gom
P
A
A
= ’
Ans.
Ans.
Ans:

x = 289in., P = 60.4 kip
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4-51. The rigid bar supports the uniform distributed load
of 6 kip/ft. Determine the force in each cable if each cable C

has a cross-sectional area of 0.05 in%, and E = 31(10%) ksi.
6 ft
6 kip /ft
Alll//lllllll
al N B D
1 3t 1 3t 3t !
C+=M, = 0; Tc3< 2 )(3) — 54(4.5) + TCD< 2 )9 =0 (1)
Vs Vs "4 sahe T
0=tan’1§=45° . /zl ' ‘3;”
6 “""1 ash | 45
Ly = (3)* + (8.4853)* — 2(3)(8.4853) cos ' "
Also,
Liyc = (9)* + (8.4853)% — 2(9)(8.4853) cos ¢’ (2)
Thus, eliminating cos 6'.
—L%(0.019642) + 1.5910 = —L%,(0.0065473) + 1.001735
L%¢(0.019642) = 0.0065473 L3¢ + 0.589256
Ly = 0333 Lo + 30
But,
Lyc= V45 + 8pcr,  Lpc = V45 + 8pc
Neglect squares or 6’ g since small strain occurs.
Lhc = (V45 + 850)" = 45 + 2V/45 85c
Lipe = (V45 + 8pc)> = 45 + 2V/45 8¢
45 + 2V/45 550 = 0.333(45 + 2V/458p¢) + 30
2V/45 850 = 0.333(2V/45 8p0)
dpc = 36pc
Thus,
Tep V45 _ JTes V45
AE AE
Tep =3Tcp
From Eq. (1).
Tcp = 27.1682 kip = 27.2 kip Ans.
Tcp = 9.06 kip Ans.
Ans:

TCD =272 klp, TCB = 9.06 klp
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*4-52. The rigid bar is originally horizontal and is
supported by two cables each having a cross-sectional area
of 0.05in%, and E = 31(10°) ksi. Determine the slight
rotation of the bar when the uniform load is supplied.

See solution of Prob. 4-51. 6 kip/ft

Tep = 27.1682 kip j%l l/ l l l

Tep VA5 27.1682\/45

Spc = = l 3 ft
P€ T 0.05(31)(10%)  0.05(31)(10%)

= 0.1175806 ft

Using Eq. (2) of Prob. 4-51,
(V45 + 0.1175806)% = (9)2 + (8.4852)% — 2(9)(8.4852) cos 6’
0’ = 45.838°
Thus,

A9 = 45.838° — 45° = 0.838° Ans.

1 3t

3ft
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4-53. Each of the three A-36 steel wires has the same
diameter. Determine the force in each wire needed to

600 mm

support the 200-kg load.

Equation of Equilibrium: Referring to the free-body diagram of joint B shown in Fig. a,

3 3
L 3F. =0, FBC<§)_FAB<§):0 Fpc=Fuap=F

+12F, =0 2{F(%)} + Fpp — 200(9.81) = 0

1.6F + Fyp = 1962 (1)

Compatibility Equation: Due to symmetry, joint B will displace vertically. Referring

600

to the geometry shown in Fig. b, 0 = tan’l(%) = 36.87°. Thus,

8BC = SBD cos 36.87°

63C = 0.8631)

F(1000) ~os F 5p(800.25)

%(0.0042)(200)(109) §(0.0042)(200)(109)

F = 0.6402F p 2)
Solving Egs. (1) and (2),

FBD:969N FAB:FBC:620N Ans.

£\ | A+
3\Y/3 X
B
N
200(9.80)N
@)
C

Ans:

FBD = 969N,FAB = FBC = 620N
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4-54. The 200-kg load is suspended from three A-36 steel
wires each having a diameter of 4 mm. If wire BD has a
length of 800.25 mm before the load is applied, determine
the average normal stress developed in each wire.

600 mm———600 mm——

800

Equation of Equilibrium: Referring to the free-body diagram of joint B shown in Fig. a,

) raf2) -1

4
+13F, =0 Z{F(gﬂ + Fgp — 200(9.81) = 0

Fpc=Fap=F

1.6F + Fgp = 1962 (@8]
Compatibility Equation: Due to symmetry, joint B will displace vertically. Referring
600
to the geometry shown in Fig. b, 6 = tanfl(%) = 36.87°. Thus, x
8BC = (8BD + 025) cos 36.87°
63C = 0.863D + 0.2
F(1000 Fp(800.25
a0 _ g w®02) 1, 200(9.81)N
%(0.0042)(200)(109) %(o.0042)(200)(109)
@)
F = 0.6402F gp + 502.65 )
Solving Egs. (1) and (2),
FBD = 571.93 N FAB = FBC = 868.80 N
Normal Stress:
F 1.
opp = TBZ) _ o713 45.5 MPa Ans.
B0 T 0.004%)
4
F 868.80
oag =Jpc="—=_——"——=0691MPa Ans.
Be %(0.0042)

Ans:
ogp = 45.5MPa, o 45 = 69.1 MPa
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4-55. The three suspender bars are made of A992 steel
and have equal cross-sectional areas of 450 mm?Z
Determine the average normal stress in each bar if the rigid
beam is subjected to the loading shown.

Referring to the FBD of the rigid beam, Fig. a,
+1SF,=0;  Fap+ Fpg + Fep — 50(10°) — 80(10°) = 0
C+ZMp=0;  Fgp(2) + Fep(4) — 50(10%) (1) — 80(10%)(3) = 0

Referring to the geometry shown in Fig. b,

Scp — O
O0pe = Sap T (%)(2)

Opr = (SAD + 5CF)

N | =

Fpr £ 1<FADE N FCFZ)
AE 2\ AE AE

Fap+ Fcrp=2Fpg
Solving Egs. (1), (2), and (3) yields

Fyr = 433310 )N F,p = 35.83(10°) N

Thus,
Fpr  43.33(10%)
=—==—""——-=0963MP
TBET AT 045(10°%) 4
Fap 35.83(10%
= = = 79.6 MP
TAD T AT T 045(107%) a
Ocr = 113 MPa

Fer = 50.83(10°) N

om

(M
)

€)

Ans.

Ans.

Ans.

o
2

194
S
=
z

2m

80 kN

‘kl ma‘kl ma‘&l m ﬁ‘ﬁl mﬁ‘

ED B0k FéE 8OKN EF' A
A P

r
hl

'F’

_5
Im Tlmﬁ" im | im
(@)

E
Jx ‘1 a’AD 3L-,----————— C;BE

J DI —--"'"'--.__

N

E!

(b)

ot {der

""'-----_...._‘/

F-I

Ans:
OBE = 96.3 MPa, TAp = 79.6 MPa,
Ocp = 113 MPa
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*4-56. The rigid bar supports the 800-1b load. Determine
the normal stress in each A-36 steel cable if each cable has a
cross-sectional area of 0.04 in.

Referring to the FBD of the rigid bar, Fig. a,

C+SM, =0, Fpe (%)(5) + Fep (%)(16) —800(10) = 0 (1)

The unstretched lengths of wires BC and CD are Lgc = V122 + 5% = 13 ft and
Lep = V122 + 16% = 20 ft. The stretches of wires BC and CD are

5. — Fpc Lpc _ Fpe(13) 5o — FepLep _ Fp(20)
Bc AE AE €D AE AE

Referring to the geometry shown in Fig. b, the vertical displacement of a point on
o 12 3

the rigid bar is 6, = st For points B and D, cos 03 = e} and cos 6 = 5 Thus,

the vertical displacements of points B and D are

(65), - Spc _ Fpc (13)/AE _ 169 Fpc
Bl costp 12/13 12AE

(50), - dco _ Fep (0)/AE 100 Fep
blv ™ cos 0 3/5 3 AE

The similar triangles shown in Fig. ¢ give

(5, (50).

5 16
1(169 FBC> B 1(100 FCD)
5\ 124E ) 16\ 34E
125
Fpe = @FCD 2

Solving Egs. (1) and (2), yields
Fcp = 614.731b Fpe = 454.69 1b

Thus,
Fep 61473 . A
o= 4= 00s 15.37(10%) psi = 15.4 ksi Ans.
F 454.69
—BC TP 11.37(10%) psi = 11.4 ksi Ans.

TBC T AT 004
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4-56. Continued

\
o \\
12|\'3 & \
A 5 %\ N\
= ) X ) AN
\
\

¢ - \
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4-57. The rigid bar is originally horizontal and is
supported by two A-36 steel cables each having a cross-
sectional area of 0.04 in%. Determine the rotation of the bar
when the 800-1b load is applied.

Referring to the FBD of the rigid bar Fig. a,

C+3IM, =0, Fpe (%)(5) + Fep @)(16) — 800(10) = 0 (1)

The unstretched lengths of wires BC and CD are Lgc = V12?2 + 52 = 13 ft and
Lep = V122 + 167 = 20 ft. The stretch of wires BC and CD are

Fpe Lpc _ Fpc (13) _ FepLep _ Fep(20)

3 =
Bc AE AE cb AE AE

Referring to the geometry shown in Fig. b, the vertical displacement of a point on
0 12 3

the rigid bar is §, = o0 For points B and D, cos 6 = e} and cos 0 = 5 Thus,

the vertical displacements of points B and D are

(55) dpc _ Fpc(13)/AE _ 169 Fc
BV cos 0 12/13 12AE

"~ cos O)p 3/5 3 AE

The similar triangles shown in Fig. ¢ gives

(85)s  (80),

8¢p  Fep(20)/AE 100 Fep
(30)o = 222 -

5 16
1(169FBC> _i(lOOFCD)
5\ 12AE / 16\ 3 AE
125
FBC—@FCD 2

Solving Eqgs (1) and (2), yields

Thus,
100(614.73)
(8p), = = 0.01766 ft
3(0.04)[29.0 (10%)]
Then
0.01766 ft ) ( 180°
0= (7)( ) = 0.0633° Ans.
16 ft ™

K 800 b
b
Fp
12|\13 &
A s V"\Q\
X 11 4 S
|2k T 8¢ T 2R
Ay @)
\\
\\
\\
\\
\\
\\
\\\\/ /%’/
&1 X[
v \
(b)
16t
Sft
B??d-\[! ‘\..__‘ CC{D)V
<B) T

€)

Ans:
0 = 0.0633°
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4-58. Two identical rods AB and CD each have a length L
and diameter d, and are used to support the rigid beam,
which is pinned at F. If a vertical force P is applied at the
end of the beam, determine the normal stress developed in
each rod. The rods are made of material that has a modulus
of elasticity of E.

Equation of Equilibrium: Referring to the free-body diagram of the rigid beam
shown in Fig. a,

Q"FEMF:O, FAB(a)+FCD(a)_P(3a):0
FAB+FCD:3P (1)

Compatibility Equation: Referring to the geometry of the deformation diagram of
the rods shown in Fig. b,

Oap = 5CD
F gL B FepL
AE  AE
Fap = Fcp 2

Solving Egs. (1) and (2),
3
Fap=Fep =3P

Normal Stress:

O'AB:(TCD:Aiziz Ans.

h
b
3

\'ja.Ta.‘ 2a 1

Ans:

6P

OAB = 0CD = _ 5
wd?
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4-59. Two identical rods AB and CD each have a length L
and diameter d, and are used to support the rigid beam,
which is pinned at F. If a vertical force P is applied at the
end of the beam, determine the angle of rotation of the
beam. The rods are made of material that has a modulus of
elasticity of E.

Equation of Equilibrium: Referring to the free-body diagram of the rigid beam

shown in Fig. a,

C+ =My =0; F 45(a) + Fep(a) — P(3a) = 0

FAB+FCD:3P

M

Compatibility Equation: Referring to the geometry of the deformation diagram of

the rods shown in Fig. b,

34 = 8cp
Fapl  FeplL
AE  AE
Fas = Fcp

Solving Egs. (1) and (2),

3
Fap=Fcp= EP

Displacement: Using these results,

3
°p )L
FapLlag (2 ) 6PL

Oap = =
AE (%dZ)E wd’E

Referring to Fig. b, the angle of tilt 6 of the beam is

843 O6PL/md’E 6PL

a a wd*Ea

2)
Fo p
A
L
LY
I—
ra. l:a. T 2a

a.
Ans:
PL
0 = 6 5
wd°Ea
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*4-60. The assembly consists of two posts AD and CF
made of A-36 steel and having a cross-sectional area of
1000 mm?, and a 2014-T6 aluminum post BE having a cross-
sectional area of 1500 mm?. If a central load of 400 kN is
applied to the rigid cap, determine the normal stress in each
post. There is a small gap of 0.1 mm between the post BE
and the rigid member ABC.

Equation of Equilibrium. Due to symmetry, F,p = F-r = F. Referring to the FBD
of the rigid cap, Fig. a,

+15F, =0;  Fpg + 2F — 400(10°) = 0 1)

Compatibility Equation. Referring to the initial and final positions of rods AD (CF)
and BE, Fig. b,

5§ =01+ 8y
F(400) oy FBe(3999)
1(107%)[20010%]  1.5(107%)[73.1(10%)]
F = 1.8235 Fp + 50(10°) ()

Solving Egs. (1) and (2) yields
Fpp = 6456(10) N F = 167.72(10°) N

Normal Stress.

F 167.72(10%)

Oap = Ocfr = Af ———— = 168 MPa Ans.

st 1(107%)

. :FBE:64.56(103)
BET Ay 1531073

40000IN F foe

Ol mm
(
l r 12
7

J e
O5m 0:6m

Fo=F £ fe=F
() (b)

400 kN
0.5m 0.5m ‘
Y ‘
|
0.4m
E P

= 43.0 MPa Ans.
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4-61. The three suspender bars are made of the same
material and have equal cross-sectional areas A. Determine
the average normal stress in each bar if the rigid beam ACE
is subjected to the force P.

C+3IM,=0; Fep(d) + Fgp(2d) — P(*)

P
FCD—I—ZFEF:?

+1SF,=0; Fap+ Fep+ Fep—P=0
dc —dp 84— O

d 2
260 = 8,4 + O

2FcpL  F L . FrrL
AE ~ AE AE

2Fcp = Fap — Fgrp =0

Solving Egs. (1), (2) and (3) yields

7P P
FAB:E FCng FEF:E
7P
TABT 04
P
70 =34
P
TEF T 04

(M

(@)

@)

Ans.

Ans.

Ans.

OAB = m, Ocp =

Eai N TFr_-

[ Fee

.-wr

Y =

P P

-&,

a,UEF:

12A
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4-62. If the 2-in. diameter supporting rods are made from
A992 steel, determine the average normal stress developed
in each rod when P = 100 kip.

Equation of Equilibrium: Referring to the free-body diagram of joint A shown in Fig. a,

i)EF,c:O, FABSiHSOD_FACsiHSOO:O FAB:FAC:F
+13F, = 0; 2F cos 30° + Fup — 100 = 0 (1)

Compatibility Equation: Due to symmetry, joint A will displace vertically. Referring
to the geometry shown in Fig. b, we have

Op = 0 p,,cos 30°

FQ)12) {FAD[Z cos 30°(12)]} o
AE, AE, cos

Solving Egs. (1) and (2),

Fap = 43.50 kip F = 32.62 kip

Normal Stress:

F 3262
OpAB = O pc = = = 1041(51 AllS.
Aac T
4
F 43,
_Fap B0 yaens Ans.

7 2%

L)

Ans:
o4 = 04c = 104 ksi, 0 4p = 13.8 ksi
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4-63. If the supporting rods of equal diameter are made
from A992 steel, determine the required diameter to the
nearest é in. of each rod when P = 100 kip. The allowable
normal stress of the steel is ooy, = 24 ksi.

Equation of Equilibrium: Referring to the free-body diagram of joint A shown in
Fig. a,

_)EFXZO, FABSin30°—FACSin3O°: FAB:FAC:F
+12F,=0; 2Fcos30° + F,p — 100 = 0 (1)

Compatibility Equation: Due to symmetry, joint A will displace vertically. Referring
to the geometry shown in Fig. b, we have

Op = 6p,,cos 30°

FQ)(12) {FAD[Z cos 300(12)]} o
AE, AE,, o8

Solving Egs. (1) and (2),
F 4p = 43.496 kip F = 32.62 kip

Normal Stress: Since all of the rods have the same diameter and rod AD is subjected
to the greatest load, it is the critical member.

Fip 43.496
Tallow — T 24 =
AD Zdz
4
. 5.
Used = 1.519in. = 1§ in. Ans.

&)

Ans:

5
Used = 1§ in.
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*4-64. The center post B of the assembly has an original
length of 124.7 mm, whereas posts A and C have a length of
125 mm. If the caps on the top and bottom can be
considered rigid, determine the average normal stress in
each post. The posts are made of aluminum and have a
cross-sectional area of 400 mm?. E,; = 70 GPa.

C+=My=0; — F 4(100) + F(100) = 0
FA = FC = F (1)
+1SF,=0; 2F+ Fp—160=0 )

8, = 85 + 0.0003

F (0.125) F(0.1247)
= + 0.0003
400 (107%)(70)(10%) 400 (10~°)(70)(10%)
0.125 F — 0.1247F 3 = 8.4 3)
Solving Egs. (2) and (3)
F = 757126 kN
Fp = 8.547kN
75.726 (10°)
o4=0¢=—"—"=189 MPa Ans.
400(107)
8.547 (10%)
op=————-=214MPa Ans.
400 (107%)

800 kN/m

100 mm

100 mm

C 125 mm

800 kN /m

- ——-

mrTm 160 KN

- -
v
i i

L ]
:I fW-.I J'M-nl

Fa e Fe

Rijp ke
™
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4-65. Initially the A-36 bolt shank fits snugly against the
rigid caps E and F on the 6061-T6 aluminum sleeve. If the
thread of the bolt shank has a lead of 1 mm, and the nut is
tightened 3 of a turn, determine the average normal stress
developed in the bolt shank and the sleeve. The diameter of
bolt shank is d = 60 mm.

Equation of Equilibrium: Referring to the free-body diagram of the cut part of the
assembly shown in Fig. a,

+12F, =0 F,— F,=0 (1)
Compatibility Equation: When the nut is tightened 3/4 of a turn, the unconstrained

3
bolt will be shortened by &, = Z(l) = 0.75 mm.

Referring to the initial and final position of the assembly shown in Fig. b,
Sb ) F, =6 F,

F,(500) 3 F(450)

0.75 — =
%(0.062)(200)(109) %(0.252 — 0.222)(68.9)(10°)

1.4992F, + F, = 1271 677.44 2)
Solving Egs. (1) and (2),
F, = F, =508831.16 N

Normal Stress:

F, 508 831.16

o == 2200 — 459 MPa Ans.

%(0.252 ~0.22%)

F, 508831.16

op =2 =
Ap

m 2
7 (0.06)

1

Ffm& |

= 180 MPa Ans.

450 mm 500 mm

15 mm

F
250 mm*J

uh

-

—

n
@)

.

Cb ) Ans:

o, = 459 MPa, o, = 180 MPa
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4-66. Initially the A-36 bolt shank fits snugly against the

rigid caps E and F on the 6061-T6 aluminum sleeve. If the —

thread of the bolt shank has a lead of 1 mm, and the nut is
tightened % of a turn, determine the required diameter d of
the shank and the force developed in the shank and sleeve
so that the normal stress developed in the shank is four

times that of the sleeve. 450 mm 500
Equation of Equilibrium: Referring to the free-body diagram of the cut part of the 15 mm
assembly shown in Fig. a, T
F
+13F, =0, F,—F,=0 F,=F,=F
250 mm—
Normal Stress: It is required that o, = 40,
o, = 4o,
F F
=4
m m
—d,? —(0.25* — 0.22*
T | )
d, = 0.05937 m = 59.4 mm Ans.
Compatibility Equation: When the nut is tightened 3/4 of a turn, the unconstrained
3
bolt will be shortened by 6, = Z(l) = (0.75 mm. Referring to the initial and final
position of the assembly shown in Fig. b,
O — OF, = O,
F,(500 F (450
s W50 J(450)
%(0.059372)(200)(109) %(0.252 — 0.222)(68.9)(10°)
Fy=F,=F =502418.65N = 502 kN Ans.
1
l F Cﬁ, Jﬁ,
b .
Final
-~ s = -y s
2 o F f
Initiak dFs
@) (b)
Ans:

mm

dy = 594mm, F, = F, = 502 kN
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4-67. The assembly consists of a 6061-T6-aluminum
member and a C83400-red-brass member that rest on the
rigid plates. Determine the distance d where the vertical
load P should be placed on the plates so that the plates
remain horizontal when the materials deform. Each
member has a width of 8 in. and they are not bonded
together.

+13F, =0 —P+ Fy+ F,=0
C+EMpy=0; 3Fy+75F,—Pd=0
8 = abr: 6al

FyL  FuL
AbrEbr AalEal

A E (3)(8)(14.6)(10%)
o = ro 2B _ s (O1400)
Aa Eq 6(8)(10)(10%)
Thus,
P =1730F,
3 Fy + 7.5(0.730 Fy) = (1.730 Fp)d
d = 4.90in.

) = 0.730 F,,

Ans.

Aluminum

30 in.

Red
brass

6in. 3in.

Ans:
d = 4.90in.
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*4-68. The C83400-red-brass rod AB and 2014-T6-
aluminum rod BC are joined at the collar B and fixed
connected at their ends. If there is no load in the members
when 7| = 50°F, determine the average normal stress in
each member when T, = 120°F. Also, how far will the
collar be displaced? The cross-sectional area of each
member is 1.75 in2.

Fy. L F L
_Folas T p,, - Labec
Aup Epr ApcEq

+ aalAT LBC =0

F3)(12)

_ F®)2) e
(175)(14.6)(10% 9-80(107)(120 = 50)(3)(12)

F(2)(12)

_ F@2) o i
1750106100 | 2BA0A20 = 50)@)12) =0

F =17093.41b
17093.4 .
Opr = Og = W = 9.77 ksi

9.77ksi < (oy)y  and (oY)

_ 170%340)12) g
Sy = L75(14.6)(109 +9.80(1076)(120 — 50)(3)(12)

8g = 0.611(107%) in. —

3 ft

2 ft

el

Ans.

OK

Ans.
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2014-T6 Aluminum 304 Stainless

4-69. The assembly has the diameters and material makeup
- C 86100 Bronze steel

indicated. If it fits securely between its fixed supports when

the temperature is 7; = 70°F, determine the average

normal stress in each material when the temperature A
reaches T, = 110°F.

EFXZO, FA:FB:F

|

Sup=0; —M+128 107%)(110 — 70)(4)(12 &
A = 0; ~(67(10.6)(10°) 8(107°)( )(4)(12)

—77(5)2221)206) + 9.60(107%)(110 — 70)(6)(12)
‘m + 9.60(107%)(110 — 70)(3)(12) = 0
F = 277.69 kip

Oa = % = 2.46 ksi Ans.

b = 2777_(74;9 = 5.52 ksi Ans.

oy = 273(72;9 = 22.1 ksi Ans.

Ans:
0a = 2.46 ksi, o, = 5.52 ksi, o = 22.1 ksi
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4-70. The rod is made of A992 steel and has a diameter of k = 1000 Ib/in.
0.25 in. If the rod is 4 ft long when the springs are compressed
0.5 in. and the temperature of the rod is 7 = 40°F, determine
the force in the rod when its temperature is 7 = 160°F.

k = 1000 1b/in.

afe X |

Compatibility: ¢ i }_i’l.‘
(%) x =8 — O

4 + o
x = 6.60(1076)(160 — 40)(2)(12)
1.00(x + 0.5)(2)(12 E—
M (x : ¢ )(3 ) o
7(0.25%)(29.0)(10°)
x = 0.01040 in.
F = 1.00(0.01040 + 0.5) = 0.510 kip Ans.
Ans:
F = 0.510 kip
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4-71. If the assembly fits snugly between two rigid
supports A and C when the temperature is at 7} , determine
the normal stress developed in both rod segments when the
temperature rises to 7,. Both segments are made of the
same material, having a modulus of elasticity of E and
coefficient of thermal expansion of a.

Compatibility Equation: When the assembly is unconstrained, it has a free
expansion of 87 = aATL = a(T, — T1)L. Using the method of superposition,

Fig. a,
(i) 0 =267 — 6f
0=aT, —T))L — WF(Z;/? + }:L/z)
5 (Go)e
_ T, - T\)md’E
10
Normal Stress:

F 10 2
TAB = = =ca(T, - T)E
AAB a 2
24

@)

L | L
| 2 | 2
E:l] i {
p
C
7 |
a B d

Ans.

Ans.

Ans:

2 8
Tap = ga(Tz —T)E,opc = ga(Tz - T)E
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*4-T72. If the assembly fits snugly between the two | L | L |
supports A and C when the temperature is at T}, determine ‘ 2 ‘ 2 ‘
the normal stress developed in both segments when the |

temperature rises to 7,. Both segments are made of ]J:#:g
the same material having a modulus of elasticity of £ and N 1 C
coefficient of the thermal expansion of «. The flexible i B >d
supports at A and C each have a stiffness k.

Compatibility Equation: When the assembly is unconstrained, it has a free
expansion of 87 = aATL = «a(T, — T{)L. Using the method of superposition,
Fig. a,

(&) 8¢ =8r — &F

o, | FW2)  FW2) F
=a(T, — T))L + + "

r
k a(d\? 772)
4(2)15 (4d E

_ T, - T))Lmwd*Ek
10kL + 2wd*E

Normal Stress:

(T, — Ty)Lmwd*Ek

F 10kL + 27d*E 4Eka(T, — T1)L

TAB — = = ) Ans.
AAB zdz 10kL + 27Td E
4
(T, — Ty)Lwd’Ek

F 10kL + 27d*E 16Eka(T, — Ty)L

Opc = —, = ) = ) Ans.
4\2
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4-73. The pipe is made of A992 steel and is connected to

the collars at A and B. When the temperature is 60°F, there is

no axial load in the pipe. If hot gas traveling through the pipe

causes its temperature to rise by AT = (40 + 15x)°F, where =] =
x is in feet, determine the average normal stress in the pipe. -

The inner diameter is 2 in., the wall thickness is 0.15 in.

Compatibility: | 8/c l
L

0=8 —8  Where ST:/aAde 3]__-—::¢
0

) ) 8 ft F(8) )
0 = 6.60(10 6)A 0+ 150 dx == 05 0)(10%) %—I

15(8)2} F(8)

&
2| A(29.0)(10% QZIZLF

0= 6.60(106)[40(8) +
F=1914 A

Average Normal Stress:

19.14 A
o=

2 = 19.1 ksi Ans.

Ans:
o = 19.1ksi
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4-74. The bronze C86100 pipe has an inner radius of
0.5 in. and a wall thickness of 0.2 in. If the gas flowing
through it changes the temperature of the pipe uniformly

from 74, = 200°F at A to Ty = 60°F at B, determine the = =

. A . ) > —_ > > > > > —»> > ‘ b—> >
axial force it exerts on the walls. The pipe was fitted i ay i
between the walls when T = 60°F. 1 3 ft 1

Temperature Gradient:

T(x) = 60 + (8_?")140 =200 — 17.5x

Compatibility:

0=08; — 8  Where & =/aATdx | 8/ ‘
0 = 9.60(107°) / 8ft[(200 17.5x) — 60] d F®) 33:4%
e A ot Tz - 121500107

) 8 1t F(8)
0 = 9.60(10°°) l (140 — 17.5x) dx — 14— 17150010 iﬂ‘——_l

F = 7.60 kip Ans. t &

Ans:
F = 7.60 kip
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4-75. The 40-ft-long A-36 steel rails on a train track are —{—35 &5 —f—
laid with a small gap between them to allow for thermal

expansion. Determine the required gap 6 so that the rails E@
just touch one another when the temperature is increased \ 40 ft |

from Ty = —20°F to T, = 90°F. Using this gap, what would

be the axial force in the rails if the temperature were to rise

to 75 = 110°F? The cross-sectional area of each rail is
5.10 in%

Thermal Expansion: Note that since adjacent rails expand, each rail will be required

0 . .
to expand 5 on each end, or 6 for the entire rail. A 034648 in.

P...
5 = aATL = 6.60(10-9)[90 — (—20)](40)(12) QI:E

= 0.34848 in. = 0.348 in. Ans. L |,;
. oy
“A s |
Compatibility: 4
+
(%) 0.34848 = 8, — 8 ,  oMewn &
2 = F
F(40)(12) '3

0.34848 = 6.60(10°)[110 — (—20)](40)(12) — 5.10(29.0)(10°)

F =195 kip Ans.

Ans:
6 = 0.348in., F = 19.5 kip
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*4-76. The device is used to measure a change in
temperature. Bars AB and CD are made of A-36 steel and
2014-T6 aluminum alloy respectively. When the temperature is
at 75°F, ACE is in the horizontal position. Determine the
vertical displacement of the pointer at £ when the temperature
rises to 150°F.

~—0.25 in. 3in.

(o]
O
‘HH‘HH‘HH‘

1.51n.

Thermal Expansion: LA | |

(87)cp = awATLep = 12.8(107°)(150 — 75)(L.5) = 1.44(10) in.

(87)ap = agATL g = 6.60(10 %)(150 — 75)(1.5) = 0.7425(10 %) in.

From the geometry of the deflected bar AE shown, Fig. a, / C
(5T)CD - (5T) A =k :::_..._..._..-IJE

Sy = (5T)AB + TAB (3.25) ﬁ‘ |
A ] e C R

1.44(1073) — 0.7425(1073)

= 0.7425(1073) + [ 025 }(3.25) ( a})ﬁa 0:45/n 3/n, |

= 0.00981 in. Ans,
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4-77. The bar has a cross-sectional area A, length L,
modulus of elasticity E, and coefficient of thermal
expansion a. The temperature of the bar changes uniformly
along its length from 7', at A to T' g at B so that at any point
x along the bar T = T4 + x(Tg — T 4)/L. Determine the
force the bar exerts on the rigid walls. Initially no axial force
is in the bar and the bar has a temperature of 7 .

i) 0=A7 — 0

However,
Tg — Ty
dAT = aAde = Cl(TA + T}C - TA)dx
L
IV b VI VI {uﬁ
g A L 2L b
TB - TA CVL
:4‘77‘L}:7*“‘T@
From Eq. (1).
al FL
0=""(Tp—Ty) —
> Ts—Tw) — 2%
a AE
F= 5 (Tg —Tyu)

M

Ans.

X -

T,

Ty

+ &
—F
Ans:
AE
F=" 2Ty~ Ty
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4-78. When the temperature is at 30°C, the A-36 steel
pipe fits snugly between the two fuel tanks. When fuel flows
through the pipe, the temperatures at ends A and B rise to
130°C and 80°C, respectively. If the temperature drop along
the pipe is linear, determine the average normal stress
developed in the pipe. Assume each tank provides a rigid
support at A and B.

Temperature Gradient: Since the temperature varies linearly along the pipe, Fig. a,

the temperature gradient can be expressed as a function of x as

T(x) =80 + 5670(6 —Xx) = (130 - %x)"C

Thus, the change in temperature as a function of x is

50 50
AT = T(x) — 30° = (130 - zx) - 30 = (100 - ?x)°C

Compatibility Equation: If the pipe is unconstrained, it will have a free expansion of

6

6m
50
85r = a / ATdx = 12(107°) / (100 - —x)dx =0.0054m = 5.40 mm
0

Using the method of superposition, Fig. b,

(£) 0=8r -6
F(6000)

0 =540 —
m(0.16% — 0.15%)(200)(10%)

F =1753008 N

Normal Stress:

F 1753 008
g=t=—— """ = 180 MPa
A m(0.16% — 0.15%)

TG

Ans.

150 mm

10 mm—~|

Sectiona -a

6m

|
x

X

‘A

a

[ t

[30% 80¢
.l

>x t g%

6m 4
(@)

(b)

Ans:
o = 180 MPa
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4-79. When the temperature is at 30°C, the A-36 steel
pipe fits snugly between the two fuel tanks. When fuel flows
through the pipe, the temperatures at ends A and B rise
to 130°C and 80°C, respectively. If the temperature drop
along the pipe is linear, determine the average normal stress
developed in the pipe. Assume the walls of each tank act as
a spring, each having a stiffness of k = 900 MN/m .

Temperature Gradient: Since the temperature varies linearly along the pipe, Fig. a,
the temperature gradient can be expressed as a function of x as

50 50
T(x) =80 + Z(6 —-Xx) = (130 - Zx)"C
Thus, the change in temperature as a function of x is

AT =T(x) —30° = (130 - %x) —-30= <100 - 5Z0x>°C

Compatibility Equation: If the pipe is unconstrained, it will have a free expansion of
6m 50
or = a/Ade = 12(10_6)/ (100 - Zx)dx = 0.0054 m = 5.40 mm
0

Using the method of superposition, Fig. b,

(£) 8=6,- 0,

(1000) = 5.40 F(6000) (1000)
900(10°) ' (0.16* — 0.15%)(200)(10°) ~ 900(10%)
F =1018361 N
Normal Stress:
B L0836l o5 vp, Ans.

A 7(0.16> — 0.15%)

150 mm

10 mm—|

Sectiona - a

6m

|
:

=

A

TGO

ll‘

T g%

(a) (b)

Ans:
o = 105 MPa
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*4-80. When the temperature is at 30°C, the A-36 steel
pipe fits snugly between the two fuel tanks. When fuel flows
through the pipe, it causes the temperature to vary along
the pipe as T = (%x2 — 20x + 120)°C, where x is in meters.
Determine the normal stress developed in the pipe. Assume
each tank provides a rigid support at A and B.

150 mm

10 mm—~|

Sectiona -a

‘ 6m
—x
o
®
|
A

a

Compatibility Equation: The change in temperature as a function of x is

5 5
AT =T —30° = (gxz — 20x + 120) - 30 = (gxz — 20x + 90>°c. If the pipe

is unconstrained, it will have a free expansion of

6m
o5 =a / ATdx = 12(107°) / (%xz - 20x + 90)dx = 0.0036 m = 3.60 mm
0

Using the method of superposition, Fig. b,
(i) 0=06r — oF

F(6000)

0 =3.60 —
w(0.16> — 0.15%)(200)(10%)

F =1168672.47N

Normal Stress:

F 1168 672.47
c="=— """ —120MPa
A m(0.16* — 0.15%)

Ans.

TGO

sle

T g%

.
(@)

(b)
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4-81. The 50-mm-diameter cylinder is made from
Am 1004-T61 magnesium and is placed in the clamp when
the temperature is 7'y = 20° C. If the 304-stainless-steel
carriage bolts of the clamp each have a diameter of 10 mm,
and they hold the cylinder snug with negligible force against
the rigid jaws, determine the force in the cylinder when the
temperature rises to 7, = 130° C.

+12F, = 0; Fy=F,,=F
amg = Sst
F gL
g L AT — — "% = o L AT +
mg4img
» F(0.1) .
26(106)(0.1)(110) — ———————— = 17(10"°)(0.150)(110) +
44.7(109)%(0.05)2
F = 904N

F Stht

EgAq

193(109)(2)%(0.01)2

100

mm

150 mm

F =904 N
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4-82. The 50-mm-diameter cylinder is made from
Am 1004-T61 magnesium and is placed in the clamp when
the temperature is 77 = 15°C. If the two 304-stainless-steel
carriage bolts of the clamp each have a diameter of 10 mm,
and they hold the cylinder snug with negligible force against
the rigid jaws, determine the temperature at which the 100
average normal stress in either the magnesium or the steel

first becomes 12 MPa.

mm mm

+13F, = 0; Fy=Fu=F
6mg = 83‘!
F,,L F.L
mg—mg stlest
Qo Lo AT — ——— = a L AT + ———
mg Hmg Emg g stist EstAst
6 F(0.1) 6 F(0.150)
26(10°)(0.1)(AT) — ——— = 17(107°)(0.150)(AT) +
44.7(109)%(0.05)2 193»(109)(2)%(0.01)2
The steel has the smallest cross-sectional area.
F=0A= 12(106)(2)(%)(0.01)2 = 1885.0N
Thus,
AT = 229°
T, = 229° + 15° = 244° Ans.

Ans:
T, = 244°
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4-83. The wires AB and AC are made of steel, and wire AD
is made of copper. Before the 150-1b force is applied, AB
and AC are each 60 in. long and AD is 40 in. long. If the
temperature is increased by 80°F, determine the force
in each wire needed to support the load. Take
Eg =29(10% ksi, Eo, = 17(10%) ksi, ag = 8(107%)/°F, a,, =
9.60(107%)/°F. Each wire has a cross-sectional area of
0.0123 in2.

Equations of Equilibrium:

i)EFx=0; F,ccos45° — Fypcos45° =0
Foc = Fap=TF

+13F, = 0; 2F sin45° + F,p — 150 = 0 1)
15016
Compatibility:

(5.40)r = 8.0(1079)(80)(60) = 0.03840 in.

(Oac)r  0.03840 .
[ = = = 0.05431 in.
©®ac)r, cos45°  cos 45° n (4,

AL

(8.4p)7 = 9.60(1076)(80)(40) = 0.03072 in.

80 = (Bac)r, — (Bap)r = 0.05431 — 0.03072 = 0.02359 in.

(Bap)F = (Bac)r, + 8

F ap(40 F(60 A
a0 _ (60 +0.02359 R\
0.0123(17.0)(10%)  0.0123(29.0)(10°) cos 45° o
g Vi
0.1913F 4 — 0.2379F = 23.5858 2) (Onle Ny Brede,

Solving Eq. (1) and (2) yields:
FAC=FAB=F=1O.Olb Ans.

Fap = 1361b Ans.

Ans:
FAC = FAB = 1001baFAD = 1361b

266




© 2014 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.

*4-84. The center rod CD of the assembly is heated from
T, =30°C to T, =180°C using electrical resistance
heating. At the lower temperature 7T the gap between
C and the rigid bar is 0.7 mm. Determine the force in rods
AB and EF caused by the increase in temperature. Rods
AB and EF are made of steel, and each has a cross-sectional
area of 125 mm?. CD is made of aluminum and has a cross-
sectional area of 375 mm?. E =200 GPa, E,; =70 GPa, and
ay = 23(107%)/°C.

BSt = (Sy)al - 631 — 0.0007

Fy(0.3) F(0.24)

= -6 B
(125)(10- 00107 0 II300:24)

12Fy = 128 000 — 9.1428F

+13F, =0 F—2F,=0

Solving Egs. (1) and (2) yields,
Fap = Fpp = Fy = 423kN

(375)(10-%)(70)(10%)

M

(@)

Ans.

0.7 mm

—_1

(N

b
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4-85. The center rod CD of the assembly is heated from
T, =30°C to T, =180°C using electrical resistance
heating. Also, the two end rods AB and EF are heated from
Ty = 30°C to T, = 50°C. At the lower temperature 7T the
gap between C and the rigid bar is 0.7 mm. Determine the
force in rods AB and EF caused by the increase in
temperature. Rods AB and EF are made of steel, and each
has a cross-sectional area of 125 mm? CD is made of
aluminum and has a cross-sectional area of 375 mm?.
Ey = 200 GPa, E, = 70GPa, ay = 12(107%/°C and
ay = 23(107%)/°C.

Bst + (BT)st = (ST)al - 631 — 0.0007

Fg(0.3)
(125)(107%)(200)(10%)

+ 12(107%)(50 — 30)(0.3)

Fa(0.24)

= 23(107°)(180 — 30)(0.24) — 375(10°9)(70)(10°)

12.0F + 9.14286F,; = 56000

+13F, = 0; Fy—2Fy =0

Solving Egs. (1) and (2) yields:
FAB = FEF = FSI = 1.85kN

FCD = Fal = 370 kN

0007

(M
@)

Ans.

0.7 mm

1= die ——— Freal

initial

Ans:
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4-86. The metal strap has a thickness ¢ and width w and is
subjected to a temperature gradient 7, to T, (T < T,). This
causes the modulus of elasticity for the material to vary
linearly from E,; at the top to a smaller amount FE, at the
bottom. As a result, for any vertical position y,
E = [(E, — Ey)/w]y + E,. Determine the position d
where the axial force P must be applied so that the bar
stretches uniformly over its cross section.

€ = constant = g,

o

) )

E, - E
oc=¢|—y+ E;
W

€0

L SF, =0 P*/UdA=O
A

v " (Ey, - Ey
P = otdy = e\————y+ E |tdy
0 0 w
E,— E E, + E
P = € t(# + E1W) = éot(#) w
2 2
C+ =M,=0: P(d)—/y(rdA=O
A
E, + E w E, — FE
€Ut( 2 1)1’Vd = / €0<< 2 1)y2 + Ely)tdy
2 0 w

E, + E; E, — E; E,
WAL EL

<E2+ E,

1

d_(2E2+E>
3, + En )Y

Ans.

Ty

! 'E- 1‘*?

Ans:
2E, + E
i (2t

3(E, + Ey)

Jo
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4-87. Determine the maximum normal stress developed ﬂ‘ L~ Smm

in the bar when it is subjected to a tension of P = 8 kN. 40 mm 20 mm

For the fillet:
w40 r 10
T h TP
From Fig. 4-23, K=14
Tmax = Korayg
8 (10°
- 14(552 00
= 112 MPa
For the hole:
2r 20
10 0.5
From Fig. 4-24, K =21

Omax = Ka'avg

B 8(10%)
=21 ((0.04 - 0.02)(0.005))

= 168 MPa Ans.

Ans:
Omax = 168 MPa
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*4-88. If the allowable normal stress for the bar is
Oalow = 120 MPa, determine the maximum axial force P
that can be applied to the bar.

Assume failure of the fillet.

From Fig. 4-23.

w 40 r 10
W0 F hTw
K =14

Tallow = Omax — KUavg

P
120(10°) = 1.4 (m)

P = 857kN

Assume failure of the hole.

From Fig. 4-24.

K =21

Tallow = Omax — KUavg

P
120(10%) = 2.1 ((0.04 ~0.02) (0.005))

P = 571 kN (controls)

5 mm
40 mm ﬁ ’/20 mm
1 ‘

P €—

Ans.
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4-89. The steel bar has the dimensions shown. Determine
the maximum axial force P that can be applied so as not to
exceed an allowable tensile stress of oy = 150 MPa.

t /\Fr = 15mm
24 mmJ ‘R
Assume failure occurs at the fillet:
w60 r 15
h_30_2 and A 30—0.5
From the text, K=14
Omax = Tallow — KUan
P
150(10%) = 1.4 |————
(10% {0.03 (0.02)}
P = 643kN
Assume failure occurs at the hole:

2r 24

—=—=04

w 60

From the text, K =22
Omax = Oallow — KUavg
P
150(10%) = 2.2
(10°) (0.06 — 0.024) (0.02)
P = 49.1 kN (controls!) Ans.
Ans:
P = 49.1 kN
272
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4-90. Determine the maximum axial force P that can be 0.25 in.
applied to the steel plate. The allowable stress is i
Tallow — 21 ksi.

Assume failure at fillet

r 0.25 w 5
n- s b W25 2

From Fig. 4-23, K = 2.4

Tallow = Omax = Ko—avg

P .
21 =24 {m}, P =547 klp

Assume failure at hole

2r

1
35 =0.2; From Fig.4-24, K = 2.45

Tallow = Omax — KUavg

21 =245 {$}

(5 — 1)(0.25)
P = 857 kip
P = 5.47 kip (controls) Ans.

Ans:
P = 547 kip
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4-91. Determine the maximum axial force P that can be
applied to the bar. The bar is made from steel and has an

allowable stress of o0 = 21 ksi.

Assume failure of the fillet.

r 025 w 1875
1.25

—
N
9}
=

From Fig.4-23, K =1.75

Tallow = Omax — KUavg

P
=175 (1.25 (0.125))

P = 1.875kip
Assume failure of the hole.

2r 0.75
Lo =2 =04
w  1.875 040

From Fig.4-24, K =22

Tallow = Omax — KUavg

P
2l =22 ((1.875 - 0.75)(0.125))

P = 134kip (controls)

Q)

0.125 in.
’/1.25 in.

Ans.

0.75 in.

—> P
r=0.25in.
Ans:
P = 1.34kip
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*4-92. Determine the maximum normal stress developed
in the bar when it is subjected to a tension of P = 2 kip.

At fillet:

From Fig.4-23, K =1.75

P 2 .
O max — K(Z) = 175|:m:| = 22.4 ksi

At hole:

2 075
w1875 M0

From Fig.4-24, K =22

2
=22
max (1.875 — 0.75)(0.125)

= 31.3ksi (controls)

0.125 in.

1.875 in. -
| d 1.2f in.
P <] () —

T

r=0.251n.

0.75 in.

Ans.
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4-93. Determine the maximum normal stress developed
in the bar when it is subjected to a tension of P = 8§ kN.

Maximum Normal Stress at fillet:

r 15 w 60
E—%—O.S and ;—%—2

From the text, K=14

P
Omax — Ko-avg = Kﬁ

PP L0 B
= 14 0.03)0.005) | = 747 MPa

Maximum Normal Stress at the hole:

2r 12
L= =02
w 60
From the text, K =245
P
Omax = Koy = Km

. 8(10°)
=245 (0.06 — 0.012)(0.005)

= 81.7MPa (controls)

Ans.

60 mm

4

mm
30 mm

(@

|

a—F_’P

r=15mm

~— 12 mm

Ans:
Tmax = 81.7 MPa

276




© 2014 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.

4-94. The resulting stress distribution along section AB 0.5 in.
for the bar is shown. From this distribution, determine the
approximate resultant axial force P applied to the bar. Also,
what is the stress-concentration factor for this geometry?

3 ksi

—12 ksiq

P = / odA = Volume under curve

Number of squares = 10

P = 10(3)(1)(0.5) = 15 kip Ans.
P 15 kip
=— = =17, ksi
Tae = 4T @iny05iny K
Tmax 12 ksi
K= - =1 .
Tag 75 ksi 60 Ans

Ans:
P = 15kip, K = 1.60
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4-95. The 10-mm-diameter shank of the steel bolt has a
bronze sleeve bonded to it. The outer diameter of this
sleeve is 20 mm. If the yield stress for the steel is
(oy)sg = 640 MPa, and for the bronze (oy),, = 520 MPa,
determine the largest possible value of P that can be
applied to the bolt. Assume the materials to be elastic
perfectly plastic. Eg = 200 GPa, E,,, = 100 GPa.

+12F, =0 P—P,—P,=0 (1)

The largest possible P that can be applied is when P causes both bolt and sleeve to
yield. Hence,

Py = (0,)yAy = 640(106)(%)(0.012) = 50.265 kN

P, = (ap)yA, = 520(106)(%)(0.022 ~ 0.012)
= 122.52kN

From Eq. (1).

P =50.265 + 122.52 = 173 kN Ans.

20 mm

[ S

Ans:
P = 173 kN
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*4-96. The 10-mm-diameter shank of the steel bolt has a
bronze sleeve bonded to it. The outer diameter of this
sleeve is 20 mm. If the yield stress for the steel is
(oy)s = 640 MPa and for the bronze (oy), = 520 MPa,
determine the magnitude of the largest elastic load P that
can be applied to the assembly. FE = 200 GPa,
Ey; = 100 GPa.

+13F, = 0; P—-P,—P,=0

Py(L) Py(L)

Ab = As; =

%(0.012)(200)(109) %(0.022 — 0.012)(100)(10°)

P, = 0.6667 P,

Assume yielding of the bolt:

Py, = (04)yAp = 640(10%(%)(0.012) = 50.265 kN

Using P, = 50.265 kN and solving Egs. (1) and (2):

Py = 7540 kN: P = 125.66 kN

Assume yielding of the sleeve:

Py = (o))nAs = 520(106)(%)(0.022 —0.01%) = 122.52kN

Use P, = 122.52 kN and solving Egs. (1) and (2):
P, = 81.68 kN P = 204.20 kN

P = 126 kN (controls)

M

(@)

Ans.

1
I
1
i
= 10 mm

v S—

)
)
|
i 20 mm
)
)
I
|
)
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4-97. The weight is suspended from steel and aluminum
wires, each having the same initial length of 3 m and cross-
sectional area of 4 mm?2. If the materials can be assumed to
be elastic perfectly plastic, with (oy)y = 120 MPa and
(oy)a = 70 MPa, determine the force in each wire if the
weight is (a) 600 N and (b) 720 N. E, = 70 GPa,
Eg = 200 GPa.

+12F,=0; Fy+Fy—-W=0
Assume both wires behave elastically.

FalL _ FstL

Ou =3 430y = AQ00)

F., = 035 F,
(a) When W = 600 N. solving Egs. (1) and (2) yields:

Fy = 44444N = 444N

F, = 15555N = 156 N
Fy 155.55
oy = = = 38.88 MPa < (o,), = 70 MPa
' A 431079 @2u
Fy 444.44
Og=— = = 111.11 MPa < (o,)y = 120 MPa
st Ast 4(10—6) ( y)st

The elastic analysis is valid for both wires.
(b) When W = 720 N. solving Egs. (1) and (2) yields:

Fy=53333N:  Fy = 186.67N

Fu 186.67
O =— = = 46.67 MPa < (o,), = 70 MPa
al Aal 4(10—6) ( y)al
Fy 533.33
Oy =— = = 13333 MPa > (o,)y = 120 MPa
st Ast 4(1076) ( y)sl

Therefore, the steel wire yields. Hence,
Fy = (0,)qAq = 120(10°)(4)(107%) = 480N

From Eq. (1).F, = 240N

240
4(107°)

= 60 MPa < (o),

Oal

M

@)

Ans.

Ans.

OK

OK

OK

Ans.

Ans.

OK

R Re

Ans:
(a) Fq = 444 N, F, = 156 N,
(b) Fy = 480N, F,; = 240N
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4-98. The bar has a cross-sectional area of 0.5 in” and is
made of a material that has a stress—strain diagram that
can be approximated by the two line segments shown.
Determine the elongation of the bar due to the applied
loading.

Average Normal Stress and Strain: For segment BC

P .
ope = A—ZZ = 55 = 100ksi
100 20 0.001

= . = 1 X — X . . . )
epc  0.001° €Bc 20 (10.0) = 0.00050 in./in

Average Normal Stress and Strain: For segment AB

Pus 13 .

Oap = T:B = o5 = 260ksi
260 20 40 — 20

€ — 0.001  0.021 — 0.001

€45 = 0.0070 in./in.
Elongation:
63C = EBCLBC = 000050(2)(12) = 0.0120 in.

aAB = EABLAB = 00070(5)(12) = 0.420 in.

810t = Opc + 45 = 0.0120 + 0.420 = 0.432 in.
=50k
i ey SO

Fur B0 Eip 8 kip
— == sk

“U{Ui) (a-021 40)
6y, 26 ;
20T o001, 20) i'
f (&g, 10.0) '5
E '
°| a00 oo;yscm.

Ans.

A B 8kip C 5kip
| 5 ft b— 21t —

I
o (ksi)

40

20

0.001

0.021

€ (in./in.)

Ans:
1ot = 0.432in.
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4-99. The rigid beam is supported by a pin at A and two
steel wires, each having a diameter of 4 mm. If the yield
stress for the wires is oy = 530 MPa, and Ey = 200 GPa,
determine the intensity of the distributed load w that can

be placed on the beam and will just cause wire EB to 830 mm
yield. What is the displacement of point G for this case? X A
For the calculation, assume that the steel is elastic A B% C%\l
perfectly plastic. £ \ Te
Y w
} 400 mm 250 mm }
Equations of Equilibrium: 150 mm
Q+EMA = 0; FBE(O‘4) + FCD(O'65) - 0.8w (0.4) =0
Plastic Analysis: Wire CD will yield first followed by wire BE. When both wires yield
Fpp = Fep = (U'y)A
- 6\ T 2\ —
= 530(10 )(4)(0.004 ) = 6.660 kN
Substituting the results into Eq. (1) yields:
w = 21.9 kN/m Ans.
Displacement: When wire BE achieves yield stress, the corresponding yield strain is
7y _ 33000 0.002650 mm/
=—=———-=0. mm/mm
T E T 200010°
Opr = €,Lgp = 0.002650(800) = 2.120 mm
From the geometry
S¢ _ Ok
08 04
8g = 28pr = 2(2.120) = 4.24 mm Ans.
s o
| o4m Ta)s‘n 1.1.::’-5
A L
A
Ay oLw
L_o¥m | o-Z5m |g-i5m
A [ Te 14
hhhhh ~—— J“ 1 &'i
e e
“ %
Ans:

w = 21.9 kN/m, 65 = 4.24 mm
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*4-100. The rigid beam is supported by a pin at A and two e
steel wires, each having a diameter of 4 mm. If the yield Eig/ DE/
stress for the wires is oy = 530 MPa, and E = 200 GPa, T
determine (a) the intensity of the distributed load w that

can be placed on the beam that will cause only one of the
wires to start to yield and (b) the smallest intensity of A R
the distributed load that will cause both wires to yield. For A B%\ c ‘
the calculation, assume that the steel is elastic perfectly S G
plastic.

YyVVY YV Yy
| 400 mm-———~-250 mm |
Equations of Equilibrium: 150 mm

CH+EM,=0;  Fpe(0.4) + Fep(0.65) — 0.8w (0.4) = 0

(a) By observation, wire CD will yield first.
Then Fep = 0, A = 530(10%(%)(0.0042) = 6.660 kN.

From the geometry

53E _ 6CD . _
04 ~ 065  Ocp = 16250
FepL FpeL
= 1.625
AE AE
FCD = 1625 FBE (2)

Using F¢p = 6.660 kN and solving Egs. (1) and (2) yields:

Fpr = 4.099 kN

w = 18.7 kN/m Ans.
(b) When both wires yield

Fpp = Fcp = (0,)A

= 530(106)(%)(0.0042) = 6.660 kN

Substituting the results into Eq. (1) yields:

w = 21.9kN/m Ans.
6‘ fc—v
L o4m To-nn ja-mg
A L
A
e _J'
__________ 1..._...__..____..:
Ay 08w
L odm | 0-25m |o-/5m
JUS——
R T P
B' TTe- 1, |
[ Gr

283




© 2014 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.

4-101. The rigid lever arm is supported by two A-36 steel
wires having the same diameter of 4 mm. If a force of
P =3 kN is applied to the handle, determine the force
developed in both wires and their corresponding elongations.
Consider A-36 steel as an elastic perfectly plastic material.

300 mm
B D
—A—— A
Equation of Equilibrium. Referring to the free-body diagram of the lever shown in
Fig. a,
C+EMg = 0; F 45(300) + Fcp(150) — 3(10°)(450) = 0

2F 45 + Fep = 9(10%) 1)

Elastic Analysis. Assuming that both wires AB and CD behave as linearly elastic,
the compatibility equation can be written by referring to the geometry of Fig. b.

300
Oap = (ﬁ)f%p

OB = 20¢p )
FagL 2<FCDL>
AE "\ AE
Fap=2Fcp (3)
Solving Egs. (1) and (3),
FCD = 1800N FAB = 36OON
Normal Stress.
oep = L0 1800 MPa < (oy)s (0K
Acp %(0.0042)
Fap 3600
=——=——"-—=128648 MPa > N.G.
T AB A %(0.0042) a > (oy)y ( )

Since wire A B yields, the elastic analysis is not valid. The solution must be reworked
using

Fap = (0y)y Ang = 250(106){%(0.0042)}

= 3141.59N = 3.14kN Ans.
Substituting this result into Eq. (1),
Fcp = 2716.81N = 2.72 kN Ans.
Fep 271681
D= = 0008 216.20 MPa < (oy)y (0K
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4-101. Continued

Since wire CD is linearly elastic, its elongation can be determined by

5. _ Feolep _ 271681(300)
P AcpEg  T(0.004%)(200)(10%)
= 0.3243 mm = 0.324 mm Ans.
From Eq. (2),
Sap = 28¢cp = 2(0.3243) = 0.649 mm Ans.

A *___,|<C_,|
I1Somm ' |50mm

(b)

Ans:
FAB = 314kN, FCD =272 kN,
SCD = 0.324 mm, SAB = 0.649 mm
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4-102. The rigid lever arm is supported by two A-36 steel
wires having the same diameter of 4 mm. Determine the
smallest force P that will cause (a) only one of the wires to
yield; (b) both wires to yield. Consider A-36 steel as an
elastic perfectly plastic material.

Equation of Equilibrium. Referring to the free-body diagram of the lever arm P
shown in Fig. a,

2FAB+FCD:3P (1)

(a) Elastic Analysis. The compatibility equation can be written by referring to the

geometry of Fig. b.
300
Sap = (150)500

048 = 208¢p
Fapl 2<FCDL>
AE "\ AE
1

Fep = EF AB 2)

Assuming that wire AB is about to yield first, / d-
- A e !
Fap = (0y)g App = 250(106){—(0.0042)} = 3141.59N ———

From Eq. (2), A c J

1 150mm " (50mm
Fep = (3141.59) = 1570.80N

Substituting the result of F, 5 and F -, into Eq. (1), (b )

P = 2618.00N = 2.62kN Ans.

(b) Plastic Analysis. Since both wires AB and CD are required to yield,

Fag=Fep=(oy)g A= 250(106){%(0.0042)} = 3141.59N

Substituting this result into Eq. (1),

P =3141.59 N = 3.14 kN Ans.

Ans:
(a) P = 2.62kN, (b) P = 3.14 kN
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4-103. Two steel wires, each having a cross-sectional area
of 2 mm? are tied to a ring at C, and then stretched and tied
between the two pins A and B. The initial tension in the
wires is 50 N. If a horizontal force P is applied to the ring,
determine the force in each wire if P = 20 N. What is the
smallest force P that must be applied to the ring to reduce
the force in wire CB to zero? Take oy = 300 MPa.
Eg = 200 GPa.

Equilibrium:

K SFx=0: 20+ (50 — P,) — (50 + P;) =0
P] + PZ =20

Compatibility Condition:

_Pi(2)  Py3)
" AE  AE

dc¢

P, =15pP,
Solving Egs. (1) and (2) yields:
Py = 12N, P, =8N
Fac=50+12=62N
Fpc =50 —-8=42N
For Fcp =0, 50— P, =0
P, =50N
Py =1.5(50) = 75N
P=75+50=125N

Fu=50+75=125N

125
oA = = 62.5 MPa
2(1079)
62.5 MPa < oy

1)
20N
O
50 +f, So-T,
. 2 Mnl' Am .‘['
@) i___i-,._ﬂ___ﬁ
l‘sé‘ Prh
Ans.
Ans.
Ans.
OK

Ans:
FAC = 62N,FBC :42N,P = 125N
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*4-104. The rigid beam is supported by three 25-mm =
diameter A-36 steel rods. If the beam supports the force of D E [ F
P = 230 kN, determine the force developed in each rod.
Consider the steel to be an elastic perfectly plastic material.

600 mm
P
Equation of Equilibrium. Referring to the free-body diagram of the beam shown in
Fi A B LC
g.a, 3 :
+13F, =0 Fap + Fpp + Fep — 230(10°) = 0 (1)
<400 mm—~ 400 mm—~ 400 mm-—

C+IM, =0; Fp(400) + Fep(1200) — 230(10%)(800) = 0

Fpr + 3Fcp = 460(10°) ()

Elastic Analysis. Referring to the deflection diagram of the beam shown in Fig. b,
the compatibility equation can be written as

Sep — &
Spp = Sap + (u>(400)

1200
Sui = 2 8ap + 2
BE = 304D T 30cF
Fpel g(FADL) . 1<FCFL)
AE 3\ AE 3\ AE
2 1
FBEZEFAD+§FCF 3)
Solving Egs. (1), (2), and (3)
Fep = 13142857 N Fyp = 6571429N  F ., = 32857.14N

Normal Stress.

Fep 131428.57
=——=————=126774 MPa > N.G.
OcF ACF %(00252) a (UY)sl ( )

FgE 65714.29
= = ———-=133.87 MPa < 0.K.
OBE App %(0'0252) a < (oy)y ( )

Fap 3285714
=22 =" — 6$6.94 MPa < 0.K.
TAD T Ay T(0.025) 2 < (o (01¢)

Since rod CF yields, the elastic analysis is not valid. The solution must be
reworked using

Fer = (0y)q Acr = 250(106)[%(0.0252)} = 122 718.46N = 123kN Ans.
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4-104. Continued

Substituting this result into Eq. (2), F F ; F
Fpe = 91844.61 N = 91.8 kN Ans, se 2300100 IcF

Substituting the result for F., and Fg into Eq. (1),

F, p = 15436.93 N = 15.4 kN Ans.
Fpe  91844.61
=—=——"-=18710MPa < 0.K.
OBE Ape 20025 a < (oy)s ( )
Fip 15436.93
= = ———=3145MPa < 0.K.
T 4D A T(0.025) a < (oy)g ( )

400mm 8oo mm
Honmy,

.

~

O ©
b )

-~
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4-105. The rigid beam is supported by three 25-mm
diameter A-36 steel rods. If the force of P = 230 kN is 1D E [ F
applied on the beam and removed, determine the residual
stresses in each rod. Consider the steel to be an elastic
perfectly plastic material.

600 mm

o ©

‘« 400 mm—~ 400 mm—~ 400 mm-—|

Equation of Equilibrium. Referring to the free-body diagram of the beam shown in

Fig. a,
+13F, =0 Fap + Fpp + Fep — 230(10°) = 0 (1)
C+EM, =0 Fp(400) + Fep(1200) — 230(10°)(800) = 0

Fpr + 3Fcp = 460(10°) )

Elastic Analysis. Referring to the deflection diagram of the beam shown in Fig. b,
the compatibility equation can be written as

Ocp — 6
83E = SAD + (u)(400)

1200
2 1
OBe = 3 dap + 55CF (3)
Fpel g(FADL> N 1(FCFL)
AE 3\ AE 3\ AE
2 1
FBEngAD+§FCF 4)

Solving Egs. (1), (2), and (4)
Fcp = 13142857 N Fpp = 6571429 N F, p = 32857.14N
Normal Stress.

Fcer 13142857

= = = 267.74 MPa (T) > N.G.
7T Ak 7(0.025%) a(T) > (oy)s (N.G.)
Fpr  65714.29
=== """ =13387MPa (T) < OK.
TBE T Agg 7(0.025%) a(T) < (oy)s (0.K.)
F .
OAp = AD _ w = 66.94 MPa (T) < (UY)st (0.K.)

CAap T(0.025%)

Since rod CF yields, the elastic analysis is not valid. The solution must be
reworked using

ocr = (oy)s = 250 MPa (T)

Ferp = ocp Acr = 250(106){%(0.0252)} = 122718.46 N
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4-105. Continued

Substituting this result into Eq. (2),

Fpr = 91844.61 N

Substituting the result for F-pand Fy into Eq. (1),
Fap = 1543693 N

Fpr  91844.61
=—""=_——""—=18710MPa (T) < OK.
TBE " Ay 7(0.025%) a(T) < (oy)s (0.K.)

F,p 1543693
=AY — 27 — 3145 MPa (T) < 0.K.
TAD T ALy (00257 a (M) < (on)s (016)

Residual Stresses. The process of removing P can be represented by applying the
force P’, which has a magnitude equal to that of P but is opposite in sense. Since
the process occurs in a linear manner, the corresponding normal stress must have
the same magnitude but opposite sense to that obtained from the elastic analysis.
Thus,

ocr = 267.74 MPa (C) o = 133.87 MPa (C) oyp = 66.94 MPa (C)
Considering the tensile stress as positive and the compressive stress as negative,
(ocr), = ocp + ocp = 250 + (=267.74) = —17.7 MPa = 17.7 MPa (C) Ans.
(oBe), = e + ogp = 187.10 + (—133.87) = 53.2 MPa (T) Ans.

(Tap), = Tap + T'ap = 3145 + (—66.94) = —35.5 MPa = 35.5MPa (C)  Ans.

7 he 220000 Fr

400mm 8oo mm
Honmy,

.

~

O ©
b )

-~

Ans:
(ocr), = 17.7MPa (C), (65g), = 53.2 MPa (T), (g 4p), = 35.5 MPa (C)
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4-106. A material has a stress—strain diagram that can be
described by the curve o = ce'/?. Determine the deflection
of the end of a rod made from this material if it has a length
L, cross-sectional area A, and a specific weight .

a?(x) = c%e(x)

P
However o(x) = %; e(x) = %

From Eq. (1),

Px)  ,ds  dd _ Px)
A2 “dx  dx A2

) ! PX(x)d ! /L(A)zd
5 5 X X =55 X X
AZC2 0 Y

:A2c2
2 rL 2 3L
X
=%/x2dx=7—2—
c”Jo C 3 0
8_,y2L3
o3

M

Ans.

~

."/A

Plx)=BAX

TAX
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4-107. Solve Prob. 4-106 if the stress—strain diagram is o
defined by o = ce*?.

LA
6 €
2
3 [ .
o = cex €= g (1) Pex;- BAK
P(x dé *
However a(x) = %; e(x) = dx XA*
From Eq. (1),
s _ 1P
dx 3 A3
L
1 1
0= 2/P%dx= 2/ (yAx)%dx
CA3 (cA) Jo
L 2 L
1 (3
ot () ()
(cA) 0 ¢ 5 0
3/ s
6= 3 (;) L3 Ans.
Ans: ,
3/7V. s
s=>(2)L
5 <c> ’
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*4-108. The rigid beam is supported by the three posts A,
B, and C of equal length. Posts A and C have a diameter of
75 mm and are made of a material for which £ = 70 GPa
and oy = 20 MPa. Post B has a diameter of 20 mm and
is made of a material for which E’ = 100 GPa and
oy’ = 590 MPa_Determine the smallest magnitude of P so
that (a) only rods A and C yield and (b) all the posts yield.

EMBZO, FA:FC:Fal
+1%F,=0; F,+2F,—-2P=0

(a) Post A and C will yield,

Fal = (Ut)alA
= 20(10%)(%)(0.075)>
= 88.36 kN
(0))a _ 20(10%)
E.), = = = 0.0002857
( al) Eal 70(104)
Compatibility condition:
Sbr = Sal
= 0.0002857(L)
Fy. (L
% = 0.0002857 L
7(0.02)7(100)(10%)
Fy, = 8976 kN
8.976(10°)
Opr = W = 28.6 MPa < oy
From Eq. (1),
8.976 + 2(88.36) — 2P =0
P =928 kN
(b) All the posts yield:

Fbr = (o-y)brA

(590)(10%)(5)(0.02%)

185.35 kN

F, = 8836 kN

From Eq. (1); 185.35 + 2(88.36) — 2P = 0

P =181 kN

M

OK.

Ans.

Ans.

|

|

FZ m#Z m%Z m%FZ m»‘

294




© 2014 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.

4-109. The rigid beam is supported by the three posts A4,
B, and C. Posts A and C have a diameter of 60 mm and
are made of a material for which E = 70 GPa and
oy = 20 MPa. Post B is made of a material for which
E'=100GPa and oy =590MPa, If P = 130kN,
determine the diameter of post B so that all three posts
are about to yield. (Do not assume that the three posts
have equal uncompressed lengths.)

+12F, =0;  2(Fy)a + Fiy — 260 =0
(Fal)y = (Uy)al A
= 20(10°(§)(0.06)*> = 56.55 kN
From Eq. (1),

2(56.55) + Fyy — 260 = 0
For = 146.9kN

146.9(10%)
T(dpy’
dg = 001779 m = 17.8 mm

(Uy)br = 590(106) =

130 kN 130K~

{ |

e
E“JY For h—u)v

M

Ans.

|

| I

FZ m#Z m%Z m%«Z m»‘

Ans:
dg = 17.8 mm
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4-110. The wire BC has a diameter of 0.125 in. and the
material has the stress—strain characteristics shown in the
figure. Determine the vertical displacement of the handle at
D if the pull at the grip is slowly increased and reaches a
magnitude of (a) P = 450 1b, (b) P = 600 1b. Assume the
bar is rigid.

Equations of Equilibrium:

C+EZM, =0, Fpc(50) — P(80) =0
(a) From Eq. (1) when P = 450 Ib, Fge =7201b
Average Normal Stress and Strain:

Fpe 720

(o:7el = 58.67 ksi

T Age  2(0.125)
From the Stress—Strain diagram

5867 70
€pC 00077

€zc = 0.005867 in./in.

Displacement:

53C = EBCLBC = 0005867(40) = 0.2347 in.

Z% = %; op = %(0.2347) = 0.3751n.
(b) From Eq. (1) when P = 600 Ib, Fpe =9601b
Average Normal Stress and Strain:
Fgce 960

= 1B 7823 ksi
TEC T Ape | T(0.125) .

From Stress—Strain diagram

78.23 — 70 80 — 70

= €xc = 0.09997 in./in.

egc — 0.007  0.12 — 0.007

Displacement:
8BC = EBCLBC = 009997(40) = 3.9990 in.

8 Ope 8 .
b _ TBC, §n = (3. = 6.40 in.
20 - 50° D=7 (3.9990) = 6.40in

50in. | 3oin.
L 8 2
L b de :'j[ A
B% T -

Ans.

Ans.

50 in. — 30 in.—
P

€ (in./in.)

0.007 0.12

H
Tlksi)

R (0-2,80)

70 T'Ttooer, 70) g
0T e, 1020 |
A i
= :
| ;
E \etiny
o007 oL

Ans:
(a) 6p = 0.3751n., (b) 6p = 6.40 in.
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4-111. The bar having a diameter of 2 in. is fixed

connected at its ends and supports the axial load P. If the P
material is elastic perfectly plastic as shown by the $
stress—strain diagram, determine the smallest load P needed A C B

to cause segment CB to yield. If this load is released,
determine the permanent displacement of point C.

2ft ‘ 3t
o (ksi)
20—
€ (in./in.)
0.001
When P is increased, region AC will become plastic first, then CB will become
plastic. Thus,
Fyu=Fg=0A =20(m)(1)* = 62.832 kip
5 SF. =0, F,+Fz—P=0 (1)
P = 2(62.832) = 125.66 kip
P = 126 kip Ans.
The deflection of point C'is,
¢ = eL = (0.001)(3)(12) = 0.036 in. <«
Consider the reverse of P on the bar.
FA'(2) _ Fg'(3)
AE AE
F, =15Fyp
So that from Eq. (1)
Fg' = 04P
F, =06P
Fg'L  04(P)(3)(12 0.4(125.66)(3)(12
5o = 27 = (P)BX )z ( 3 G ):0.02880in. -
AE AE 7(1)7(20/0.001)
Aé = 0.036 — 0.0288 = 0.00720 in. <« Ans.
A P 'y
“ < ‘s
+ .
PPN e eeme——
’
5’ " ‘s
——————————————— "
A ;‘fp
Ans:

P = 126 kip, Aé = 0.00720 in.
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*4-112. Determine the elongation of the bar in
Prob. 4-111 when both the load P and the supports are P
removed. [ sy S
A C B
2ft ‘ 3ft

o (ksi)

€ (in./in.)

When P is increased, region AC will become plastic first, then CB will become bt
plastic. Thus,
F,=Fp=0A=20(m)(1)* = 62.832 kip
BIF. =0, F,+Fg—P=0 1)
P = 2(62.832) = 125.66 kip

P = 126 kip Ans.

The deflection of point Cis,

8¢ = eL = (0.001)(3)(12) = 0.036in. «

Consider the reverse of P on the bar.

FA'(2) _ Fg'(3)

AE AE
F, =15Fy
So that from Eq. (1)
Fp' =04P
F, =0.6P
The resultant reactions are
F,' = Fg' = —62.832 + 0.4(125.66) = 62.832 — 0.4(125.66) = 12.566 kip

When the supports are removed the elongation will be,

_PL 12566(5)(12)

= En o SRS 00120 in. Ans.
AE ~ 7(1)X(20/0.001) m ns

Fa
—a———y -
= fe
‘ +
fa P Y
i
7y i3
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4-113. The three bars are pinned together and subjected to
the load P. If each bar has a cross-sectional area A, length
L, and is made from an elastic perfectly plastic material, for
which the yield stress is oy, determine the largest load
(ultimate load) that can be supported by the bars, i.e., the
load P that causes all the bars to yield. Also, what is the
horizontal displacement of point A when the load reaches
its ultimate value? The modulus of elasticity is E.

When all bars yield, the force in each bar is, Fy = oyA

BSF. =0 P —20yAcosf — ayA =0

P =0,A(2cos 6 + 1) Ans.

Bar AC will yield first followed by bars AB and AD.

Fy(L) oyAL ovyL
Pan =00 ="y = 4E T

6AB _ U"YL
cos Ecosf

SA:

Ans.

P=o0yA_Rcos 6 +1),04 =

I?
=ty 4
ReFA N  F
8 —-—X

A=y

0',/L
E cos 6
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4-114. The assembly consists of two A992 steel bolts AB
and EF and an 6061-T6 aluminum rod CD. When the
temperature is at 30° C, the gap between the rod and rigid
member AFE is 0.1 mm. Determine the normal stress
developed in the bolts and the rod if the temperature rises
to 130° C. Assume BF is also rigid.

Equation of Equilibrium: Referring to the free-body diagram of the rigid cap shown
in Fig. a,

+1SF,=0; F,—2F,=0 (1)

Compatibility Equation: If the bolts and the rod are unconstrained, they will have a
free expansion of (87), = a ATL, = 12(107%)(130 — 30)(400) = 0.48 mm and
(8y), = agATL, = 24(107%)(130 — 30)(300) = 0.72 mm. Referring to the initial
and final position of the assembly shown in Fig. b,

(07)r — Opy — 0.1 = (87)p + Opp

F, (300) F,(400)
072 — — 0.1 =048 +
%(0.052)(68.9)(109) %(0.0252)(200)(109)
Fy + 0.5443F, = 34361.17 )

Solving Egs. (1) and (2).
F, + 1645229 N F, =3290458 N

Normal Stress:

F, 1645229
oy = A—” = 222 _ 335MPa Ans.
b T 0.025)
4
F, .
o, = 1 = 32904.58 = 16.8 MPa Ans.
' %(0.052)

(dT) r JFr‘

400 mm

[ -

C
1 [25 mm 7 25 mm
300 mm
S0mm| [
B D F

=

1n

O — .
el A
= —

@

Ans:
o, = 33.5MPa, 0, = 16.8 MPa (b)
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AB and EF and an 6061-T6 aluminum rod CD. When the
temperature is at 30° C, the gap between the rod and rigid
member AE is 0.1 mm. Determine the highest temperature
to which the assembly can be raised without causing yielding
either in the rod or the bolts. Assume BF is also rigid. 400 mm 300 mm

4-115. The assembly shown consists of two A992 steel bolts
0.1 m
A

—

75 mm 25 mm

50 mm |

Equation of Equilibrium: Referring to the free-body diagram of the rigid cap shown
in Fig. a, B D

F
T o R

Normal Stress: Assuming that the steel bolts yield first, then

Fy = (0y)gAp = 250(106){%(0.0252)} = 12271846 N

Substituting this result into Eq. (1),
F, =245436.93N
Then,

Fy 245436.93
L= A—p = S22 125 MPa < (0)a (O.K!)
P

K 2
4 (0.05%)

g

Compatibility Equation: If the assembly is unconstrained, the bolts and the post will
have free expansion of (87), = ag AT L, = 12(107%)(T — 30)(400) = 4.8(10~3)(T — 30)
and (87), = a, ATL, = 24(10°)T — 30)(300) = 7.2(10 )(T — 30). Referring to
the initial and final position of the assembly shown in Fig. b,

0r)p = 8pp — 0.1 = (8p)p + Opp

. 245 436.93(300) . 122 718.46(400)
7.2(1073)(T —30) — — 0.1 = 48(1073)(T - 30) +
%(o 052)(68.9)(10°) %(0.0252)(200)(109)
T = 506.78° C = 507° C Ans.
(dT)r Fr d‘
. F
F;na[

< ' 1
== -

MM
E R &

F SSLS(TU_}

(a‘) ( b) Ans:

T =507°C
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*4-116. The rods each have the same 25-mm diameter
and 600-mm length. If they are made of A992 steel,
determine the forces developed in each rod when the
temperature increases to 50° C.

Equation of Equilibrium: Referring to the free-body diagram of joint A shown in

Fig. a,
+12F, = 0; F opsin60° — F 4 sin60° = 0 Fopo=Fup=F
B IF, =0, Fp — 2Fcos 60° = 0

Fap=F 1)
Compatibility Equation: If AB and AC are unconstrained, they will have

a free expansion of (87)ap = (87)ac = ay ATL = 12(107°)(50)(600) = 0.36 mm.
Referring to the initial and final position of joint A,

OF 5 — (ST)AB = (ST,)AC = Or,

6AC

Due to symmetry, joint A will displace horizontally,and 6 4" = o8 60° 26 4¢ - Thus,
<ST’> = 2(8r)ac and 8p, " = 28y, . Thus, this equation becomes
AC
OF,; — (ST)AB = 2(3T)Ac = 284¢
F 45(600 F(600
45 (600) ~0.36 = 2(0.36) — 2 (600)
7(0.025%)(200)(10°) 7(0.025%)(200)(10%)
F,p + 2F = 176 714.59 ()
Solving Egs. (1) and (2),
Fap = Fac = Fap = 58904.86N = 58.9kN Ans.
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4-117. Two A992 steel pipes, each having a cross- sectional
area of 0.32 in?, are screwed together using a union at B as
shown. Originally the assembly is adjusted so that no load is
on the pipe. If the union is then tightened so that its screw,
having a lead of 0.15 in., undergoes two full turns, determine
the average normal stress developed in the pipe. Assume
that the union at B and couplings at A and C are rigid.
Neglect the size of the union. Note: The lead would cause
the pipe, when unloaded, to shorten 0.15 in. when the union
is rotated one revolution.

3 ft 2 gt "

The loads acting on both segments AB and BC are the same since no external load
acts on the system.

03 = 83/A + 83/C 2{0!5)’05J'n
. PB3)(12) P(2)(12) ?"—_'rll'-"-' 1____{'
©0.32(29)(10%)  0.32(29)(10%) FTB

P = 46.4 kip » Og

UAB:UBC:§=%=145ksi Ans.

Ans:
OpAB = Ogc = 145 ksi
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4-118. The force P is applied to the bar, which is composed
of an elastic perfectly plastic material. Construct a graph to
show how the force in each section AB and BC (ordinate)
varies as P (abscissa) is increased. The bar has cross-
sectional areas of 1 in? in region AB and 4 in? in region BC,
and oy = 30 ksi.

LSF =0, P~ Fap— Fye=0 ) AN R

4
. P
Elastic behavior: —0 = A- — d; %
o _ PO _[Fac® | Fuc(®) vk
(HE (4E (DE ¢
Fpe = 09231 P 2) 1 FPQ
1 h
Substituting Eq. (2) into (1): d:ﬂ—
Fap = 007692 P 3)
B, Fae (Kip)
By comparison, segment BC will yield first. Hence, e
10
(Fpc)y = oyA = 30(4) = 120 kip go+

$o
From Eq. (1) and (3) using Fzc = (Fpc)y = 120 kip .
Elhy
Zo=

P =130kip; F,p = 10kip 10

When segment AB yields,
(Fap)y = oyA = 30(1) = 30kip; (Fpc), = 120 kip
From Eq. (1),

P = 150 kip
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4-119. The 2014-T6 aluminum rod has a diameter of 0.5 in.
and is lightly attached to the rigid supports at A and B when
T, = 70°F. If the temperature becomes 7, = —10°F, and
an axial force of P = 161b is applied to the rigid collar as
shown, determine the reactions at A and B.

i)OZAB_AT“FaB

0.016(5) B Fy(13)
0= ——— —128(107)[70° — (—109)](13) +
%(0.52)(10.6)(103) %(0.52)(10.6)(103)
Fp = 21251 kip = 2.13 kip Ans.

S SF, =0, 2(0.008) + 2.1251 — F, =0

F, = 2.14kip Ans.

P2 __pm

po—>H
Sin. —— | 8in.

A ¢ soBxir B v 2. rasmp

Ans:
Fp=213kip, F4 = 2.14kip
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*4-120. The 2014-T6 aluminum rod has a diameter of 0.5 in.
and is lightly attached to the rigid supports at A and B when
T, = 70°F. Determine the force P that must be applied to
the collar so that, when 7" = 0°F, the reaction at B is zero.

i):AB_AT+83

0= PG —12.8(107°

= 8(1076)[(70)(13)] + 0
%(0.52)(10.6)(103)

P = 4.85kip

B
P/2—>E
PR2—>
5in.— | 8 in.
K“ W i
" + }J.ﬂ""
ﬁ:}l.‘.&‘:z
+
—— fane
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4-121. The rigid link is supported by a pin at A and two
A-36 steel wires, each having an unstretched length of 12 in.
and cross-sectional area of 0.0125 in%. Determine the force
developed in the wires when the link supports the vertical
load of 350 1b.

12 in. |

Equations of Equilibrium:

C+XM, = 0; —Fc(9) — Fp(4) + 350(6) =0 @8]
Compatibility:
5y o
49 350 1b
Fg(L) _ Fc(L) :
4AE 9AE M E
9Fp — 4Fc = 0, () Sin.
- . 3
Solving Egs. (1) and (2) yields: c
4in
Fp=286.61b Ans. .
Ax
Fe=1951b Ans. I éin
3501k A,
Ans:

Fp=86.61lb, F- =1951b
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4-122. The joint is made from three A992 steel plates that
are bonded together at their seams. Determine the
displacement of end A with respect to end B when the joint
is subjected to the axial loads shown. Each plate has a
thickness of 5 mm.

46 kN
Al

100mm

|

23 kN
y

7" B 23kN

|
© 600mm  '200mm

23(10%)(800)

5. = PL _ 46(10%)(600) . 46(10%)(200)
AB T T AE T (0.005)(0.1)(200)(10°)  3(0.005)(0.1)(200)(10%)

= 0.491 mm

xe
4-6—1:§—- Pep= 4o &

Pu.a""-—c;-__—a——z.!""

(0.005)(0.1)(200)(10°%)

Ans.

800mm

Ans:
(SA/B = 0.491 mm
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5-1. The solid shaft of radius r is subjected to a torque T.
Determine the radius ' of the inner core of the shaft that
resists one-half of the applied torque (7/2). Solve the
problem two ways: (a) by using the torsion formula, (b) by
finding the resultant of the shear-stress distribution.

T
Tc Tr 2T
a) Tmax 7 - ? 77'}’3
T\,
5 |r
<2> T
T= = ’
ECONEE GOk r
Since~ = 7. L_L'(E)
Ty Tmax w(r')? r\mr?
, Y
== 0.841r Ans.
2i
5 r
b) /dT = 277/ Tp*dp
0 0
5 "
/dT = 277'/ —Tmax P2 dp
0 o "
: "p(2T
/dT = 277/ B<f3)p2dp
0 o r'\mr
T 4T [,
PR dp
r="1 = 08417 Ans.
i

Ans:
r' = 0.841r
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5-2. The solid shaft of radius r is subjected to a torque T.
Determine the radius r’ of the inner core of the shaft that
resists one-quarter of the applied torque (7/4). Solve the
problem two ways: (a) by using the torsion formula, (b) by
finding the resultant of the shear-stress distribution.

T
2) Te T(r) 2T
T = — = - 2
ST
. r' 2Tr'
Since 7 = —Tpax = — 1
r r
C T T (Y
T = ; =
J’' art %(r’)4
r -
r'=-—=0707r Ans.
47
b) _B _B(zl)_zl dA—Z d r
T c Tmax ’ 7Ti’3 7TI’4 Ps mp ap
2T 4T
dT = prdA = p{ﬁp}(%p dp) = —p’dp
mwr r
ST
/ dT =~ | pd
0 r
r_4rpty o 1@
4 A 40 4 rt
r'=0.707r Ans.
Ans:
r'=0.707r
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5-3. The solid shaft is fixed to the support at C and
subjected to the torsional loadings shown. Determine the

shear stress at points A and B and sketch the shear stress on 10 KN‘m
volume elements located at these points. c 75 mm
S W 4 kN-m
50 mm B X 75 mm

The internal torques developed at cross-sections passing through point B and A are
shown in Fig. a and b, respectively.

The polar moment of inertia of the shaft is J = 3(0.0754) = 49.70(107%) m*. For
point B, pp = C = 0.075. Thus,

_ Tpe  4(10°)(0.075) oo
Tp=— =—— > = 6,036(10°) Pa = 6.04 MPa Ans.
J 49.70(107%)

From point A, p, = 0.05 m.

_ Tapa _ 6(10°)(0.05)
49.70 (107°)

Ta ] = 6.036(10°%) Pa = 6.04 MPa. Ans.

(a J; ()

Ans:
T = 6.04 MPa, 4, = 6.04 MPa
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*5-4. The copper pipe has an outer diameter of 40 mm
and an inner diameter of 37 mm. If it is tightly secured to A
the wall at A and three torques are applied to it as shown,

determine the absolute maximum shear stress developed in “\
the pipe. //
P
/20 N-m
\&
80 N-m
_ Thaxc 90(0.02)
Tmax =T 20,024 — 0.0185%) oN.m 5
i’ T= ™
= 26.7 MPa Ans. m T=60K
!
T=6on-m
J
B0N-n £0.m

\)
)3T =90 N-m
20N-m 30N-m
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5-5. The copper pipe has an outer diameter of 2.50 in. and
an inner diameter of 2.30 in. If it is tightly secured to the B
wall at C and three torques are applied to it as shown, K,L/
determine the shear stress developed at points A and B. (x/\ C
These points lie on the pipe’s outer surface. Sketch the /\ “ 450 1b-fit
shear stress on volume elements located at A and B. (A />§4
G@\ 7350 Ib-ft
\
600 1b-ft
250(12)(1.25) too -t

Tc
th= o= T 534S ksi Ans. -
AT T 125t - 115Y @:3:5)];_350 to-ft
™
L Te | 200012)(125) _ wotigt FEOMI e
g = e = ) ) 96 ksi Ans.
BT 25t - 1159 Ty =200 5t

Ans:
T4 = 3.45ksi, 75 = 2.16 ksi
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5-6. The solid shaft has a diameter of 0.75 in. If it is F
subjected to the torques shown, determine the maximum E
shear stress developed in regions BC and DE of the shaft. D @1

The bearings at A and F allow free rotation of the shaft. C @ N
ft
B % 40 Ib-ft
A

20 Ib-ft
/35 1b £t
Tree  35(12)(0.375) , ,
(TBC)max = BJC = %(0.375)4 = 5070 psi = 5.07 ksi Ans. Toe <35 1}t
Tpee  25(12)(0.375) _ , ﬂu it
(TDE)max = Df = Ty " 3621 psi = 3.62 ksi Ans. t
Tog =25 16 F

Ans:
(TBC)maX = 5.07 kSi, (TDE)max = 3.62 ksi
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5-7. The solid shaft has a diameter of 0.75 in. If it is
subjected to the torques shown, determine the maximum
shear stress developed in regions CD and EF of the shaft.
The bearings at A and F allow free rotation of the shaft.

Terpc
(TEF)max = J =0 Ans.
A Tepce  15(12)(0.375)
Tepmax Ty T T (0.375)
= 2173 psi = 2.17 ksi Ans.

o

D
¢ N/25 1b-£i
B( \ 40 b-ft
A 20 Ib-ft
/35 1b-£t

por—

ZS /4. f1
7c;=/su.ﬂ 4o lb-f¢

Ans:
(TEF)maX = 07 (TCD)max = 2.17 ksi
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*5-8. The solid 30-mm-diameter shaft is used to transmit 300N'm 500 N-m

the torques applied to the gears. Determine the absolute p §\
&

maximum shear stress on the shaft.
200 N-m

400 N-m
300 mm D ’W
~ X
\ é
Internal Torque: As shown on torque diagram. 400 mm B
Maximum Shear Stress: From the torque diagram 7',,,, = 400 N - m. Then, applying e

torsion Formula.

Tmax c
abs = ———
Tmax J
400(0.015)
= = 755MPa Ans.
7 (0.015%
TN-m)
400 )
200 I
[) 0.3 01'7 s )‘(m)
-300
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5-9. The solid shaft is fixed to the support at C and
subjected to the torsional loadings shown. Determine the
shear stress at points A and B on the surface, and sketch the
shear stress on volume elements located at these points.

Typ  800(0.02) Ty = Boons m
= BP_TY  679 MP Ans. Boowrt
BT 10,035 4 " <
Taz$00nN m
Tyc 50000035 , o
o = ac 000 _; 4 Mpa Ans. =
77 200359
2oON-M
Tz TgM
le
7" F4LMFn

Ans:
3 = 6.79 MPa, 4, = 7.42 MPa
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5-10. The coupling is used to connect the two shafts
together. Assuming that the shear stress in the bolts is
uniform, determine the number of bolts necessary to make
the maximum shear stress in the shaft equal to the shear
stress in the bolts. Each bolt has a diameter d.

n is the number of bolts and F is the shear force in each bolt.

T
T —nFR=0. F=——
" ’ nR

F & 4T

T AT (@R T nRed?

Maximum shear stress for the shaft:

_Te_Tr_oT

Tmax = 7 AN
o AT 2T

e = T e =
253

n=="
Rd?

Ans.

Ans:

253

" Rd?

318




© 2014 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.

5-11. The assembly consists of two sections of galvanized
steel pipe connected together using a reducing coupling
at B. The smaller pipe has an outer diameter of 0.75 in. and
an inner diameter of 0.68 in., whereas the larger pipe has an
outer diameter of 1 in. and an inner diameter of 0.86 in. If
the pipe is tightly secured to the wall at C, determine the
maximum shear stress developed in each section of the pipe
when the couple shown is applied to the handles of
the wrench.

Te 210(0.375)
e 2P g9 ks
TAB T T 103750 — 034 .
Te 210(0.5)
e =) ) 36ksi
TEC T T T (05 — 0.43% h

151b

Ans. 2/’ in

GF==3) Tags 210" in
1b-i ¢ :
Ans. 207 e ) 2™

Ans:
TAB — 7.82 kSi, TBC = 2.36 ksi
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#5-12. The 150-mm-diameter shaft is supported by a
smooth journal bearing at £ and a smooth thrust bearing at F.
Determine the maximum shear stress developed in each

segment of the shaft.

Internal Loadings: The internal torques developed in segments AB, BC, and CD of
the assembly are shown in their respective free-body diagrams shown in Figs. a,

b,and c.

Allowable Shear Stress: The polar moment of inertia of the shaft is J = g (0.075% =

49.701(10®)m*.

Tysc  15(10%(0.075)
: = = = 22.6 MPa
(a5 = =7 49.701(10°°)

() Tzee  45(10%)(0.075)
Tmax - =
WECT T 49.701(107%)

= 67.9 MPa

T 30(10%)(0.075
(Tmax)cp = o€ _ (10 ) = 45.3 MPa

J 49.701(10°°)

Ans.

Ans.

Ans.

320




© 2014 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.

5-13. If the tubular shaft is made from material having an
allowable shear stress of 7,,, = 85 MPa, determine the
required minimum wall thickness of the shaft to the nearest
millimeter. The shaft has an outer diameter of 150 mm.

Internal Loadings: The internal torques developed in segments AB, BC, and CD
of the assembly are shown in their respective free-body diagrams shown in
Figs.a, b, and c.

Allowable Shear Stress: Segment BC is critical since it is subjected to the greatest

internal torque. The polar moment of inertia of the shaft is J = g 0.075* = ¢*).

Tpcc 45(10%)(0.075)

Tallow — T; 85(106) = .
5(0'0754 - ¢

¢; = 0.05022 m = 50.22 mm

Thus, the minimum wall thickness is

t=c,—¢c;=175—5022 =2478 mm = 25 mm Ans.

Ans:
Uset = 25 mm
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5-14. A steel tube having an outer diameter of 2.5 in. is
used to transmit 9 hp when turning at 27 rev/min.
Determine the inner diameter d of the tube to the nearest
% in. if the allowable shear stress is 7,0 = 10 ksi.

_ 270 eo74rad
w=—0 =2 rad/s
P=Tow

9(550) = T(2.8274)

T=1750.7 ft - 1b

Tc
Tmax — Tallow — 7
1750.7(12)(1.25
T
5(1.254 -
¢; = 0.9366 in.
d=1.8731in.
3.
Used = 12 in. Ans.

3
Used = 12 in.

322




© 2014 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.

5-15. The solid shaft is made of material that has an
allowable shear stress of 7,,w = 10 MPa. Determine the
required diameter of the shaft to the nearest millimeter.

The internal torques developed in each segment of the shaft are shown in the torque
diagram, Fig. a.

Segment DE is critical since it is subjected to the greatest internal torque. The polar

d 4
moment of inertia of the shaftis J = T (*) =T d*. Thus,

2\2 32
d
70(7>
Tprc 2
Tallow — L‘)]E 5 10(106) = T
e d4
32
Used = 0.03291 m = 32.91 mm = 33 mm Ans.

Ans:
Use d = 33 mm
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*5-16. The solid shaft has a diameter of 40 mm.
Determine the absolute maximum shear stress in the shaft
and sketch the shear-stress distribution along a radial line of
the shaft where the shear stress is maximum.

The internal torques developed in each segment of the shaft are shown in the torque
diagram, Fig. a.

Since segment DE is subjected to the greatest torque, the absolute maxi%_num shear
stress occurs here. The polar moment of inertia of the shaft is J = B 0.02%) =
80(10~%)7 m*. Thus,

_ TDEC _ 70(0.02)
Tmax = T 8010 )

= 5.57(10°) Pa = 5.57 MPa Ans.

The shear stress distribution along the radial line is shown in Fig. b.

20mm

(b)

5.57mfu
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5-17. The rod has a diameter of 1 in. and a weight of
10 Ib/ft. Determine the maximum torsional stress in the rod
at a section located at A due to the rod’s weight.

Here, we are only interested in the internal torque. Thus, other components of the
internal loading are not indicated in the FBD of the cut segment of the rod, Fig. a.
12 in
1ft

SM, =0, T,-104)2) =0 T, =80 lb-ft< ) = 960 Ib - in.

The polar moment of inertia of the cross section at A is J = % (0.5%) = 0.031257 in*.
Thus
Tpoc 960 (0.5)

Tmax — 7 = m = 4889.24 psi = 4.89 ksi Ans.

2ft

Ta
10 1b

(&)

Ans:
Tmax = 4.89 ksi
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5-18. The rod has a diameter of 1 in. and a weight of
15 Ib/ft. Determine the maximum torsional stress in the rod
at a section located at B due to the rod’s weight.

Here, we are only interested in the internal torque. Thus, other components of the
internal loading are not indicated in the FBD of the cut segment of the rod, Fig. a.

12 in
1ft

SM, =0, Tz-154)(2)=0 Tp=120 lb-ft( ) = 1440 Ib - in.

The polar moment of inertia of the cross-section at B is J = %(0.54) = 0.03125p in*.
Thus,

_ T 1440005) 7333.86 psi = 7.33 ksi A
thax = J 003125 .86 psi = 7. si ns.

Tp=/440 lbrin

e Tnas 722 ksi
/5(4-) ib 0.5

24t

@)

Ans:
thax = 7.33 ksi
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5-19. The shaft consists of solid 80-mm-diameter rod
segments AB and CD, and the tubular segment BC which
has an outer diameter of 100 mm and inner diameter of
80 mm. If the material has an allowable shear stress of
Talow = 79 MPa, determine the maximum allowable torque
T that can be applied to the shaft.

Internal Loadings: The internal torques developed in segments CD and BC are
shown in Figs. @ and b, respectively.

Allowable Shear Stress: The polar moments of inertia of segments CD and BC are

Jep = %(0.044) = 128(10 %7 m* and Jye = %(0.054 — 0.04%) = 1.845(10 %) m*.

ey = ep€eD  gsqge _ TO0D
M Jep 1.28(10 %7
T = 7539.82 N-m = 7.54 kN - m (controls) Ans.
T; T(0.05
Tallow — B CBC; 75(106) = #
Jpc 1.845(107%)7r

T = 869436 N-m = 8.69 kN -m

Tep=T

()

Tae=T
(b>

Ans:
T =754kN-m
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#5-20. The shaft consists of rod segments AB and CD, and
the tubular segment BC. If the torque 7 = 10 kN-mis
applied to the shaft, determine the required minimum
diameter of the rod and the maximum inner diameter of the
tube. The outer diameter of the tube is 120 mm, and the
material has an allowable shear stress of 7., = 75 MPa.

Internal Loadings: The internal torques developed in segments CD and BC are
shown in Figs. a and b, respectively.

Allowable Shear Stress: The polar moments of inertia of the segments CD and BC /O /(A]'m R PP, ,J m
m(dc 4 T T (dpc)i 4 = ‘
are  Jop = E(TD) = odop'  and e = 5{0.064 - {T - - Tep 10K
_ (dBC)41}
6y _ \“BC) i
77[6.48(10 ) - ()
Tepee 10(10%)(d¢p/2
—_ CDCCD; 75(106) _ (10°)(dcp/2)
Jep A
3% S
dep = 0.08790 m = 87.9 mm Ans. [OKNM
Y
and T =/p kN M
Ty coe ) 10(10%)(0.06) 8¢
Tallow — -]BC 5 75(10 ) = (d )4
—6, _ \dBc)i
7| 6.48(107%) — 2= (b)
(dgc); = 0.1059 m = 106 mm Ans.
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5-21. If the 40-mm-diameter rod is subjected to a uniform
distributed torque of f; = 1.5kN -m/m, determine the
shear stress developed at point C.

Internal Loadings: The internal torque developed on the cross-section of the shaft
passes through point C as shown in Fig. a.

Allowable Shear Stress: The polar moment of inertia of the shaft is J = %(0.024) =
80(10%)7 m*. We have

_ Tee  1.5(10°)(0.3)(0.02)
T T 8010

= 35.8 MPa Ans.

"
T=15U0)ODN TS

Ans:
T7c = 35.8 MPa
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5-22. If the rod is subjected to a uniform distributed
torque of ¢, = 1.5 kN - m/m, determine the rod’s minimum
required diameter d if the material has an allowable shear
stress of 7,0 = 75 MPa.

Internal Loadings: The maximum internal torque developed in the shaft, which
occurs at A, is shown in Fig. a.

d 4

Allowable Shear Stress: The polar moment of inertia of the shaft is J = g(?) =
T4
0 d”. We have

Trax 1.5(10%)(0.6)(d/2
Tl o LS006@2)

J id“
32
d = 0.03939 m = 39.4 mm Ans.

T 15002 X0-6)N-

@)

Ans:
d = 39.4 mm
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5-23. If the 40-mm-diameter rod is made from a material
having an allowable shear stress of 7.,y = 75 MPa,
determine the maximum allowable intensity f, of the
uniform distributed torque.

Internal Loadings: The maximum internal torque developed in the shaft, which

occurs at A, is shown in Fig. a.

Allowable Shear Stress: The polar moment of inertia of the shaftis J = 3(0.024) =

80(10%)7 m*. We have

16(0.6)(0.02)
80(10 )7

tp = 1570.80 N-m/m = 1.57 kN -m/m

Thax €
Tallow — L; 75(106) =

Ans.

Ans:
to = 1.57 kN -m/m
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*5-24. The copper pipe has an outer diameter of 2.50 in.
and an inner diameter of 2.30 in. If it is tightly secured to the
wall at C and a uniformly distributed torque is applied to it
as shown, determine the shear stress developed at points A
and B. These points lie on the pipe’s outer surface. Sketch
the shear stress on volume elements located at A and B.

Internal Torque: As shown on FBD.

Maximum Shear Stress: Applying the torsion formula

TAC
Tp = 7

125.0(12)(1.25) ,
= F A Acd 1 qcd 1.72 ksi
7(1.25% — 1.15%

TBC
e

218.75(12)(1.25) .
= T4 Aed 1 4 = 3.02 ksi
7(1.25% = 1.15%

22N
125 Ib-ft /ft % %@BC
&% y in.

\)/12 in.

Ans.

Ans.
A= 172 AL 123,02 Asi
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5-25. The copper pipe has an outer diameter of 2.50 in.
and an inner diameter of 2.30 in. If it is tightly secured to the
wall at C and it is subjected to the uniformly distributed
torque along its entire length, determine the absolute
maximum shear stress in the pipe. Discuss the validity of
this result.

Internal Torque: The maximum torque occurs at the support C.

251in.

) = 26042 1b- f
12in./ft) 6042101t

Thax = (1251b- ft/ft)(

Maximum Shear Stress: Applying the torsion formula

A Tinax ©
max J
260.42(12)(1.25)

= ) 359 ki Ans.
7 (125 - 1.15% o e

According to Saint-Venant’s principle, application of the torsion formula should be
as points sufficiently removed from the supports or points of concentrated loading.

Ans:

Tabs
max

B\,/%
125 Tb-ft /it ’/(g)
}/

&

\</12 in.

C

4 in.

= 3.59 ksi
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5-26. A cylindrical spring consists of a rubber annulus
bonded to a rigid ring and shaft. If the ring is held fixed and
a torque T is applied to the shaft, determine the maximum
shear stress in the rubber.

F I T
Lo

A 2mrh  2mith

Shear stress is maximum when r is the smallest, i.e., r = r;. Hence,

T
e = o r2h A

Ans:

Tmax = 2
L
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5-27. The assembly consists of the solid rod AB, tube BC,
and the lever arm. If the rod and the tube are made of
material having an allowable shear stress of 7,4, = 12 ksi,
determine the maximum allowable torque T that can be
applied to the end of the rod and from there the couple
forces P that can be applied to the lever arm. The diameter
of the rod is 2 in., and the outer and inner diameters of the
tube are 4 in. and 2 in., respectively.

Internal Loadings: The internal torques developed in rod AB and tube BC of the
shaft are shown in their respective free-body diagrams in Figs. a and b.

Allowable Shear Stress: The polar moments of inertia of rod AB and tube BC are
I = %(14) = 0.57in*and Jgc = §(24 — 1% = 757 in*. We will consider rod

AB first.

Tallow —

Tipcas. 12 = (1)
JAB ’ 057T

T = 18.85kip-in = 1.57 kip - ft Ans.

Using this result, I, = 18.85 + 24P.

Tallow —

Beese, |, _ (1885 +24P)(2)
JBC ’ 75’77

P = 5.11kip Ans.

Ans:
T = 157kip-ft, P = 5.11 kip
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*#5-28. The assembly consists of the solid rod AB, tube BC,
and the lever arm. If a torque of 7" = 20 kip - n. is applied to
the rod and couple forces of P = 5 kip are applied to the
lever arm, determine the required diameter for the rod, and
the outer and inner diameters of the tube, if the ratio of the
inner diameter d;, to outer diameter d,, is required to be
d;/d, = 0.75. The rod and the tube are made of material
having an allowable shear stress of 7,,,, = 12 ksi.

Internal Loadings: The internal torque developed in rod AB and tube BC of the
shaft are shown in their respective free-body diagrams in Figs. a and b.

Allowable Shear Stress: We will consider rod AB first. The polar moment of inertia

o _m(das) T
ofrod ABis Jyp = 2( ) ) —32dAB.

Lipcas. 1 = 20(das/2)

J T
AB > dAB4

dyp = 2.041in. = 2.04 in. Ans.

. . . ™ do 4 di 4
The polar moment of inertia of tube BC is Jgec = || = | — | = =

z{d(,“ B (0.75d0

4
o — 4
kT > ) } 0.06711d,*.

Tpc cae. 1 = 140(d, /2)

Tallow = Ty T 0.06711d,}
d, = 4430 in. = 443 in. Ans.
Thus,
d; = 0.75d, = 0.75(4.430) = 3322 in. = 3.32in. Ans.

p=5kip
Toc® /40 Kipin.

R

7';5:'!20 k:?)'fﬂ,

7220 Kip+irv
7220 Kipiin

Pk
(4) b)
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T=60N-m

12 mm

( [‘&é 1

12 mm
a

5-29. The steel shafts are connected together using a fillet
weld as shown. Determine the average shear stress in the
weld along section a—a if the torque applied to the shafts is
T = 60 N - m. Note: The critical section where the weld fails

is along section a—a.

12 mm

v (60/(0.025 + 0.003))

Tave T 4T 27(0.025 + 0.003)(0.012 sin 45°)

Tavg = 1.44 MPa Ans.

Ans:
Tavg = 1.44 MPa
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5-30. The shaft has a diameter of 80 mm. Due to friction
at its surface within the hole, it is subjected to a variable
torque described by the function ¢ = (25xex2) N-m/m,
where x is in meters. Determine the minimum torque 7T,
needed to overcome friction and cause it to twist. Also,
determine the absolute maximum stress in the shaft.

2
= 25(xe¥); Ty = / 25(x exz) dx
0

Integrating numerically, we get

Ty = 669.98 = 670 N-m Ans.

Toe _ (669.98)(0.04)

Tabs = —— = ——————" — 6,66 MPa Ans.

mx 2(0.04)*

vy

4

Ans:
Ty = 670 N *m, 7,,, = 6.66 MPa

max
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5-31. The solid steel shaft AC has a diameter of 25 mm
and is supported by smooth bearings at D and E. It is
coupled to a motor at C, which delivers 3 kW of power to
the shaft while it is turning at 50 rev/s. If gears A and B
remove 1kW and 2kW, respectively, determine the
maximum shear stress developed in the shaft within regions
AB and BC.The shaft is free to turn in its support bearings
D and E.

P 3(10°)
€ w5002

=9549N-m

1
Ta=3Tc =318 Nm

_Te 318300125 o
(TAB)max =~ = 700125 a

Te 9549 (0.0125)

=€ ~ 311 MP
(T5C)max = 7 7(0.0125 a

2 kW 3 kW
1kW B = Zf mm
A = T
D B E c
Ans.
Ans.
Ans:

(TAB)max = 1.04 MPa, (TBC)max = 3.11 MPa
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#5-32. The pump operates using the motor that has a
power of 85 W.If the impeller at B is turning at 150 rev/min,
determine the maximum shear stress developed in the
20-mm-diameter transmission shaft at A.

Internal Torque:

2 1 mi
il < mad) M 5007 rad/s

=150 =V
@ 60's

min rev

P =8W=285N-m/s

P 85
T—;—m—S‘ﬂle

Maximum Shear Stress: Applying torsion formula

T c

Tmax — J

5411 (0.01)

— 3.44 MP Ans.
7(0.01%) a s
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5-33. The motor M is connected to the speed reducer C
by the tubular shaft and coupling. If the motor supplies
20 hp and rotates the shaft at a rate of 600 rpm, determine
the minimum inner and outer diameters d; and d, of the
shaft if d;/d, = 0.75. The shaft is made from a material
having an allowable shear stress of 7,4,y = 12 ksi.

Internal Loading: The angular velocity of the shaft is
rev \( 1 min \/ 27 rad
= — =2
» (600 in)< 0s )( Ttev > 07 rad/s

and the power is

P =120h <M) = 11 000t Ib
= 20hp\ = /s
We have
=P 100 _ o 1b-ft<@) = 2100.84 Ib - in.
w 207 1ft

Allowable Shear Stress: The polar moment of inertia of the shaft is

al/d\* [(d. 4} w{d;‘ (0.75d0)4:| .
J‘sz) <2) =511 5 = 0.06711d,*.

=T oy - 208
d, = 1.0926 in. = 1.09 in. Ans.
Then
d; = 0.75d, = 0.75(1.0926) = 0.819 in. Ans.

Ans:
d, =1.09in., d; = 0.819 in.
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5-34. The motor M is connected to the speed reducer C
by the tubular shaft and coupling. The shaft has an outer
and inner diameter of 1 in. and 0.75 in., respectively, and is
made from a material having an allowable shear stress of
Talow = 12 ksi, when the motor supplies 20 hp of power.
Determine the smallest allowable angular velocity of the
shaft.

Allowable Shear Stress: The polar moment of inertia of the shaftis J = g(O.S4 -
0.375% = 0.06711 in*. We have

7(0.5)
0.06711

Tc 5
Tallow — 7, 12(10 ) =

T = 1610.68 lb-in( 1 ft ) = 134221b-ft
12 in.

Internal Loading: The power is

=20hp{ = /s
‘We have
P 11
T=— 13422 = 11000
w w
® = 82.0rad/s Ans.

Ans:
w = 82.0rad/s
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5-35. The 25-mm-diameter shaft on the motor is made of
a material having an allowable shear stress of 7,y =
75 MPa. If the motor is operating at its maximum power of
5 kW, determine the minimum allowable rotation of
the shaft.

Allowable Shear Stress: The polar moment of inertia of the shaft is

J =7 (0.0125") = 38.3495(10°%) m".

Tallow = %; 75(10°) = %51(?329)
T =230.10N-m
Internal Loading:
r =L gs000 - 209
@ w
o = 21.7 rad/s Ans.

Ans:
o = 21.7 rad/s
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*5-36. The drive shaft of the motor is made of a material
having an allowable shear stress of 7, = 75 MPa. If the
outer diameter of the tubular shaft is 20 mm and the wall
thickness is 2.5 mm, determine the maximum allowable
power that can be supplied to the motor when the shaft is
operating at an angular velocity of 1500 rev /min.

Internal Loading: The angular velocity of the shaft is

rev \/ 2w rad \/ 1 min
w = (1500 min)( Ttev >< 0 ) = 507 rad/s

We have

Allowable Shear Stress: The polar moment of inertia of the shaft is

J= %(0.014 — 0.0075*) = 10.7379(10"°) m*,
P
—— J0.01
Tc <SO7T>(0 ob)
Tallow — 7> 75(106) = —9
I 10.7379(10°°)
P =1265025W = 12.7kW Ans.

344




© 2014 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.

5-37. A ship has a propeller drive shaft that is turning at
1500 rev/min while developing 1800 hp. If it is 8 ft long and
has a diameter of 4 in., determine the maximum shear stress
in the shaft caused by torsion.

Internal Torque:
rev (2 rad \1 min
= 1500 — = 50.
w 500 min( Ttev ) 0s 50.0 7 rad/s
550 ft-1b/s
P = 1800 hp| ————— ] = 990000 ft - 1b/s
1hp
P 990 000
T=—= = 6302.541b-ft
1) 50.0m

Maximum Shear Stress: Applying torsion formula

_ Te  6302.54(12)(2)

T e
= 6018 psi = 6.02 ksi

Note that the shaft length is irrelevant.

Ans.

Ans:
Tmax = 0.02 ksi
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5-38. The motor A develops a power of 300 W and turns
its connected pulley at 90 rev/min. Determine the required
diameters of the steel shafts on the pulleys at A and B if the
allowable shear stress is 7,y = 85 MPa.

Internal Torque: For shafts A and B

B 90ﬂ<2rrrad> 1 min
@A~ min rev 60 s

P =300W =300 N-m/s

P 300

= s 3.00m =31.83N-m

P =300W = 300 N-m/s

P 300
Ty=-—=-—""" —7958N-
BT n  120m o

Allowable Shear Stress: For shaft A

TA c
Tmax — Tallow — T
da
85(10°) = 31.83(5)
3(%)

dy = 0.01240 m = 12.4 mm

For shaft B
TB C
Tmax — Tallow — T
ds
85(10°) = 79.58(2)
3(%)

dg = 0.01683 m = 16.8 mm

= 3.007 rad/s

= 3.0077(0'706) = 1.207 rad/s

90 rev/min

Ans.

Ans.

Ans:
dy =124 mm, dg = 16.8 mm
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5-39. The solid steel shaft DF has a diameter of 25 mm

and is supported by smooth bearings at D and E. It is IKW 4kW
coupled to a motor at F, which delivers 12 kW of power to | g g
the shaft while it is turning at 50 rev/s. If gears A, B, and C L g, §&j
remove 3 kW, 4 kW, and 5 kW respectively, determine the D

maximum shear stress developed in the shaft within
regions CF and BC. The shaft is free to turn in its support
bearings D and E.

2 d =28.20N-
o= 50%{%} = 100 7 rad/s L et
P 12(10°
Tp=_—= 1(50 . 3820N-m 74=4_547")'m T 212732 M-
w o
A:
P 3(10) s Yol Tac = 22- 28104
T,=" = — 9549N- :
AT T 100, OPNIm /
P 4(10%)
T,=="""2 _1273N-
T m
ooy = Tere 382000125) _ A
TmeCE T T T T o125y T s

(Tmax)BC -

Tpec  22282(0.0125)

= 7.26 MPa Ans.

J

2(0.0125%

Ans:
(TmaX)CF =125 MPa, (TmaX)BC = 7.26 MPa
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*5-40. Determine the absolute maximum shear stress
developed in the shaft in Prob. 5-39. 3

kW 4kW
. —
EA EB
D
2 rad
w=50"" {”—ra} = 100 7 rad/s
S rev A
P 12(10%)
Tp==-= = 3820 N-
L T o
P 3(10°%)
T,=== = 9549 N-
T 9N-m
P 4(10%)
Ty=" ="~ =1273N"m

From the torque diagram,
Thax = 382N-m

rn = Te = 38200125 _ 15 5 yyp,

max N A o
=T Z(0.0125Y e
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5-41. The A-36 steel tubular shaft is 2 m long and has an
outer diameter of 50 mm. When it is rotating at 40 rad/s, it
transmits 25 kW of power from the motor M to the pump P.
Determine the smallest thickness of the tube if the
allowable shear stress is 7, = 80 MPa.

The internal torque in the shaft is

P 25(10°)

= 40 =625N-'m

The polar moment of inertia of the shaftis J = g(O.OZS4 — ¢;*). Thus,

o = 8010 = (062052(500_25))
¢; = 0.02272 m
So that
t =0.025 — 0.02272
= 0.002284 m = 2.284 mm = 2.3 mm Ans.

Ans:
t = 2.3 mm
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5-42. The A-36 solid steel shaft is 2 m long and has a
diameter of 60 mm. It is required to transmit 60 kW of
power from the motor M to the pump P. Determine the
smallest angular velocity the shaft can have if the allowable
shear stress is 7,y = 80 MPa.

The polar moment of inertia of the shaftis J = 2(0.034) = 0.405(107%)7r m*. Thus,

7(0.03)

e Soaoe) = —
0.405(10")

Tallow — J 5

T =339292N+m

P=Tw, 60(10° = 339292 w

w

17.68 rad/s = 17.7 rad/s

Ans.

Ans:
w = 17.7 rad/s
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5-43. The solid shaft has a linear taper from r,4 at one end
to rg at the other. Derive an equation that gives the
maximum shear stress in the shaft at a location x along the
shaft’s axis.

Ty — T rgl + (rqg — rg)(L — x
r7r3+ALB(L—x):B (ALB)( )
Al — x) + rpx
a L ri- ,..
~
Tc Tr 2T ;L""E~::|- T
T = = = ol
max J gr4 7Tr3 A ——X
L
B 2T B 2TL? Ans
ra(L — x) + rpx P w[ra(L — x) + rpx]?
L
Ans:
2TL?
Tmax =

alra(L — x) + rgx]’
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*5-44. The rod has a diameter of 0.5 in. and weight of
5 1b/ft. Determine the maximum torsional stress in the rod
at a section located at A due to the rod’s weight.

SM, = 0; T, — 15(1.5) — 5(3) = 0;
T, = 3751b-ft

_Te _ 375(12)025)
(TA)max - J - %(025)4

= 18.3 ksi

=

1cs)=-8/%
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5-45. Solve Prob. 5-44 for the maximum torsional
stress at B.

SM, = 0; ~15(1.5) — 53) + T, = 0;
T, = 3751b-ft = 450 Ib - in.

Tc  450(0.25)

26 ) 183 ksi Ans.
7 Z025) . e

(TB)max =

Ans:
(TB)max = 18.3 ksi
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5-46. A motor delivers 500 hp to the shaft, which is
tubular and has an outer diameter of 2 in. If it is rotating at
200 rad/s, determine its largest inner diameter to the
nearest § in. if the allowable shear stress for the material is

Tallow — 25 ksi.

550 ft - Ib/s

P =500hp{
1hp

;P _ 275000
® 200

= 13751b-ft

Tc

Tmax — Tallow — 7

1375(12)(1)

25(10%) =
30t = 3

d; = 1.745 in.

5.
Used; = 1§ in.

} = 275000 ft - Ib/s

Ans.

5
Used; = 1§ in.
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5-47. The propellers of a ship are connected to an A-36
steel shaft that is 60 m long and has an outer diameter of
340 mm and inner diameter of 260 mm. If the power output
is 4.5 MW when the shaft rotates at 20 rad/s, determine the
maximum torsional stress in the shaft and its angle of twist.

4.5(10°

r=L_ 4300 _ 225(10°) N-m

w 20

225(10%)(0.170
Tmax = % = ( )( ) = 443 MPa Ans.
g[(o.m)4 — (0.130)]

TL 225(10%)(60)

¢$=7c=~ () = 0.2085 rad = 11.9° Ans.
> [(0.170)* — (0.130)%)75(107)

Ans:
Tmax = 44.3 MPa, ¢ = 11.9°
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*5-48. The solid shaft of radius c is subjected to a torque T
at its ends. Show that the maximum shear strain developed
in the shaft is vy, = Tc¢/JG. What is the shear strain on
an element located at point A, ¢/2 from the center of the
shaft? Sketch the strain distortion of this element.

From the geometry:

pd
L = . S
Y p o, Y=

TL
Since ¢ = TG then

Tp
Y76
However the maximum shear strain occurs when p = ¢

Tc
Ymax = E

Shear strain when p = % is from Eq. (1),

L T(/2)  Te
JG ~2JG

M

QED

Ans.

(@ 7 -
g )
V4 A N

| L |
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5-49. The A-36 steel axle is made from tubes AB and CD
and a solid section BC. It is supported on smooth bearings
that allow it to rotate freely. If the gears, fixed to its ends, are
subjected to 85-N -+ m torques, determine the angle of twist
of gear A relative to gear D. The tubes have an outer
diameter of 30 mm and an inner diameter of 20 mm. The
solid section has a diameter of 40 mm.

TL

I
ba/p G

B 2(85)(0.4) (85)(0.25)
©Z(0.015* — 0.01%)(75)(10%)  Z (0.02%)(75)(10°)

= 0.01534 rad = 0.879°

Ans.

@mﬂ’ Tag = ~85N-m

85N8-m

Qj-—-—)- Tac2-85Nm
85N-m -

Ans:
bap = 0.879°
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5-50. The hydrofoil boat has an A992 steel propeller shaft
that is 100 ft long. It is connected to an in-line diesel engine
that delivers a maximum power of 2500 hp and causes
the shaft to rotate at 1700 rpm. If the outer diameter of the
shaft is 8 in. and the wall thickness is % in., determine
the maximum shear stress developed in the shaft. Also, what
is the “wind up,” or angle of twist in the shaft at full power?

Internal Torque:

Iev

2 d) 1 mi
® = 1700 — (”—m) “ _ 56.67 rad/s
min rev 60 s
550 ft-1b/s
P =2500hp|—————) = 1375000 ft-1b/s
1hp
P 1375000
T = ; = W = 7723.7 1b - ft

Maximum Shear Stress: Applying torsion Formula.

Tc
Tmax — 7
7723.7(12)(4) _
BT N 2.83 ksi Ans.
T (4% — 3.625%
Angle of Twist:
oo TL_ 7723.7(12)(100)(12)

S UG (4 - 3.625%11.0(10°)

0.07725 rad = 4.43° Ans.

Ans:
Tmax = 2.83 ksi, ¢ = 4.43°
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5-51. The 60-mm-diameter shaft is made of 6061-T6
aluminum having an allowable shear stress of
Talow = 80 MPa. Determine the maximum allowable
torque T. Also, find the corresponding angle of twist of
disk A relative to disk C.

Internal Loading: The internal torques developed in segments AB and BC of the
shaft are shown in Figs. a and b, respectively.

Allowable Shear Stress: Segment AB is critical since it is subjected to a greater
o

internal torque. The polar moment of inertia of the shaft is J = 5(0.034) =

0.405(10~%)7 m*. We have

(37)(0.03)
0.405(10 %)

Typc
Talow = 7 80(10°) =

T = 508938 N-m = 5.09 kN -m Ans.

Angle of Twist: The internal torques developed in segments AB and BC of the shaft
are Typ = %(5089.38) = 339292N-+m and Ty = —%(5089.38) = —1696.46 N -m.
We have
1= 256 = e o
3392.92(1.20) N —1696.46(1.20)
0.405(10%)(26)(10°)  0.405(10~%)7(26)(10%)

bac

0.06154 rad = 3.53° Ans.

Ans:
T =509kN-m, ¢y = 3.53°
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*5-52. The 60-mm-diameter shaft is made of 6061-T6
aluminum. If the allowable shear stress is 7,0,y = 80 MPa,
and the angle of twist of disk A relative to disk C is limited
so that it does not exceed 0.06 rad, determine the maximum
allowable torque T.

Internal Loading: The internal torques developed in segments AB and BC of the
shaft are shown in Figs. a and b, respectively.

Allowable Shear Stress: Segment AB is critical since it is subjected to a greater
internal torque. The polar moment of inertia of the shaft is j = 1(0.034) =
0.405(10 %)z m*. We have 2

Tigc 27(0.03
Tallow — T; 80(102) = M
0.405(10 %)

T =5089.38 N-m = 5.089 kN -m

Angle of Twist: It is required that ¢ 4 = 0.06 rad. We have

TiLi _ TABLAB TBCLBC
J iGi J Gal J Gal

bac =2

_ (G7)(12) , &Yy
0.405(107%)7(26)(10%)  0.405(10~%)7(26)(10%)

T = 4962.14 N-m = 4.96 kN - m (controls) Ans.
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5-53. The 20-mm-diameter A-36 steel shaft is subjected
to the torques shown. Determine the angle of twist of the
end B.

Internal Torque: As shown on FBD.

Angle of Twist:
TL
¢p = G
=7 © 014)(175 0)(10°) [—80.0(0.8) + (—60.0)(0.6) + (—90.0)(0.2)]
7 (0. .

—0.1002 rad = 5.74°

Tec= ‘BON ™

—— 60N ™
20 Y, e Ta=—FON:™
ON:m 30N m
gon- 7 AON'™
SON-"

Ans.

Ans:
¢p = 5.74°
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5-54. The shaft is made of A992 steel with the allowable
shear stress of 7, = 75 MPa. If gear B supplies 15 kW of
power, while gears A, C, and D withdraw 6 kW, 4 kW, and
5 kW, respectively, determine the required minimum
diameter d of the shaft to the nearest millimeter. Also, find
the corresponding angle of twist of gear A relative to gear D.
The shaft is rotating at 600 rpm.

Internal Loading: The angular velocity of the shaft is

rev \/ 1 min \/ 27 rad
w = <6OO a)(ﬁ)(m) = 207Trad/s

Thus, the torque exerted on gears A, C,and D are

P, 6(10°

T, =2 = U0 _ 95 49N-m
w 207
P 4(10%)

T . =— = = 63.66N -

c=" = o, — 6366N-m
Pp  5(10°

T =""2-= U9 _ 79 58N-m
w 207

The internal torque developed in segments AB, CD, and BC of the shaft are shown
in Figs. a, b, and c, respectively.

Allowable Shear Stress: Segment BC of the shaft is critical since it is subjected to a

greater internal torque.
143.24(£)
TBC C 6 2
; 7510%) = —————

Tallow — ~— 5 z(ﬂ)A
2\2

d = 0.02135m = 21.35 mm

~

Use d = 22 mm Ans.

Angle of Twist: The polar moment of inertia of the shaft is J = z(0.0114) =

7.3205(10~°)m m*. We have 2
T.L;  TigLap = TscLpc | TepLep
=>— = + +
2 1,G; G, JG,, JG,
0.6
bap = (—95.49 + 143.24 + 79.58)

7.3205(10%)ar(75)(10%)"

= 0.04429 rad = 2.54°

To= 72N
@)

Ans:
Used = 22mm, ¢4p = 2.54°
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5-55. Gear B supplies 15 kW of power, while gears A, C,
and D withdraw 6 kW, 4 kW, and 5 kW, respectively. If the
shaft is made of steel with the allowable shear stress of
Talow = 79 MPa, and the relative angle of twist between
any two gears cannot exceed 0.05 rad, determine the
required minimum diameter d of the shaft to the nearest
millimeter. The shaft is rotating at 600 rpm.

Internal Loading: The angular velocity of the shaft is

rev \/ 1 min \/ 27 rad
w = (6OOE>( 0s )( Ltev ) = 207rrad/s

Thus, the torque exerted on gears A, C,and D are

P, 6(10%
T,="2=—-2=9549N-
AT T 20m ON+m

P 4(10°)

T = T 63.66N - m

P, 5010°
=2 = U9) _ 2958N-m

w 207

The internal torque developed in segments AB, CD, and BC of the shaft are shown
in Figs. a, b, and c, respectively.

Allowable Shear Stress: Segment BC of the shaft is critical since it is subjected to a
greater internal torque.

143.24(1)

_ Tsce, 6 _ 2

Tallow = 75(10°) = 77(61)4
2\ 2

d = 0.02135 m = 21.35 mm

Angle of Twist: By observation, the relative angle of twist of gear D with respect to (b )
gear B is the greatest.

Thus, the requirement is ¢ p/ = 0.05 rad.

TiLi _ ,IbCLBC + 7},‘DLCD

= 0.05
JiGi JGst ‘IGS[

bpp = 2

0.6

(14324 + 79.58) = 0.05
Z(9)(75)(10%)

d = 0.02455 m = 24.55 mm = 25 mm (controls!)

Use d = 25 mm Ans.

To=79-28Nm
@)

Ans:
Use d = 25 mm
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*5-56. The A-36 steel axle is made from tubes AB and CD
and a solid section BC. It is supported on smooth bearings
that allow it to rotate freely. If the gears, fixed to its ends, are
subjected to 85-N+ m torques, determine the angle of twist
of the end B of the solid section relative to end C. The tubes
have an outer diameter of 30 mm and an inner diameter of
20 mm. The solid section has a diameter of 40 mm.

TL 85(0.250)

— S P 00113 rad = 0.0646° Ans.
P5C =76 T 2(0.02075)(10°) ra s
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5-57. The turbine develops 150 kW of power, which is
transmitted to the gears such that C receives 70% and
D receives 30%. If the rotation of the 100-mm-diameter
A-36 steel shaft is w = 800 rev/min., determine the
absolute maximum shear stress in the shaft and the angle of
twist of end E of the shaft relative to B. The journal bearing
at E allows the shaft to turn freely about its axis.

P=Tw;  150(10°) W = T(800 r;v)<1 mm)(% rad)

min /\ 60 sec 1rev
T = 1790.493 N-m

(.. 1790.493 0.
17 $934-

Tc = 1790.493(0.7) = 1253.345 N-m

Tp = 1790.493(0.3) = 537.148 N-m 1770493 1
A 77

Maximum torque is in region BC. b\-\ 1255345 A
\WQ{; T= 532148 M
T 1790.493(0.05)
Tmax = 5 % W = 9.12 MPa Ans.
bjp = E(Q) — L [1790.493(3) + 537.148(4) + 0]
E/B iG) iGtr :
7520.171
= ——— - = 00102 rad = 0.585° Ans.
7(0.05)*(75)(10”)

Ans:
Tmax = 9-12 MPa, ¢g/p = 0.585°
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5-58. The turbine develops 150 kW of power, which is
transmitted to the gears such that both C and D receive
an equal amount. If the rotation of the 100-mm-diameter
A-36 steel shaft is o = 500 rev/min., determine the
absolute maximum shear stress in the shaft and the rotation
of end B of the shaft relative to E. The journal bearing at E
allows the shaft to turn freely about its axis.

P=Tw; 150(10°)W = T(soore—,v)( L mm)<zmad)
min / \ 60 sec 1rev

T = 2864.789 N-m
T
Te = Tp = 5 = 1432394 N-m

Maximum torque is in region BC.

To  2864.789(0.05)

= _ {46 MP
Tmax = "y 7(0.05)" a
bpE = 2(2) = i[2864 789(3) + 1432.394(4) + 0]
B/E JG) IG ' :
14323.94
= % = 0.0195rad = 1.11°
7(0.05)%(75)(10%)

Ans.

Ans.

2804, 7BIN ™

\zg T 2068.70 4/

2 504,789 6l e

(i

1‘32.3,‘ A,

T= /952.39 £ M-

Ans:
Tmax = 14.6 MPa, ¢p/p = 1.11°
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5-59. The shaft is made of A992 steel. It has a diameter
of 1 in. and is supported by bearings at A and D, which
allow free rotation. Determine the angle of twist of B with
respect to D.

The internal torques developed in segments BC and CD are shown in Figs. a and b.

The polar moment of inertia of the shaftis J = g (0.5% = 0.031257 in*. Thus,

T.L; TpcLpc  TcepLep
=3 == +
o = 2 1G;  JG, J G,
C—60(12)(25)(12)
(0.03125m)[11.0(10%)]
= —0.02000 rad = 1.15° Ans.

g

60 Ib-ft

60 Ib-ft

Ans:
¢B/D = 1.150
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*5-60. The shaft is made of A-36 steel. It has a diameter of

A
1 in. and is supported by bearings at A and D, which allow k \\ 60 Ib-t
free rotation. Determine the angle of twist of gear C with / \:'\ﬁ c
respect to B. 2 ﬁ\ @
60 1b-ft
2.5 ft
K D

3 ft

~ 7

The internal torque developed in segment BC is shown in Fig. a

The polar moment of inertia of the shaftis J = g (0.5% = 0.031257 in*. Thus,

BTGy (0.03125m)[11.0(10°)]
= —0.02000 rad
= 1.15° Ans.
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5-61. The two shafts are made of A992 steel. Each has
a diameter of 1 in., and they are supported by bearings
at A, B, and C, which allow free rotation. If the support at D
is fixed, determine the angle of twist of end B when the
torques are applied to the assembly as shown.

Internal Torque: As shown on FBD.

Angle of Twist:

TL

=26

1

= m [—60.0(12)(30) + 20.0(12)(10)]

= —0.01778 rad = 0.01778 rad

6 6
bp = Zd)E = 1(0.01778) = 0.02667 rad

Since there is no torque applied between F and B then

¢p = ¢p = 0.02667 rad = 1.53°

[

Ans.

Fedgeao
433340
1b-ft
%ﬁ# S gaoN
dowpe oSkt

Ea120 ik

Ans:
¢B = 1.530
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5-62. The two shafts are made of A992 steel. Each has
a diameter of 1 in., and they are supported by bearings at
A, B,and C, which allow free rotation. If the support at D is
fixed, determine the angle of twist of end A when the
torques are applied to the assembly as shown.

Internal Torque: As shown on FBD.

Angle of Twist:

_~x It
br = 7G F -ai,%.rzocs
! [—60.0(12)(30) + 20.0(12)(10)] 0333340

T Z(0.5%(11.0)(10°)

= —0.01778 rad = 0.01778 rad

bp = %dm = 2(0.01778) = 0.02667 rad

b — TGr Lgr
WFS T e

—40(12)(10)
Z(0.5%)(11.0)(10°%)

—0.004445 rad = 0.004445 rad

ba = bp + b
= 0.02667 + 0.004445

= 0.03111 rad = 1.78° Ans.

Ans:
4 = 1.78°
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5-63. If the shaft is made of red brass C83400 copper with

an allowable shear stress of 7.,y = 20 MPa, determine the / \
maximum allowable torques T'; and T, that can be applied
at A and B. Also, find the corresponding angle of twist of

end A.Set L = 0.75m. c >/
80 mm X
T ' 1
100 mm;@é /
a A
T,
Section a—a
Internal Loading: The internal torques developed in segments AB and BC of the
shaft are shown in Figs. a and b, respectively.
Allowable Shear Stress: The polar moments of inertia of segments AB and BC are
Iag = %(0.14 — 0.08%) = 29.52(10 )7 m* and Jz = 3(0.14) = 50(10 %) m*. We
will consider segment AB first.
Typcas 71(0.1)
Tallow — — ;> 20(106) = nO 21 —6n
Jan 29.52(10" %)
T, = 1854796 N-m = 185kN-m Ans.
Using this result to consider segment BC, we have
Tpc cpe (T, — 18547.96)(0.1)
Tallow = B 20(106) = -6
Jpe 50(10~ %)
T, =49963.89 N-m = 50.0kN-m Ans.
Angle of Twist: Using the results of T, and T,,
_oliLi _ TupLap | TpcLpc
baic = =
TG JapGy  JpcGy
b = —18547.96(0.75) N (49963.89 — 18547.96)(0.25)
e 29.52(107 %) (37)(10°%) 50(107%)r(37)(10%)
= —0.002703 rad = 0.155° Ans.
o . A~
z- = T ’T]
o™ @ To” =
T
( T
Ans:
T;=185kN-m, T, = 50.0 kN - m,
da/c = 0.155°
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*5-64. If the shaft is made of red brass C83400 copper and /

is subjected to torques 7y = 20 kN -m and 7, = 50 kN - m, \

determine the distance L so that the angle of twist at end A

is zero. :
C

80 mm 5
" 9
100 mm /
a A

Section a-a

Internal Loading: The internal torques developed in segments AB and BC of the
shaft are shown in Figs. a and b, respectively.

Angle of Twist: The polar moments of inertia of segments AB and BC are
Iug = g(o.r‘ — 0.08%) = 29.52(10 %) m* and Jp- = g(o.ﬁ) = 50(10 %) m*.
Here, it is required that. ® 4,c = 0

d) = ETiLi _ 7:ﬁlBLAB + TBCLBC
MCTTIG, T IsGy | JscGy

B —20(10%)(L) . 30(10%(1 — L)
29.52(107%)m(37)(10%)  50(10~®)mr(37)(10%)

L = 0.4697 m = 470 mm Ans.

20¢0IN-m

(&)
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5-65. The 8-mm-diameter A-36 steel bolt is screwed
tightly into a block at A. Determine the couple forces F that
should be applied to the wrench so that the maximum shear
stress in the bolt becomes 18 MPa. Also, compute the
corresponding displacement of each force F needed to
cause this stress. Assume that the wrench is rigid.

T - F(03) =0 1)
Te 7(0.004)
= =< 18(100) = ———
Tmax = " (10% 7(0.004%)

T = 1.8096 N -m

From Eq. (1),

F =6.03N Ans.
TL 1.8096(0.08

b=——= (0.08) = 0.00480 rad

J 71(0.0040)*1 75(10%)

s = r¢ = 0.15(0.00480) = 0.00072 m = 0.720 mm Ans.

Ans:
F =6.03N,s = 0.720 mm
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5-66. The A-36 hollow steel shaft is 2 m long and has an
outer diameter of 40 mm. When it is rotating at 80 rad/s, it
transmits 32 kW of power from the engine E to the
generator G. Determine the smallest thickness of the shaft
if the allowable shear stress is 7,y = 140 MPa and the
shaft is restricted not to twist more than 0.05 rad.

P=Tw
32(10%) = T'(80)
T =400N-m

Shear stress failure

400(0.02)

Tatiow = 140(10°) = —————"—
e 70.02* — ;%)

r; = 0.01875m

Angle of twist limitation:
= TL
JG

400(2)
2(0.02* — r,*)(75)(10%)

0.05 =

r; = 0.01247 m (controls)
t=r,—r; =002 — 0.01247

= 0.00753 m

= 7.53 mm

Ans.

Ans:
t = 7.53 mm
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5-67. The A-36 solid steel shaft is 3 m long and has a
diameter of 50 mm. It is required to transmit 35 kW of
power from the engine E to the generator G. Determine the
smallest angular velocity the shaft can have if it is restricted
not to twist more than 1°.

TL

*= G

1°(m) T(3)
180°  £(0.025%)(75)(10%)

T =267.73N-m
P=Tw
35(10%) = 267.73(w)

o = 131 rad/s Ans.

Ans:
o = 131 rad/s
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*5-68. If the shaft is subjected to a uniform distributed
torque ¢, determine the angle of twist at A. The material
has a shear modulus G. The shaft is hollow for exactly half
its length.

Internal Loading: The internal torques developed in the hollow and solid segments
of the shaft are shown in Figs. a and b, respectively.

Angle of Twist: The polar moments of inertia of the hollow and solid segments of the

4
shaft are J, = g{c“—(E) } = blc“ and J, = §C4’ respectively. We have

2 32
B T(x)dx
da =2 / TG

_ /”2 txiday /”2(
0 (15’7TC4>G 0

1
tx, + 5 tL)dXz

()

L2 L
32 2 1
_|:157TC4G[ [dexl + 77TC4G£ (lx2 + EIL)dX2:|

32

_ |: 32 (lxlz) L2 n 2 (l)sz n 1 (L > L/2:|
~ T lisedG\ 2 /|, =G\ 2 2'7%)|,
61/L?  61tL?
60mc*G  60mc*G Ans.

T(g)=-Cx,t5tL)
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5-69. The A-36 steel bolt is tightened within a hole so that
the reactive torque on the shank AB can be expressed by
the equation ¢ = (kx*) N-m/m, where x is in meters. If a
torque of 7 =50N-m is applied to the bolt head,
determine the constant k and the amount of twist in the
50-mm length of the shank. Assume the shank has a
constant radius of 4 mm.

dT = tdx

0.05m 2 0.05
T = / kx*dx = k? = 41.667(10 %k
0
0

50 — 41.6667(10°%) k = 0

k = 1.20(10° N/m?

In the general position, 7' = / 1.20(10%)x%dx = 0.4(10%)x°
0

0.05m
b = / Tdx _ 1 [50 — 0.4(10%)x]dx
0

0.05m
1 [ 50 0.4(106)x4}
Ze e 4

0

1875 1.875
JG  5(0.004%)(75)(10%)

= 0.06217 rad = 3.56°

Ans.

Ans.

(T
T:%J' o
\v SON-™

41 6667 (1TIK

S0 N-wn

T(e)= s0-2 491 °

Ans:
k = 120 (10% N/m?, ¢ = 3.56°
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5-70. Solve Prob. 5-69 if the distributed torque is
t = (kx**)N-m/m.

dT = t dx 50mm\<>/
0.05

005 3, 00
T = / kxsdx = kg x| = (4.0716)(107%) k
0 0

50 — 4.0716(103) k = 0
k = 12.28(10°) N/m® Ans.

In the general position,
T = / 12.28(10%)x dx = 7.368(10%) x*
0

Angle of twist:

[50 — 7.3681(10%)x7]dx

/T(x) dx B 1 0.05 m
JG JG Jo

1 5 6 1 1 3 3 N 0.05 m
—1 50x — 7.3681(10°)( — |x3
JG{ * ( )(8)’“} )

B 1.5625
Z(0.004%)(75)(10%)

= 0.0518 rad = 2.97° Ans.

Ans:
k = 12.28(10%) N/m?3, ¢ = 2.97°
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#5-72. The 80-mm-diameter shaft is made of 6061-T6
aluminum alloy and subjected to the torsional loading
shown. Determine the angle of twist at end A.

0.6 m

B

Equilibrium: Referring to the free-body diagram of segment AB shown in Fig. a, 2 kN-m
SM,=0; —Tup—2(10° =0 Tsp = —2(10°)N-m
And the free-body diagram of segment BC, Fig. b,

SM,=0; —Tpe — 10(10°)x — 2(10°) = 0 Tye = —[10(10%)x + 2(10%)|N-m

Angle of Twist: The polar moment of inertia of the shaft is J = §(0.044) =
1.28(10%)7r m*. We have

T.L;  TapLag e T e dx
bs=2 =
4 0

J iGi J Gal J Gal

_ —2(10%(0.6) . /0-6m—[10(1o3)x+2(103)]dx
128010 %7 (26)(10%)  Jo 1.28(107%)m(26)(10%) 4

&

1 0.6m
- - 1200 + [5(10%)x? + 2(10%)x] } X
1.28(10 6)77(26)(109){ 0
2o%) N-m
= —0.04017 rad = 2.30° Ans.
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5-73. The contour of the surface of the shaft is defined by
the equation y = ¢**, where a is a constant. If the shaft is
subjected to a torque T at its ends, determine the angle of
twist of end A with respect to end B. The shear modulus is G.

_ T dx T ax
¢ = /J(x)G where, J(x) = B (e

L

_or [fdx  or 1
7G Jy e T #G 74ae4‘”‘>

0

Bt ) ()
7G \ 4ae*t  4a 2am G etk

T
_ 1 — 4L Ans.
2Ll7TG( ¢ ) ns

Ans:
¢

— 1 — —4al
2amG ( ¢ )
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5-74. The rod ABC of radius c is embedded into a medium
where the distributed torque reaction varies linearly from
zero at C to fyat B. If couple forces P are applied to the lever
arm, determine the value of £, for equilibrium. Also, find the
angle of twist of end A. The rod is made from material
having a shear modulus of G.

Equilibrium: Referring to the free-body diagram of the entire rod shown in Fig. a,
1 L
EM,=0; Pd——-()|=)=0
x > 2 ( 0)( 2 )

4Pd
ty = I3 Ans.

Internal Loading: The distributed torque expressed as a function of x, measured

f thlftd'r—t—°—4pd/L—@Thth ltant
rom € 1€ end, 18 = L/2 X = L/2 X = L2 X. us, € resultan

torque within region x of the shaft is

;oL _1[(spd _4Pd
R—2x—2 L2 xx—sz

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

4Pd 4Pd

— 0N _ 2 _ —
ZMX—O, TBC L2 x* =0 Tgc— L2 X

Referring to the free-body diagram shown in Fig. c,

EMXZO, Pd_TAB:0 TAB:Pd
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5-74. Continued

Angle of Twist:

b=73 T:L; _ /LBC Tpcdx " T ap Las
0

JG; JG JG
4Pd
——x%dx

/m 2" pawp)
0

(3o (5¢)o

L2
_ 8Pd [ X . PLd
act LG\ 3 wc*G
0
4PLd
= 1 Ans.
3wc"G
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5-75. The A992 steel posts are “drilled” at constant angular
speed into the soil using the rotary installer. If the post has an
inner diameter of 200 mm and an outer diameter of
225 mm, determine the relative angle of twist of end A of
the post with respect to end B when the post reaches the
depth indicated. Due to soil friction, assume the torque 4m
along the post varies linearly as shown, and a concentrated
torque of 80 kN - m acts at the bit.

1
SM, = 0 7&_80_5(15)(3):0
Ty = 1025kN-m

M, =0; 102.5 — %(SZ)(Z) ~T=0

T = (1025 — 2.52%) kN+m

TL Tdz
=— 4+ [—
Pam =76 JG

B 102.5(10%)(4) (102,55 - 2.52%)(10%)dz
CZ((0.1125)* — (0.1)*)(75)(10°) l 2((0.1125)* — (0.1)*)(75)(10%)

= 0.0980 rad = 5.62° Ans.

- 15kN'm/m

80 kN-m

Ans:
¢A/B = 5.620
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*#5-76. A cylindrical spring consists of a rubber annulus
bonded to a rigid ring and shaft. If the ring is held fixed and
a torque T is applied to the rigid shaft, determine the angle
of twist of the shaft. The shear modulus of the rubber is G.
Hint: As shown in the figure, the deformation of the
element at radius r can be determined from rdf = dry. Use
this expression along with 7 = T/(27rr*h) from Prob. 5-26,
to obtain the result.

dr \y/ydr = rdf
ar

b
do.

rdo =ydr
dr
do = % (1)
r
From Prob. 5-26,
T T
= d = —
wrn Y76
T
4 20 r’hG
From (1),
T dr
=006 7
p— /’“ﬂ_ r {_LN"
C2whG ), P 2mhG Ll 277,
T [ 1 1}
= _7_1'_7
2nhG | 22 27}
T [1 1
_ 1_1 Ans.
4 hG |:rl2 rg} ns
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5-77. The steel shaft has a diameter of 40 mm and is fixed
atits ends A and B. If it is subjected to the couple determine
the maximum shear stress in regions AC and CB of the
shaft. G5, = 75 Gpa.

Equilibrium:
T, + Tz — 3000(0.1) = 0

Compatibility condition:

bcia = bcs

T, (400) Tz (600)
JG G
T,=15Ty

Solving Eqs (1) and (2) yields:

7, = 120N-m
T, = 180 N-m
T 180(0.02
(TAC)max = - = ( ) = 14.3 MPa

J o 5(0.02%

Te  120(0.02)
(TCB)max = 7 = W = 9.55 MPa

M

()

Ans.

Ans.

3kN

llﬂm.,

o

Ans:
(TAC)maX =143 MPa, (TCB)max = 9.55 MPa
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5-78. The A992 steel shaft has a diameter of 60 mm and is
fixed at its ends A and B. If it is subjected to the torques 200 N~mﬂ

BX
1m

shown, determine the absolute maximum shear stress in the \
shaft. ’
500 N-m D >{
/(/\/ 1.5m
A
A

Referring to the FBD of the shaft shown in Fig. a,

=M, = 0; T,+ Tp— 500 —200=0 @
Using the method of superposition, Fig. b

ba = (¢A)TA - (¢A)T

0 T.(3.5) [500(1.5) . 700 (1)
- JG JG JG

T,=41429N-m

Substitute this result into Eq (1),

Ty =28571N-m
Referring to the torque diagram shown in Fig. ¢, segment AC is subjected to
maximum internal torque. Thus, the absolute maximum shear stress occurs here.

Tacc 41429 (0.03)
Tabs = =
max J

= 9.77 MPa Ans.

1(0034
5 (0:03)

Ans:

Tavs = 9.77 MPa

max
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5-79. The steel shaft is made from two segments: AC has .
a diameter of 0.5 in., and CB has a diameter of 1 in. If the 0.5 in.
shaft is fixed at its ends A and B and subjected to a torque

of 500 Ib - ft, determine the maximum shear stress in the 5in. k D_ 500 1b-ft
shaft. Gy = 10.8(10%) ksi. >(
8in
Equilibrium:
T, + Tz — 500 =0 (@8]
VA B ey
Compatibility condition: ‘ Sooib-ft T
épia = P
L) | T®) _ T3(2)
2(025%G 505G 5(0.5YG
1408 Ty = 192 T ()
Solving Egs. (1) and (2) yields
T,=601b-ft Tz = 4401b-ft
T 60(12)(0.25
Tac = TC = 725(0-)2(54)) = 29.3 ksi (max) Ans.
Tc  440(12)(0.5)
Top=— = —— —,—— = 269ksi
PE g Z(0.5%
Ans:

Tmax = 29.3 ksi
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*5-80. The shaft is made of A-36 steel and is fixed at its
ends A and D. Determine the torsional reactions at these

supports.
Equilibrium: Referring to the free-body diagram of the shaft shown in Fig. a, -
SM, =0, T,+Tp+20—-40=0 )

Compatibility Equation: Using the method of superposition, Fig. b,

ba = (d)r — (d)A)TA

o [2002)2)(12) | 20(129)(15)(12)]  T(12)(5)(12)
- JG * JG - JG

T, =22kip-ft Ans.
Substituting this result into Eq. (1),
T, = —2kip-ft = 2kip- ft Ans.

The negative sign indicates that 7 acts in the sense opposite to that shown on the
free-body diagram.
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5-81. The shaftis made of A-36 steel and is fixed at end D,
while end A is allowed to rotate 0.005 rad when the torque
is applied. Determine the torsional reactions at these
supports.

Equilibrium: Referring to the free-body diagram of the shaft shown in Fig. a,
EM,=0; T, + Tp + 20—40=0 (1)
Compatibility Equation: Using the method of superposition, Fig. b,

da = (D)7 — (da)1,

0o0s - | _H002@(12) | 20029(15(12) | LA2)(G)(12)
§(34)(11.0)(103) %(34)(11.0)(103) 3(34)(11.0)(103)
T, = 1228 kip-ft = 123 kip- ft Ans.

Substituting this result into Eq. (1),

T, = 7.719 kip - ft = 7.72 kip - ft Ans.

Ans:
T,=123kip-ft, Tp = 7.72 kip - ft
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5-82. The shaft is made from a solid steel section AB and
a tubular portion made of steel and having a brass core.
If it is fixed to a rigid support at A, and a torque of
T = 501b-ft is applied to it at C, determine the angle of
twist that occurs at C and compute the maximum shear
stress and maximum shear strain in the brass and steel.
Take Gy = 11.5(10%) ksi, Gy, = 5.6(10%) ksi.

Equilibrium:
Ty + Ty —50=0

Both the steel tube and brass core undergo the same angle of twist ¢¢ /5

L T.(2)(12) 'y (2)(12)

JG T (05)(G.6)10° T - 0.59(11.5)(10%

bc/p =

Ty, = 0.032464 T
Solving Egs. (1) and (2) yields:
Ty = 48.4281b-ft; Ty, = 1.5721b-ft

TL  1572(12)(2)(12)
JG  7(0.5%(5.6)(10°)

50(12)(3)(12)
7(1H(1L.5)(10%)

¢c =2

= 0.002019 rad = 0.116°

T ypc _ 50(12)(1)
4 7(1%)

(Tst)max AB — = 382 pSl

| Tee  48.428(12)(1)
(Ts)max BC = T W

= 394.63 psi = 395 psi (Max)

~ (Temax  394.63

x = = = 34.3(107%) rad
Tyee  1.572(12)(0.5) ) ,
(Todmax = —— = To5h 96.08 psi = 96.1 psi (Max)
T ax . _
('Ybr)max = ( br)md = 96 08 = 172(10 6) rad

G 5.6(10%

0.5 in.
gy
@ =350
é) T:r Tﬁ.
T 44
2)
Ans.
Ans.
Ans.
Ans.
Ans.
Ans:

c = 0.116°, (Tg)max = 395 psi,
('Yst)max =343 (10_6) rad, (Tbr)max = 96.1 PSi,
(Tor)max = 17.2 (107°) rad
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5-83. The motor A develops a torque at gear B of 450 1b - ft,
which is applied along the axis of the 2-in.-diameter steel
shaft CD. This torque is to be transmitted to the pinion gears
at £ and F. If these gears are temporarily fixed, determine the
maximum shear stress in segments CB and BD of the shaft.
Also, what is the angle of twist of each of these segments?
The bearings at C and D only exert force reactions on the
shaft and do not resist torque. G, = 12(10?) ksi.

Equilibrium:
TC + TD - 450 =0

Compatibility condition:

éBic = bm/p

Tc(4) _ Tp(3)
JG JG

TC = 075 TD

Solving Egs. (1) and (2) yields
Tp = 257.141b - ft

Tec=192.861b-ft

(TBC)max = 192.,2?6((114?)(1) = 1.47 ksi
(TBD)max = 257,147(142)(1) = 1.96 ksi
2 (1)

= 0.00589 rad = 0.338°
3 (1H(12)(10°)

@

(2)

Ans.

Ans.

Ans.

450 Ib-ft

c
8 wlb.{}‘ A Eﬁv
1) v )
. g X
Ans:

(TBC)max = 1.47 ksi, (Tgp)max = 1.96 ksi,
épic = ¢p/p = 0.338°
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*5-84. The Am1004-T61 magnesium tube is bonded to
the A-36 steel rod. If the allowable shear stresses for
the magnesium and steel are (T,jow)me = 45 MPa and
(Tallow)st = 75 MPa, respectively, determine the maximum
allowable torque that can be applied at A. Also, find the
corresponding angle of twist of end A.

Equilibrium: Referring to the free-body diagram of the cut part of the assembly
shown in Fig. a,

SMy=0; Tpy+Ty—T =0 1)

Compatibility Equation: Since the steel rod is bonded firmly to the magnesium
tube, the angle of twist of the rod and the tube must be the same. Thus,

(d’st)A = (d)mg)A

TyL Tng L

g(o.oz4)(75)(10") g(o.o44 — 0.02%(18)(10%)
7;[ = 02778ng (2)
Solving Egs. (1) and (2),
Tpe = 0.7826T T, = 02174T

Allowable Shear Stress:

Thng ¢ . 0.7826T(0.04)
(Tallow)mg = T; 45(10 ) =

%(0.044 — 0.02%
T = 541925N-m

Tyc

o 02174T(0.02)
(Tallow)st = 7 5 75(10 ) = _

T
—(0.02*
~ (002"

T = 433540 N-m = 4.34 kN - m (control!) Ans.

Angle of Twist: Using the result of 7', T, = 942.48 N - m. We have

T,L  942.48(0.9)

= = = 0.045 rad = 2.58° Ans.
jstGSt

da -
5(0.024)(75)(109)
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5-85. The Am1004-T61 magnesium tube is bonded to the
A-36 steel rod. If a torque of 7 = SkN-m is applied to
end A, determine the maximum shear stress in each
material. Sketch the shear stress distribution.

Equilibrium: Referring to the free-body diagram of the cut part of the assembly

shown in Fig. a,

SM, =0; Tye + Ty — 5(10°) = 0

Compatibility Equation: Since the steel rod is bonded firmly to the magnesium
tube, the angle of twist of the rod and the tube must be the same. Thus,

(d)st)A = (d’mg)A

TyL Ing L

5(0.024)(75)(109) ) ?77(0.044 — 0.024)(18)(10%)

Ty = 0.2778T,,
Solving Egs. (1) and (2),
Tine = 3913.04N-m T, = 1086.96 N -m

Maximum Shear Stress:

Tyc 1086.96(0.02
(Tst)max = ot = ( ) = 86.5 MPa

Jst w 4
> (0.02%)

Trng Cm 3913.04(0.04
== ©0H  _ 41 5MPa

(ng)max
Ime %(0.044 ~ 0.02%)

Tgp 3913.04(0.02)
(ng)|p:0.02m = 7 = = 20.8 MPa
mg

%(0.044 — 0.02%

QY]

503 N-m

@)
@

B65Mba
F( 2OBMba

Ans. / ~4/.5 MPa.
C ¥
Ans. K __//

Ans. (b)

Ans:
(Tst)max = 86.5 MPa, (ng)max =415 MPa,
(ng)|p:0.02m = 20.8 MPa
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5-86. The two shafts are made of A-36 steel. Each has a
diameter of 25 mm and they are connected using the gears
fixed to their ends. Their other ends are attached to fixed
supports at A and B. They are also supported by journal
bearings at C and D, which allow free rotation of the shafts
along their axes. If a torque of 500 N-m is applied to the
gear at £ as shown, determine the reactions at A and B.

Equilibrium:
T, + F(0.1) — 500 =0 (1]
T — F(0.05) =0 [2]
From Egs. [1] and [2]
T,+ 2Tz — 500 =0 [31
Compatibility:
0.1¢r = 0.05¢x
¢r = 0.5¢r
T 4(1.5) _ O.S[TB(OJS)}
JG JG
T, =0250Tg 4]

Solving Egs. [3] and [4] yields:
Tp=222N-m Ans.

T,=556N"m Ans.

Ans:
Tp=222N-m, T4, = 55.6N-m
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5-87. Determine the rotation of the gear at E in

Prob. 5-86.

Equilibrium:
T, + F(0.1) =500 =0
Ty — F(0.05) = 0
From Egs. [1] and [2]

T, + 2T — 500 =0

Compatibility:
0.1¢x = 0.05¢f
¢r = 0.5¢F
T 4(1.5) _ O.S{TB(OJS)}
JG JG
T,=0250Tg

Solving Egs. [3] and [4] yields:

Ty =2222N-m T, =5556N-m

Angle of Twist:

T.L 55.56(1.5)

br =

= 0.02897 rad = 1.66°

JG T (0.0125%)(75.0)(10°)

(1]
(2]

[3]

(4]

Ans.

F,

50 mm ——X

2

1.5m

2\

0.75 m

100 mm\/
<./ 500 N'm
E

=

Ans:

b = 1.66°
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*5-88. A rod is made from two segments: AB is steel and BC
is brass. It is fixed at its ends and subjected to a torque of
T = 680 N - m. If the steel portion has a diameter of 30 mm,
determine the required diameter of the brass portion so the
reactions at the walls will be the same. Gy = 75 GPa,
Gy = 39 GPa.

Compatibility Condition:
bc = bpa

T(160) 7(0.75)
Z(c*)(39)(10%)  Z(0.015%)(75)(10°)

¢ =0.02134m

d=2c = 0.04269 m = 42.7 mm

1.60 B
HUm /’ )680 N-m
0.75 m Z,

~

G800 M.

Ans.
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5-89. Determine the absolute maximum shear stress in C
the shaft of Prob. 5-88.

1.60 B
U /’ )680 N'm
\\-)\A
0.75 m\}/ v,
Equilibrium,
(ALLR
2T = 680 ( \
»,
T =340N-m T : r
T,aps Occurs in the steel. See solution to Prob. 5-88.
max
_ Tc _ 340(0.015)
TS T T Z(0.015)°
= 64.1 MPa Ans.
Ans:

Tabs = 64.1 MPa
max
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5-90. The composite shaft consists of a mid-section that
includes the 1-in.-diameter solid shaft and a tube that is
welded to the rigid flanges at A and B. Neglect the thickness
of the flanges and determine the angle of twist of end C of
the shaft relative to end D. The shaft is subjected to a torque
of 800 1b - ft. The material is A-36 steel.

Equilibrium:

800(12) — T, — T, = 0

Compatibility Condition:

T;(0.75)(12)  T5(0.75)(12)
(1.5 — (12596 Z(0.5)'G

dr = dbs;
Ty = 9376.42 Ib-in.

T = 223.58 1b-in.

_TL _ 800(12)(1)(12) . 22358(0.75)(12)
CLEETeR 2(0.5)%(11.0)(10%  %(0.5)*(11.0)(10%)

800 1b-ft 1 in.
Al

= 0.1085 rad = 6.22° Ans.

Kaalbid

Ans:
¢C/D = 6.220
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5-91. The A992 steel shaft is made from two segments.
AC has a diameter of 0.5 in. and CB has a diameter of 1 in.
If the shaft is fixed at its ends A and B and subjected
to a uniform distributed torque of 601b-in./in. along
segment CB, determine the absolute maximum shear stress
in the shaft.

Equilibrium:
T4+ Tg— 60(20) =0

Compatibility condition:

‘f)C/B = ‘f)C/A
borm = T(x)dx  [* (Ty — 60x)dx
o / G A 7(0.5)(11.0)(10°)
= 18.52(10°%)T 5 — 0.011112
18.52(10°T5 — 0.011112 = 5(0.254T)?1(f.)())(106)

18.52(10°T 5 — 74.08(10 9T 4, = 0.011112
18.52T 5 — 74.08T 4 = 11112

Solving Egs. (1) and (2) yields:
T,=1200Ib-in.; Ty = 10801b-in.

Tgc  1080(0.5)

(Tmax)Be = == = EC N 5.50 ksi
T,c 120.0(0.25) .
(Tmax)AC = 7 = %(0254) = 4.89 ksi

Tabs = 5.50 ksi

max

0.5 in.

P

20 in.

@

50( 20\ -

((\l 60 1b-in. /in.
f

lin.
g W,

<

720 0d.n

)

Ans.

Ans:
Tabs = 5.50 ksi
max
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*5-92. If the shaft is subjected to a uniform distributed
torque of + = 20 kN - m/m, determine the maximum shear
stress developed in the shaft. The shaft is made of 2014-T6
aluminum alloy and is fixed at A and C.

Equilibrium: Referring to the free-body diagram of the shaft shown in Fig. a, we

Section a—a
have

SM,=0; T,+ Tc— 20(10%(0.4) =0 )}

Compatibility Equation: The resultant torque of the distributed torque within the
region x of the shaft is 7 = 20(10°)x N - m. Thus, the internal torque developed in
the shaft as a function of x when end Cis free is T'(x) = 20(10*)x N - m, Fig. b. Using
the method of superposition, Fig. c,

¢c = <¢c)z - (‘bC)T(;
0 /“‘““ T(x)dx TcL
0

JG JG

o /°~4m20(103)xdx Tc(1)
0

JG JG
x2 04 m
0 = 20(10%) 5 - Tc
0

Tc = 1600 N-m
Substituting this result into Eq. (1),
T, = 6400N-m

Maximum Shear Stress: By inspection, the maximum internal torque occurs at
support A. Thus,

Tyc 6400(0.04
(Tma)aps = —9— = OO 931 mpa Ans.

§<0.04“ - 0.034)

abs 7
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5-93. The tapered shaft is confined by the fixed supports
at A and B. If a torque T is applied at its mid-point,
determine the reactions at the supports.

Equilibrium:
T,+Tg—T=0
Section Properties:
r(x)=c+%x=%(L+x)

o 4 77'4
J(x) = EE(L + x)} = 2—24@ + x)*

Angle of Twist:

B Tdx o Tdx
= /J(x)G - / 7L+ x)'G
_oret /L dx
wc*G L (L + x)*
2TL* { 1 }
37c*G (L + x)°

L

. 37TL
N4 7t G

d) _ / Tdx _ L Tde
i J(x)G 0 ;—Z:(L + x)*G
2T, /L dx
- wdG o (L + x)4
ZTBL“{ 1 }
3mcG L(L + x)*

L

0

_ TTRL
T 12mctG

Compatibility:

0=d¢r — ép

_ 3TTL  TTsL
R4nc'G 12w c*G

37
Tp=—
B 189

Substituting the result into Eq. [1] yields:

152

T, =——
47189

/A
e
A
1]
L2
T
A
%
c
§s >
iIc
L
Ans.
Ans.

Ans:
37 152

=g P Ta= g T

T
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5-94. The shaft of radius c is subjected to a distributed
torque ¢, measured as torque/length of shaft. Determine the
reactions at the fixed supports A and B.

X )C2 x3
T(X) = %' to(] + P)dx = t0<x + E)

By superposition:

0=¢ — ¢p

3
L t0<x + ﬁ) 2
= dx  Tg(L) L
0 /0 - = — Tp(L)

JG JG 12
From Eq. (1),
tho(L+3L—L32> = 4t§L

B

{Qﬁ = o(t+ (7))

x\§¢ L

g@i@gw\
¢

@
i
A" |
o T
”z
Ans.
i = i
r‘ - M
; -
L A IR
o, "
Ans. @)d" +
Ts
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5-95. The aluminum rod has a square cross section of
10 mm by 10 mm. If it is 8 m long, determine the torque T
that is required to rotate one end relative to the other end
by 90°. G, = 28 GPa, (1y), = 240 MPa.

¢

w

2

_710TL
a‘G
~ 7.107(8)
~(0.01)4(28)(10%)
T =774N-m
4.81T
Tmax — 7
 481(7.74)
0.01°
=372 MPa < 7y

Ans.

OK

T
10 mm

10 mm

Ans:
T =774N-m
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*5-96. The shafts have elliptical and circular cross sections Ib

and are to be made from the same amount of a similar —
material. Determine the percent of increase in the maximum

shear stress and the angle of twist for the elliptical shaft BECYSIN
compared to the circular shaft when both shafts are subjected
to the same torque and have the same length.

Section Properties: Since the elliptical and circular shaft are made of the same @

amount of material, their cross-sectional areas must be the same, Thus,

w(b)(2b) = mc?

c=\2b

Maximum Shear Stress: For the circular shaft,

oy = TE_ T(V2b) Vo

J T, /= 2’
) 2 4
5 (V2b)

For the elliptical shaft,

( ) 2T 2T T
. _ _ -t
M wab®  w(@2b)(B?) @b
Thus,
% of increase in shear stress = M X 100

(Tmax)c

T \2r

3 3
\V2r
27h?
= 414% Ans.
Angle of Twist: For the circular shaft,
TL TL
e = T - 27wb'G
5(\@)4(;
For the elliptical shaft,
5, = (@ + P)TL  [(2b)* + PITL  STL
@G w(2b)’b’G 8wb'G
Thus, b, —
% of increase in angle of twist = {%} X 100
STL TL
87b'G  2mb'G
= X 100
TL
2mwb*'G
=25% Ans.
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5-97.

It is intended to manufacture a circular bar to resist

torque; however, the bar is made elliptical in the process of
manufacturing, with one dimension smaller than the other
by a factor k as shown. Determine the factor by which the

maximum shear stress is increased.

For the circular shaft:

C1e T(5) aer
(Tmax)c - - - . d%

7o)

For the elliptical shaft:

( ) 2T 2T 16T
T = - -
max/c 7rab2 W(%)(%)z 7Tk2 d3
. . . _ (Tmax)c
Factor of increase in maximum shear stress = =
(Tmax)c

k2

16T
7 k2 d3

16T

Td3

Ans.

Ans:

. . 1
Factor of increase in max. shear stress = ?
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5-98. The shaft is made of red brass C83400 and has an
elliptical cross section. If it is subjected to the torsional
loading shown, determine the maximum shear stress within
regions AC and BC, and the angle of twist ¢ of end B
relative to end A.

Maximum Shear Stress:

2TBC 2(300) T - -QO'OM'M .m
_ _ 8¢ 30N
(Tsdmax = 707 = 20.05)(0.02) )
= 0.955 MPa Ans.
(i = Mae  2(50.0)
TACHmax = R T (0.05)(0.022)
= 1.59 MPa Ans.
Angle of Twist: 50 Ao Toc = -50-00:m
@ TL
pia = 2 7> G
= (0.05° + 0.02) [(—30.0)(1.5) + (—50.0)(2)]
— (0.05%)(0.02%)(37.0)(10°) A :
= —0.003618 rad = 0.207° Ans.
Ans:
(TBC)maX = 0.955 MPa, (TAC)maX =1.59 MPa,
¢B/A = 0.2070
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5-99. Solve Prob. 5-98 for the maximum shear stress
within regions AC and BC, and the angle of twist ¢ of end B
relative to C.

Maximum Shear Stress:

a, = 2Toc _2300)
TBCImax = p? T (0.05)(0.022)

0.955 MPa Ans.

( ) 2TAC 2(500) ) 30 N
, - -
ACTma g b (0.05)(0.022)

1.59 MPa Ans.

Angle of Twist:
-~ (02 + bz) TBCL
be = oG
~(0.05* + 0.02%)(=30.0)(1.5)
~ m(0.05%)(0.02%)(37.0)(10%) s
50N'm
= —0.001123 rad = 0.0643° Ans. The® 50-0)-m

Ans:
(TBC)max = 0.955 MPa, (7 4¢)max = 1.59 MPa,
¢dp/c = 0.0643°
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*5-100. If end B of the shaft, which has an equilateral
triangle cross section, is subjected to a torque of
T =9001Ib-ft, determine the maximum shear stress
developed in the shaft. Also, find the angle of twist of end B.
The shaft is made from 6061-T1 aluminum.

Maximum Shear Stress:

_ 207 _ 20(900)(12)

Tmax = 3 3 = 8000 psi = 8 ksi Ans.
Angle of Twist:
46TL
¢= a‘G
46(900)(12)(2)(12)
- 34(3.7)(10°)
= 0.03978 rad = 2.28° Ans.
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5-101. If the shaft has an equilateral triangle cross section
and is made from an alloy that has an allowable shear stress
of Taw = 12ksi, determine the maximum allowable
torque T that can be applied to end B. Also, find the
corresponding angle of twist of end B.

Allowable Shear Stress:

20T 20T
Tallow = ~ 3% 12="5
Lo Tty .
T =162 kip 1n(12 in.) = 1.35kip-ft
Angle of Twist:
46TL
¢ = a‘G
46(16.2)(10%)(2)(12)

34(3.7)(10%)

= 0.05968 rad = 3.42°

Ans.

Ans.

Ans:
T = 1.35kip-ft, ¢ = 3.42°
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5-102. The aluminum strut is fixed between the two walls
at A and B. If it has a 2 in. by 2 in. square cross section, and
it is subjected to the torque of 80 Ib - ft at C, determine the
reactions at the fixed supports. Also, what is the angle of
twist at C? G, = 3.8(10°) ksi.

By superposition:

0=¢ — ¢p

0= 7.10(80)(2) B 7.10(T'5)(5)
B aG aG

Ty =321b-ft

T,+32-80=0
T, =481b-ft

_ 7.10(32)(12)3)(12)

= 0.00161 rad = 0.0925°
(2%(3.8)(10%

A
C
2 ft
80 1b-ft B
3 ft\
Ans.
A ‘ w"')‘t
ﬁ%&u”
Ans.
Ans.
Ans:

Tp=321b-ft, T, = 48 1b-ft, ¢ = 0.0925°
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5-103. A torque of 2 kip - in. is applied to the tube. If the
wall thickness is 0.1 in., determine the average shear stress

in the tube.
m(1.95%) L,
A, = Y = 2.9865 in
T 2(10%)

- - = 3.35 ksi Ans.
e = 0 AT 201)(29865) oo K s

Ans:
Tavg = 3-35 ksi
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*5-104. The 6061-T6 aluminum bar has a square cross
section of 25 mm by 25 mm. If it is 2 m long, determine the
maximum shear stress in the bar and the rotation of one
end relative to the other end.

Maximum Shear Stress:

4.81T 4.81(80.0
T = (80.0) = 24.6 MPa

Tmax T (0.025%)

Angle of Twist:

710TL  7.10(-20.0)(15)  7.10(—80.0)(0.5)

bae = 2 ‘G (0.025%(26.0)(10°)  (0.025%)(26.0)(10°)

= —0.04894 rad = 2.80°

Ans.

Ans.

4
20 -m Tu“20~ou-m

~Q gon-m
S

T =-80-04).
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5-105. If the shaft is subjected to the torque of 3 kN -m,
determine the maximum shear stress developed in the
shaft. Also, find the angle of twist of end B. The shaft is
made from A-36 steel. Set ¢ = 50 mm.

Maximum Shear Stress:

2T 2(3)(10°
Tmax = 5 = (3107 5 = 61.1 MPa Ans.
ab 7(0.05)(0.025%)
Angle of Twist:

(@ + D)TL

- 7dhG

~(0.05* + 0.025%)(3)(10)(0.6)

~ 7(0.05%)(0.025%)(75)(10°)

= 0.01222 rad = 0.700° Ans.

Ans:
Tmax = 01.1 MPa, ¢ = 0.700°
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5-106. If the shaft is made from A-36 steel having an
allowable shear stress of 7.,y = 75 MPa, determine the
minimum dimension a for the cross-section to the nearest
millimeter. Also, find the corresponding angle of twist
atend B.

Allowable Shear Stress:

2T 2(3)(10°)
w =5 75(10%) = ———~
Tallo 7Tab2 ( ) ’77(61)(%)2
a = 0.04670 m
Use a =47 mm Ans.
Angle of Twist:
(@® + P)TL
b=

7a’b’G

{0.0472 + (O'(;i)z}(3)(103)(0.6)

3
w(0.0473)<¥> (75)(10°)

= 0.01566 rad = 0.897° Ans.

Ans:
Use a =47 mm, ¢ = 0.897°
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5-107. If the solid shaft is made from red brass C83400
copper having an allowable shear stress of 7,4, = 4 ksi,
determine the maximum allowable torque T that can be
applied at B.

Equilibrium: Referring to the free-body diagram of the square bar shown in Fig. a,
we have

SM, =0, Ty+Tc—T=0 (1)
Compatibility Equation: Here, it is required that
ép/4 = p/C

7.10T4(2)(12) B 7.10T¢ (4)(12)
a‘G B a*G

TA = 2TC (2)
Solving Egs. (1) and (2),
1 2
Te =T ==
C 3 TA 3T

Allowable Shear Stress: Segment AB is critical since it is subjected to the greater
internal torque.

2
481T, . 4'81(5 T>

Tallow — a3 B - 43

11t
T = 7983 kip-i
P ln(12 in.

) = 6.65 kip - ft Ans.

Ans:
T = 6.65kip - ft
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*5-108. If the solid shaft is made from red brass C83400
copper and it is subjected to a torque 7" = 6 kip-ft at B,
determine the maximum shear stress developed in segments
AB and BC.

Equilibrium: Referring to the free-body diagram of the square bar shown in Fig. a,
we have

SM,=0;, Ty+To—6=0 @

Compatibility Equation: Here, it is required that

bp/a = dpc
7107,(2)(12)  7.10T:(4)(12)
a*G a a*G
T, = 21 (2)

Solving Egs. (1) and (2),
T, = 2 kip - ft T, = 4 kip- ft

Maximum Shear Stress:

481T, 481(4)(12
(Tmo)ap = —5—+ = (43)( ) _ 361ksi Ans.
a

4.81T, 4.81(2)(12
(TmaX)BC = 3 < = (43)( ) = 1.80 ksi Ans.
a
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5-109. For a given maximum average stress, determine the
factor by which the torque carrying capacity is increased if
the half-circular section is reversed from the dashed-line
position to the section shown. The tube is 0.1 in. thick.

7(0.55%) -
Ay = (110)(1.75) = ———= = 14498 in

m(0.55%) L
Ay = (L10)(175) + ———= = 24002 in
T
Tmax 2[ Am
T =2tA, Thax

2t A, Tmax
2t A, Tmax

Factor =

A, 24002
A, 14498

= 1.66

Ans.

Ans:
Factor of increase = 1.66
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5-110. For a given maximum average shear stress, determine
the factor by which the torque-carrying capacity is increased if
the half-circular sections are reversed from the dashed-line / AN
positions to the section shown. The tube is 0.1 in. thick. A

1.20 in. i

} 1.80 in. |

Section Properties:
m (0.55%) L
A = (L1)(1.8) — Ty (2) = 1.02967 in

[w(o.ssﬂ -
Ap = (LDAY) + | =7 1(2) = 293033 in

Average Shear Stress:

T
Tavg = m; T=2tA, Tavg

Hence, T" =21A) Tay

T A, 293033

The factor of increase = Al 1.02967

=2.85 Ans.

Ans:
Factor of increase = 2.85
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5-111. A torque 7T is applied to two tubes having the t
cross sections shown. Compare the shear flow developed in
each tube.

f—=—

Circular tube:

T T 2T
o= 24, 2m@2) =d

Square tube:

_ T _ T
Ba=54 =g

‘Isq _ T/(Zaz) m

qe 2T/(md®) 4

Thus;

dsq = Z Ger Ans.

Ans:

dsq = Z qer
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*#5-112. Due to a fabrication error the inner circle of the
tube is eccentric with respect to the outer circle. By what
percentage is the torsional strength reduced when the
eccentricity e is one-fourth of the difference in the radii?

Average Shear Stress:

For the aligned tube

T T
7-avg = = a
2040 2a = b)(m)(52)

T = 7 () ~ b)(w)(“ ot )

For the eccentric tube

— T’
Tae oA

e e
—ag——— |-+ =qg—e —
t=a > <2 b) a—e—>b

=a—%(a—b)—b=%(a—b)

1= @ 3a = ») (52

1 e Qi@ @(SEf 3

Factor = — = =
B e G

3
Percent reduction in strength = (1 - Z) X 100 % = 25 % Ans.
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5-113. Determine the constant thickness of the rectangular
tube if average stress is not to exceed 12 ksi when a torque
of T = 20kip-in. is applied to the tube. Neglect stress
concentrations at the corners. The mean dimensions of the
tube are shown.

A, = 2(4) = 8in?

T
e T o0 A,
20
2 - —
2t(8)
¢t = 0.104 in.

Ans.

Ans:
t = 0.104 in.
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5-114. Determine the torque 7 that can be applied to the
rectangular tube if the average shear stress is not to exceed
12 ksi. Neglect stress concentrations at the corners. The
mean dimensions of the tube are shown and the tube has a
thickness of 0.125 in.

A, = 2(4) = 8in?

TN T 0 AL 2(0.125)(8)
T =24kip-in. = 2 kip-ft Ans.

Ans:
T =2kip-ft
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5-115. 'The steel tube has an elliptical cross section of mean
dimensions shown and a constant thickness of t = 0.2 in. If the
allowable shear stress is T,,w = 8 ksi, and the tube is to
resist a torque of 77 = 2501b-ft, determine the necessary
dimension b. The mean area for the ellipse is A,, = 7b(0.5b).

T
Tavg = Tallow — 2UA
m
250(12
2(0.2)(m)(b)(0.5b)
b = 0.773 in.

Ans.

C\)\ 250 1b-ft

Ans:
b = 0.773 in.
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*5-116. The tube is made of plastic, is 5 mm thick, and
has the mean dimensions shown. Determine the average
shear stress at points A and B if the tube is subjected to
the torque of 7= 500 N-m. Show the shear stress on
volume elements located at these points. Neglect stress
concentrations at the corners.

A, = 2[%(0.04)(0.03)} + 0.1(0.04) = 0.0052 m>

T

(Tavg)A = (Tavg)B = m

B 500
2(0.005)(0.0052)

= 9.62 MPa Ans.

\
4 ,f”ﬂf‘
/ 0"7)‘ f‘“d ), = §42 MPa
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5-117. The mean dimensions of the cross section of the 10 mm
leading edge and torsion box of an airplane wing can be '
approximated as shown. If the wing is made of 2014-T6 7]0.25m

aluminum alloy having an allowable shear stress of
Tallow = 125 MPa and the wall thickness is 10 mm, _
determine the maximum allowable torque and the ‘
corresponding angle of twist per meter length of the wing. 10 mm | 2m \

Section Properties: Referring to the geometry shown in Fig. a,

. m

2

7{ ds = 7(0.5) + 2V22 + 025* + 0.5 = 6.1019 m

A, (0.52) + %(1 + 0.5)(2) = 1.8927 m?

Allowable Average Shear Stress:

T T
- 125(10°) = —————————
(7o atow %A, (0% = 5 0.01)(1.8927)
T = 47317(10°) N-m = 473 MN -m Ans.
Angle of Twist:
TL ds
d) = 2 DN
44,26 | 1

_ 47317(10°(1) [ 6.1019
4(1.89272)(27)(10%) \ 0.01

= 7.463(107%) rad = 0.428°/m Ans.

Ans:
T =473MN-m, ¢ = 0.428°/m
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5-118. The mean dimensions of the cross section of the
leading edge and torsion box of an airplane wing can be
approximated as shown. If the wing is subjected to a torque
of 4.5 MN -m and the wall thickness is 10 mm, determine
the average shear stress developed in the wing and the
angle of twist per meter