6-135. The two-bar mechanism consists of a lever arm
AB and smooth link CD, which has a fixed collar at its
end C and a roller at the other end D. Determine the
force P needed to hold the lever in the position 8. The
spring has a stiffness k and unstretched length 2L. The
roller contacts either the top or bottom portion of the

horizontal guide.

L
Free Body Diagram : The spring cOmpresses x = 2L- ;Tn_a Then,

the spring force developed is £, = kx -kL( —_L)
. sin @

Equations of Equilibrium : From FBD (a),

* l .

—)zl'; =0; kL(Z';i-n—a)—FcDSm 8=0
Fop = kL( 1 )
" sin 8 sin 8

+IMp =0; M=0
From FBD (b), M =0
- kL /
oy Feo5m5 (2 ~575)
kL
2tan Osin 6

k
+IM, =0, PQL)- s-mfa(z- —,l—)(um 8)=0

P= (2~csc 8) Ans
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*6-136. Determine the force in each member of the truss
and state if the members are in tension or compression.

B c D
i

10 kN
20 kN
(+EM, =0 -20(1.5) - 10(4.5) + E(6)= 0
E = 125kN
.
—XF = 0; A, =0
+TZF =0 A -20-10+125=0
A, =175kN
Joint A :
N 4
+1ZF =0; 17.5—515“g =0
F,, = 21.88 = 21.9 kN (C)
+ 3
-IF = 0; Fag = 5(21.88) = 0
F = 13.125 = 13.1 kN (T)
Joint B:
+ 3
—>IF = 0 -Fe + 3(21.88) =0
Fe = 13.1 kN (O)
4
+T3F =0 5(21.88) - Fyg = 0

Fye = 17.5kN (T)
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6-136 Cont’'A

Joint G
4
+T2F =0 17.5 - 20 + gFGC=0
N F
Fye = 3.125= 3.12kN (T) Ans SRS b T)/
— —t
3 © fur
53F =0 (3125 + By - 13.125= 0 20kN
Fr = 112kN(T) Ans
Joint C:
4 4
+T2IF, =0 sFer - 53125 =0
ST &N @
Fop = 3.12kN (C) Ans 3LE _s"‘\TF"
3
3128k 3
+ 3 3 Fer
—-IF = 0; 13.12 - 53125 - 3(3.125) -Fp =0
Fop = 9.375 = 9.38 kN (C) Ans
Joint D
+ 3 )’
>IF = 0; 9.375—3(5,5) =0 l
931508 1D
—_ 72
For = 15.63 = 15.6 kN (C) Ans X
ll Foe
4 P
+TIF =0 g(15.53) -Fp=0
Fr = 125 kN (T) Ans
Joint F: r'
+ 3
~IF = 0; =(3.125) - 1125 + Fr= 0 3925KN 13 5kN
5 )
NGO
Fer = 938 kKN (T) Ans 11.25kN J/ Fer
10kN
4
+TEF, =0 125 - 10 - <(3.125) = 0 Check!
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6-137. Determine the force in members AB, AD, and
AC of the space truss and state if the members are in
tension or compression.

F = {-600k} ib

Method of Joims : In this case the support reactions are not required for
determining the member forces.

Joint A
2
LIF =0, Fp|l—[-600=0

Fip =2473.861b (T) =247 kip (T)  Ans

Fic=F, (n

8 8

IF =0; E [_ F, 8
;=0 F¢ + -2473.86| — |=0
6625 “°\e6.25 J68
0.9829F, - +0.9829F, , = 2400 (2
Solving Eqs. 1] and (2] yields
Fic = Ry = 122091 b (C) = 1.2 kip () Ans
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7-1. 'The column is fixed to the floor and is subjected to
the loads shown. Determine the internal normal force,
shear force, and moment at points A and B.

Free body Diagram : The support reaction need not be computed in

N 6kN
150 mm

6k
150 mm

Nc=9501b Ans

391

this case. Al
G bk 2y AN | ? kN
Internal Forces : Applying equations of equilibrium to the top segment | 50na] | | - A 50 mm
sectioned through point A, we have 15O mo—f | F— 150 mm
AR 4 L L . .
L2F =0 v, =0 Ans \l_ alli
+TIE=0; N,-6-6=0 N, =120kN Ao Va 8 kA
A }. i50mm
(oM, =0; 6(0.15)-6(015-M, =0 M, =0 Ans Ny
Applying equations of equilibrium o the top segment sectioned through —t V
oint B, we have
P Vs
. Mg
= ZIF, =0; Vs =0 Ans
Ng
+TIF=0; Ny-6-6~-8=0 Np=200kN Ans
+IMp =0; 6(0.15) ~6(0.15) =8(0.15)+ M, =0
Mz =120kN-m Ans
7-2. The rod is subjected to the forces shown. Determine
the internal normal force at points A, B, and C.
550 1b
Free body Diagram : The support reaction need not be computed
in this case. 5501 5501 E5omb
Internal Forces : Applying equations of equilibrium to the top segment
sectioned through point A, we have 1501
(5016] Liso ' 1501b
+TZE =0; N,-550=0 N, =5501b Ans
. . . . Nk
Applying equations of equilibrium to the top segment sectioned through 3501 3501
point B, we have
+TEF =0, Ny -550+150+150=0 Ne
Ny =2501b Ans
Applying equations of equilibrium to the top segment sectioned through T
point C, we have
Ne
+TLIF =0, N, -550+150+150--350~350=0




7-3. The forces act on the shaft shown. Determine the
internal normal force at points A, B, and C.

Internal Forces : Applying the equation of equilibrium to the left segment
sectioned through point A, we have

SEE=0; N,-520 N, =S00kN Ans

Applying the equation of equilibrium to the right segment sectioned through
point B, we have

DHIE =0, 4-Ng.=0 N =4.00kN Ans

Applying the equation of equilibrium to the right segment sectioned through
point C, we have

SIE =0, Ny+4-7=0 Ny =3.00kN Ans

'r
i
|

5ka My
—
Ne 4
— }—
T kA o

*7-4. The shaftis supported by the two smooth bearings
A and B. The four pulleys attached to the shaft are used
to transmit power to adjacent machinery. If the torques
applied to the pulleys are as shown, determine the
internal torques at points C, D, and E.

Internal Forces : Applying the equation of equilibrium o the left segment
sectioned through point C, we have

IM =0, 40-T.=0 T.=4001b ft Ans

Applying the equation of equilibrium to the left segment sectioned through
point D, we have

IM =0, d0+15-T,=0 T,=5501b-fi Ans

Applying the equation of equilibrium to the right segment sectioned through
point E, we have

IM, =0, 10-T,=0 T,=1000b 1t Ans




7-5. 'The shaft is supported by a journal bearing at A
and a thrust bearing at B. Determine the normal force,
shear force, and moment at a section passing through (a)
point C, which is just to the right of the bearing at A, and
(b) point D, which is just to the left of the 3000-1b force.

250016 30001b

Prob. 7-5
(+IM, = O - A,(14) + 2500(20) + 900(8) + 3000(2) = 0
2500th footb  3.000th
= 4514 b -=]--
4 s e O
. ! 1
—SIF =0; B =0 Ay 8y
+T2E = 0; 4514 — 2500 — 900 - 3000 + B, = 0 LA
B, = 1886 Ib
(+ZM, = 0; 2500(6) + M, = 0 2,5004
MNe
M, = —15000 Ib-ft = —15.0 kip-ft Ans —=|j—
Wit T Ve
51l
—’)ﬂi =0 Ne =0 Ans ’
+TZE =0 —2500 + 4514~ V. = 0
V. = 2014 b = 2.01 kip Ans
L+IM, = 0; —-M, + 1886(2) = 0
3,000l
. ¥
Mp = 3771 Ib-ft = 3.77 kip-ft Ans ™%l
t—=a—0
N, ‘{-T 29t T
;’U’; =0 Np =0 Ans 1,38
+TzIE = 0; V, —3000 + 1886 = 0
V, = 111416 = 111 kip Ans
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7-6. Determine the internal normal force and shear
force, and the bending moment in the beam at points C
and D. Assume the support at B is a roller. Point C is
located just to the right of the 8-kip load.

Support Reactions : FBD (a).

(+zM, =0 B,(24)+40-8(8) =0 B, =100kip

. kip-§

+T£f;=0: A, +100-8=0 A, =7.00kip A 40 kPt

+ > S| O

- IF =0 . =0 ’ y D
Internal Forces : Applying the equations of equilibrium to segment AC ’ 51t | /o4t
FBD (b)], we have
[ (b)), wi A (a) 5}

3EF =0, Ne=0 Ans Exip

+T2‘.1‘; =0;  700-8-V.=0 V.=-1.00kip Ans L] M

) /Jc (b)
(zmo=0. M.-7008) =0 M.=560kip- &t Ans o
K Ve

Applying the equations of equilibrium to segment BD [FBD (¢)] , we have éft

. A}=700 kip

—IF =0 Np =0 Ans 3

My Vb dokipft
+TIFE =0, V,+1.00=0 V5 = -1.00 kip Ans
y N.D
)
(+2Mo=0: 1.00(8) +40-M, = 0 Bf¢
M, =480kip-ft Ans
Bl=/-00b]3
7-7.  Determine the shear force and moment at oints 5
. p 500 1b
Cand D. 30016

Support Reacti : ;
pp ¢actions : FBD (a). ‘-_ug

|
(+}:M,=0; 5m(8)-300(8)—A,(14)=0 L‘6fl‘+~4f1«}»4ft——‘1~~6ft
A, =11429 b

2 ft

500t zooh 34 I

B

Internal Forces - Applying the equations of equilibrium 0 segment AC
[FBD (b)], we have

33k =0, Ne=0 Ans y , j
J
+T2E =0, 1429-500~V: =0 V. =-3861b Apns oft I &5 8t 1
A 8
(+2m. =0, M +500(4) - 114.29(10) = ¢ t (@ ¥
Mo = -8571b. 1t Ans
| | 500ib
Applying the equations of equilibrium to segment ED [FBD (c)] , we have V
[
+ MC
= IF =0 Np=0 Ans Ne ()
001
+TIE =0, ¥, -300=0¢ V, =3001b Ans eft T4t o
Ay=114.29 1b M Vo
Qw,,=o; “Mp=30002)=0  M,=-6001b-fr Ans gl Np

el
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*78. Determine the normal force, shear force, and
moment at a section passing through point C. Assume the

support at A can be approximated by a pinand B asaroller.  ~tEMs = O ~192012) - 830 + B,(24) +10(6) = 0 . 192hp
. \Okir gkip
B, = 1.1 kip i el
. F\xA 'T
=0 =0
10kip 1o SIF =0 A, Yy 8y

0.8 kip/ft

+
5
&
I
=)

A, -10-192+171-8=0 o ek

L ool | o
Léft{?&ﬁ—-’-—‘uﬂ%sﬁl 358 = 0; No=0 Ans T bk

N
+TZE =0, Ve-96+17.1-8=0 Nd_gr R
v | S
Vo = 0.5 kip Ans [ 213
[T
L+HEMc = 0; ~M, — 9.6(6) + 17.1(12) — 8(18) = 0

M: = 3.6 kip-ft Ans

7.9, Determine the normal force, shear force, and mo;wnl
at a section passing through point D. Take w = 150 N/m.

3
(+ZM, = 0; -150(8)(4) + 350(8) =0
Bc = 1000N 150(BN
- - it |
L5E = 0; 4, -2a000)= 0 As —ot H
e s N g s
4 m ‘};\
Rj FB(
A, = 800N
3
+TIE = o A, - 150(8) + $(1000) = 0
A, = 600N
SIF = 0; Ny = —800N Ans .
+T25 = ¢; 600 ~ 150(4) ~ ¥, = 0 ,,,M__)-'"-i TN N
T
V, =0 Ans ¢ooN n %

(+EMp = 0 =600(4) + 150(4)(2) oM, = 0

Mp = 1200N-m = 1.20kN-m Ans
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7-10. The beam AB will fail if the maximum mternal

dor
moment at D reaches 800 N-m or the normal force in ~-F--
member BC becomes 1500 N, Determine the largest load w Assurne maximum moment occurs at D, L p m,
it can support. e I
VHIM, =0, M, - 4w(2) = 0 5-2‘— %
800 = 4w(2) ) BooN
A ! N ST T
w = 100 N/m Ay A
. Ay 3R
L+IM, =0, -800(4) + Lc(0.6)(8) = 0 4_T
The = 666.7N < 1500 N (0.K1)
w = 100 N/m Ans
7-11. Determine the shear force and moment acting at
a section passing through point C in the beam.
Itkip
_ - -
(+IM, = O; ~A,(18) +27(6) = 0 A= 1
AJ 83
A, = 9kip '(“.L__.[
4 128 [T
5% = 0 4, =0
(+IM. = 0; ~9%6) +3(2) + M. =0 skop
. jﬂ'
=48kipft A -
M p s o —1 P me
+T):l'; = 0; 9-3 -V, =0 9 Ve
Vo = 6 kip Ans Hr s
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*7-12. The boom DF of the jib crane and the column

DE have a uniform weight of 50 Ib/ft. If the hoist and v ok
load weigh 300 Ib, determine the normal force, shear = zp _ 0 N =0 An Na 45
force, and moment in the crane at sections passing . * " 3
through points A4, B, and C. +TIE =0 v, -450=0, v, = 4501 Ans + 3o0lb
LHEM, = 0 M, - 1S0(L5) ~ 300(3) = 0; M, = 1125 Ib-f& Ans
. Vs
DL =0, Ny =0 Ans Ng (4 sg solb
(™
+T2E=0; v, -550-300=0;, ¥ = 8501 Ans Mo ootk
LHIMy = 0; M, - S50(5.5) - 300(11) = 0; M, = 6325 Ib-ft Ans
SEE =0 Ve =0 Ans
+TZE =0; N, - 650 -300-250< o, N = 1200 1b Ans
LHIM: = 0; M ~ 650(6.5) ~ 300(13) = 0; M, = 8125 lb-ft
7+13. Determine the internal normal force, shear force,
ind moment acting at point C and at point D, which is 300 b/t
ocated just to the right of the roller support at B. 200 ib/ft
Support Reactions : From FBD (a), F N
G.}‘_MA =0; B, (8) +800(2) - 2400(4) - 800(10) = 0 L ‘V
B, =2000 Ib 4 ft 4ft —-p— 4t
2004) =Boolb 3000):24001b
Internal Forces : Applying the equations of equilibrium to segment ED 20064)=Foorp
{FBD (b)], we have JENE S e B —_]
5 IF, =0; Np =0 Ans A/ . | y
X T T p——ii
+TIE =0; -800=0 =8001b Ans Zit] 44t 144 12;&
A
. @ &
C+2M,,=O; - M, -800(2) =0 )
M, =-16001b-ft=-1.60kip-ft  Ans 2004)=800 Ih
Applying the equations of equilibrium to segment EC [FBD (c)] , we have
L3E =0; Ne=0 Ans
+T2]-; =0; V,+2000-1200~800=0 V=0 Ans
QZMC =0,  2000(4) - 1200(2) ~800(6) ~ M =0
M =8001b-ft Ans
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7-14. Determine the normal force, shear force, and

. . . 1,200N
. 5 g
moment at a section passing through point D of the two (M. = 0 ~12004) + —Fpe(6) = 0 oA
member frame. A ’ 13 - |
fx —
400 N/m I';JC = 2080 N AT bm /é
3
F‘L
R 12
SIF =0 13(2080) - 4, =0
A, = 1920N
300N 3000,
> (2080) = 0 Tl
+TIE =0 4y~ 1200 + 135(2080) = 13208 «— l;"ﬂp
m o
A = 400N 400N ’
L5F =0 Np = 1920N = 1.92kN Ans
+T2E =0 400-300 — V, = 0
V, = 100N Ans
(+IM, = O —400(3) + 300(1) + Mp = 0
M, = 900 N-m Ans
7-15. Determine the normal force, shear_force, and
moment at a section passing through point E of the two-
member frame.
5
(+IM, = Q; —1200(4) — 1—31-;,C(6) =0
Fye = 2080 N
. 12
~IE =@ ~Ng ~ 75(2080) = 0

Ng = ~1920N = - 192 kN

Ans
+T3F = o 3
=0 VE_B(ZOSO)=O
Ve = 800N Ans
(+ZM, = 0 3 12
£ =0 13(2080)(3) + 13(2080)(2.5) - M, = ¢
ME=MOON'm=2.4OkN<m Ans
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7-16. The strongback or lifting beam is used for
materials handling. If the suspended load has a weight of
2 kN and a center of gravity of G, determine the
placement d of the padeyes on the top of the beam so
that there is no moment developed within the length AB
of the beam. The lifting bridle has two legs that are
positioned at 45°, as shown.

2 kal
3m 2

r—wv?‘\
3
AFQ,|

Support Reactions : From FBD (a),

G20 B(©-2=0 F=100w

fac
+TIE=0; EB+100-2=0 Fr=1.00kN aé” ﬁlx,\
() 0dm

From FBD (b),

SLE=0; Fcos 45° - Fyecos 45° = 0 F,

c=Fhc=F
+TD; =0; 2Fsin 45°~1.00-1.00 = 0 e
ﬂc=f;c=F= 1.414kN

Internal Forces : This problem requires A, = 0, Summing moments about
point H of segment EH[FBD (c)], we have
(+2M,=0;  1.00(d+2) - 1.4148in 45°(x)

~1.414c05 45°(0.2) =0
Ans

d=0200m
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7-17. Determine the normal force, shear force, and
mament acting at a section passing through point C,

700 1b L+IM, = 0; —800 (3) - 700(6 cos30°) ~ 600 08 30°(6 cos30° + 3cos30°)
+ 600sin30°(3 sin30°) + B, (6¢0s30° + 6 c0s30°) = 0
B, =92741b
=0; 800 sin30° - 600 sin30° -~ A =0
A, = 1001b
=0 A, - 800 cos30° ~ 700 ~ 600cos 30° +9274 =0
A, = 985.11b

7+EE = 0, Nc - 100c0s30° + 985.1sin30° = 0
M Ne
N = —406 Ib Ans liﬂ/*\?/'
ool Q—ﬁ Y
4\):}; = 0; 100 sin30° + 985.1cos30°— Ve=0 T
85,144
Ve =903 1b Ans
(+IM. = 0; ~985.1(1.5¢c0530°% - 100(1.5 sin30°) + M. =0
M = 13551b-ft = 1.35 kip-fr Ans
pren
7-18. Determine the normal force, shear force, and
moment acting at a section passing through point D,
700 1b
800 1b
600 1b
(+IM, = O; ~800(3) — 700(6 c0s30°%) ~ 600 €0s30°(6 cos30° + 3co0s30°)

+ 600sin30°(3 5in30°) + B, (6c0s30° + 6 c0s30%) = 0

B, =92741b
328 = o 800 5in30° ~ 600 sin30°- 4, = ¢
A =100
-
+T}‘J~; =0 4, —80000s30°—700—60000s30°+927.4=0
A, = 98511
NIE =0 Np + 927.4sin30° =
Np = ~464 1 Ans
A);p; = 0; Vo — 600 + 927.4 cos30°= 0
No m v, ol
Vo = —2031b Ans 7
/ 3
(+EM, = 0 ~Mp — 600(1) + 927.4(4 cos30°) = ¢
Y274l

Mp = 2612 1b-ft = 2,61 kip-ft Ans
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7-19. Determine the
moment at a section

nortfnal force, shear force, and
passing through point C, Take

P = 8kN,
(+2IM, = 0; ~T(0.6) + 8(2.25) = 0 T
0.bm
T = 30kN 2k
+ Ay
—-IF =0 A, = 30N
1.5m
+T28 = A = 8kN
-IF, =0 -N.-30=0
Ne = -30kN Ans
+TLE = o Ve +8=0
e 30
Vo= -8kN Ans o75m :T k
L+ZM. = 0; —M + 8(0.75) = 0
Mo = 6kN-m Ans
*7.20. 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 a section passing through point C
for this loading.
g
v/
0.1 ‘
m 0.5m
. C A
7 X . Y
f——-0.75m ——0.75m —— 075m -~
Y
P
(+IM, =0 -2(0.6) + P(2.25) = 0
P = 0533 kN Ans
-oLE = 0 A = 2KkN
+T25 =0 A, = 0533 kN
—ZIF =0 -N.-2=090 Ne v
Ne = —-2kN Ans Moy O75m . :3:‘:1)
+T2E = o ~V. +0533= 0
Ve = 0.533 kN Ans
LHEIM = 0 =M +0.533(0.75) = 0

Mc = 0.400 kN-m Ans
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7-21. Determine the internal normal force, shear force,

and bending moment in the beam at point B.

It 25 s
Free body Diagram : The support reactions at A need not be computed.

Internal Forces : Applying the

equations of equilibrium to segment CB, | .
we have 3—(490)02‘):25.5 ;C:f
. Mo~
~IF =0, Ny =0 Ans Va ! i S
M I Tl
e .
+TIF =0; v, -288=0 Vs = 28.8 kip Ans N"‘%‘{"; ]
8 |
(+2M=00  -288(4)-p, =0 44 8t
My =~115kip- ft Ans

7-22. Determine the ratio of a/b for which the shear
force will be zero at the midpoint C of the beam.

Support Reactions - From FBD (a),

1
Crom, =0 5(2a+b)w[31(b—a)J-A, ®)=0

A =61b<2a+b)(b—a)

Internal Forces - This probiem requires V. = (. Summing forces
vertically (FBD (b)], we have

+T2E =0, L2, b) (b~ _l( f)‘_" -
¥ 66( +5)(b~a) 2a+2 (2)_0

w
5 (a+b)(b-a) =§(u+b)

>

NI
>
H

A—r %(24#)( b-a)
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7-23. Determine the internal normal force, shear force,
and bending moment at point C.

Free body Diagram : The Support reactions at 4 need not be computed,

Internal Forces : Applying equations of equilibrium to segment BC, we
have

33E =0 =40c0s 60°N =0 N.=200kN  Ans

+TZI-; =0; VC-24.0—12.0—40$in60°=0
Ve =70.6 kN Ans
(1 IMc =0 -24.0(1.5) - 12.0(4) ~ 40sin 60°(6.3) -M, =0

Mc =-302kN.m Ans

! |

| 23 nﬁl

Fism T 25m

*7-24.  The jack AB is used to straighten the bent beam
DE using the arrangement shown. If the axial
compressive force in the jack is 5000 Ib, determine the
internal moment developed at point C of the top beam,
Neglect the weight of the beams.

Segment :

ch =0 Mc +2500(10) = 0 oM

403
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7-25. Solve Prob. 7-24 assuming that each beam has a
uniform weight of 150 Ib/ft.

1So(24/= 34001k

Beam : R

+TLIF = 0. 5000 - 3600 - 2R =0

Segment :
Q}chx(r. M + 700 (10) + 1800(6) = 0 J800lb
00
[
loft N
7601h Ve
7-26. D.etermine the normal force, shear force, and (HEMy =0;  J(L5)(12)(4) -4,(12) =0 Firmine
moment in the beam at sections passing through points

D and E. Point E is just to the right of the 3-kip load. A, =3kip
3 kip
—IF, =0; B, =0

x

+125 =0, B, +3-1(15)(12 =0

B, =6 kip
L1r15i06) ki
; IF, <0; N, =0 Ans “ r
+12K =0; ~7(0.75)(6) =V, =0
Vp = 0.75 kip Ans

Q My =0 My+3(0.75)(61(2)~3(6) =0

M, =13.5kip-ft Ans
HIE =0, Ng=0 Ans
Byzérip Skip
+TZF;=0: —Ve-3-6=0 \IE i
W
V; = -9 kip Ans H

IM;=0; M;+6(4)=0

M, =-24.0kip-ft Ans
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721. Determine the normal force, shear force, and

-
=== t _L: -4
moment at a sectjon Passing through point D of the two- 5 fr el |
member frame, (+IM, = 0; ~1200(3) - 600(4) + c(6) = 0 1 oo
8L
Ay
Fe = 2600 N F
. 12
=IF = A, = 13(2600) = 2400 N
150M :%
+T2E = g 4, ~ 1200 - 600 + 1—53(2600) =0 i B -}[—__?, m,
t ]
2400M (—T$19_, N
A, = 800N 2008 %
S5 = o Np = 2400 N = 240 kN Ans
+T2E = o 800-600 - 150 - y;, = ¢
Vb = 50N Ans
(+IM, = 0 ~800(3) + 600(1.5) + 150(1) + My =0
Mp = 1350 N-m = 1.35 kN Ans
*7-28. Determine the normal force, shear force, and
moment at sections passing through points E and F
Member BC is pinned at B and there s 3 smooth slot in
It at C. The pin at C is fixed to member CD, (+IM, = o; ~120(2) - 500 sine0%(3) » 6 =0 "
Sooy,
500 b G = 30781 , - e
80 Ib/ft * T 1
-:)ZF, =0 B, ~ 500 cos60° = ¢ 53 G

e T R e S 8, = 2501 kT—’FTﬁ—)'
LZﬂ-li-Ej-ZﬁL3 ﬂ—LthLcl ﬂ*j-th'j +T2E < o

B, - 120 - 500 sin60° + 307.8= ¢

B, = 24521 e Ve
Ne “H‘?‘— 2504
S —~Ng - 250 = ¢
LK £ sy,
Ny = -2501p Ans
+TIE = ¢ Vi = 2451 Ans
(+IM, = 0 —Mp - 2452(2) = ¢
My = —490 1b.1t Ans
—'M‘ZI'; =0 Ne=0 Ans
My
e N
+TIE = g -307.8- v, = o ™ P’ F
34U, 4
Ve = ~3081b Ans
(+IM, = 0 307.8(4) + M, = o
My = ~12311bft = 123 kip-ft Ans
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7-29. Dctermine the internal normal force, shear force,
and the moment at points C and D.

Support Reactions : FBD (a).
(+2M, =0; B, (6+6c0s 45%) = 12.0(3 + 6cos 45%) = 0

B, =8.485kN
+TIE=0; 4, +8485-120=0 A, =3.SI5kN
35E =0 A, =0

Internal Forces : Applying the equations of equilibrium to segment AC
[FBD (b)), we have

S+ 1B =0, 351508 45°~ V. =0 V. =249KN  Ang
R+EE. =0, 35155in45°~Ne =0 N =2494N Ans

GZMo=00 M -3.51500s 45°(2) =
M =497 kN m Ans

Applying the equations of equilibrium o segment 8D [FBD (c)] , we have
L3 =0 Np=0 Ans
+T}:ﬁ;=0; Vo +8.485-6.00=0 Vo =-~249kN Ans

(rom, = q; 8.485(3)-6(1.5)-M, =0
M, =165kN.m Ang

A44=545/5 kv
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7-30.  Determine the normal force, shear force, and mo-
ment acting at sections passing through points B and C
on the curved rod.

S HEF =00 400800 30° = 300c0s 307 + Ny = 0

- -
400 b y 400

Ny =398 1b Ans 300 1b
FNEF =00 Vi +400c0s 30° + 300sin 30° = 0 3001b

Vi = ~196 Ib Ans /

) 400 Ib 04
LHEMs = 0; My +40025in 307 M /
A
300 Ib
) A 45°
+ 3002 - 2¢0830°) = 0 ; 0 - 4001b
2t ¢ 1200 Ih.ft
Mgy = —480 Ib-ft Ans 300 Ib

Also,
JHEF, =0, Ve —400cos45° + 300sin45° = (0
(+2M(, =0;  ~ 5981 +300(2) + My =0
Ve =707 1b Ans
My = —480 1b-ft Ans
(+2M,; =0; = Mc — 1200 — 400(2 sin 45")
LSXF, =0, A, =401
+ 3002 ~ 2¢0s45°) = 0
+1 LA =0, 4, =300
Me = —1590 Ib-ft = —1.59 kipft  Ans

( +IMy =00 My - 300(4) =0 Also,

Ma = 1200 1b-ft LHEMo =00 295.002) + 3002) + Mc =0

Fe=0; N¢+400sin45° 4 300 cos 45° = ( . o
+N Z ) ¢ +400sin45° + 300cos 4 ) M = —1590 Ibfl = —1.59 kipft  Ans

Ne = —495 Ib Ans

7-31.  The cantilevered rack is used to support each end
of a smooth pipe that has a total weight of 300 Ib. Deter-
mine the normal force, shear force, and moment that act
in the arm at its fixed support A along a vertical section.

Pipe:
+1TEF =0, Ngeos3d0 —150=0

Ng = 173205 1b

GOO0000Q00

Rack:

SETF =0, = Nay+173.205sin30° = 0
173.205/6
o 300

Ny =86.61b Ans

6in. 10.3923 in.
N

+ 1P EF =0, V4~ 173.205c0s 30" =0 LA
g b ' cos 6 ln./:;oo /*/ 3in.

Vi = 150 1b Ans S 9/c0s30° = 10.3923 in. Na
(+2MA =0; M, — 173.205(10.3923) = 0

M, = 1800 Ib-in. Ans
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*7.32. Determine the normal force, shear force, and

moment at a section passing through point D of the two- L 3m
member frame. )
=0 r - 8
(.+Ul4 = 0; ~3(2) + By(3) +B,(4) =0 ('h : BT x
3kN—+ p]
(+IZM, = 0; ~B(4)+4 !
A 3905 =0 ,] :'T"‘\-
075 kNm 1S m—p 15 m— B =12 "

-]
]

, = 04 kN by

+
8
~XIF, = ~Ny-12=0 * = 7,

Np = —12N Ans —F

Vo+04=09p

+
-
8
[

A4

Vo = -04N Ans

L +ZM,

]
i

-M, +04(1.5) = ¢ My
No ‘—GT&«— 1.2%N
t5m ¢

M, =
b = 06kN.m Ans ol
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7-33. Determine the internal normal force, shear force,
and bending moment in the beam at points D and E. Point .
E'is just to the right of the 4-kip load. Assume A is a roller 4 kip
support, the splice at B is a pin,and Cis a fixed support. 0.5 kip/ft

A

‘ |0 - 'B wE
e Ny e At 4 fy

Support Reactions : Support reactions at C need not be computed for
this case. From FBD (a),

(+2m, = 0; 6.00(6)~4,(12)=0 A, =300kN
+TZI'; =0; B, +3.00-6.00=0 B, =3.00kN
3558 =0 B, =0

Internal Forces : Applying the equations of equilibrium © segment AD
{FBD (b)), we have

S2F =0; Np=0 Ans

+TEE =0, 300-3.00-V,20 y,=0 Ans

(+z4=0; My-3003)=0 Mp=9.00kN-m Ans
Applying the equations of equilibrium to segment BE [FBD (c)] , we have

SIF =0 Ng=0 Ans

+TIE =00 -3.00-4-V,=0 V,=-7.00kN Ans

(+m.-'5=o; Mz+3.00(4)=0 M, =-120kN.m Ans

6ft T 2re
05(6)=3.0 kip

_}:—_ r.-—} MD
v N &)
fa

3 1y
A—U=3'0 /C/'P

By=3.0kip 4 kip
A

Bc=0 | e
x ‘ N <)

7
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7-34. Determine the internal normal force, shear force,
and bending moment at points £ and F of the frame.

Support Reactions : Members HD and HG are two force members,
Using method of joint {FBD (a)], we have

DI =0 Fygeds 26.57° = Fypcos 26.57° = 0

Fyp=Fy=F ?
+TEF =0;  2Fsin 26.57°-800=0
Fup = Fye = F=894.43N ~
/_;l’ Frg
From FBD (b), 26.57" ¥ 2657°
X
H
Gz =0 € (205 26.57°)+ G, (25in 26.57°) ~894.43(1) =0 (1]
From FBD (c),
Y
Boon (&)

Q IM, =0, 894.43(1) -G (2005 26.579)+C, (25in 26.57°) =0 [2)
Solving Egs.[2] and [2] yiclds,

G =0 C =500N

|

Internal Forces : Applying the equations of equilibrium to segment DE & E
[FBD (d)}, we have N N
a A

+ LF.=0; Ve=0 Ans % :3

§ N

+Z}~;. =0; 894.43-Ns==0 N =894 N Ans N
3 ;

G- ZME =0; ME =0 Ans

Applying the equations of equilibrium to segment CF{FBD (¢)] , we have

4
Y/ EE =0 Vp+500cos 26.57°~ 894.43 = 0
Ve=447N Ans

\+£F;. =0; Np~50Csin 26.§7° =0 Ne=224N Ans

Qw, =0, M:+894.43(0.5) - 500cos 26.57°(1.5) =0

My =24N.m Ans
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7-35. Draw the shear

and moment diagrams for the

beam (a) in (crms of the parameters shown; (b) set
P=8001b,a=>5 f, 1 =121
P P
- a - -« oy -
P
=P 2k e
(@ For 0<x<g , v T = M vx f
P P
+T2F =0 v=rp Ans
PP
(+IM = 0; M = px Ans
t 1
For a<x<L-g P
+TLE =0 ’
L+IM = 0;
For L-a<xsL
+T214; =0;
L+IM = 0 - M+ PL-x) =0 < lpm oo
1 i
M= PL-y) Ans Gogy v ‘éﬁ
T ym
So0u,
() SetP =2800lb, a=Sf, L=12n
m v a-2
For 0sxssh 41 ! :
+T38 =g V= 8001b Ans foolly
(+ZM = 0 M = 800x Ib-fi Ans ool goay,
For St <x<T7ft l l
%
T T
+T);1.; =0; V=0 Ans $001b 800th
ELL PRI
(+IM = 0; -800x + 800(x—5) + M = 0 . ’ ’
M = 4000 1b-ft Ans 800
For Th <x<12f o] m m 1
" ’ 00
+T2E =0 V= -8001b Ans  M{uf woo || [
4
L +IM = 0; ~ M+ 800(12-x) = 0 o M/ .

M = (9600 - 800x) Ib-ft

Ans
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7-35. Determine the distance a as a fraction of the
beam’s length L for locating the roller support so that
the moment in the beam at B is zero.

2L
,(+2Mv‘=0; —P(T-u)ug(L—aHPu:o

2P (L —
C, = _._(_‘___H_)
L—a

2P (%~
{Em=0 M= 2P (=4 (5) =0

3

L—a
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*7-36. The semicircular arch g subjected 1o 4 uniform
distributed load along its axis of Yo per unit length

Determine the internal normal force, shear force, and
moment in the arch at g = 45°,

Raummofdilm'w load :

Ry = L‘wo(rds)n'no = iw,(—cosa)’: = 7 wo(l-cosd)

&y, = L‘w,(rde)ma = rwo(n'ne)': = rwo(sing)

My, = L’w(rda)r = wd
A8 = 45°
WIE =0 V4R, o0 - Faysi08 2 0
V = 0.2929r w cos4s® - 0.707r wy sin4se

Va ~0.293 r w, Ans

NIF =0 N+Fpyc000 + Fpsing = g

N = -0.707r Wo 3indS° - 0, 2929, wo C0845°

N = -0.707rw° Ans
G’x"" =0 -Ma4p? w.(;—') +(0.707 r wo)r) = 0

M= -00783,2,, Ans

W (rd@)
8
AB
iy,
°’ 8
F;‘derx
N M.,V
4§90
o ¢

M(a F" - O.797f%

7-37.  Solve Prob. 7-36 for 6 = 120°.

y
£
\J 3¢° Ry
m 30°
FR.;
/ﬁ
x ) i
Me, \ 33 (14D
&
18
ST
My

Resultants of distributed joad :

Fy, = L’w,(rd@) siné = rm(-coca)‘: = rwp(l-cos®)

Ry = L'wo(,da) cos6 = rwo(sinOi: = 7 wo(sin@)

My, = L.wo(rda)r = r? w8
At@= 1200,

Fru = rwo (1-c08 120°) = 1.5 1 wy
Fa, = r wosin 120’-0.36603rw°

W EF,. =0 N+ 1.5rwocns 30°-0.86603 r wy sin 30° = 0

N=-0866rwy, Ans
NZIF,. =0 V+ 1.5 r wosin 30° +0.86603 r wocos 30° = 0

V:-l.Srwo Ans
120°
em =0; -M+r1%(8)(m)+(‘o-m’”°)"o

M=123r'wy, Ams
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7-38. Determine the % Y% z components of internal :F, = o;
loading at a section passing through point C in the pipe

assembly. Neglect the weight of the pipe. Take

F; = {350j ~ 400k} Ib and F, = {1504 — 300k} Ib.

F.+F +F, =0

F. = {-150i ~ 3505 + 700k} Ib

C, = —1501b Ans
C, = ~3501b Ans
G = 7001 Ans

M +re X F +rg,xF, =@

i § ok ik
Mc+{3 2 o0]+|o 2 00J=0
0 350 —s00l [150 0 -3

M. = {1400i — 1200j - 750k} lb-ft

M, = 1.40 kip-fi Ans
Mg, = —120 kip-ft Ans
My, = —750 1b-ft Ans

7-39. Determine the x, y, z componfents Qf mterpal
loading at a section passing through point C in the ’Flie
assembly. Neglect the weight of the pipe. Take
F, = {—80i + 200j — 300k} Ib

and F, = {250i — 150j - 200k} Ib.

IF, = 0; F:+F +F, =0
Fo = {~170i ~ 50 + 500k} Ib
G =-1701b Ans
G =-51Ib Ans
G = 5001 Ans
M, =0 Mg+ xF +1,xF, =0

M. +

i i k i i k
3 2 2)0]4- 0 2 2)(J=0
-80 200 - 250 -150 -

M. = {1000i — 900j — 260k} Ib-ft

M

x

= 1 kip-ft Ans

Mg, = —900 Ib-ft Ans

M, = -260 ib-fi Ans
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*7-40. Determine the X, ¥, z components of force and
moment at point C in the pipe assembly, Neglect the 3
weight of the pipe. The Ioad acting at (0, 3.5 ft, 3 ft)is >
F, = {-24i ~10k} Ib and M={-30k} Ib - ft and at point

(0,35, 0)F, = {—80i} Ib.

Free body Diagram : The Support reactions need not be computed,

[01b
Internal Forces : Applying the equations of equilibrium (o segment BcC,

we have
LF =0; (V.),-24-80=0 (%), = 10416 Ans
IF =0; Ne=0 Ans
IF =0; (Ve),-10=0 (Vo), =100 Ans

M, =0, (Mc), ~10(2) =0 (M), =200t Ans
IM, =0, (%), ~24(3)=0 (Mc), =720b-ft Ans

IM =0 (M), +24(2)+80(2)-30=0
(Mc), ==1781b-fo Ans
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7-41. Determine the x, ¥, z components of force and
moment at point Cin the pipe assembly. Neglect the weight
of the pipe. Take F, = (350i—400j] Ib and F, =
{—300j+ 150Kk] Ib.

X
Free body Diagram : The support reactions need not be computed.
Internal Forces : Applying the equations of equilibrium 10 segment BC, 7501k
we have
ZF =0; Nc+350=0 No=~3500b Ans
IF =0, (V),-400-300=0 (V) =7001b Ans 9,
'S
IE=0; (V) +150=0 (V) =-1501b Ans ¢ (M,
M =0 (M), +400(3) =0 %\
(Mc)y ==12001b-fi=-120kip fi  Ans ct
% ?
IM, =0; (M), +350(3)-150(2) =0 Joote T (Mo,
(M), =-750 -t Ans 50 b

IM =0; (M), -300(2) ~400(2) = 0
(M), =14001b-fr=1.40 kip - ft Ans
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—_— —
7-42. Draw the shear and moment diagrams for the

P
beam (a) in terms of the parameters shown; (b) set p =
600Ib,a=5fph=7p

= (; — -V
+TLIE 2 ey =0
V:ﬁ Ans

a+b

For a<xsS(a+b)

m Pha  R+b
a+b
I X

Pa

Va - Ans
a+bd N 0b)
3g0
Pb ¢
QtM-O; —a+bx+P(x—a)+M:0 //mw — Iu.o \(((,4-)
Pa ™M (1h-§¢) 1750
Mapg- X  Ans
a+b
<)
(b)Fo:PaGOOlb.a-MLba?h

7-43. Draw the shear an

d moment diagrams for the
cantilevered beam,

du..-,’t
of W
{ = }"’
v
100 b
_-Oulbf(
800 IB‘H' -
m
g 100 r} 860 Iy 100 b
v QT TE ;oo fl; . '
( 100 ib
udnll.-ft
For 0Sx<str: Vo

+TEF =0, 100-v=0, va 100 Ans

100
(M =0 M-1001800=0; = 100, - 1800  Ans m -
x

For S<xg104:

+TEF, = (0 100-V=0; V=10 Ans

(i = M-100x+1000=0; M = 100x - 1000 Ans
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1-44. The suspender bar supports the 600-1b engine.
Oraw the shear and moment diagrams for the bar.

For 0Sx<1.5f:

>M I.SH
+TIF, 200 -300-v=ao
% X
V=1-300 Ans v

3o0alb
GeM =0 M+ 300x=0

M= -300x Ans

For 1.5ficxg3te:

+T2F =0, 600-300-va=op
V=30 Ans

(IM =0 M+ 300x- 600G 1.5)= 0

M = 300x -900 Ans

’3001&
Va1

=,

voolb

VL -

Miib )

X (4

-~ 450

418
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7-45. Draw the shear and moment diagrams for the
beam (a) in terms of the parameters shown; (b) set
My=500N-m, L = 8m, °

(+ZM = 0; M= M, Ans ™M " /
v
i | |
2L
For T<xrsL CT% 1
+TxE =0; V=20 A
!—— L3 3 /3 —-’ 4 ns

(+ZM = O; M=0 Ans

(b) SetMy, = SOON-m L =8m
9—%15”‘

8
For0<Sz<-p
3 0 v

SO Soomm

+T2r =0, v=o Ans 0—]
0 2Utm ) 267m / 267m |
0

G =0 M=o Ans v
8 16 2, Sookm 0 }\I X
For; mers 300 —;"':6:-1% m{m) / l /
[+ b v 500
+T):l'; = 0; V=20 Ans OL*M\X

C+IM = M = 500N-m Ans

16 n Yo,
For—3—m<xs8m CT%‘
1
0
+T21';=0; V=0 Ans

C+IM = ¢ M=90 Ans

7-46. 1f L = 9 m, the beam will fail when the maximum
shear force is Vjp,, = SkN or the maximum bending
moment is My, = 2kN-m. Determine the magnitude
M, of the largest couple moments it will support.

See solution to Prob. 7 - 4-6-

My, =M, =2kN'm Ans
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7-47. The shaft is supported by a thrust bearing at A and
a journal bearing at B. If L = [0 ft the shaft will fail when
the maximum moment is My, = S kip-ft. Determine the
largest uniform distributed load w the shaft will support.

(+‘EM:U; —%.r+w,\‘(%)+M:0
M—Er-—u{:
=2 2

M= %(L.\: - x?)

From the moment diagram

M wil?
Minar = —3

\ 2
5 - [ (;O)

w =400 1b/ft  Ans

YYYvvy

e
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*7-48. Draw the shear
beam.

and moment diagrams for the

Support Reactions:

1.5 kN/m

1.3 (-2 kN
+ 1P I =) A =15 +125=0 A, =0.250 kN
Shear and Moment Functions: For 2 x <2m[FBD (1)), x ¢V>M ‘)M
TTIF =0 0250~V =0 V=025kN Ans 025 kN v 0.25 kN x v
(a) (b
(+):M =0, M-0230x=0 M= {0.250x) kN-m
1%
Ans (kN)
025
For 2m < x < 3m |FBD (b)], 7\2 167
X ()
+1ZF =0, 025~ I5(x —2) -V =0
0.521
V= (3.25 - 1.50x} kN Ans M (KN-M) 0.5 -125
N v =2
(+):M =0; 0.25x — |.5(x —2) (—2_) -M=0
M = {—0.750x + 3.25x — 3.00} kKN m Ans x{(m)
7-49. Draw the shear and bending-moment diagrams for 50 1b/ft
the beam. 2001b-#
Al '
Support Reactions: T - i
LFEMy =00 1000010) - 200 ~ 4,(20) = 0 Ay =490 Ib : 201t T Iof
Shear and Moment Functions: For 0 =< x <201t |[FBD (a)), S0r M ;
— 7
—u
P EF =0 490 -50c—V =0 ‘)
TR
RY
V = {490 — 50.0x} Ib Ans -4901 v
(a)
=0 (Z) - 4900 =0
{HEM =00 M50 (5) ~490x =
V(lb)
R ) 490
M = {490x — 25.0°) Ib - 1t Ans 9.80
14
For 20 ft <x < 30 £t [FBD (b)), \[
-510
+ 1 IR =0 V=0 Ans
Th.f
LHEM =0 “200-M=0 M= 20010t Ans M (Ib.fo 2401
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7-50.  Draw the shear and moment diagrams for the beam,

Support Reactions : From FBD (a),

(+2m, =0; C,(L)-”TL(E)w c =t

3wl wlL
+TZF;=O; A’+T_T= A’=-8_

Sheur and Moment Functions : For 0 s x < %[FBD (b)],

L
+T2E =0, %-v:o V=WTL

L L
(+2M=O; M—%(;):O M=18-x

L
Fori <xsL[FBD (c)],

L

+T1F =0, V+—3: -w(l-x)=0
w

V= E(SL—&)

L -
(+ZM=0: %(L—x)-w(L—x)(%)—M=O

M=%(—Lz+51.x-4x2)

—
e -
A - Tc
¥ @) X
v
Eﬁl}f"\ (k)
>
Wl .
- W(--x;
8
LCH Nl
P2 VI
) MC _—‘ﬁ
L-X
WL
G5

422



751 Draw the shear and moment diagrams for the beam,

(+IM, =0 = 3000(10) - 150 + B (20 = ¢

250 Ib/ft VY
Az
= 150 1-f¢
B, = 2500 Ip . sows | 1) i
Boup "7 K 8
¢ ym 3
=0 A =0 T x l "\20‘}4
v
25004,
T e
4, = 2500 1b ! 2ot T)lsow“
25001, 2504
For 0 Y(w) ’
Sxs201 250 o4
) o
+T25 = 2500 ~ 250x - v = ¢

V= 250(10-x) Ans,

{+IM = o, ~2500(x) + 150 + 250;(%') +M=0

M = 25(100x ~ 5% _ 6)

*7-52. Draw the shear and moment diagrams for the beami:

0sx<38

$OKm 204N
+TZE =0 13375-40x-V =0 Ly 4 b’”"""‘
1 |
V = 13375 - 40x Ans 1337568 206354
m 3m
+EM=0; M+ 401(12‘) —13375x = 0 W | }
133 0
4 Fwara< 3 1.
M = 13375 - 20> Anms - pav —
3344 - ‘
8< x <11 (b | |
223.b
*TEh =0 V-2=0 o ‘ I %
[+
[ W 150
V=2 Ans ym e

C+IM = 0; M+ 20(11-x) + 150 = 0

M = 20x ~ 370 Ans
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150 Ib/ft

7.53, Draw the shear and bending-moment diagrams for
each of the two segments of the compound beam.

Support Reactions : From FBD (a),

(+M,=0;  B,(12)-2100m =0 B, =12251
+TIE=0; A, +1225-2100=0 A, =875l 0

From FBD (b), 180(%) <2100 I

(+TM=0;  1225(6)-C,(8)=0 C, =918.751b
+T2E =0, D +91875-1225=0 D, =306251b

Shear and Moment Functions : Member AB.

For 0 Sx <12 £t [FBD (¢)],

+TEF =0; 875-15Qr-V=0
V={(875-150x} 1 Ans

Gom=0, M+ 150:(’-2‘)-875;: =0

M= (875c~75.0c*} Ib - ft Ans

For 12 ft<x <14 ft [FBD (d)],

+T}:}=; =0; V-150(14-x)=0
V={2100-150x} Ib Ans

14-x
2

£+W=(); -150(14-;)( )-M:O

M ={~750x" + 2100z - 14700} Ib-ft Ans

For member CBD, 0 Sx <2 f¢t [FBD (¢)],

v
+TEF =0; 91875-V=0 V=991 Ans l}”\(e
)
(+ZM=0. 918.75x-M=0 M=(919}b-f  Ans
G=98750
2t <8 tt [FBD (f)] v
For t<x '
b Ans 4 ”‘CT:H
+TIF =0, V+30625=0 V=306 ]'F’
+IM=0;  30625(8-x)-M=0 V(ib) Dy = 2062516

M = {2450-306x} 1b- ft Ans
&75

v(ib) 3 \‘ I‘\-‘T_*;((_:: )
583 -
9/87s

2 ai x(ft) e
-30625 MUbft) 2552
M{ip-ft)

18315

424



7-54, Draw the shear and bending-moment diagrams for
beam ABC. Note that there is a pin at B.

Suppors Reactions : From FBD (a),

- wlrl L wl
(+£MC=0; T(I)'B’(z')=° B:T

From FBD (1),

Shear and Moment Functions : For ¢ SxSL{FBD ()],

3wl
+TZI-;=O; %—w:—v=0

V=;(3L—4x) Ans

3wl X\ wl?
(20, T(x)—wx(i)—T—M=0

M=;(3Lx—2xz—Lz)
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7-55. Draw the shear and moment diagrams for the
compound beam. The beam is pin-connected at £ and F,

Support Reactions : From FBD (b),

3

L
G-ZMsao; 6(;-)_”_’-(_)=0 E =WL

6 6
wl wl wl
+T£F;=0; E+—-_""=z9 l§=~6-
From FBD (a),
wlrL\ 4dwl/L Twl
(+ZMC=O; D,(I-)*"?(;)‘T(g)“) TS
From FBD (c),
dwlel\ wLsL Twl
(2 =00 2= (5)‘?(5)"‘"”” A
Twl 4wl wi 10wl
+T}:F; =0; B’+T-T-T=0 B‘Y=T
Shear and Momens Functions : For ¢ Sx < L[FBD (d)],
7
+TIE=0 L voo
4 18
V=%(7L-l&t) Ans
(+ZM=0; M+wx(f)—7w—l‘x=0
2 18
M=118(71.x-9x’) Ans
For Lsx<2L{FBD (e)],
+TZE =q; 7W—L+M-wx—v=0
18 9
V=;(3L-Zx) Ans
Twl 10wl v Wt
w
(+ZM=O; M+wx(;)—wx- 3 (x-L)=0

M= 2 (270~ 200 - 51

vt Wi
A
ns 8 . Nbg.‘_ % -‘["

" T L X
NN N
For 2L <x S3L(FBD (f)].

WL Ll
S ® '% 8
TwL 8
+T£l-;=0; V+—m_-w(31,-x)=o
w M
V=oo -
18(47L 18x) Ans 4wL*

&w:o; 7;"—8"(3L-x)-w(31.—x)(3""

= L+
T)—M-O /\ V;;Ti /\
E 1% L
w 2 2 N TN
M=l—8(47Lx—9x -60L’)  Ans 7
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*7-56. Draw the shear and moment diagrams for the

beam.

6m

Support Reactions : From FBD (a),
9.00(2)-A,(6)=0

(+w,=o~. A, =3.00kN

Shear and Moment Functions : For 0 $x 6 m [FBD (b)]

x?
+TIF =0 300-2-V=0
2
V={3.00—%}kN

The maximum moment occurs when V = 0, then
2 x
x=3464m y v
X
M
x
2

Ans (@)

0=3.00-=
4
(rzm=o: M+(§)G)-3.00x=0 ! SR %)
@eow vE
M:{S.Oﬁx——}kN m Ans %(%)K:%L
V(kN)

3.464°
=3.00(3.464) - T 6.93kN-m
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7.57. If L = 18 ft, the beam will fail when the
maximum shear force is Vmax = 800 1b or the maximum
moment is Myux = 1200 Ib-ft. Determine the largest
intensity w of the distributed loading it will support.

wx ‘—Li:‘
+ 1 EF =0 = 2L
= —~1
/'i Y]
we? L)
{+zm =0 M=- R
6L v
-
_gon= —UY
2
w = $8.9 ib/ft
wl?
Myay = — .
~ 1200 = AL
6
w = 22.2 b/t Ans
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7-58. The beam will fail when the maximum internal
moment is Mp,,. Determine the position x of the
concentrated force P and its smallest magnitude that will
cause failure,

—— —> ¢
i
)
For & < x, -0 Pt
L L
PE(L-x)
[ L
=15,
For & > x, Hen
P
Px
M, = —T(L—f)
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4 kip/fe

Draw the shear and moment diagrams for the beam.

7-59,
A@L4) 480 Gp
Support Reactions : From FBD (a),
“IM, =0; M, -480(12)=0 M, =576 kip-ft Ay T
A =Y A i = A = Prae Tl
+TEE =0 A, -48.0=0 A =480kip (I[: =
. e
Shear and Moment Functions : For 0 S x <12 1t [FBD (b)], N 12§t i et
xl
+TZE =0 480-Z-v=0 2"(3’9)(1‘”5
v {480 xz}ki A x
= 0 — p ns 3K
6 a 5
A; 480k 1\/) S 4y
xtrx M
+IM=0;, M+—(=|+576-48.0x=0 .
¢ 6 (3)+ 3 Ma57% ‘f/ﬁgtL"T—j
M= {48.0.: - :—s - 576} kip - ft Ans +Fwa0]24x)

For 12 ft<x <24 ft [FBD (¢)],

+TIE =0; \4 irl 24 24 =0
c =0, 5[;( x)]( -9=

v={é(24-x)’} kip Ans
Lo Lt N N 240
(rzm=o; 2[3(24 x)](24 x)( . ) M=0

M={-Laanlipn Ans 5 . +—X (ft)

18 2 4

MCkip-fo)

12, 24

g t —X ($t)
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*7-60. Draw the shear and bending-moment diagrams
for the beam.

e 3my - . “dm--

TN 450N 30004 1200w
Support Reactions : From FBD (a),

o, =0 4, (3) +450(1)-1200(2) =0 A, =650N

Shear and Momens Functions : For 0 g x < 3 m [FBD (b)],

+TIE =q; -650~-50.0s* -v =0
V={-650-50.0¢*} N Ans

(+z=0.  m+(s00) G)+ 650 =0

M={-650x-16.7x*} N.m Ans

For3m<xs7 m [FBD (¢)],

+TIE =0;  V-300(7T-x)=0
V={2100-300x} N Ans

(+zm=o, -300(7—:)(7%‘)—M=0

M={-150(7-x)’} N.m
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7-61.  Draw the shear and moment diagrams for the beam.

Support Reactions : From FBD (a),

wLeLY wlL(L wil
G0 FE1FE)4w=0 -
Shear and Moment Functions : For 0 < x S L{FBD (b)),
L w l/w
T =0; w_—_ —-(—) -V=
+TZF =0 3 Zx 3 ZLXX 0
w 2 2
V=— (4L - -
121.( 6Lx-3x") Ans

The maximum moment occurs when V = 0, then
0=4L"-6Lr-3x* x=05275L
1 L
(rem=o; M+-(1x)x(f)+3(f)-w—(x)=o
22L°°\3)72\3)7 3

= 1%(41_’;- =) Anms
Thus,

M. = l[u_l (0.5275L) -3L(0.5275L)* - (0.52751.)’]
max ]2L

=0.0940w L} Ans.
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a=5f,L=12Ff

@ For <<y
+1PIA =0 V=p

,(+ZM =0, M=prx
For a<xy<l~g

+HER =0 V=0

M= Py
For L—a<y<|L

+1EFR =0, V=-p

M =Py
() Set P=800Ib. a=5ft, L=121
For O<x<5fi
+1EF =0 V=800
,(+2M=0; M = 800x Ib-fi
For Sft<x <7t

+1ZFh =0 V=0

M= 4000 1b - ft
For 7Tft<x<12ft

+1EZF =0 V=-8000b

,(+):M=o; “Px+Px—a)+M=0

.(+2M=0; M+ PL-x)=0

(+>:M =0:  —BOOx +800(x —5)+ M =0

,(+>:M =0; —M+800(12—x)=0

M = (9600 — 800x) Ib-fi

7-6_2. Draw the shear and moment diagrams for the beam
(a) in terms of the parameters shown; (b) set P

= 800 Ib,
Ans
Ans
Ans
L & x )M 800 Ib
Ans f * St ¢’
goow Vv o Yy
P V
800 ib
Ans (a)
MV
( 12-x
Ans }
800 b
Ans 8001b 800 Ib
A“s %
800 1b 800 Ib
Ans Sft 2R 5Q
Vb) l
800 ? ) [
+)
Ans 0 x
M (Ib.fry 800
do00l|
Ans %i%
0 x
(by
Ans

ForO<yv=<4ft

TF =0, V,=15001b=15 kip
EF=0; V,=0
LF. =0, V,=8004-1b

4~y
IM, =0; M, 800~ yv) (T’) =0

M, =400(4 — )2 Ibfe
IM, =0; M, +1500Q2) =0

M, = —3000 1b-ft = —3 kip-ft
IM. =0, M, +1500(4—y) =0

M. = —1500(4 — y) Ib-ft

Ans
Ans

Ans

Ans

Ans

Ans

7-63. Express the x, v, 7 components of internal loading
in the rod as a function of y, where 0 < y < 4 fi.

T,‘ 4
800(4 - y)
ey

1,500 b

1500 1b

433



*7-64. Determine the normal force, shear force, and

moment in the curved rod as a function of . For0 < 8 < 180°
4 3
/+LE = 0 N —EPGOSO - gPsinB =0
P N
N = 3(40030 + 3sin@) Ans 0 w4
A
4 3 * Y
~NIE = 0; V- gPsinO + choso =0
5
P poa
14 =§(4 sinf - 3cos @) Ans
4 3
(+IM = 0; —;P(r~rcose) + ;P(rsine) +M=0
Pr
M= ?(4—400s0 - 3s8in6) Ans
Also,

(+IM = 0; —P(;)(r) +Nn+M=0

Pr
M= ?(4 - 4cos8 - 3sing) Ans

7-65. Express the internal shear and moment
components acting in the rod as a function of y, where
O=sys<dft

~N

Shear and Moment Functions :
IF =0; V.=0 Ans

IE=0; V,-4(4-y)-800=0
V.={240-4y} b Ans

4~
IM =0 M, '4(4—y)('2—y)—8.00(4—y) =0

M, = (2 -24y+ 640} 1b. £t Ans

=0 M -800(1)=0 M =800m.fi. Ans

M =0; M =0 Ans

434



7-66. Draw th

€ shear and moment diagrams for the
beam.

4kN 4kN
2kN 2kN 2kN 2kN

KN KA ZKN  gien g N

KN
Support Reactions - 1 1 1

-~
{24 =0 8, (8)~4(7.25) - 4(6.25) - 24 25) T —
N =-9?5(()3§)—2(2.25)—2(1.25)-o [,,y,q,mpmme 2n TFo75m
+TIE =0, A,+9.50—2—2—2_2_4_4=0 ,47,6,50,0/ 6=g50m
A, =6.50kN
V(kd)

650 420

250
0:50 eff 7f5 q-o
d 1

T 137
125 225 315 1258

-9:50
KN.
Mo i5.25_15:6%%
12625 12.625
8125, 725

e,
125 225 3 405 4a5 7.5 40

(<3
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7-67. Draw the shear and moment dia
grams for the
beam ABCDE. All pulleys have a radius of 1 ft. Neglect

the weight of the beam and pulley arrangement. Th
weighs 500 Ib. ’ ’ helond

Support Reactions : From FBD (a),

(+m,=o, E,(15)-500(7)-500(3) =0  E =333331b
+TSE =0; A, +33333-500=0 A, =166.671b

Shear and Moment Diagrams : The load on the pulley at D can be
replaced by equivalent force and couple moment at D as shown on FBD (b).

vih)
/67
p Sooib 107 5
@ ° ] l.10_1/2, IGO
3 i
< -333
7x 25t 633
Ay=166-67 14 oo | Lyt
/ (&
100016 5001 MClb-f)
5001
500k (| Jooo lb:ft -
| 7 ‘ 1000
F | 2
Bft P O } ,\‘
Ay=/66.67 1 1000 1b Ey*38331 - y 3\*%;, ()
-333

()
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*7-68. Draw the shear and moment diagrams for the
beam.

7-69.

Draw the shear and moment diagrams for the
beam.

Suppore Reactions .

3
(+2m, =0, &(3)(4>-500<2)-5oo<1)=o F=625N

3
+T2E «g, A,+625(§)-500—500=0 A, =625N

250(2)= 500N
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7-70. Draw the shear and moment diagrams for the
beam.

20 kip 20 kip

30k he/ ('3 0%
V0
f
[ e 8ok
W‘{TS?
v (kip) }’
b0 |
%
0 mmwfm X
30
5, o
miEs J
|
0 | 1
' “300 -300
[CHA A
7-71. Draw the shear and moment diagrams for the
20kN

beam.

40 kN/m

Support Reactions :

(+zM, =0, B, (8)-320(4)-20(11)~150=0
" B, =206.25kN
+TEF =0, A +20625-320-20=0 A, =133.75kN

“08)= 220 KA 20kA 7¢7))
s 7 /3¢
[A X 1 ! 200
L kR F—X(m)
Zm 1 % e ° 3%8 "
—/86

A3=,’35-75 i 57 =206:25 kN
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*7-72. Draw the shear and moment diagrams for the

shaft. The support at A is a journal bearing and at B it is
a thrust bearing,

800 1b
400 1b 100 Ib/in.

4in.

4 ¢

12in. 4in.«l

v(is;

e 10002} 1 a9}

/1450l

*lm

Mib-in;

Support Reactions :

(+2, =00 B,(100-100(25)-10(8) =0 B, = 10.5kN
+TIE =0, A, +105-100-10=0 A =9.50kN

2(8)2100 kN 10 kWl

439
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V(Kd)
950

S5m

12

[

10 kN

W
+]5 ~0 50




7-74. Draw the shear and moment diagrams for the shaft.
The support at A is a journal bearing and at B it is a
thrust bearing.

200 ib 100 Ib/ft

ST T e
S

A

300 Ih.at

i

M (bt
| 275
L x{fty
200 % 300
-46.895
7-75. Draw the shear and moment diagrams for the 8 kN 5 KNA
beam, 20 kN-ml &
2\ 2222,
8 kN i
15 kN/m 143 kN _'_ 67.3kN
bt o+
2m Ilm 2m 3m
VGN) 5
(+)
0 X
143 — 727‘(‘);
M (kNem) "|“|
-8.6 ]
0 v x
(-)
-28.6
29 _g15
*7-76. Draw the shear and moment diagrams for the
shaft. The support at A is a thrust bearing and at B it is
& journal bearing.
4kN
2 kN/m V (kN)
4 HHHHi ¥
LJ.. 1.76
L 0.8 0.16-£2 x
I = m T02m!
(=)
4kN VA 35
2 kN/m
T -
A 0.768
176 kN 384KN
e 08m  02m (+)
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7-77. Draw the shear and moment diagrams for the
beam,

15 kN/m

C

Support Reactions : ’ ;
P—1m *-——‘-~-J-0.75 le m-—ste— | -]
(+WA =0; D,(3)—8(l)-8(2)—15.0(3.5)—20=0 025m |
D, =32.167kN
+T):f; =0; 32.167-—8-8—!5.0-A, =0
A, = L.16TkN
¥V (kN)

kN BN 15025 0K

l.;’cm.m L
[ i
oY 1

NI I o .
AT 1z|‘o-75.’r tm fo5m 05m
Aa,=/-/b7m 0425m }5:32/67"”

441



7.78. The beam will fail when the maximum moment is

Mpmex = 30 kip - ft or the maximum shear is Vg, = 8 Kip.
Determine the largest distributed load w the beam will Ve = dw;
support.
w
- . ® s 5:1 B
'Z‘ELA“’"’
6 ft 1 6 ft “} Thus, w

2

7-79. The beam consists of two segments pin connected
at B. Draw the shear and moment diagrams for the beam.

 8001b - fi

Teows 1504,
1000; & l ‘ l )goo“,.ﬂ
( it
7 an oW
Lo Tu AP
V()
1017
st
it
4 ’ T HM x(f
() -583
0t T e )
° ( ', DN x(f)
- (EL ] -®o
- 8,400,

Fe

*7-80. Draw the shear and moment diagrams for the
beam.

50 Ib/ft
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7-81.  The beam consists of two segments pin-connected 700 Ib

at B. Draw the shear and moment diagrams for the beam.

200 ib/fe

Support Reactions : From FBD (a), (a)

+IMy =0, G (6)-0.600(2) =0 G =0.200 kip

+T2F =0, B, +0200-0600=0 g = 0.400 kip 53-040 Kip Cfﬂwkip 070 kip 5};040 cip
From FBD (b), AE-/-/o Kip l
{ _3
(+om =0, m, ~0.700(8) -0.400(12) = s = l

M, = 104 kip. & C l — —,‘
+T2E =0; A, ~0.700~0.400 = ¢ A, = L10kip art T #5¢
M= 104 kip-ft

Shear and Momen: Diagrams : The peak value of the moment for
g BC can be evaluated using the method 6f sections. The maximum
moment occurs when V = 0. From FBD (c)

lrx
+TIE =0, o.zoo-i(ﬁ)uo r=2/3 ¢ “
Irx X
Gowo 0200 -3(35 1 (5)-m=0
3
M= 0200 2 v (kip)
Thus
2/3)° .
(Mass)gc =0200( 2/3) - % =0.462 kip - f¢ 110 .
040 2033t
8
. F—— N x50
8 iz 4 020
M (Kip-§6)
o 046
= } =S X (ft)
X #% g
~/60




7-82. Draw the shear and moment diagrams for the beam.

Support Reactions : From FBD (a),

[+2M,=0;
+TIF =0;

G, (6)=3.00(1) -3.00($) = 0
A, +3.00-3.00-3.00=0

G, =3.00kN
A, =3.00kN

Shear and Moment Diagrams : The peak value of the moment diagram
can be evaluated using the method of sections. The maximum moment occurs
at the midspan (x =3 m) where V = 0. From FBD (b),

M-3.00(1)=0

(+}:M=O; M=300kN-m

F@)3):30k T0)5)-3.0k0

F(2X3)23.0 kA

S e
! . -4 ] L3
i ~eeL - ! Feal
-~ - ' ! .

@) frj.om/ 30

7-83. Draw the shear and moment diagrams for the
beam.

Support Reactions :

~ V=0
1 *f J l M b)
At

444

V (k)
3.00
— o

0 ] X(m)

-3.00
MO -m)
300
0 3 m)




*7-84. Draw the shear

and moment diagrams for the
beam.

Support Reactions :

(om0 -L"‘(f)_&(ﬂ-)go

+T2F =0 A 201‘ LOL=0 A’=3“"‘0L

7-85. Draw the shear and moment diagrams for the
—=99%. Draw the shear and mo grams for the
beam.




7-86. Draw the shear and moment diagrams for the beam.

Support Reactions : From FBD (a),

(‘PWA =0; B,(10)+15.0(2)+15
-50.0(5)-15.0(12)-15=0
B, = 40.0 kip
+TIFE =0; A, +400-150-50.0-150=0
A, =40.0 kip

Shear and Moment Diagrams : The value of the moment at supports
A and B can be evaluated using the method of sections {FBD (c)].

+IM=0; M+15.0(2)+15=0 M=-450kp-ft

5 kip/ft

15kip - ft

e 6 ft ]

Ho)150kp 50°20kp Ysig} /505

I5kpft - 'T““ \l iEkp
L |

Cx 1 T J‘>
PITEOT T ‘
,4; =400 kip ﬁr 40-0 kif

v(kip)
250
15.0
] - PR R ASY
-150
-25.0
Mkip-ft)
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beam.

Support reactions: Shown on FBD (a)
From FBD (b)
FIIZE =0, - Ve - {36 =0
V- = —9 kip
IM =0 M+ 130004 =0

Mg = —36 kip-ft

7-87. Draw the shear and moment

yu

diagrams for the

V (kip)

M (kip. 1)

x (ft)

x (ftY)

beam.

+1EF =0 ].r—,rz/IS—V=0

V={r—-x/I5} N

*7-88. Draw the shear and moment

Shear and Moment Functions: For 0 <x < 15ft

LHEM =00 M+ x5 (;) ~ Le(x/2) =0

M = {x?/2 — x*/45) N-m

diagrams for the

Ans

Ans

M (kip.ft)

7.5

x (fy)
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*7-89. Determine the tension in each segment of the
cable and the cable’s total length.

7ft
Equations of Beuilibrium : Applying method of joints, we have
Joint B
+ 4
25 =0, Feoos6-K,|—|=0 t1)
Jes
7 .
+TIE =0, &, ‘/T_SJ—F,Csm 8-50=0 [2)
Joint C
LIF =0, Fepcos ¢ - Fyecos =0 {31
+TEIE =0,  Fysin 0+ Fpsin 0 - 100=0 [4]
Geometry :
y 5
sin 6 = CoS 0= 0o
,/yl+25 ,/y1+25
3+y 3 100 b
sing = cos ¢ =

Vy:+6y+18 * Yyt+6y+18

Substitute the above results into Egs. {1], (2], (3] and (4] and solve. We
have

Fe=467b F,=8301b F,=8810b  Ans
y=2679f

The total length of the cable is

1=/ + 8+ /5T30679 + 324 (26794 3)F
=2021t
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7-90. Determine the tension in each segment of the
cable and the cable’s total length.

80 Ib

Equations of Equilibrium : Applying method of joints, we have

Joint D
- 3
IR =0, Fyl——|-F.cos8=0 (1
34
5 .
+T2E =0 FB‘(‘/_;J—FBCW' 0-50=0 [2]
Joint C
DIE =0 Fyecos 6-Fycos =0 3
+TE6 =0;  FRyesin 0+ Fysin¢~80=0 4]
Geometry :
. y 4
sin = cos 6=
yi+16 yyi+16
3
sing= y+ 3

——_— WS P =
VYryi+6y+18 m

Substitute the above results into Egs. (1], [2], (3] and [4] and solve. We

have
Fe=4310 Fop =7821 Fy =747 Ans
y=1695f

The wtal length of the cabie is

l=/52+324 /@73 1.6951+\/37+(1.695+3)2
=157f
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20 12
:>ZF =0;
79L The cable sy

T =0
Be - i
¥+ 144
] Y(14Z23,3 + 400 3
pports the three loads shown. , o
i » - =
Determine the Sags yp and y, of Poruts B and D, Ty, M-y T + = 7 r 250
P =400, Po=250 1 +T2E =0 V(1432 + 400 i+
The ® wy
32y, - 168 Tye = 3000 1) T . T
ALC 15 N 2 Te =0
pahl V4t + 25 sy, + a0
4- =
4-y, o + ! j' 4007;c - 400 =0
+TIE = ¢ ,/(l4—yp)1 + 225 Y(a-y)? +
20y, + 490 — 15y, T = 6000 2) O Teo
m Tec X 0 e
W
200+ 90 19 1 oo 3 40014
Ny
AtD 15 =0
12 Teo
+ T -_
-SIF =0 V@+y + 148 V(l4-y,)7 + 225
4+y, - 14 -y, T 250=0
+TIE =0 V@+y)7 + 124 V(l4-y,)7 + 225 Tor
i
~108 + 27y, Top = 3000 ) gy & ™
{of
m Te» 5
2504

Combining Egs. (1) & 2)

795 + 20y, = 826
Combining Egs. (3) & (4)

45y, + 276y, = 2334
ys = 867 ft Ans

Yp =704 1t Ans
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*7-92. The cable Supports the three loads shown.

Determine the magnitude of P if =300} and
Ys = 81ft. Also find the sag yp,

A2t 200 e 5y - ]2
AtB
20
55F < 0 =T Lis=0
Y436 Y
Tre
TEF =0 S 300 = 0 nd
+ =0 e =N - = "
Y @ ac ﬁO—S A l\t?ﬂT‘c
ook,
T = 9833 1b
Tye = 85421b i © Teo
% 1y
AtC M
_ 15 '
DEF = o; 2 (8542 + p =0 M

—_—T
(14-y,)? + 225

Ve

6 14 ~ y,

-0 ——(8542) + To -R =0 @
FTE e ' e e h

AD is
. 12
S =0 Toe ~ oo =0
V(4+yp)7 + 144 Va-yp)r + 225
4+ 4 -y, =
+12E = 0 Yp -300=0

- D
T R (T R e

Tor
36004225 + (14 = y, ) ® 4
_ w4y
R "
T 15
300t
Substitute into Eq. (1) :
yp = 644 11 Ans

Tep = 91611

P =6581b Ans
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7-93. The cable supports the loading shown. Determine

the distance xp the force at point B acts from A. Set
P =401b.

B
xy -3
LEE = 0 - ——L_1, - L B =
Vi3 + 25 Vs -3)2 + 64 T
s 8
+T2E = Tis ~ e =0 ]
Vi + 25 Y, -3)7 + 64 ; U,
13x, - 15 -3
—2 T, =200 (n T
Vo, -2 +6a ¢ -
ALC
4 X3 3
SEE = 0 300 + =T - =Tp=0
5 G-Bives |13
125 = 0 1 - 21,200 =0
+ = 0; —_—_— - —_— - = =
’ V-6 C 137 S
ii"_ﬂ_r,c =102 0] Toc
—_ (]
J(x, 3?2+ 64 oA,
Solving Egs. (1) & (2) Ty Ty
135, - 15 200 Mok
30-22, 102
Xy = 436 ft Ans

7-94. The cable supports the loading shown. Determine
the magnitude of the horizontal force P so that xg = 6 ft.

I
+
2 ft
i .
AtB
+ 0 P 6 Tin — _3...1' =0
—IF, = 0; Ja ‘AB 73 BC
5 8
=0 =Ty -~ =Thc =0
+TIE =0 = A = 2¢
sp- L. -0 m
7
AtC
* 0 (30) + 3 - 3 =0
- 0 = —T,=
o =0 5 TR T i
1 0 8 e - —Tep - 2(30) = 0
+TZF = J7_3 $ 14 JE "%
1—87;,,C =102 (2)
77
Solving Eqs. (1) & (2)
63 5P
18~ 102
P=714Db Ans
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7-95.  Determine the forces Py and P, needed to hold the
cable in the position shown, i.e., so segment C D remains
horizontal. Also, find the maximum tension in the cable.

Tm 4m
Method of Joints:
Joint B
- 4 2
i =0 = | — F; — ] = !
SER=b () w()=0
+1ZIZF =0, F 15 F, ( ! 5=0 [2f
y =0 AL (25 BC 75 S = .

Solving Eqs. {1] and {2] yields

Fye = 1031 kN Fap =125 kN

Joint C
5%F =0, F 1031( 4 )—0 Fep = 10.0 kN
r =R chH . Jﬁ cH -
+1XF =0 1031( ! ) Pi=0 P =250kN Ans
e =0 . r—3 = = 2. S
\/ﬁ 1 1 "
Joint D
LF =0, F ( 4 ) 10=0 {1
—-LF =0 - 10 =
PE\ azas
Py
+1IF =0, F ( )— =0 [2
tzh AW TR

Solving Eqs. {1] and [2] yields
P> =625kN Ans

Fpg = 11.79 kN

Thus, the maximum tension in the cable js

Finx = Fap =125 kN Ans

¥
Fap
2.5
1.5 —
7 i7_,
Bt g;
Fpe
Y
5kN
¥
Fpe=1031kN
be N7
R —>
Fep
Y
p
¥
VD16
Fpr
Fep=10.0kN 5
[ S x
D
1
4 kN
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*7-96. The cable supports the three loads shown.

Determine the sags yp and y, of points B and D and the
tension in each segment of the cable.

Equations of Equilibrium : From FBD (a),

Ys 12
+IM =0, -F 4n-F (ys+4)
( 3 u( Vel J u[ 51 J.Vs

+200(12) +500(27) +300(47) = 0

12 ft - ZOf[\ﬁ—j__ ‘/

p 15 ft 12 fi

Fal =2 om0 ey ) ‘
Vrl+144 Yy} +144 :

From FBD (b),
(rom =0, —f;,[ 2 J(zo)ua,( 2 ](M—y,)
i + 144 Vi +144
+300(20) = 0
".-u( el ]‘53(12(“-)")):6000 {2}
V3 +144 Vi +i44

Solving Egs.[1] and [2] yields

Y =87920=879ft F,=787471b=7871b

Ans
Method of Joinmts :
Joint B
DIE =0, Fcos 14.60°- 787.47cos 36.23° = 0
Ry =656.40 1b = 656 Ib Ans

f
+TZE =0;  787.47sin36.23°
~656.40sin 14.60° - 300 = 0 (Checks ) ha-T67471
. 36.23°
Joint C 20t 4 2 ks
. 15
D=0 Rplo—=— e |_656.40c0s 1460°=0 (3 b [
\/y},-28y,,+421 Be
.
300 1b
l4—yo ’7’
+TIE =0, Eol 370
V3 =28y, +421 PosTTRvey
+656.40sin 14.60° - 500 = 0 {4) foc 65640 1 4'~20%
o 447
. X
Solving Eqgs. (1] and (2] yields c
Yo =609 f=610ft F.,=71795b=718 b Ans l
Y 500 1b
Joint B
¥
SIE =0, Fyzo0s 40.08°-717.95c0s 27.78° = 0
Fr=830241b=8301b Ans B
+TIF =0;  830.24sin 40.08° 40.08°
~717.955in 27.78° - 200 = 0 (Checks 1) 278 D x
Fs=717.95 14
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7-97. Determine the maximum uniform loading w,
measured in Ib/ft, that the cable can support if it is capable
of sustaining a maximum tension of 3000 Ib before it will
break.

v= ;l-”J'(J"'dx)d‘

dy b]
Atx =0, —~ =0
tx o
P ‘I_m
1
Atx=0, y=0
il tbiidg
Cl =Cz =0 50i
w
= —x
T

Atx =25 ft, y=6HM Fy = 5208w

& _ =14
e En0mms Fy lsw2s e

6ar = tan"'(0.48) = 25.64°

Toes = L = 3000
€0S 6 pmas

Fy = 27051

w = 51.91b/ft Ans

7-98.  The cable is subjected to a uniform loading of w =

250 Ib/ft. Determine the maximum and minimum tension e —
in the cable. ]

From Example 7- 14;

wol? 250 (502
Fy = — = 2207 _
H 3k G) 13021 b

e_-=m-'(“’°_")= -:(25000)): .
2Fy o 2(13021) .64

Fu 13

08 One | cos256ac T 144kiD  Ans

Ra =

Themhimumuuionoecursne = (°

T-u = Fy = l3.0kip Ans
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7-99. The cable AB is subjected to a uniform loading of
200 N/m. If the weight of the cable is neglected and the
slope angles at points A and B are 30° and 60°,
respectively, determine the curve that defines the cable
shape and the maximum tension developed in the cable,

30°

1 %4
= —[f 200 dx) dx e
T hoo'ﬁ,.
= F:(IOOx2 +Cx+ G) K Bm ’
8 1
ol F;l(2001+ G

1
y = E(xoo:;’ + F,tan30°x)

Atx = 15 m, %=mn60°; Fy = 2598 N

y = (3852 + 577x)(10°) m Ans
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*7-100. The cable Supports a girder which weighs 850 byt
Determine the tension in the cable at points 4, B, and C,

— 100 fe
A

Atx =0, y=0 G =0
‘42511
>

Aty =20ft, x = x

425(x")2
=
Aty =40ft, x =(100- x’)
425(100-x")?
40=_(“")

£
2x)? = (x)? - 200x + 100°

() + 200¢" - 100 = 0

- ¥ 2
Y = 200+ 2“: + 4(100) = 4142 ft

Fy = 36459 Ib
AtA,
&y 2425)x
— = tanf, = — o = 1.366
dx 4 B heasusta
6, = 53.79°
F, 36 459
T S ———— = 61714 b
4 b,  c0s53.79°
T = 6L.7kip Ans
At B,
b =F =36Skp Ans
AtC,
(o4 2(425)x,
& - mbe = \I = 0.9657
dx 1’;1 Tm41.420
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7-10L  The cable is subjected to the triangular loading, If
the slope of the cable at point O is zero, determine the
equation of the curve y = f(x) which defines the cable
shape OB, and the maximum tension developed in the cable.

3
- ;:I  wendeas a ' 6
wl % 0 %
1 J’ 500
= — (f—xdx)dx Soolife
’l;, 15 15 159

150
= Ej’(?x’ +C))dr

_ 150,

-E(3X +Gx+ ()
d_0, g
TR >

AMx=0, y=0 (=g
50 ,
Y= ops
Atx =15ft, y=8np Fy = 2341
y = 237(107)° Ans
%un = mouu = %xzx-uﬂ

O = an'(1.6) = 57.99°

- 234
c088,,  c0s57.99°

= 4422 1b

T = 442kip Ans
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7-1_(_)2. The cable iszsubjected to the parabolic loading 3
w = 150(1 ~ (x/50)%) Ib/#t, where x is in ft. Determine =L Jwixdryar
the equation y = f(x) which defines the cable shape AB "R

and the maximum tension in the cable. )

1 x?
y = F"IIISO(I - _—3(50)2)4' C,ldx \luqudulj ¢w=150[1‘®']“/ﬂ

oo
! 7sx2 x‘+Cx+C)
= — X - —
Y& 200 T M
X
& _ 156 1, G
&~ K " TE
dy
=0, =Z=0 C =0
Atx =0, o 1

Atx =0, y=0 G =0

1 2 Xt
= — (75 - —
’ I';,(7 * Z(X))

Atx =50ft, y=20R E, =7813 1
x? x2
= —(75-—)ft Ans
Y= 7557~ 300
dy 1 4
- = ——(150x -~ — = tané,
dx 7813( 200) x=50 8 e
6,.. = 32.62°
F, 7813

T, = 928 kip Ans
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7-103. The cable will break when th

reachs T,,, = 10kN. Determine
the uniform distributed load of w

€ maximum tension
the sag & if it supports
= 600 N/m.

The Equation of The Cable :

ya;_l;J’(Iw(X)dx)dX
1

W,
=F"(?°x’+c,x+c,) {1

(wox+C,)

2]

&&

1

Fy
Boundary Conditions :
1

y=0 at x =0, then from Eq.[1] 0==(G)
H

%=Oux=0, then from Eq.(2]

G, =0

1
os-i;(C,) C =0

W
OXZ

Thus, y=ﬁ-;

[3]
Wo

—X

d _ 4
it (4

78.125

w
y=h atx=125m, then from Eq.{3] h=%(12.5’) F= w,
H

6= ,,,8tx = 12.5 m and the maximum tension occurs when 8 = 6, _, . From Eq.[4]

anb,,, e

= %x =0.0128k(12.5) = 0.160k
“=w,

s=il.5m

1

V 0.02564% + 1

Thus, cos 6,

The maximum tension in the cable is

Fy
cos8,,.
_ 78123 (06)
= |

70.0156b’0l

h=709m

TIu

10
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*7-104.  Determine the maximum tension developed in
the cable if it is subjected to a uniform load of 600 N/m.

'

et [V F—

The Equation of The Cable -

1
)’—EJ(]w(x)dx)dx

=Fi(?x’+c,x+cz) (m
H

1
%=Fn(wnx+cl) [2]

Boundary Conditions :
¥=0 at x=0, then from Eq.[1] 0=%(c,) G =0
H

1
%:ml(ﬁaumo, thea from Eq.{2) txnlO":-F—(Cl) C, = Ftan 10°
(]

Thes, y= :’?"x’mn 10° (3]
H
y=20matx =100 m, then from Eq.(3)

20= -26%0( 100°) +an 10°(100)  F, = 1267 265.47 N
H

and %=

600
S e 1
1267 265,47 T2 10°

=0.4735(107*) x+ 1an 10°

6= 6,,,atx = 100 m and the maximum tension occurs when 0 = [

=0.4735(107") (100) + tan 10°
z2=100m
O, = 12.61°

dy
9. ==
ané,,,

The maximum tension in the cable is

E 126726547

cosf,,,  cos 12.61°

=1298579.00N=130MN Ans
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m7-105. A cable has a weight of § Ib/ft. If it can span 300
ft and has a sag of 15 ft, determine the length of the cable.
The ends of the cable are supported at the same elevation,

wo = 5Ib/ft 3

Nz

E, Wy
= — —_— - 1
y Wo[ cosh (1.;1 x) -1} Jo0ft

From Example 7-15,

Atx = 150, y=15f

15 150w,
Yo cosh( = °J—l

7-106. Show that the deflection curve of the cable
discussed in Example 7~15 reduces to Eq. (4) in Example
7-14 when the hyperbolic cosine function is expanded in
terms of a series and only the first two terms are retained.
(The answer indicates that the catenary may be replaced
by a parabola in the analysis of problems in which the sag
is small. In this case, the cable weight is assumed to be
uniformly distributed along the horizontal.)

Fy H

B, = 3762 1b

F,
s = —'Lsinh(ﬁx)

Wo Fy
s = 1510 ft
L=2=3021 Ans

coshr = |+ i +..
2!
Subsu'!uﬁng into
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7-107. A uniform cord is suspended between two points
having the same elevation. Determine the sag-to-span
ratio so that the maximum tension in the cord equals the
cord’s total weight.

From Example 7-1S.

¥
s = flm(mx) :0_5) - l
wo  \Fy T 2w, 2
h
L -
y= ﬁ[m(ﬁ,)_ 1] 3 X '2"'? = anh (0.5) = 0.5493
wo Fn T L]
Atx = E' when x = E. y=h
2 2

IR )

- = [- — h» =lcosh| —x| -1

i an smh(””) \));/\ oy F'x

B sk 24
1 2Fy F 1 F
€080y = ————— = ha 2 -1} = 0.1547 (_')
cosh( 757) wo |1 watt (3E) we
€086 g,
0.1547 L = 0.493
L 2k
wo(2s) = Fy cosh (%-)
H
; = 0.141 Ans

. wol wol
2Fysinh| ——— | = Fy; cosh | —
" (zr,.) e (zr.)

w*7.108. A cable has a weight of 2 Ib/ft. If it can span
100 ft and has a sag of 12 ft, determine the length of the
cable. The ends of the cable are supported from the same
elevation.

From Eq. (5) of Example 7-15 :
- %Ly _
he [m(m) 1]
Fy 2(100)
12 ?[oosh (——2 T )— l]

e rfoa(2)-]

Fy = 212216

From Eq. (3) of Example 7-15:

wo Fy
[ 022 . [2(50)
37 b (2112)

= 104ft Ans
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7-109. The transmission cable having a weight of 20 Ib/ft
is strung across the river as shown. Determine the
required force that must be applied to the cable at its
points of attachment to the towers at B and C.

w = 20 Ib/ft

From Example 7~ 15,
By Wo

= Hcosh(=2x) —

y wolm(ﬁ;,x) 1]

AtB:

= B coan X s0y) -
10 = S3leosh(z(50) - 1)

Solving,

Fy = 25321b

& LT 20(50)

ol sinh(&l)x = sinh(ﬁ) = 0.40529

6 = un"'(0.40529) = 22.06°

2532

T =—_— =
(La)s 2206 = 27321b = 273 kip Ans
AtC:
dy Wy 20(75)
— = siph(— = —) = (.

s (&)x sinh( 532 ) = 0.6277

6 = an'(0.6277) = 32.12°

(Toa)c = 2532/c0832.12° = 2989 ib = 2.99 kip  Ans
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7-110. The cable weighs 6 Ib/ft and is 150 ft in length. ‘ﬁ 100 ft ﬁi

Determine the sag 4 so that the cable spans 100 ft. Find ¥
the minimum tension in the cable. M

Deflection Curve of The Cable :

ds

x= ;  where w, = 61b/ft
[1+(1/p;,z)dw,,¢r)’]'
Performing the integration yields
Bof. af 1
x=—isinh | —(6s+C;) [+C, [n
3 Fy
From Eq. 7~ 14
dy 1 1
—_—=— =—(6s+C, 2]
Z “pl vt 6eC)

Boundary Conditions :
2-01!.;‘::0 From Eq.[2] 0=l(0+C,) C, =0
dx ) F,

Then, Eq.{2] becomes

o .8 3

s=0atx=0 and use the result C, = 0. From Eq.{1]
B[ a1
x==={sinh™{ —(0+0) |+ C, C, =0
6 Fs
Reammanging Eq.{1), we have

_Fy (6 .
S-?Smh(rnx) []

Substituting Eq.(4] into [3] yields

&y _ (6

-d—; = smh(F”x)
Performing the integration

F, 6

y= ?"cosh(ax)d» ¢ (5]
y=Qax=0.From Eq.[S] Ot%co‘h 0+C:’ thus, C’ ._%
Then, Eq.[5] becomes
E 6
=l e

s=75ftatx =50ft From Eq.[4)
The maximum tension occurs at 8 = 6., =0°. Thus,

Fy . [6
75 = L sinh -—(50)] s, :
6 I';I T_‘.-——'I_al84941931851b Ans
By trial and error Fy=184.94191b cosf,., cos 0°

y=h atx=50ft From Eq.[6]

184.9419 6
h= -1}=
3 {mh[m_mg(sm] 1} 50.3 ft Ans
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7-111. A telephone line (cable) stretches between two
points which are 150 ft apart and at the same elevation.
The line sags 5 ft and the cable has a weight of 0.3 Ib/ft.
Determine the length of the cable and the maximum
tension in the cable.

w = 03b/n

From Example 7- 15,
F,
s = —”sinh(ix)
w Fy
Fy w
= —[cosh(—x) —
y w{co (&’x) 1]
Atx =75, y =58 w = 03Ib/ft

_ i 15w
5= ” [WWE) = 1]

B = 16901
& and,,, = sish(—y)
dx max H x=75n
L 75(0.3)
[ —— tan”{sinh(——-2)] = .606°
- Esinh(~— =) = 7.606
K 169
Tow = —2— = =170 Ans

5= 169'Osinh[ 03 %)) = 1522
03 Tegp N =75

L=2=15" Ans
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n*7-112, ’n?e cable has a mass of 0.5 kg/m and is 25 m
long. I_)etcrmmc the vertical and horizontal components of ds
force it exerts on the top of the tower. = '

i
{1+;‘I(wods)’}

Performing the integration yields :

F, M1
= 4.9’;)5{511111 ‘[5(4.905” cl)]+ c,} [

From Eq. 7-13
& 1

& o~ lw,ds

& F,,IW"

B L asoss+cy)
& Ry

Ats=0; %=un30°. Hence C, = F,;tan30°

4.905s

H

+tan30° (2]

5.
dx
Applying boundary conditions at x = 0; 5 =0 to Eq.[1] and using the result
C, = F,tan30° yields C, =—sinh™ (tan30°). Hence

_ K a1 F :I_ inh~! c)} 3l
x———4.905{sinh [F"(4.905.r+ 7, 1an30°) { - sinh™ (tan30°

Atx=15m; s$=25m  FromEq.[3]

1 _
15= 4;’:)5 {slnh"[;'—' (4.905(25) +F,,un30°)]-smn '(nnSO")}

By trial and error Fy=7394N

At pointA, s=25m FromEg(2]

dy 4.905(25)

== = 30° 8, = 65.90°
wnbs = Geliersa ™ T304 " d

(F), = Fytan6, = 73.94tn65.90° = 165 N Ans
(Ry), =FR=T39N Ans
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M1-113. A 50-ft cable is suspended between two points
a distance of 15 ft apart and at the same elevation. If the
minimum tension in the cable is 200 Ib, determine the
total weight of the cable and the maximum tension
developed in the cable.

Taw = Fy = 2001b

From Exampie 7~ 15 :

= Fy s (wo x)
wo F”

3G (3)

Solving,

wo = 79.9 Ib/ft

Toul weight = wy | = 79.9(50) = 4.00kip  Ans

dy wWo 3
e e~

_1[79.9(29%)
O = 2290 . o
an [ 200 ] 84.3

Then,

Fy

T- ‘=
“ " cot 6.

200 .
Tammy T 20 Am
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7-114. The man picks up the 52-ft chain and holds it just

high enough so it is completely off the ground. The chain .
has points of attachment A and B that are 50 ft apart. If the h
chain has a weight of 3 Ib/ft, and the man weighs 150 Ib, A \B

determine the force he exerts on the ground. Also, how high

h must he lift the chain? Hinr: The slopes at A and B are L 25 £ I 254 1
zero. ! i = 1
— -
i 4&468::'
Deflection Curve of The Cable : £ «/64.003 14
x= —-——;‘i—--—| where wg =3 Ib/ft
[1+(uE) (wods)* ]
Performing the integration yields

By . . af]
xs?{su‘lh [E(lﬂ'cl)]‘*cz} (

From Eq. 7~ 14

dy 1 I 1

— = — | wods = —(3s+C,)

& E°C Fy 2] y=0atx=0.From Eq.[5} 0=%mho+cj_ﬂms_ C3=_F?”
Boundary Conditions : Then, Eq.[5] becomes

1 y.—.%[cosh(—xJ- l] ()]

-d—y=0a.v=0.FromEq.[2] =—(0+C,) G =0 H
dx R,

s=26ftatx=25ft From Eq.[4]
Then, Eq.{2] becornes
dy 3s

3 =g 2
Smwe=Z o1 2 3smh[’.;'(25):|

By trial and error Fy =154.003 1b
s=0atx=0 and use the result C, = 0. From Eq.[1}

y=h atx=25ft FromEq.[6]
x= i{sinh"[l(o*'o)]*' Cz} C, =0
3 Fy

_ 154.003 3
h= 3 {Cosh[m (25)]- 1} =6.211t Ans
Rearranging Eq.[1], we have From Eq.[3}
Fy (3
il smh(;';x) 4] dy 3(26)
Eln-zsn = = 154003 =0.5065 8 =26.86°

Substituting Eq.{4] into [3] yields

& sinh(ix) The vertical force 5, that each chain exerts on the man is

dx H

Fy = Fytan @ = 154.003tan 26.86° = 78.00 Ib
Performing the integration
Eguation of Equilibrium : By considering the equilibrium of the man,
Fy 3
ys—s-cosh(F"x)i' G (s +TZF =0, N, -150-2(78.00)=0 N, =3061b Ans
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7-115. The balloon is held in place using a 400-ft cord that
weighs 0.8 Ib/ft and makes a 60° angle with the horizontal.
If the tension in the cord at point A is 150 Ib, determine the
length of the cord, /, that is lying on the ground and the

height h. Hinr: Establish the coordinate system at B as
shown.

Deflsction Curve of The Cable :

ds
=

=) ——— — where wy=081b/ft
[1+( 1VE3) (wods)*]!

Performing the integration yields
Bl o] }
= — —(08s+C)) |+ C. (1
x O.S{Slnh [ﬁ,( +C)) 2
From Eq. 7- 14 |
dy 1
_—— ds=—(08s+C,) 21
e ,,;’J.“’o F;l( 1

Boundary Conditions :

1
ﬂ=0at.\'=0.Fr0mEq.[2] 0=—(0+C;) C, =0
dx Fy

Then, Eg.[2] becomes

=@anf = —— {31
s=0atx=0 and use the result C, = 0. From Eq.[1]

1

x= Fa sinh™'| — (0+0) +c,} C, =0
3 £y

Reavanging Eq.{1], we have

E, .. (08 (4

5= O—ssmh(ﬁx)

Substituting Eq.[4] into [3] yields

0.8
% = sinh(Ex]

Performing the integration

E, 0.8

y= (T"Bcosh(ﬁx)*'cz [5]
=0atx= F

Y=0atx=0. From Eq.[5] 0=0—8cosh 0+¢,,

lhus, C, =—i
Then, Eq.[5) becomes 08

B 0.8
y= ﬁ[cosh(axj- 1] [6]

The tension developed at the end of the cord is T'= 150 1p and @ = 60°, Thus

R E
T=—L  150=_"H =

o 5 e Fy =750
From Eq.(3)

dy 0.8s

- ztan 60° = — =

pr 75 s=162.38 ft
Thus, 1=400-162.38 =238 ft

Substituting 5 = 162.38 ft into Eq. (4],

Ans

75 . 08

162.38 = 13 ginn[ 08
038 ""h(75 x)

x=12346ft
y=hatx=123.46 ft. From Eq. (6]
paI500 o
= [ [m(123.46)]~ 1] =9375 1 Ans
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#7-11%,+ A 100-Ib cable is attached between two points
at a distance 50 ft apart having equal elevations. If the
maximum tension developed in the cable is 75 Ib,
determine the length of the cable and the sag.

From Example 7- 15,

F
Tow = —H__
s Oom =1751b

08 Oy = 2 1

[

Thus,

VOSF=Ff = 50:  Fyassop

() ) @)

L4

$=27.80

350
Wo = Hs " L.80b/sx

Totallength = 25 = 55.6R  Anms

- E{ou(5) - i)

wo 25 1.80 2(55.9)

= 106t Ams
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7- 1177, Determine the distance a between the supports
in terms of the beam’s length L so that the moment in
the symmetric beam is zero at the beam’s center.

Support Reactions : . From FBD (a),

{rime = ;(L+a)(;-')-5,(a)=o 3,-;(1,“)

Free body Diagram :

The FBD for segment AC sectioned through point
C is drawn,

Internal Forces : This problem requires M,
about point C[FBD (b)], we have

=0. Summing moments
Grome =o; ?G)»«;—"(L-a)[;’(zﬂm]

w a
-I(L+a)(5)=o

2+ 2l -1 =g
a=0.366L Ans

7-118, Draw the shear and moment diagrams for the beam.
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7-”‘; Draw the shear and moment diagram
s f
beam ABC. ’ or the

Support Reactions : The 6 kN load can be replacde by an equivalent force
and couple moment at B as shown on FBD (a).

+IM, =0; FpsindS°(6)-6(3)-9.00=0 Fp=6364kN
D
+TIF =0 A, +63645in45°-6=0 A, =L50kN

Shear and Moment Functions : For 0 Sx <3 m [FBD (b)],

+TIF =0, 150-V=0 V=150kN Ans o kN s

(izM=0, M-1500=0 M={150x}kN'm Ans Ac l\q.om-m A5
g )] DI | 9
For 3m<x <6 m [FBD ()], |'{ ‘
3m | 3im |

+TIE =0; V+6364sin°45=0 V=-450kN  Ans A?’
10y
GrIM=0:  6.364sin 45°(6-x) M =0
M={27.0-4.50x} kN-m Ans
Eye 364 kA
"4
Ax M
N )
X
A}=/-5o KN
v (k'\’) o fzrdera)
1. so
. C .
3 XC/M§ l - /"X(W)
4.5
-13,S

7-120. Draw the shear and moment diagrams for the beam.

2kN/m
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7-121.  Determine the normal force, shear force, and mo-
ment at points B and C of the beam.

75kN
2 kN/m 6 kN

40kN-m

== 5m - ee—— 5m 1 3m—

Free body Diagram: 'The Support reactions need not be computed for
this case.

Internal Forces: Applying the equations of equilibrium to segment
DC [EBD (a)], we have

—TF =0, Ne =0 Ans
+1ITF =0, Ve—-300-6=0 Ve=900kN Ans
(+2M(~ =0, —Mc —3.00(1.5 — 6(3) —40 =0

Me = —62.5 kN-m Ans

Applying the equations of equilibrium to segment DB {FBD (b)],
we have

—TF, =0 Ny=0 Ans
FAEF, =0 Vy—100-75-400-6=0
Vg = 27.5 kN Ans
LHEMs =00 —My — 10025 =759
—4.007) — 619) — 40 = 0
Mp = —184.5 kN-m Ans

1(3)=3.0kN 6 kN
15m|15m

V.
M “

40 kN.m

(a)

2(5)=10.0kN 75kN
1¢4) = 30KN
[ 6 kN

V!
My B/:—__‘)

40 kN.m
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7-122. A chain is suspended between points at the same
elevation and spaced a distance of 60 ft apart. If it has a
weight of 0.5 1b/ft and the sag is 3 ft, determine the
maximum tension in the chain.

ds
{l+ﬁ(wud-f)’}11 204 t‘“ s0fd ‘

Performing the integration yields : " JJ“T‘
F, 1 ';T /
x-a.is{linh“[rn(o,s.r+c|)]+c,} {1 \/’,\ %

Xx=

dy 1

— = —(0.5s+C,
Z F,,( 5+C,)
— =tan§ = — {2}

Applying boundary conditions at x=0; £=0to Eq.(1] and using the result C, =0
yields C, = 0. Hence

F, . (05

= - ginh] — 3

K o5 i F,, x) [3]
Substituting Eq.{3] into [2] yields :
dy . (05x .
dx smh( Fy ) “

Performing the integration

By 0.5
= -2 cosh| —
=05 (5.‘)“’

|

Applying boundary conditions atx=0; y =0 yields Cy =-—=. Therefore

B 05
-2 =xl}-1
Y o.s[“”"(r,, ’) ]

[=]

.S

By 0.5 )
- H = = —| coshj —(30) |- 1
At x=30ft; y=3ft 3 O.S[w (ﬁ;( )
By trial and error F;=75251b

Atx=30f; 8=6,,. FromEq[4]

0.5(30)
= = 6, ., = 11346°
a6 dxly.s0n ( 7525 ) -
L, =—22 5B 63m. Ans

" cosbu, = Costl 346

7-123. Draw the shear and moment diagrams for the beam, V)

S0rHM

)
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8-1. The mine car and its contents have a total mass of
6 Mg and a center of gravity at G, If the coefficient of
static friction between the wheels and the tracks js e =
0.4 when the wheels are locked, find the normal force
acting on the front wheels at B and the rear wheels at 4
when (a) only the brakes at A are locked, and (b) the
brakes at both 4 and B are locked. In either case, does
the car move?

Equations of Equilibrium : The normal reactions acting on the wheels at
(A and B ) are independent as 1o whether the wheels are locked or not. Hence,
The normal reactions acting on the wheels are the same for both cases.

(+ IMy =0; N, (L.5)+10(1.05) ~58.86(0.6) = 0
Ny = 16.544 kN = 16,5 kN Ans

+TEE =0;  Ny+16.544-58.86=0
Ny =42.316 kN = 42.3 kN Ans

Friction : When the wheels at A are locked, (F, Jaar =4, N, =0.4(16.544)
=6.6176 kN. Since (F, Jmax < 1OKN, the wheels at A will slip and the wheels
at B will roil Thus. the mine car moves. Ans

When both wheeis at A and B are locked, then (F, Juas = H,N, =0.4(16.544)
=6.6176 kN and (F, Jmax = M, Ny = 0.4(42.316) = 16.9264 kN. Since

(F, Joax + (53 Jmax =23.544 kN > 10N, the wheels do not slip. Thus,

the mine car does not move. Ans

8-2. If the horizontal force p = 801b, determine the

normal and frictiona| forces acting on the 300-1y crate,
Take p; = 03,4, = 02 Assume no slipping ;

TEIE =0, BOcosage - 300sin20° + £. = ¢
Fe=21431b
NEE = ¢; Ne = 300c0s20° ~ 805in20° 0

Ne = 30026 1b

(Fe)pas = H,Nc; (F)ue = 0.3(309.26) = 928 13, > 27431 (0.K!)

F=2741p Ans

N-=3091p Ans
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