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PROBLEM 6.1
1.25 m Using the method of joints, determine the force in each member of the truss
= shown. State whether each member is in tension or compression,
4 m
g
R
SOLUTION
AB =43 +1.25% =325 m i b
) 3 A2swm |
BC=N3"+4"=5m T‘ B -Y
Reactions: ey
Y
+)EM =0 (B4KkNY3 m) - C(5.25 my=10
DEM, =00 B4EN)G m) - C( ! e,
C=48 kN +—
ALEF =00 A4 -C=0
A, =48 kN —
] EF =00 A4, =84 KN =0
A, =84kN | A= 894y
’ 2 A = 1o hN
Joint A: 2 L
fag !
12 oo

F.EF =0: 48kN = Fa =0

Fipg =+52kN
5 ]
HEF =0: 84kN ~ S 2KN) =y =0

F e =+64.0 kN

Joint C

Fup=52kN T 4

F=640kN T «

4 R
~Be
N SN .
o= 98 Fpe  48EkN
o N £= %4 = Fpe =800kN C <«
o84y
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PROBLEM 6.2

Using the method of joints, determine the force in each member of the truss
shown. State whether each member is in tension or compression.

SOLUTION

Free body: Entire {russ

L FF =0: B, =0
FYIM, =0: C(15.75 )~ (945 1b)(12 1) =0

C=7201b |

A 5F =0: B, +7201b-9451b=0
B,=2251b!

Free body: Joint B:

£ F F 2251b
5,.fa -8 A3 4B . tBC
_—3— Eq f& |215!b 5 4 3

{.‘
8= 12516 8C

Free body: Joint C:

Fp=3751b C 4

Fe =3001b T 4

Fuo  Fpe 7201
975 375 9

Foe =3001b T (Checks)

F=7801b C 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companics, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 6.3

Using the method of joints, determine the force in cach member of the truss
shown. State whether each member is in tension or campressioit.

<3 m-—*—f*—u 4.5 m—-—*i

SOLUTION

Free body: Entire truss

FLEF =00 O =0 C_ =0

FVEM, =00 (192 KN)(3 m)+ C,(4.5m)=0

C,==128kN C, =128kN]

HEF, =00 B-1.92kN-1.28 kN =0

B=320kN]
Free body: Joint B:
£ Fup  Fue  320kN
,ﬁf . N 5 3 4
g Y fF e Fp=400kN C <
320 3 \\fgs '
£ Fye =240kN C 4
B=3,10%N "k

Free body: Joint C:

tU3F =0 -%L?F,,(, +2.40kN =0

Fro =+2.72 kN Fe=272kN T <

+ I, = %(2.72 kN) =128 kN =0 (Checks)

PROPRIETARY MATERIAL, © 2010 The McCraw-Hill Companies, Inc. All rights reserved. No part of this Manval may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
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1 ki 4 kips 1 kip PROBLEM 6.4

Using the method of joints, determine the force in each
member of the truss shown. Slate whether each member is
in tension or compression.

12 ft 121t |
SOLUTION
Reactions:
Vg  Awps Lkig
A
6.4 %
1z
o 1z & -—'-;F(—— .H
- 2.4 kwps
D)IM, =00 F(24)—(4+2.4)(2) - (D24 =0
.1
F, =4.2kips|
IF.=0: F =0
HEF =00 D-(+4+1424)+42=0
D =4.2kips |
Joint A:
| Kip TF =0 F=0 Fop=0 4
A - LR =00 “1-Fy, =0
Fae
Fao F . =—1kip Fo,=1000kip C <
Jomt D: +T Lp, =00 ~1+42+ ]—87— Fop =0
B THP Fe» Fop = 6.8 kips Fy, =6.80kips C 4
- -3
(£}
‘D + o () E £ o —
B D W ANES ]7( 6.8)+ I, =0
D=4z ks F,p = +6 kips Fop =6.00kips T

PROPRIETARY MATERIAL, © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No pent of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior sritlen permission of the publisher, or used beyond the limited
distribution 10 feachers and educators permitted by MeGraw-Hil for their individual course prepoaration. Ifvou are a student using this Manmal,
vou are using it withou! permission.
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PROBLEM 6.4 {(Continued)

Fae

Z.4 k(‘:s

H2F, =00 Fy-24=0

Truss and loading symmetrical about ¢

Py = +2.4 kips

Foe =240kips T <

PROPRIETARY MATERIAL. © 2010 The MeGraw-

Hill Companies, Tnc. All rights reserved. No part of this Manal may be displayed,
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1 kipss 108 Lips

U} (S — Y [ p—

i la B

PROBLEM 6.5

Using the method of joints, determine the force in each
member of the truss shown. State whether cach member is in
fension or compression.

SOLUTION

Free body: Truss
AUEF =00 A =0

X

SYEM  =0: D(22.5) - (10.8 kips)(22.5) ~ (10.8 kips)(57.5) = 0

IF,=0. A, =168Kkips]

¥

Free body: Joint A:

By ] ihBrip Fa
K %’
i ~258 ﬁfﬂ A% ~
r — ¥
115 ~AD fan

Free body: Joigt B:

Free body: Joint C:

sty Eg
.,fac__l, ZTh ’l‘” kige

3
¥m 4 -
F 3 ~Be
P

D = 38.4 kips |

Fu  Fpo 168kips

225 255 i2

F,,=315kips T 4

F.,=357kips C 4

T =0 Fy=315kips T 4
IF, =0; F,p =1080kips C <

Fop  Fye 10.8 kips

37 35 12

!
A

Fop =33.3kips

Fue=31.5kips T (Checks)

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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A D PROBLEM 6.6

SN

_ ¢}
N iR

225 m

Using the method of joints, determine the force in each member of the
truss shown. State whether each member is in tension or compression.

SOLUTION

Free Body: Truss

+ 5F, =0 E, +2025N=0

We note that AB and BD are zero-force members:
Free body; Joint 4;

oo A

Fue Fu 900N

Fro =Fan _
N
e T 225 375 3
F ! N Bl L
4L Fas 3
ob N

Free body: Joint D:

= (125N Fep  Fpy 1125N

A FF, =0 E +900N+900 N =0
E,=-1800N E_=1800N «—

F nas N = =
D F s 3 223 3.75
£ “DF |
- -f-‘ —
-

@
Fo!
Free body: Joint I
Fer FLEF =0 Fop 1800 N =0
H EF, =00 F —2025N=0

Egl E
1800 N
§3=301 N

Fee

FYEMy =00 F(3m)— (900 N)(2.25 m) - (900 N)4.5 m) =0

F=2025 N|

E,=-2025N E,=2025N]|

Fop=Fy=0 4

Fue=675N T o

Fp=1125N C <

Fop=900N T o

Foo=675N C 4

Fo.=1800N T 4
Frp=2025N T 4

PROPRIETARY MATERIAL. © 2010 The MeGraw-Hill Compantes, Inc. All rights reserved, No part of this Manual wmay be displayed,
reproduced or distributed i any form or by any means, without the prior written permission of the publisher, or used beyond the limited
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PROBLEM 6.6 (Continued)

Free body: Jomt F-

HEF =0: %’%FQ_. +2025 N =675 N=0

Fop  (Fon
‘-c{ 4] ’£;~
5N
IR % Fop=-2050N [ =2250N C 4
Fes oo Fofs
2023
4 TF = 7%(-—2250 N)~1800 N=0 (Checks)

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 6.7

54 kN

Using the method of joints, determine the force in each member of the truss
shown. Statc whether each member is in tension or compression.

st

8.4 kN

SOLUTION

Free body: Truss
e =00 B, =0
+‘) IMy =0 DES5Sm)+(8.4kN)45m)=0
D=-84kN D=84kN <
HLEF =0: B -84KkN-84kN-84kN=0

B, =+252kN B, =252kN—

Fup Ty _8A4KN
533 4.5 2.8

Fou=1590kN C <

Fo=13.50kN T <

Free body: Joint C:

45
Tae® 13,50%N + EF,=0: 13.50kN~ <5 Fen =0
P, €l aakn Frp=+1590 kN Fryy =1590kN T <
S3/lus

e o 2.8 ~
£_# AL TF =00 <Py =84KN = 22590 kN) =0

Fye=—1680kN F,.=1680kN C 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc, All sights reserved. No part of this Manual may be displayed,
rvepraduced or distributed i any form or by any means, without the prior wriflen permission of the publisher, or used beyond the limited
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PROBLEM 6.7 {Continued)

Free body: Joint D:

FegnlSgont Lo BUE Fyy =1350kN € <
Feo ;5" "ws ;.3 nfﬁw 43 28
(X e %
D=4 kN D “Enk

We can also write the proportion

Fyy 1590 kN

Bt Fop=1350kN C (Checks)

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. Al rights teserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used bevond the limited
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PROBILEM 6.8

Using the method of joints, determine the force in each member
of the truss shown. State whether each member is in tension or
compression,

SOLUTION
LAt~ I $fe
T [ BXé934
124 <
-‘Lp’ (o] £
Ly =
£
AD=\s" 1128 =131t * o .
~© 42 3
pep=Ai riet —o0n  HIE = &
Reactions: . =0 D =0
+)EM =0: D, (21 1)~ (693 10)(5 ft) =0 D, =1651b 1
+EF, =0: 16510693 1b+£=0 E=5281b |
. , s, 4
Joint FOZE =0 ﬁ[’zﬂ) “*“‘S‘ch =0 (1)
-.‘.’4‘& Fe ]2 3
s .~ S, =0 “SF, 42 Fy +1651b=0 o
’f_‘_’l; 13 7% 5
D L8
D= /858
Solving (1) and (2}, simultaneously:
F ==2601b Fup=2601b C <
Fre =+1251b Fpe=1251b 7 <

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. Al rights reserved. No part of this Manwal may be displayed,
reproduced or distributed in any form or by any weans, without the prior written permission af the publisher, or used bevond the limited
distribution to teachers and educators permitied by MeGraw-Hill for their individual course prepavation. If you are a student using thiv Manual,

you are using it without permission.

747




PROBLEM 6.8 (Continued)

Joint £
e Y =00 S F b Fy =0 3)
f s \ kY ’ }3 5
-l & !ﬂfz
o N ter =00 25 435 1581b=
3 “'-#f + Z]“y = (}: “ié"[w;_~+gl.l‘{j‘,5+5 8lb=0 (4)
£= 2%
Solving (3) and (4), simultaneously:
Fyp =-8321b F, =8321b C <«
P =+4001b F.. =4001b 7T
Joint C:
e hatN i ’*ﬁﬁ

£z i25tb L= welh

Force polygon is a parallelogram (see Fig. 6.11 p. 209)
Foe=4001b T 4

Foe=1251b T 4
. o 5 4 .
Joint 4: UBF, =00 (260 1)+ (400 16)+ Iy, =0
Fp =—4201b Fop =420 C 4

Hzr =o; %(260 Ib)— %(400 ) =0
0=0 (Checks)

PROPRIETARY MATERIAL. © 2010 The MeGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, withowt the prior written permission of the publisher, or used bevond the limited
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BB LN PROBLEM 6.9

15N HLB kN

Or compression,

e 3.8 l'!'}—a-’

Determine the force in each member of the Pratt roof
truss shown. State whether each member is in tension

SOLUTION

Free body: Truss

9.6 kN

10.5 kN

Due to symmetry of truss and load

A, = H =2 total load =21 kN
2

Free body: Joint 4:

F:
STl g .o
g J2lg (5.3 e
- a3
A R — — —Fue E
- AL
21 tend z
Pap P 153EN
37 35 12

Foa=4T175kN F, . =44.625kN

Free body: Joint B:

10.5 ke 47,175k 10.5 kN
- F/
§$= |3 ___B‘D -

I -
A5 |F, Foc | - Fon
g -1
From foree polygon: Fpp =47.175kN,  Fy. =10.5kN

F,=4T2kN C <«

Foo =446 kN T 4

Fie =10.50 kN C <

Fpp=47T2kN C 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, nc. All rights veserved. No part of this Manual may be displayed,
reproduced or distributed in any forer or by any means, without the prior written permission of the publisher, or used bevond the limited
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PROBLEM 6.9 (Continued)

Free body: Joint C: W zr, =0 %FCD ~10.5=0

Fye = 10.5 kN Py

- i 4
: e LT =00 By 4 (17.50)—44.625
Fac= /_ﬁ F ' 3
44,625 knl b jcE
—— > 7
. CE
Free body: Joint £: DFE is a zero-force member

Fee ™ J"F'“_._ -
30.625 kg Ly -]
b E . 3

Truss and foading symmetrical about €

Fpy=1750kN T 4

it
<

=30.625kN  Fp, =30.6kN T 4

Fi =0 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hilf Companics, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior writien permission of the publisher, or used beyond the limited
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1.5m 15m

é

1.5 oy S | 1.3m, L3m

PROBLEM 6.10

1
]

ZEN ga 4N

e

I
L‘if‘f Determine the force in each member of the fan roof
truss shown. State whether each member is in tension

3 or C()l]]pFGSSEOH.

.

SOLUTION

Free body: Truss

A5m 185m 15m 15m L5m 18m

LF, =0: A =0 ] | 2w
2N
From symmetry of truss and loading: 1 T
2m
1 ..
A =1=— Total load
: 2 "= Ih
_) -
A, =F=6kN]|
Free body: Joint 4:
F
k| a9 o
- 5~ “V5kN
AF~"F R T ”
e ‘B5T
Azekn fﬂc
F Fio  SkN . .
w_ o lac Fp=1231kN C <
9849 9 4

Foo=1125kN T <

Free body: Joint B:

2kN bl
9 , 48
4L 5F, = (1231 kN + Fy, + Fp ) =0 BE-T
£ 9,849 : : F Y
~Ab el
= [2.30hH ’
Loc
of Fop + Fyp = ~12.31kN M
4 .
HzF, = g 123NN+ Fyy = Fy) = 2kN =0
o Fyp = Fye = =1.386 kN @)
Add (1) and (2); 2Fy, ==19.70 kN Fyp=985kN C 4
Subtract (2) from {1): 2Fp =-4.924 kN Fpe =246 kN C 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Mamual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or nsed beyvond the limited
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PROBLEM 6.10 (Continued)

Free body; Joint D:

2kA
>Y. “F. ‘fy'lm
FBD i > F e
=9.85kW \F “ty i~ F
-LQ _N
From force polygon: Fop =2.00kN € «
Fre=985kN C <«
Free body: Jaint C:
KN +I XF miﬁ‘-u———i—(l% kKN)—-2kN=0 Fo. =375kN T 4
Fep2hN g Y5 9849 “

~CE
gg.c%kré 5 3 0
3 ALBE =00 Fn + (375 KN) 4+ ———(2.46 KN) - 11.25 kN =0
Foe C F 14 ' 5 9.849

-5 @
=1L25 kN .. .
{iq = +0. TS KN Frg =075kN T ]

From the symmetry of the truss and loading:

Fep =Fpy Fi =985kN ¢ 4
Feg = Feg Frp; =375kN T o
Fug = Fop F. =200kN C <
Fry = Fgp Foy =9.85kN C o
Loy = Fye F., =246kN C 4
Fo = Fue F,=1125kN 7T 4
Py = Fyg £, =1231kN C 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Tne. All rights reserved. No part of this Munual may be displayed,
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(00 s PROBLEM 6.11

.
g
g
b é oot Determine the force in cach member of the Howe roof
g — — truss shown, State whether each member is in tenston or
S0 s ﬁ!ﬂ- compression.
H

§ U

!‘*" 913 | § bt 81t 8 Fp

SOLUTION

Free body: Truss

5431

A=, :-;: Fotal load

A=H, =12001b}

Free body: Joint 4:

30115 s - Fug _ Fie 9001

) - 3 4 3
T-/El«- v Fw P |ow

£ p F,.=12001b T 4

F,,=1500b C <

Free body: Joint

BC is a zero-force member

+f
bt

ek ¢ Foe

Facs Fye =0 Fo =120000 7

PROPRIETARY MATERIAL. © 2010 The MeGraw-Hili Companies, Ine. All rights veserved. No part of fhis Matwal may be displayed,
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PROBLEM 6.11 (Continued)

Fr dv: Joiat B- 600 b
‘ree body: Joint B: ;o Feo
Fap = zl?
SO 7Y TR T oo
FEF =% ugl*]m +~§P,,(, 4—3;{1500 b)y=0 00 ?I}f&f
f=0 “BE
or Fop + Fpp =—15001b (H
) 3 3. 3
+ ZF, =0 EFB” —-S-}BE +~5—(1500 1bYy-6001b=0
or Fypy = Fp = =500 1b (2}
Add Egs. (1) and (2): 2F,, =-20001b Fop=100016 C 4
Subtract (2) from (1) 2Fy =-10001b Fop=5001b C <
Free Body: Joint D
FLEF =0 i;—(EOOO 1) +%FDF ={)
600 b
o Fpp =~10001b Fop=10000b C <
A48 3 3 3
Far A g ® w +T LF,=0: —(10001b)~ —(-~10001b) - 600 [b~ ), =0
oo b F : 5 5 o
Jye “b¥
Foyp =+6001b Fop=600lb T 4
Because of the symmetry of the truss and loading, we deduce that
P = Py For =500 C o
Fg = Fy Fp; =12001b T 4
Fug = Iye Fr =0 4
FFH’ ZI;;fB FFHKIS(JOlb C ‘
Foy = Fye Fyy =12001b 7 <

PROPRIETARY MATERIAL., © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manal may be displayed,
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0 1 PROBLEM 6.12

6046 T GO0 ih

Determine the force in each member of the Gambrel roof
truss shown. State whether each member is in tension or
compression,

SOLUTION

Free body: Truss ok

800 0B
ZF =0 H =0 ;o g i s
Because of the symmetry of the truss and toading 4 o @
A= H}, =— Total load A b-gti-gf—riesn-sle—sa l&
> gy
A=H,=1200 b}
Free body: Joint A:
F F.. 9001
300"9" /fﬁb AR — AC — 0 b F/”; :1500 [b C' <
Piat - 5 4 3 :
5 £ %3 {900l
A Fo &% F,. =1200lb T 4
—qc _F AC T
Az 200 b “ac

Free body: Joint C: iz f!f“
ree body: Jomt €: Fac= lgoolh -7
¢ ILs

BC is a zero-force member

Fp. =0 Frp=120010 7 4
Free body: Joint B: coo Ib
Fen
2

+ O EZF =0 gi[? +iF‘ +i(1500lb)-0 .&’B ’%ﬂ?

oL x . 75 7)) 5 RE 5 4 \"?Qi .
E&g; {560tk et
or 24F,;, +20F,, =-30,000 b ("

ey 7 .. 3 3 .
2k, =0 55 Fan = Fop +5(1500) = 600=0

or TFyy 158, =—7,500Ib (2)

PROPRIETARY MATERIAL © 2010 The McGraw-Hill Companics, Inc. All sights reserved. No part of this Manual may be displayed,
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PROBLEM 6.12 (Continued)

Multiply (1) by (3), (2) by 4, and add:

FO0F,,, =—120,000tb Fup =12001b C 4
Multiply (1) by 7, (2) by —24, and add:
500F,, =-30,000 Ib Frr =60.01b C 4

Free body: Joint D

, 4
HLTF =0 %(]200 Ib) +%§'~Fb{, =0

&b0
2L e =—12001b Fo=12000b C <
;i !7—"?—:-,?--4
Laooth §  T9F 7 7 )
i IR, =00 (1200 16) == (=1200 1)~ 600 Ib ~ Fyy, =0
LpeE 25 25

Fpp =72.01b Fop=1201 T 4

Because of the symmetry of the truss and loading, we deduce that

Fop = Fyp Frp =600 C 4
Fy = Fy Fre =12001b T <
Frg = Fpe Fro =0 4
Fru = Fyp Fyyy =15001b C 4
Fonr =l Fopp =12001b T 4

Note: Compare results with those of Problem 6.9
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PROBLEM 6.13

Determine the force in each member of the truss showil

SOLUTION

Joint D

75N
/ Go
B i (o
Efrtns / &
‘pd}’ I2SEN

Joint ('
f%‘,—,garw
[
o’y

Joint C;

125 kN _ PETD - FI_}(?
25 6 65

IF =00 Fp=0

IR =00 o, =325KN C

BF = %(2,5 m}=1.6667m fB=/BCF =tan”'

HEF =00 <125KN—F.sinff=0

~125KkN = F,,. sin39.81° = 0

Frp =—19.526 kN

HLEF =00 30KN- £y —Focos =0

30KN ~ £, —(=19.526 kN)c0s39.81° =0

Joini £ HOTE =0

o P —
6.5

Fye. =+45 0 kN

6.
F. = -32.5kN ~(36£J(1 9.526 kN)cos39.81°

F. =—48.75kN

25, 25
6.5

-1

_85.139_310
2

}6—5(32.5 kNY -~ Fpcos f=0
EN

Frp=30kN T 4

Foe=32.5kN C <

Fop =1953kN ¢ 4

Fye =450kN T 4

P =488kN € 4

Fop —?g(32.5 KN} —(19.526 kN)sin39.81° =0
h.:

Fo 73(7”_'_2&48.75 KN)—12.5 kN —12.5kN =0
D.

Fiyp =+6.25 kN

For =625kN 7 4
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PROBLEM 6.13 (Continued}

Joint B: lan o = 2.5m ;o y=51.34°
Zm

HEF, =0: ~125kN-625KkN—Fy,sin51.34°=0
Fpy =-24.0kN Fop=240kN C o
CFLEF =0: 45.0KkN—F, +(24.0kN)cos51.34°=0

F,,; =+60 kN F,=600kN T

y=51.34°

T EF, =0 Fup — (24 kN)sin51.347 - (48,75 kN)%% =0

Fup =+37.5kN F,.=375kN T 4
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- fim

PROBLEM 6.14

Determine the force in cach member of the roof truss shown.
State whether each member is in tension or compression,

i 9m f 9m !
S
SOLUTION
Free body: Truss
&m L i
F. =00 A =0 124N
From symmetry of loading: :
12kN A . 5m
A, =E= 1 Total load A 3o N /F
’ 2 T TR I i
A, =E=36kN| ;L“’"’ R

We note that DF is a zero-force member and that EF is aligned with the load. Thus
Fpp =0 4
For=12kN C <

Free body: Joint 4:

T e Paw L 241N Fuy =624kN C 4
L/ . ._lim‘]z.nm 1312 5 "
Al st v
’g;ib kN Tac Fu=276kN T 4
Free body: Jomt B;
2.4 kN 3 12 12
E FLEF =0 el B D F (624 kN =0 1
x 3905 BC 13 kD 13( ) ( )
2.5 5 5 _
HEIF =0 =T F b F 2 (6.24 KN - 2.4 KN =0 2
! ) 3005 5tz T ) @)
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PROBLEM 6.14 {Continued)

Multiply (1) by 2.5, (2) by 3, and add:

5 ,
%f«‘,w +f§(6.z4 KN)=72kN=0, F,, =-4.16kN,

Multiply (1) by 5, (2) by —12, and add:
hal Fo +288kN=0, F,. =-250kN
3005 R SO KN=U - P = L s

Free body: Joint -
5 2.5
+ EF =0 Ty ™ 250kNy=0
1=r, S8 3905 )

F 25068 4F

€
583
250M3.90F %fr
LR .
SIEkN  Toe

a8

3

F EF, =00 Fop —5.76kN +~»3m- (2.50 kN)Y +
’ ’ 3.905 5.831

Frec body: Joint £

HEF, =0 D 136 kN-12kN=0
¥, f“:'.l.'l. kN : 7.81 77
Fpp =375 kN
HUEF =00« Bl - =0 (375 kN) =0
A oy 4 7_81

Fop=+288kN  Fp =288kN T

Fpp =416kN C

Foo=250kN C

Fop=1867kN T <

(1.867 kN) =0

F =283kN T

Fop=375kN C 4

{Checks)
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PROBLEM 6.15

Determine the force in cach member of the Warren bridge
truss shown. Stale whether each member is in tension or

compression.
SOLUTION
Free body; Truss ZE =00 A, =0

Duc to symmetry of truss and loading

~¥ 6‘:1‘95 Gk‘.?b -

A, =G= 1 Total load =6 kipsf

Fow Vi 6kips

Free body: Joint A: . F.p=150kps C o«

5 3 4
y Fag & Fu=450kips 7 4
-~ 3/
5/a 4l |euies
A i_ _ jAc. ¥
sz G Wips Fac
Free body; Joint B: Fgc = FZ’) = 7'5'}:;}}5 I =17.50kips 7 4
B Tep  75kips Foc Fup =9.00kips C 4
Ea™ S/hA aps
AR N
T5kiefe a|E 2 _ 3N
3 3 \fac. _FBP
Free body: Joint C:
= 1er,=0: 25435, —6=0
Fac™ 7.5 ps o€ fCD ey EE U 5 e )=
/
4 35 5,%}4 Fep=0 4
- _..p:FC'E 3
N + e ) 4 — —— =
F=Fowes [© FLIF =01 Fop =45 2(1.5)=0
G kips

+ Fp =49 kips Frpy =9.00kips T 4«

Truss and foading symmetrical about &
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PROBLEM 6.16

Solve Problem 6.15 assuming that the foad applied at £ has
been removed.

PROBLEM 6.15 Determine the force in each member of the
Warren bridge truss shown. State whether each member is in
tension or compression.

SOLUTION
Free body: Truss ZF, =0. A, =0
G SVEM =0 6(36)~4,(54)=0 A, =4Kips]
Av A G
€ STIN e, -t 3 +HEF, =0: 4-6+G=0 G=2kips!
é\' VG lL:QA -
: F ' .
Free body: Joint 4: r 8=t 4 1:ps F,,=500kips C 4
F
/5o e Foe=3.00kips T 4
A “[% |4 wips
Ag 2 b -
AF 4 kps - AL
Free body Joint B: Fgc = FZD =3 kslps Fpe =5.00kips 7
8 __Fm  suiessFoc Fy, =6.00kips C 4
Fg® N\ R 5/ *354
shey ) ‘ti\ Fac “:.F;b_
Free body Joint C:
£ =5k 7 ! A P i <
Fac=5kes A + M, =0 3(5) +EFCD ~6=0 Fo, =2.50kips T
s,
4 3 /3'44 Fee 3 3 .
= H2F =0 Fop +2(2.5) = 5(8)=3=0 Py =450kips 7

Fac= 3kips G kips
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PROBLEM 6.16 (Continued)

Free body: Joint D:

3 4 4
£ coiios D For H=r, =0 58Ty =0

” 5/ 5355: M Fpp ==2.5kips Frp =2.50kips C o
Fep=2.5kips Foe ELEF =00 F, +6—§~(2.5)w%(2.5)20
Fpp ==3kips For=300kips C 4
Frec body: Joint F: E;J— = —f'—";-(i = i;%l—l-)i Fue =250kips 7
o= 3Kips Renfre Frg =250kips C 4
o s

7 N\ 3 3
o W, "o

o 2Kkips

Free body: Joint G:
3 4

Fre =1.500kips 7 <

EFG- 3

3
-
EEG_ - N Z\c-?st‘\s—v;‘:a

G=2kps Fes

Also: Frg _ 2kips
5 4

Fpe =2.50kips € (Checks)
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5764 5761 576t BTG PROBLEM 6.17

i -

g .- Determine the force in member DE and in cach of the
£ s 1 members located to the left of DE for the inverted Howe
% g roof 1russ‘ shown. Statc whether cach member is in tension or
¢ compression,
.

B L1 R T A [ ! 12.5 It 1

SOLUTION

Free body: Truss:

IFo=0: A, =0

FYEM,, =00 (400 Ib)(dd) + (800 h)(3d) + (300 I)(2d/) + (800 Ib)d — A, (4} = 0

A, =16001b]|

Angles: tana = 6.72 o =32.52°
10.54
0.72 .
tan ff=—— =[6.26°
ﬁ 23.04 ﬁ o0
Free body: Joint 4:
Lbolb .
, ool -1
o "B--.\,_._F&g D&R'\ F
Azt | Fae ™~/
A =100 - 3
4 Fac 6
Fu _ Fje 12000

sin57.48%  sinl06.26° sinl6.26°

F s =3613.81b
Fio=411431b 7

oy

Fop=36101b C, F,.=41100b 7 <
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PROBLEM 6.17 (Continued)

Free body: Joini B:

800t fy 7 IF, =0: ~Fyo (800 1b)cos16.26°=0
L]
fw tzb Fye ==168.01b  F,.=76816 C 4
=353 .
“’F r’ fap % SLEF =00 Fyy +3613.8 b+ (800 1b) sin16.26° = 0
e
Fy), =-3837.81b Fyp =38401b ¢ 4
Free body; Joint C:
o L BSas
'“'l — {cg_ %
-Eé'g:sz,sr
Foe ™

HEF =0 —F, sin32.52°+ (4114.3 1b)sin 32.52° - (768 [b) cos 16.26° = 0

Fop =2742.91b Fop=27401b 7 o

Fpy —(4114.3 1b) cos 32.52°+ (2742.9 Ib)cos 32.52° — (768 Ib)sin16.26° = 0
Fop =137141b

SALEF =0

Iy =13711b 7 <4
Free body: Joint £

Fee ffne
1ry2.4h Pﬁ’f""“‘ fwe
K305

o

fee

. Fg m2_742'9 b Fpop=15361b C 4
51t 32.52°  sin73.74° g

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companics, Tnc. Al rights reserved. No part of this Manual may be displayed,
repreduced or distributed in any form or by any means, without the prior weiflen permission of the publisher, or used beyond the limited

distribution to teachers and educaiors permitted by MeGraw-Hill for their individual conrse preparation. If you are a student wsing this Manual,
You dre using it without perntission.

765




5768 BIGt | 5760t BUGI PROBLEM 6.18

i | 1
0 H ‘ , .
' <00 [ Determine the force in each of the members located to the
! 00 1 right of DE for the inverted Howe roof truss shown. State
TA . g 00 1 whether each member is in tension or compression.
[ )
6.71‘2 fi

1054 {1 I 1251 i

SOLUTION

Free body: Truss

dz d= d=z d=
5768 , 38R, BT8R, BI6R ,

SYEM, =0:  H(dd) - (800 Ib)d — (800 Ib)(2d) — (800 1b)(3d) — (400 Ib)(4<) = 0
H =16001b |

6.72
Angles: tan ¢ = 672 o =32.52°

672 |
tan ff = —— =10.26°
P=50a P

Free body: Joint H:

g PSR

JFH__ T ~ . Feu
F o ra
-6 P ool . BT T
H=ij6001b L
Flay = (1200 1b)cot16.26°
Fl =411431b T Fy =411010 7 4
s 20000 s gl Fo =42901b C 4

T 5in16.26°
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PROBLEM 6.18 (Continued)

Free body Joint F
0B 7 ZF, =0: —F.; ~(8001b)cos16.26° =0
For 216,26
< _{F Fr =~ 768.01b Foo =768 C 4
' ffﬂ: ~* LEF =00 —F L 42858 b +(R00 Ib) sin 16.26°= 0
Feo ¥ 7 w8s8lb Rt DE ( ) B
Fpy =-4061.8 Ib Foe =40601b ¢ o
Free body: Joint (:
HEF, =0: Fpgsin32.52°~(768.0 Ib)cos16.26° = 0
F..c168.00
q-;iz} ?.E».u‘ Fpe =+1371.41b
S ~ % .
e G Fpe =13711b T o
o G Epmimst

HUYF, =00 —Fp, +4114.3 1b—(768.0 1b)sin16.26° ~ (1371.4 1b) c0s32.52° = 0
Fpe = +2742.91b Fo; =27401b T 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Ine. All rights reserved, No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Fill for their individual course preparation. If you are a student using this Manual,
you are ysing if without permission,

767




PN PROBLEM 6.19
2k
\E& . n - -
Y B Determine the force in each of the members located to the
1 feft of FG for the scissors roof truss shown. State whether
. Emo each member is in tension or compression.
; ; : [T
] EE
H fm
&
A3 Im
Yo th 2l zm b 2m 2w !
SOLUTION
Free Body: Truss
1k
2t
E
2N P " _}m
im
1IN 4 ] i
% I Im
éx K L{im

b&‘ 2w P Zm o Zm 2w fm fm =
ZF, =00 A =0
-E-")ZML =0: (FKkNYIZm)+ (2 kN)I0 m) + (2 kNYE m) + (1 KNY6 m) — /1},(12 m)=0

A, =4.50kN]

We note that BC is a zero-force member: Fop =0 <
Also: Fop = F e (H
Free body: Joint A4: L EF =0 —1——1?‘ +—2m F.,.=0 {(Z)
Jay: . R o el : \/5 AB \/E A€
t 4 Faa
P4
é/ 7 Epe . | P,
724 HEF =00 =Ly +?/_§}*A(‘ +350 kN =0 3

= k.50
63 ok

|

2

Fo—7 kN =0 F=990kN C 4
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From (1)

Free body: Joint B:

ﬂfs.b
{ijl
P

B -a---hfsg

LkN

Frp= WI0kN

Free body: Joint £

F.a

%
‘fsf-_-z‘oami . _{{ft
:fw-:z 826 kN

Free body: Joint £:

or

or

Add (4) and (5):

Subtract (3) from (2):

Subtract (5} from {4):

PROBLEM 6.19 (Continued)

P
= Fe =350kN=0 F, . =7826kN

Js

Py = Fye =7.826 kN

R N
HEr =0 —F, =090 kN)=2kN =0

V2

Fyp ==T.07T1kN

Fgp + J~~*(9.90 —7.07DkN =0

2

4L EF =
Fyr ==2.000 kN

2

V5

4 IF =0 (F — 7826 kKN) +2.00 kN =0

Fy =5.590 kKN

Hzr =0 (7.826— 5.590)kN = 0

) 1
Fpp — 7;

Fpe =1.000 KN

2

NG

(Fpr + %G)er]m('r.m: kN)

V2

Fippe + Fips = =5.590 kN

FLEF =0

_ 1
L - Fop )+ —=(T.071kN) =2 kN — |

Vs V2

Fop = Fpg =—4472

+zF, =0

2F,. = —10.062 kN

2 =1 1180 kN

Foe=T83kN T <
Fo=T83kN 7 <
Fupy =TOTKN C 4
Fo =200kN C <
Foo =559KN T <

Fe =1.000kN T <

N EDF

2 l 5.

D /42?1‘

Z 1| v *’\5’6
fgp i _{-’ E:l kN
=T.0TH kN

(4)
KN=1(
(5)

Fpp =S03kN C o

Fpp =0.559kN C <
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PROBLEM 6.20

Determine the force in member FG and in cach of the
L members located to the right of FG for the scissors roof
I'm truss shown. State whether each member is in tension or
tlm compression.
Tm
I'm
Pam 2w 2m Mo lem " 2w !
SOLUTION
Free body: Truss
1KN

A

2 Im  8m  8m "Zm ‘2 ' 2m 'L

PYEM, =00 L(12 m) (2 kN)(2 m) ~ (2kN)(4 m) - (1 kN)(6 m)=0

L=1500kN|

Angles:
tang =1 o =45°

tan =~]2~ [ =2657°

Zero-force members:

Examining successively joints K, J, and 7, we note that the following members to the right of FG are zero-

force members: JK, L/, and AT,
Thus:
We also note that
Fop=F =Fg

and Fy=Ey

Fp=Fy =1, =0 <

8]
(2)
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PROBLEM 6.20 (Continued)

¥ree body: Joint L

-KL -~
00 kN Ig.u3=

£ f\n !;sooolg\ar
Kb » = ~ F
s 2T NG
11557‘;‘\
£ =,l

Fy  Fy _ 1500kN

sinl16.57°  sind5°  $in18.43°

F, =4.2436 kN Fy, =424kN C <

F =335kN T 4

From Eq. (1): Fop = Ey =Fy, Foy =Fy =335kN T <
From Eq. (2): Fy, =F, =42436 kN F,, =424kN T <4
Free body: Joint H:
Fen_
%57y H J
265?; zqs 5"3_];,1-“-. -
Few  Eumatszean
F, o 247 _
o o 42436 Fo =5.03kN C 4

sin108.43°  sini8.43° sins53.14¢

Foy =1.677kN T 4
Free body: Joint F:

Y HLEF =00 —F, c0826.57° - (5.03 kN)cos 26.57° = 0
E
I v st > Fpp =503 kN
EX Y RoSonkw
~bF Y e
Fre

HEF, =0: —Fpg — TN +(5.03 kN)sin 26.57° (~5.03 kN)sin 26.57° = 0

Fpg =3.500 kN Frg=350kN T <
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B
Wi b

100

Git , aft |, 6

I‘»w» I

00 b

g

A0 s

o

ussin

200 ih

Gt

= 9 fl——9 i —’-l

PROBLEM 6.21

Determine the force in each of the members located to the left
of ling FGH for the studio roof truss shown. State whether cach
member is in tension or compression.

SOLUTION

208 5 Toe
A5
A%
~RC

Az lzo0ib
3

wote ¢
5 7 8P

e

a8 PP

F 2
2236l BUF,,

Free body: Truss

Also,

Free body: Joint A

From Liq. (1)

Free body: Joint B

ASF =0

Or
HZF, =0

or

F=00 A, =0

Because of symmetry of loading:

A =L= l Total load
2

A, =L=12001b}

Zero-Force Members. Examining joints € and 77, we conclude that
BC, EH, and GH are zero-force members. Thus

Fye =F =0 <
Fog = £y (h

Fye 10001

Js 2 1

Fo,=22361b C

Py

F,=22401b C 4
Fo.=20001b T 4

£, =20001b 7

2 2
—= Flpy + iFM; +~—§(2236 1b)y=0

N NN

Fop + Fyp =-22361b 2)

1
e+ (2236 1b) - 400 1b =0

Vs s s

Fopy = Fop =—13421b (3)
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PROBLEM 6.21 (Continued)
C <

Fy =1789 1

2Fy, = ~3578 b
Fup =447 1 C <

Add (2)and (3):
Subtract (3) from (1): 2/, =—894 Ib
tiree body: Joint £
ALEF =0 “’%‘ch; +£~(447’ b}y —20001b =0
‘ s s

Fpy=17891b T

%(447 ) =0

P
1
HEF, =00 Fpe +—=(17891b) -
I ¥ DE \E( ) \/—

53
‘\E‘I}\&g‘lﬁl
Fpye =—600 1b

Foe=6001b C <

Free body: Joint £
olb . e 2 2 2 B
0 For HLTF =0 NG Fopo ¥ T[m + N3 (1789 1b) =0
& 5 5 5
D z f
2 or Py Fpy = —1789 b #
d? N
=178¢0b -Faé T ) 1 1 1
Fcpoolb HEF =00 . + (1789 1)
o N S N AN -
+6001b 400 =0
or Fipge = Fr = 2236 1b (5)
Add (4) and (5); 25, =—-40251b ¥, =2010lb C 4
Subtract (5) from (4): 2F,, =447 1b Foo=2241b T 4
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PROBLEM 6.23

Determine the force in cach of the members connecting joints 4
through F of the vaulted roof truss shown. State whether cach
member is in tension or compression.

1
0.9m

94m 185m I1Am 18m LEm

SOLUTION

& o"’r"iﬁ{f' Gt a Free body: Truss
24N

R =0 A =0
PYEM =0: (L2 kN)6a + (24 kN)Sa+ (2.4 kN)Yda+ (1.2 kN)3a
e ~A,(60)=0 A, =540kN|

Free body: Joint A

b /ﬁ-ﬁfaa S £ Fip e 420kN
- - - .
A %__ . R.ZDWL‘I—%’? \/g ) |

Fac F Foy=9.3915kN Fu=939kN C 4

Ay=5.0 k! Fo=840kN T 4

Free body: Joint B

1
HLXR =0 Syt i+ (03915) =0 ()

24kN .3;31: Js NS J5

: 1 1 I
[ i T () e _F {0 3¢ _ -
Bo 7 iy HEF =00 —=Fy Foo +—=(9.3915)~ 2.4 =0 2
=939k 1 h;:é‘ ’ J5 J2 J5
Add (1) and (2):
(03915 KN) 2.4 KN =0
\/g BD \/g " : -
Fppy =—T7.6026 kN Fop=T60kN C 4

Multiply (2} by -2 and add (1):
’%
—=F, +48kN=0
\[i B

Fye ==2.262T kN Fo=226kN C <
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PROBLEM 6.23 (Continued)

Free body: Joint C

Ec-.: 20627k I 4 I
G "'C.Df 2+, If =0 -\/—g-f‘z;,,) +:/T"}TF(‘YH +—E(2.2627) ~840=0 3
CE

iff& /l\ﬁi ,

(A - 2. | 1
E =9,40kn HEF, =00 g, by (22627} = 0 4)
R ¥ \/g D \/'17 OF _ .E . (

Maultiply (4) by —4 and add (1):

7. 5
=ty = (2.2027)-8.40=0
\E (V) \/5( )
Loy =—0.1278 kN Frpy =0LI28KN € <

Multiply (1) by 2 and subtract (2):

7 3
e Fy == (2.2627) — 2(8.40) = 0
\/ﬁ {E \/5
Frp =7.068 kKN Fp=T0TkN T <
Free body: Joint
. 2 )
24 kn " ﬁt» Z[‘: ={ —% f’bfy +T5]2—4]*}_)E +7_§(7()02())
* _% - .
Bgp= D /i;s‘-ﬁ 1
b - (0.1278) = 0 (5)
b2 N LS Js
7, (1 Lﬁ,gn
F -0.278kN ' +H2F, =0 Lp LS o ] (7.6026)
=0, L= e — e T 1.0 3
D 3 NG YRR N

+~?15w(0.1278)2.4:() (6)

=

Multiply (5) by 1.15 and add (6):

330 3 3.
7359 Pyt 3%(7.6()26) + 7?(0. 1278)-24=0

Frop =-6.098 kN Fop =6.10kN ¢ 4
Multiply (6) by -2 and add (5):

3.30 3
S B = (0.1278) 4 4.8 = ()
1524 D \[5—( )

Fpp =—2.138kN Fo.=214kN ¢ <4
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PROBLEM 6.23 (Continued)

Free body: Joinl £

! 0.6 4 1 '
Fer Hovp 200 TP e (Fyyy = Fog )+ ——(2.138)=0 ()
X . 4 LH T LE -
£ =20k 2.04 N7 1524
20fss
tis 1.95 1 . 1.15 .
Ll HEF =0, S F e (B — g ) ———(2.838) =0 8
; B T 3 504 B \/ﬁ( = Few) 1.524( ) (8)
Fee=7068kN Multiply (8) by 4 and subtract (7):
%.@F ~7.856 kN =0 F, =223kN T 4
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1.60 m

[

PROBLEM 6.24

— 2.2 mfﬁ};l*

160 m)
fosom The portion of truss shawn represents the upper part of a power
Lohm transmission line tower. For the given loading, determine the
. force in each of the members located above FJ. State whether
J080m - each member is in tension or compression,
11601
1.20m
j?.ﬁ{) m
70.6{} m
SOLUTION
Eas Fac Free body; Joint 4
1255 42
A gslam RN g F Fo 12kN
ExL gt AB, o LAC 2t Fpp=220(N 7T <
i . 229 229 1.2
L2 kN Ac A
Fe=229kN C 4
E Free body: Joint
brﬂ;éﬁzﬁ__ F ™ 2.29 - .
EE L2kN !:LJ> Fop _ Fge  1.2kN Y.
ks - L A Fop=229kN T 4
e e 229 229 2.1
- L2 kN RS

Frp =229kN C <

Fan _ _ P 2.0 2 Free body: Joint D
Feo

FDE ] fw_,:.fal"lkﬂ e Fo FBD — ’F})E —_ 2'29 kN FBD . 22] RN TI ‘

2217 06 229
Fpe = 0.600kN € o

Free body: Joint B

FLUTF =0 f.’iiqw +221kN -22L 229 k) = 0
B F 14N > 229

%él o 607,
el ‘;%p Fpp =0 4

Fo ! 0
- 7 0: 2 (0) 2
=29M ifm - H2r =0 ~F, HURPw

(229 kN) =0

Fye ==0.600 kN Fu =0.600kN C «
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PROBLEM 6.24 (Continued)

Free body: Joint

HosE =00 oy 42 200k =0
fﬁ_.—_-o.eoom ' 2.29

et Frp = —221kN F..=221kN C 4
AL e
=LIKN fee” +] BF, =0: —F, —0.600 kN~ 20;9 (229 kN) =0

Fop ¥ '

-en Fpp =—1.200 kKN Frpy =1200kN C 4

CH i

Free body: Joint £

UEF =00 221KN- 221220 kN) - 2 F,, =0
' 2.29 5 7
Fe =0 «
- . 0.6
HEF =0: ~F,, ~0.600kN -~ (229 kN)~0=0
| ) 2.29
Fpy =~1.200 kN Fp, =1200kN C <«
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4 PROBLEM 6.25
: a6 m

fosom  For the tower and loading of Problem 6.24 and knowing that
Fey = Frp= 1.2 kKN C and Fpy = 0, determine the foree in
member A/ and in each of the members located between HJ and
080w N, State whether each member is in tension or compression.

| 6m

T ,Ei‘_ i E‘U 22

20

G600 m

60 m

260 m

COMpression.

PROBLEM 6.24 The portion of truss shown represents the
upper part of a power transmission line tower. For the given
loading, determine the force in cach of the members located
above HJ. State whether each member s in tension or

SOLUTION
E - Aoing €
. 287 Mcniu Far 303 Free body: Joint &
< 7 ) I} 7 7, '
I” ~ &, 4 Fon T 12KN Foy =303kN T o
e For Four 3.03  3.03 [
Foy =3.03kN C <
Free body: Joint L
I . 1.2 kN -
o L 2 e 303 303 12 -
7. 1,ZnH LZI;};?; <
- 3 Fo., =3.03kN (
Ful B PV 1 K
Free body: Joint.J
. 2.97
LSE =0 = F,, + (303 KkNY=0
: 303 ( )
Fp,=297kN T 4
. 0.6
HE =0 ~F,~1.2kN-——3.03kN)=0
T ¥ JK 303( )
Fe =—1800kN Fie =1.800kN ¢ <
Free body: Jomt
[&
HEF =0 iFHK +2.97 RNW&E(B.{B kNY=0Q
_f‘c et kN (GVEN) ) 5 3.03
Fg;.c(&wéﬂ) P =0 <
ok
f B, Fz 2.3TkN - N 0.6 , 3
13y HIT HEF =0 —F, ~12kN-——— 30D KN-{)=0
=303 kN | t,,«\.\ i v i 103 (3.03) 5( )
F, . - .
Fax Wk Fo,o=—F800KN  F,, =1800kN ¢ <«
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PROBLEM 6.25 (Continued)

Free body: Joint 7

YR =00 £+ 20 (303 KN) =0
F,y= 1800 KN * 303
. F ==297kN Fh=297TkN C 4
For B aygy =
23.03kN | ] EF, =0 ~F) ~1.800 kN~ 06 3 03kN) =0
F ¥ 3.03
~IN
171'1\’ :“‘240 kN FH\’ = 2.40 kN C‘ ‘
Free body: Joint K
4
Fri= 1,800 k0 L EF =0 mgFm\, +2.97 kNm%(a.{B KNy =0
F.=0 Foz3.03kN .
~ 4K ) XL
F, 0.6 AT
= e 217 Fey =0 4
b 0.6 3
r { W EF =00 —F ——2 (303 kN)~1.800 KN = 2(0) = 0
LY FKO - ’ 3.03 5
Fyp = ~240kN Fop=240kN C 4
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PROBLEM 6.26

_€).ﬁ!) m
osow  Solve Problem 6.24 assuming that the cables hanging from the
right side of the tower have fallen to the ground,

A0

f6in PROBLEM 6.24 The portion of truss shown represents the
upper part of a power transmission line tower, For the given
126 m loading, determine the force in each of the members located
foma  above HJ. State whether cach member is in tension or
TFupom | COmpression,

SOLUTION
For — Zero-Force Members,
£ ~® F Constdering joint £, we note that 2 and £F are zero-force members:
-l
fﬁa-——-—c?ﬂ Fop = Fre =0 <
F Considering next joint D, we note that BD and DE are zero-force
~pe members:
Fap =Fpp =0 4
F Free body: Joint 4
Ny ® Ene F,, F, 12kN
2,20 ~ 2 A o Ao Fn=2290kN T 4
bR O R L L2 : 229 229 12
LZkN Foc ’f“r et Fo=229kN C 4
AB AQ T b
Free body: Joint B
B
e P 4 21
13 AN fop? FUR =0 S Fy - 2.2 (2.29kN}=0
24l 3] 5 2.29
For A - -
=2.24kN Fag Iy = 27625 kN Fp =270kN T 4
-8

HxF =00 —F, —-292%(2.29 kN) —%(2.7625 kN}=0

¥

P = =2.257T5 kN Fopr =226kN € 4

BC
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PROBLEM 6.26 (Continued)

Free body: Joint C

SR =0 Fp 22220k =0
Eac=2.29kN ’ © o 2.29
Eﬁ :'.:?'?'575 kN
L2 £ Fop =221kN C <
‘ +T LF =0 —F 2.2575kN 0.6 229kNY=0
lew ¥ y =ML ey L - 2-29( : }=
Frpy =-2.8575 kN F., =280kN C 4
Free body: joint £
F R 4. 4.
Feszttsk % CEF =00 —— Fy, ——(2.7625KN) 4221 kKN =0
3 Foe=0 5 5
Fe 4 ¥ =0 A
T £k Fiag =0 4
\ A"{ﬂa ! 3 3
£ XHdF, Hxr =0 -, + LTS KN) = (0) =0
-EH
Fy =+1.6575 kN F, =1658kN 7T «
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< lofi—] PROBLEM 6.27

Determine the {orce in each member of the truss shown. State whether
each member s in tension or compression.

G(20 ft)— (15 Kips)(16 1) — (40 kips)(15 1) = 0
G =42 kips|
F,+15 kips =0

¥, =15 kips <

+ EF, =0: F, —40kips +42 kips =0
¥, =2 kips)

Free body: Joint /7

F ¥
” t"fjl o AUZF =00 = Foy 1S kips= 0
E =igkips F1 Vs
E=2 ki?sj P =33.54 kips Fpp=33.5kips 7 o
....5"‘
g . . 2 .
2, =00 Fy -2 Kips +\T§(33‘54 kips) =0
Iy = ~28.00kips Foe =28.0kips € 4
Free body: Joint B
e ESE 200 e Fy b +15 kips =0
{Skipr B z/r%; x : \/E AR \/a pp T : (1
g BP0 2, S p 28 kips=0
A ¥ | &8, =4 AB ; B ps = (2)
Fpe28.0 kigs ~BR J29 Je1
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PROBLEM 6.27 (Continued)

Multiply (1} by 6, (2) by 5, and add:
40

J29

Fp +230Kips =0
F oy ==30.96 kips Fo=31.0kips C 4

Maultiply (1) by 2, (2) by -5, and add:
40

Jou

Fyp ~110kips =0
Fyp =21.48 kips Fyp, =21.5kips 7

Free body: joint 2

Faribekip 1E + zF, =0 %ﬁ;ﬂ) «/_(33 54+ J_(zz 48)=0
oy =1509kips T 4
HUSE =0 By +I(15 09-33.54) = \/%(21.48):0
Fpp=22.0kips T 4
A Free body: joint A
gﬁ?‘&iﬁr ;\??E:: 4XF, =0; %fé;,(,+\kf4, %\/_(30 36)~ \}5(15.09):0 (3)
Fog 1508 Kips N A =00 - F e A F b (3096) - = (15.09) =0 (4)

NG RNG

Multiply (3) by 2 and add (4):

7 N

Foo 2 (30.96) - = (15.09) =
‘ NG

8
N

o =—28.27kips, F,o=283kips C
Multiply (3) by 2 {4) by 5 and add:
8

——
\/g AE \/—‘

(30.96) =2 (15.09) = 0

7

Fp=950kips 7
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Fac = Z8.27 eips 2821 Kips
TR?
7 ()
5 7 I8
7 Ry “
g Vi
V& | t/F
. \ » (41
.E;E F

—(_{’

PROBLEM 6.27 (Continued)

Free body: Joint

From force triangle

Fep  Fog 2827 kips

Jor 8 V29

Free body: Jomt 7
HLEF = 0:

+{ ZF, =0: 42 kips — 42 kips =0

Fop=41.0kips T <

Frp =42.0kips C 4

{Checks)

Fia =0 «
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PROBLEM 6.28

Determine the force in each member of the truss shown. State

whether each member is in tension or compression.

SOLUTION

Free body: Truss
LF =0: H =0

£YEM, =0: 48(16)~G(4)=0 G=192kN]

+T LF, =0: 192-48+H =0

Zero-Force Members:

43 kN 3
,t———-— 16 —pd H
\5\’&; ;

G"“i‘m

(@
4

H,=-144kN H, =144kN]

¥y

Examining successively joints C, B, E, D, and F, we note that the following are zero-force members: BC, BE,

DE, DG, FG
Thus,

Also note:

Free body: Joint 4:

From Eg. (1)

From Eq. (2):

Fpe = Fyp = Fpp =Fpg =Fg = 0

Fop=Fpp = Fope = Fy (D
Fao =T =1y (2)

P - Fic _ 48 kN

8 J713 3

48 kN * Faa Fac
ASLER | 3D
8 Fac — E >

AR
Fp =128kN Ko =1280kN T 4
F - =136.704 kN Foe=1367kN C <
Fop = Fpp = Fry =1280kN 7 4
F.. =Fy, =1367kN C <
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PROBLEM 6.28 {Continued)

Fon _ 144KkN

/145 9

Er—"u (44 kN Fey

Free body: Joint I/

Foy =1927kN C <

B
/n R4k 4
— s
EGH/ 8 EG'H

Fry 144 kN
8 9

Also

Fl =1280kN T (Checks)
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PROBLEM 6.29

Determine whether the trusses of Problems 6.31a, 6.32¢, and 6.334
are simple trusses.

{a}

wia

{a}

Truss of Problem 6.31a

Starting with triangle ABC and adding two members at a time, we obtain joints D,
E, G, I, and H, but cannot go further thus, this truss

is not a simple truss €

Truss of Problem 6.32a

Starting with triangle DI and adding two members al a time, we oblain
successively jonts A, £, ./, and B, but cannot go further. Thus, this truss

gy

is not a simple truss 4

Truss of Problem 6.33¢q

Starting with triangle EAK and adding two members at a time, we obtain
successively joints 0, J, C, G, 1, B, F, and A4, thus completing the truss.
Therefore, this truss

is a simple truss 4
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PROBLEM 6.30

Determine whether the trusses of Problems 6.31h, 6.325, and 6.33b
are simple trusses.

Truss of Problem 6.3154.

Starting with triangle AB8C and adding two members at a time, we obtain
successively joints £, D, F, G, and #, but cannot go further. Thus, this truss

is not a simple truss 4

Truss of Problem 6.325.

Starting with triangle CGH and adding two members at a time, we obtain
successively joints B, L, ), A, K, J, then H, D, N, 1, E, O, and P, thus completing
the truss.

Theretore, this truss is a simple truss

Truss of Problem 6.335.

Starting with triangle GLM and adding two members at a time, we obtain joints K
and / but cannot continue, starting instead with triangle BCH, we obtain joint 1
but cannot continue, thus, this fruss

is not a simple truss <«
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PROBLEM 6.31

For the given loading, determine the zero-force members in each
of the two trusses shown.

i)
SOLUTION
Truss (o) FB:Joint B: Fjy,. =0

FB:loint C: frpy =0
FB:Joint J: I, =0
FB:Joini [: Fy =0
FB: Joint N: Fy,, =0
FB:loimt M: F,,, =0
The zero-Torce members, therefore, are
Truss () FB Joint C: Fy =0
FB:Joint B Fy, =0
FB:Joint G: Fp. =0

FB:Joint /2 £ =0

FB:Joint E: [, =0 :
FB:Joint I: F,; =0 &)

FB:Joint M: Fy,, =10

FB: Joint N: Fyp =0

The zero-force members, therefore, are BC,BE,DE EF FG I, KN MN 4
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PROBLEM 6.35* (Continued)

Substituting for F.,, ¥, F,, and equating to zero the coefficients of i, jk:

. 24 24 )

I *5(;}'/:(: “Eg(ﬁﬂc' +lep) =0 ()

i i Fo—4001b =0 Fp=10401b T 4
¢ Fac AC

k: e —Fep) =0 Fopy = Fy

25
Substitute for . and Fy,, in Eq. (1):

W%UOAO i) 4%(2 L) =0 Fpe ==5001b Fye = Fp =5001b C <
Free body: B
(oslgi ¥ Foe = (50010) <5 - (480 )i + (140 Ib)k
(480141 ' CB
N Fa BA F
e Fy = = AE_(10j - 7K)

AB LT
dpr B4 1221
F}ﬁ.} =—Ipnk

IF=0: Fy, + Fyy +Fy. + (480 )i + (200 1h)j = 0

Substituting for ¥y, Fy,, Fy. and equating to zero the coefficients of j and k:

T%%?ﬁ;m 1200lb=0 Fp=-24421b Fup=24410 C o
-, +140ib=0
12.21 -~
Py = —Tz%(mzzm.z Ib)+1401b=+2801b  F,, =2801h T «
From symmetry: Fop=F Fop,=2441b C 4
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f PROBLEM 6.36*

v The truss shown consists of six members and is supported by a
ball and socket at B, a short link at C, and two short links at D,
Determine the force in each of the members for P = (2184 N)j
and Q= 0.

SOLUTION y
lg: - {2184t}

Free body: Truss
From symmetry:
D=8 and D, =58,
IF =0: 2B, =0
B =D =0

SF, =0 B, =0

IM, =0: ~2B,(2.8m)+ (2184 N)2m)=0

B, =780 N
Thus B = (780 N)j <
Free body: A
284 M) Fip=Fyy A8 =L ogiagje2n
AB 530
A AC  Fy.
Fop=F = 4521 - 4.8)
Fasy ¢ w0 =P 0750 D
Foo 08 Py Fop AL = (+0.8i — 4.8] - 2.1k)
Al AD AD 530 ' - .

SE=0: F ,+F,; +F;, (2184 N}j=0
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PROBLEM 6.34

Lim 16m 1.68m 16m 1.8m 1Gm
\ § E 5]
B

< t
5 0.9 m

24m L8m 1&m L&m ' L&m

f% 4m mi—'*—ri m -<>I
2

Determine the zero-force members in the truss of (2) Problem 6.23, (&) Problem 6,28,

~—d szz-—-*—l—t—st n
Bl
-

2.4 m A SR

4

/ z‘i.?)i m

|—SOLUTION
{a)  Truss of Problem 6.23

FB:lointI: F,; =0
FB:loint J: Fyy =0

FB: Joint G: F =0

The zero-force members, therefore, arg

(h)  Truss of Problem 6.28

FB:loint C: Fy. =0
FB:loini B: Fy, =0
FB:lomt E: Fp,, =0
FB:Jomt D: I =0
FB: Joint F: Fy =0

The zero-force members, therefore, are

JEm l6m 16m 16m 14m 16m

’ LZkN

V84m EBm 1Bm'l8m ifm]

GH, G, 1] 4

12kigs

saaa

—-’-—sn—;-—-sn-—,
—

K

BC, BE, DE, DG, FG 4
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PROBLEM 6.35*

The truss shown consists of six members and is supported by a
short fink at 4, two short links at B, and a ball and socket at [,
Determine the force in each of the members for the given loading.

Funi by

SOLUTION

Free body: Truss

From symmetry:

X X

D =8B and ])}, = B_‘,
EM, =00 —~A(10 ) - (400 b)(24 {1} =0

z

A=-9601b

LF, =0: B +D +A=0
2B, -9601b=0, B, =4801b
211} =0: B, + Dy —400 =0

28, =400 1b
B, =+2001b

Thus B = (480 b)i + (200 Ib)j <

Free body: C

F ) : Foo
F_ .y-ta Fro =, ——=-A0 (24 +10j
tb& ¢ ACT T g ( i)
£ [ —
~CB CB F

Fop = Fye 2447k

(o0 153 “i 2
) cDoF,. )
Fop = Fep —C—B = —2(71;)— (—24i-7k)

IF=0: K., +Fq +F.,-(4001)j=0
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" PROBLEM 6.32

For the given loading, determine the zero-force members in each
of the two trusses shown.

[ " —-~>-i

)
SOLUTION
Truss (a) B Joint B: £y, =0
FB: Joint D: Iy, =0 :.;,
FB:Joint £t [, =0 i
FB:loint I: F,, =0
FB: Joint F: Fie =0 (@)
FB:Joint G Fyp =0
FB: Jomt K frpe =0
The zero-force members, therefore, are Al BJ, CK, DI LI FK,GK 4
Truss (&) FB: loint K: Fl =0
FB:Joint Or F, =0
The zero-force members, therefore, are FK and 10 4

All other members are either in fension or compression.
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PROBLEM 6.33

For the given loading, determine the zero-force members in cach of the two trusses shown.

B 1 o

{u}
SOLUTION
Truss (o) FB Joint F: £ =0
FB: Joint B: Fy, =0
FB:Joint Gt Fy, =0
FB: Joint D Fpy =0
FB:Joint J: Fyy =0 (@
FR: Joint H: Fgyy =0
The zero-force members, therefore, are BF,BG,DH EH,GJ,HJ 4
Truss (b) F Joint A Fp=F =0
FB:Joint Ct Fiyy =0
FB:Joint E: Fp = Fyy =0 N
FRB:Joint L: Fy, =0 __L_ _I__ )
FB: Joint N: F),, =0 {5
The zero-force members, therefore, are AR, AF CH,DE EJ,GL IN 4
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PROBLEM 6.36* (Continued)

Substituting for F,, F, ., F,,,, and equating to zero the coefficients of i, ik

0.8 . , 2 .
‘7536(’{'/13 +P¢11))+”§"_"2‘6}‘A(.‘ =0
_ 48 48
I —gg”a(F.-m +FAI))“‘5'2O Fc = 2184 N =0
S :
k: %(PAB—PAD):O Eip=Fup
Multiply (1) by -6 and add (2):
{}_?_3} Fio=2184N=0, F,.=-676N
5.20 '

Substitute for F,.. and I, in (1):

"[ = jzf‘}g *(szzoj(mé% N)=0, Fp=-86125N  Fy

(M

2

Fu=676N C 4

=F,=86IN C «

5.30
Free body: B
E F,z=(861.25 N)—j—g =—(130 N)i~ (780 N)j+ (34125 N)k
Foo
2.8i 2.1k .
P 7 Fyo=Fge [—m;gw-—] = F (0.8i - 0.6k)

§=(woﬂ);: Fyp =-Fgpk
LF=0: Fp+Fu +Fp +(780N)j=0

Substituting for F,,, F,., Fy, and equating to zero the coefficients of i and k:

i: =130N+08 Fp. =0 Fy=+162.5N
k: 34125N-0.6 Fy — Fpp, =0

Fyp =341.25-0.6(162.5) = +243.75 N

From symmetry: Fepy = Fpe

Fpe=162.5N T 4

Fyp=244N T o
b, =1625N T 4
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! PROBLEM 6.37"

The truss shown consists of six members and is supporicd
by a ball and socket at B, a short link at C, and two short
links at 2. Determine the {orce in each of the members for
P =0 and Q= (2968 N)L.

SOLUTION
Free body: Truss
From symmetry:

D =8 and D, = B}:

TF.=0: 2B, +2968 N=0

B, =D, =-1484 N

IM o =0: ~2B (2.8m)— (2968 N)(4.8 m)= 0

B, =-2544 N

Thus B = (1484 N)i — (2544 N)j <]
Free body: A

. )
(2"453& N Fop=Fup :}E

e

=B (().8i - 4.8+ 2.1k)

F 5.30
o Fo W

AC Fy

Foo=1I,. = 2i— 4.8}

AC A 1 5.20( i)
AD

F.,=F,,—

A i

an ; i
=40 ) 8j-4.8j-2.1k
5 30( ! )

TF=0: B +F .+, +(2968 N)i=0
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PROBLEM 6.37* {Continued)}

Substituting for F . F ., F ., and equating to zero the coclficients of i, j, k:

i —g%%(fﬁm %F:w)+-5%6ﬁ:,c + 2968 N =0 (1)
IE *%(F:w + FAD)“% Fo =0 )
k: ~52.—-3]6(FAB —Fup)=0 Fan = Euy
Multiply (1) by —6 and add (2):
m(%] Fu =6(2968 N)=0, F,.=-5512N F-=5510N C <

Substitute for £, and F,, in(2):

4.8 4.8 ,
~b0oE, | 25512 Ny =0, £, =+2809 N
(5.30J Ax (5.2())( ) “‘

F‘AB = ['?,1,{) =2810N T ‘
Free body: B
BA . -

2.88-2.1k

= F, . (0.8i— 0.0k
), oo

Fpeo= 15 (

Fpp ==Fppk

YF=0: F;+Fu. +Fy, ~ (1484 N)i ~ (2544 N)j =0
Substituting for F , F,. F,, and equating to zero the coefficients of § and k:
it 424 N+08[G, ~1484 N =0, F,. =+1325N P =1325N T 4

K —~1H3N=0.6F,. ~Fy, =0

Fiyp = —1113 N ~0.6(1325 N) = ~1908 N, Py =1908 N C 4
From symmetry: Fop = Fy. Fop=1325N T
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PROBLEM 6.38”

The truss shown consists of nine members and is
supported by a ball and socket at A, two short links at B,
and a short link at C. Determine the force in each of the
members for the given loading.

SOLUTION

Free body: Truss

From symmetry:

A

IF,

EMBC

From symmetry:

Free body: A4

=8B,=0

=0: A =0

=0: A, (61)+(16001b)(7.50)=0
A4, =-20001b
B, =C

¥

S, =0: 2B, -20001b~16001b=0
B, =18001b
TF=0; F,+F,+F,, —(20001b)j=0

" B
Fig Lj—;—{— + P Lt F i (0.6i+0.8§) — (2000 1b)j=0

i—k
5

Factoring i, j, k and equating their coefficient to zero:

_E._F +A_M1M_
\/’5 AR \/5

Fop +0.6F =0

0.8F,, — 2000 1b =0

A

~(2000 1b)j <]

B = (1800 1b)j <

px - (2000 B4
Fap
A
Fe
’FAB
(1)

F,p=2500b T 4

1 1
= Py e 0 =0 F.=F
Ab AC AC AB
J2 J2
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PROBLEM 6.38* {Continued)

Substitute for /¥, and /. into (1):

V2

Fup +0.6(250010) =0, ¥, =—1060.7 Ib,

itk

V2

Free body: B Fp, =F,, %ﬁ— = +(1060.7 Ih)

-Fﬂﬂ fw Fpo ==Fpck
8 %}ss Fyp, = Fpyy (0.8§— 0.6k)
Toc BE _F,
—f Pt a -
B= ()} By = Fyy i ]2‘5(7.Sl+8‘] 6k)

IF =00 By, + By +Fyy, +Fy, + (1800 1b)j

Substituting for Fp,, Fy., ¥y, +Fpe and equate to zero the coefficients of i, i ke

i 7501b+ (17__55] Fp =0, Fyp=—12501b
y 8
i 08F,+ S |(=1250 1b)+ 1800 Ib=0
125
ki 7501b~ Fyp —0.6(~1250 b)~ %(4 2501b) = 0

From symmetry:

Free body: D

2 EF =0 Fp, + ¥y, + 8, +F,i=0

fm’ B Pk
fx
5s

We now substitute for ¥,
coefficient is
~0.6 F;p, = ~0.6(2500 ib) = ~1500 Ib

i —15001b+ F, =0

Fop=F,=10611b C 4

= (750 b)(i + k)

= ()

Floy=12501b C <
P}ﬁ) = 1250 Eb C ‘
Foe=21001b T 4
Fop =8 =125000 C 4

Fppo Fpe: and equate to zero the coefficient of i. Only F,,, contains i and its

Frow =15001b 7 4
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PROBLEM 6.39*

The truss shown consists of nine members and is supported by a ball
and socket at B, a short link at €, and two short links at D. (&) Check
that this truss is a simple truss, that it is completely constrained,
and that the reactions at its supporis are statically determinate.
(b} Determine the force in each member for P = (—1200 N)j and Q = 0.

¥

]
SOLUTION ¥
Pz-i1200 N)}
Free body: Truss
SM, =0: 1.8ixCj+(1.8i—3K)x(D,j+ DK)
+(0.61 - 0.75K) % (~1200§) = 0
-1.8Ck+1.8D k-1 8D.j
+3D,i—-T720k ~ 900i =0
Equate to zero the coefficients of 1, j, k: ¢
i 3D,-900=0, D,=300N
¥ D, =0, D= (300 N)j <]
k: 1.8C +1.8(300) - 720 =0 C=(100N)i <
TF=0: B+300j+100j-1200j=0 B ={(800N)j <
Free body: B
Fa SF=0: F,, +Fy +F, +(800N)j=0, with
. ¥ _ - BA_F .
Bee T pe By, =¥, 24 = L 0,61 +3j-0.75K)
BA 315
Be(BwON
= Fye = Fped Fyp = —FpK
Substitute and equate to zero the coefficient of j, i, k:
i [L)ﬁ;m +BOON=0, F,, =-840N, Fp=840N C 4
3.315
0.6 . _
20 1840 NY+ Fpe =0 Fpo =1600N T 4
3.15 ’ '
k: (—915} (~840 N)— Fyp = 0 Fye =200N T 4
3.15 i '
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PROBLEM 6.39* (Continued)

Free body C:
2F=0: K., + Fop +Feyy + Fop (100 N)j= 0, with

Fert afee |
. CAd Py
e YO F Fo =F,. 1‘4:‘—-5‘__&“(-1.2w3jm075k)
CA 3317
C=(1coN) 3

Foy = —(160N)i

oy
CE T (—1.8i - 3k)
CE 3,499

o= ""f*.‘(,‘nk F(:‘t-,‘ = Ft.,‘..f;'

Substitute and equate to zero the cocfficient of ji, k:

j: (LJFM.HU@N:O, oo =—~11057N Fo=1106N C 4
3.317) 1 ' '
i ~ 2 n0sT-160-5 g 20 g 0333 F,=233N C 4
L m( STy —16 3499 8 TV Hep T Ed. Cfe T e
0.75 __ 3
— 2 H0.57) - Fy — e (<233.3) =0 Fop=225N T 4

Free body; D

Eon ZF=0: Fp, 4+ Fpe +Fy +(300N)j=0, with
Fpe oD -
. D F
F LY xf*Lffj—As%(—l,2i+3j+2.25k)
s X ’ DA 3937
D= (30

Fpo = Fopk =(225 N)k P = —Fpyd

Substitute and equate to zero the coefficient of j, i, k:

i (E;,T’]J Fon #300N =0, F,=~3937N, Fo304N O 4
; L2 ) . ) |
l: RO Fpp=1200N 7 o

(_Qﬁ-i}(ww’s.? N)+225N=0 (Checks)

k:
3.937 Fea
£
Free body: £ ”?%-\?

Member AL is the only member at £ which does not lie in the xz plane. e @
Therefore, it is a zero-force member.
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ik PROBLEM 6.41*

The truss shown consists of 18 members and is supported by a
- batl and socket at A, two short links at B, and one short link at G.
(a) Check that this truss is a simple truss, that it is completely
constrained, and that the reactions at its supports are statically
determinate. (h) For the given loading, determine the force in
each of the six members joined at £.

G405 1
o

A 960T

110 \_h“/@

SOLUTION

(a) Check simple truss.

(1) start with tetrahedron BEFG

(2) Add members 8D, ED, G joining at D.
(3) Add members BA, DA, EA joining at A.
(4) Add members DH, EH, GI joining at /1.
(5) Add members BC, DC, GC joining at C.

Truss has been completed: 1t is a simple truss

Free body: Truss

Check constraints and reactions:

Six unknown reactions-ok-however suppotts at 4 and B
constrain truss to rotate about 4B and support at &
prevents such a rotation. Thus,

Truss is completely constrained and reactions are statically determinate

Deterntination of Reactions:
IM, =00 Hix(B j+BK)+(11i-9.0k)x U]
+(10.08j—9.6k)x (275i+240k) =0
1B,k —118,j+11GKk +9.6Gi - (10.08)(275)k
+{10.08)(240)i — (9.6)(275)j=0

Equate to zero the coefficient of §, j, k:
i: 9.6G+(0.08)(240)=0 G=-2521b 3 =(-2521hj <
j: =118, —(9.6)275)=0 B, =-2401b
k: 118, +11(=252) - (10.08)(275) = 0, B,=5041b B = (504 1b)j— (240 ib)k <
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)

PROBLEM 6.41* {Continued)

IF=0: A+(5041b)j— (240 Ib)k — (252 Ib)j
+ (275 Ib)i + (240 bk = 0

A =—(275 Ib)i ~ (252 Ib)j <

Zero-force members

The determination of these members will facilitate our solution.

FB: C. Writing LF =0, ILF, =0, EF, =0 Yields Fyp = Eppy = Fpp =0 <
FB: F. Writing LF =0, ZF, =0, ZF =0 Yields F, =F, = F.. =0 <
FB: A: Since 4, =0, writing ZF, =0 Yields F,,, =0 <
I'B: H: Writing L, =0 Yields 7, =0 <
EB: D: Since Fypy = Fiyy = Fy,, =0, we need

consider onfy members DB, DE, and DG, i fo 26
Since Fp; is the only force not contained in plane BDG, it must be D

zero. Simple reasonings show that the other two forces are also zero. Fs £

P = Fpp = Fpg =0 <

The results obtained for the reactions at the supports and for the zero-force members are shown on the
tigure below. Zero-force members are indicated by a zero (“07).

B i, Hw')é-

G52 :: T
R (50
Force in each of the members joined at £
We already found that Flp=F, =0 4
Free body: 4 b, =0 Yields 7, =2521b 7T <«
IFree body: I/ FE =0 Yiels £, =2401b ¢ <
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PROBLEM 6.41* (Continued)

Free body: SF=0: Fy+F,g +(240 )k - (252 1b)j=0 e,
F ¥
E T8

F}?F . s F‘F(' . - SER -
B (115 210.08) + ~ES (11§ — 9.6K) + 240Kk - 252 = 0 Ly A
14.92" Dt bk) J =- (25283

Equate to zero the coefficient of 'y and ki

10.08 j |

~(14.92]"?‘”5”2523” F,, =37316 C 4
967 7

ki (22 | +240=0 F =365l T 4
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PROBLEM 6.42*

The truss shown consists of 18 members and is supported by a
ball and socket at 4, two short links at B, and one short link at G.
(¢ Check that this truss is a simple truss, that it is completely
constrained, and that the reactions at its supports are statically
determinate. (b) For the given loading, determine the force in each
of the six members joined al G.

-

ﬂ,m) i

SOLUTION

See solution to Problem 6.41 for Part (a) and For reactions and zero-foree members.

("

Force in cach of the members joined at ¢,

We aiready know that

Fog =Fpg = Fq =0 4

Free body: H ZF =0 Yields F,, =2751b C o
Free body: ¢ ZF =00 Fop + K, +(27510)i—-(2521b)j=0 o =75 15
7 Fo , &
— B (10.08)+ 9.6k) + —E5 (—11i + 9.6k ) + 275i — 252 = 0 E
13.92 14.6 ~GE g=-@52it)f
F i -
Equate to zero the coetficient of i, j, k: ~E3
11y,
i | P #2750 o =3651h 7 4
(1),
i _(M%) Fpg —252=10 Fre =348 ¢
13.92

9.6 9.6
- ~348) +| - {(365) =0 Checks
(13,92J( ) [14.6j( ) (Checks)
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PROBLEM 6.43

A Warren bridge truss is loaded as shown. Determine the force in
members CE, DE, and DF.

1950 & 1254

G e G ih

SOLUTION

625 R 11255“12,51'\.125&'12.5&.

_15[ 1 T 1

A

Free body: Truss

AA'A HEF =00 Kk, =0
W N Gk ,
---:’--w'-u = FYEM =00k, (62.5 [t)— (6000 1h)(12.5 1Y)

Naxn ,125&{&25& TET AT 53 ~(6000 1b)(25 fi) =0
oot oo K=k, =3600T6] <
6250  125f +I LF =0 A+36001b~60001b~-60001b=0
o | B \r A =84001b] <]
1l £
""' Fi We pass a section through members CE, DE, and DF and use the
A= 8400 «-J free body shown.
- 2ERLISR ——
5000 1 QEMD =00 Fp (15 f0) — (8400 1b)(18.75 ft)

+(6000 1b)(6.25ft)y=0
Frp = +8000 1b i =80001b 7 o

+ £, =0: 84001b-60001b - T(%? £ =0

1 =+2600 1b Fe=26001b T «

TYEM, =00 6000 [b(12.5 i) — (8400 Ib)(25 1)
— (15 ) =0

¥ =-9000 b Fp=90001b ¢ 4
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PROBLEM 6.44

A Warren bridge truss is loaded as shown. Determine the force in
members £, FG, and FH.

a5

%
GO0 He B

SOLUTION
See solution of Problem 6.43 for free-body diagram of truss and determination of reactions:
A =8400 Ib k =36001b <]
We pass & section through members EG, G, and FH, and usc the {ree body shown.
-f-\a) M =00 (360016)31.25 ) — £, (15f) =0

1250 1258 6T P =+7500 b Foe, =75001b 7 4
FL__H ]

AR ; 1

FroX S +IF, = 0 if%;,.g +36001b=0

Ao ’ 16.25

T K

F. (¥ I3 b

Sal Fro =—-39001b Fre =3900 C o«

TImSn esn K -3s000h
NVEM =00y (15 1)+ (3600 1b)(25 ) = 0

Fryp = 6000 b Fry = 600016 ¢ o
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135 kN A

o PROBLEM 6.45

[T
e

24w : S Determine the force in members BD and DE of the truss shown.

f 4.5 1m

135 kN Member B0

TYEM, =00 Fyp(4.5m)— (135 KN)(4.8m)— (135 kN)(2.4 m) = 0

Fpp =+216 kN Fyp, =216 kN T 4
Member DE:

AUEF, =00 135KN+135kN = Fpp =0

Fpy =+270kN Fpe =270KN T <
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reproduced or distributed in any form or by any means, without the prior written pevmivsion of the publisher, or used beyond the limited
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[BESRY A

R PROBLEM 6.46

24m "Ry Determine the force in members DG and EG of the truss shown,
24

24 m

i 45 m *-*[

SOLUTION

4.5 m —> Member DG
135 kel [« 45 e

FLZF =0 I35KN+135kN+135 kN+%]«bU ={)

Fp =459 kN Fl.=459kN C <

Member FG:

+‘>EM,, = (135 kN 4.8 m)+ (135 kN)Y2.4 m)
+ e (45m)=0

Fp = =216 kN Fe=216kN C 4

PROPRIETARY MATERIAL. € 2010 The McGraw-Hill Companies, e, All rights reserved. No part of this Manual may be displayed,
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TN AkN 4RN O 3Kk

E().S m 0808

NIIN Tk PROBLEM 6.47

A
=
>
e

L eetes

0.8 m
I A floor truss is loaded as shown. Determine the force in

] 71
members CF, EF, and EG.

SOLUTION 2kN 4kN 4kN 3kN 2kN SN KN

Free body: Truss
HEF =0 k=0

FVEM, =0: k(4.8 m)—(4KN)0.8 m)
— {4 kNY1.6 m)— (3 kN)2.4 m)
—(2EkNY3.2m)~ (2 kNY4 m)~ (1 kN)4.8m)=0
k,=175kN
Thus: k=75kN{<
+HIF, =0 A+75kN-I18kN=0 A=10.5kN A=105kNT <
We pass a section through members CFF, £f7, and EG and use the free body shown.

SYEM, =00 Fpp (0.4 m) - (10.5KN)(1L6 m)+ (2 kN)(1.6 m)
+(4 KN)(0.8 m) =0

ZkN 4kN 4kN

Fp = +26.0 kN Fp=260kN T 4

+T LF, =0: 10.5kN-2kN—-4kN-4kN —LSF:,;F =0

7

Fpp = +1.118 kN Fo=1118kN T <

FYEM =00 (2 kNY(2.4 m)+ (4 kN)(1.6 m)+ (4 kN)(0.8 m)
~(10.5 kN)(2.4 m) — F: (0.4 m) =0

Fyg =~27.0 kN Fyy =27.0kN C <

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. Al rights reserved. No part of this Mameal may be displayed,
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N 2N 2N 1N PROBLEM 6.48
smiosmiogmt
1 H ] ) ) ,
%—‘ < A floor truss is loaded as shown. Determine the force in

members Ff, HI and M.

SOLUTION
See solution of Problem 6.47 for free-body diagram of truss and determination of reactions:
A=105kN}, k=75kN|<]

We pass a section through members FI, HI, and F1J, and use the free body shown.

FYEM,, =00 (7.5 KN)(L6 m) (2 KN)(0.8 m) — (1 KN)(1.6 m)
—F (04 m)=0

akN IkN

Fyy =+22.0kN F, =220kN 7T 4

!
H 2 =0 N 2EN=TKN+7.5kN =0

Fr =—1006 kN £, =10.06kN C 4
+3EM, =07 F (04 m)+ (75NN 0.8 m)— (T kNYO8 m)=0

iy =~13.00kN Fy, =13.00kN ¢ <
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PROBLEM 6.49

A pitched flat roof truss is loaded as shown. Determine the force
262m i members CF, DE, and DF,

- o ] e

Z4m © 24m 0 24w Z4m

SOLUTION
Reactions at supports: Because of the symmetry of the loading,
4.=0
A, xim%(ToiaE Ioad)z%(S kN) A=1=4kN{<

We pass a section through members CD, DE, and DF, and use the [ree body shown.,
(We moved Fyp to Fand Fjpto F)

2.16m 9 4
Slope BJ = = i
P 96m 40 ]
-lm -5 ';3
Slope DE= =
24m 12

~_046m _04d6m

£ = Fe
Slope BJ "

=2.0444 m

PYIMp =00 Fop(1m)+ (1 kN)(2.4 m) — (4kN)(2.4 m) =0
Frp =+720 kN Fop=720kN T
FYEM, =0: (4 KN)(2.0444 m) — (1 KN)(2.0444 m)

(2 kKN)(4.4444 m) w[% 1?1_)1:.}(6.8444 m)=0

Fpp =-1.047 kN Frop=LO04TKN C <

SYEM =00 (1KN)Y(4.8m)+(2kN)2.4 m)— (4 kN)(4.8 m)
40
{va‘,),,»J(l S41m) =0

Fpp =—039kN Foe=639kN ¢ <
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T PROBLEM 6.50

TEN ! . —r
0.46 m

min members £G, GH, and H.J.

q??iTn Togm 2dm | 24m

A pitched flat roof truss is loaded as shown, Determine the force

SOLUTION

Reactions at supports: Becanse of the symmetry of the loading,

A =0
A},aixé(Total load):%(SkN) A=1=4kNt<
We pass a section through members £G, GH, and HJ, and use the free body shown.
1w VEM, =0: (4KN)Y2.4 m)— (1 KN)(2.4 m) - Fy, (2.08 m) = 0
F,
R o Fi = +3.4615 kN Foo=346kN T <
2.08m fw 262 o0
P FYEM, =00 ~Fpy (24 m) ~ Fp (262 m) =0
b 4]
W =t Fow =202 34615 k)
2.4
Fiyy ==3.7788 kN Fuy =378kN € 4
o J L. - 24 _
H‘%O;S‘m HLEE =0 "“Fi;(;‘m'ﬁm“"o
Lin ‘
. 246 2.46 .
Py =— 54 | EG :“———2 2 (3.4615kN)

Fy,, =-3.548 kKN

F,, =355kN C 4
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1.0 kips PROBLEM 6.51

1.6 kips é 1.6 kips
16 kips . £ kips

I . . . ) ,
0.5 kip oY t “"“"“gﬁ;f ***** A Howe scissors roof truss is loaded as shown. Determine
% : the force in members DF, DG, and EG.
A g

84 U8 sk 8i

SOLUTION

Reactions at supports.

Because of symmetry of loading.
A, =0, A =L= —é('!‘mat load) = %(9.60 kips) = 4.80 kips

A=L=480kips| 4
We pass a section through members DF, DG, and £G, and use the free body shown.
We slide Fj, toapply it at F:

YIMg =0 (0.8 kip)(24 1)+ (1.6 kips)(16 1) + (1.6 kips)(8 1)

8]?])1’
V8% 3.5

Fpp =—10.48 kips, Fp, =1048kips € 4

— (4.8 kips)(24 fty— (6)=0

TYIM, =0: (1.6 kips)(8 1) ~ (1.6 kips)(16 1)

25F, 8F g ‘
2 DE (16 ) — \/—_:_;—(7 f)=0

J§tr2.8? 8% +2.5°

Fpo =—-335kips, F; =335kips € <

SFJ-}G

SYEMp, =0 (0.8 kips)(16 f6) + (1.6 kips)(8 f1) — (4.8 kips)(16 f1) ~ S 152—(4‘&)3()
o +1.

Foy =+13.02 kips, F,, =13.02kips T <
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16 Bips PROBLEM 6.52

}.6 kips 1.6 ki
LG kips 3 . . .
08 L : = A Howe scissors roof truss is loaded as shown. Determine
I the force in members G/, H1, and /1J.
¥
1 ¥,

SOLUTION

Reactions at supports. Because of symmetry of loading:

A =0, A, =L= %(Tolai load)

- %(9.6(} kips)

= 4.80 kips A =L =480 kips| 4

We pass a section through members GI, HI, and HJ, and use the free body shown.

165,

V16® +32

+YEM,, =0: -

(4 1) + (4.8 kips)(16 1t) — (0.8 kip)(16 10— (1.6 kips)(8 ft) =

£y =+13.02 kips F, =13.02kips 7 4

FYEM, =0 (1.6 kips)(8 f0)— £, (16 1) = 0
Fy; = +0.800 kips
H.’
We slide Fy,; to apply it at H.
_8Fy,

J8? 4352

D)EM, = 0:

=(.800 kips 7 <

et (4 1)+ (4.8 Kips)(16 ft) — (1.6 kips)(8 ft) — (0.8 kip)(16 ft) =0

Fry ==13.97 kips Fyy=13.97 kips € 4
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BEN PROBLEM 6.53

_ A Pratt roof truss is loaded as shown. Determine the force in
BEN i members CE, DE, and DF.
1.5 kN

6.7 m

B3m  3m . 3m ' 3m ! 3m @ 3m

SOLUTION

Free body: Entire truss

S0 A4 = 2k
ZF, =00 4,=0 ” P -

Total lToad = 5(3 kN)+2(1.5 kN) R &’J'd*-'Jr -

.$

=18 kN L9 Yl
1a 1
By symmetry: Ay

A),zlxzé(!SkN) A=L=9kN 4

Free body: Portion ACD
Note:  Slope of ABDF 13

6.75 3 %;3
9.00 4 |
Force m CE: i A g
‘;) M, =00 Iy (%x 6.75 mj ~ (G kN6 m)+ (15 KN 6 my+ (3 kNY3 m)=0
Frp(4.5m)~36 kN-m=0
Fop =+8 kN Fop.=8kN T <
Force in DE:
'l*)EMA =0 Fp(6m)+(3kNY6m)+(3kNY3m)=0
Fre=—45kN Fop=45kN C 4
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PROBLEM 6.53 {Continued)
Force in DF:
Sum moments about £ where F. and [, intersect,
-;) ZMp =00 (15N O m)—(9 kKNYOo m)+ (3 kN3 m) + %Fa: [%XG.T’S mj =0

%FCE (4.5 m)~36 kN-m

Frp =—=10.00 kN F =10.00kN C 4
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3KN PROBLEM 6.54

A Pratt roof truss is loaded as shown. Determine the force in
members FH, Ff, and GI.

: U BT . i
3m " 3m " 3m T 3w I

3 m

SOLUTION

Free body: Entire truss

EF =0 A =0
Total foad =5(3 kNY+ 2{(1.5 kN) =18 kN

By Syl’ﬁlllhtly.
» 2 ( 8) )

Free body: Portion HIL

Slope of FHJL
675 3 = %}i_
9.00 4
lan ¢ = o = ¢75m & = 60.04°
il Im

Force in FH:

D)ZM, =0 % o [%x().’is mJ +(9 KNY(6 m) — (1.5 kKN)(6 m)— (3 kKN)(3 m) =0

%ﬁ;,,, (4.5 m)+36 kN-m

Fyyy =—10.00 kN Fo, =1000kN C
Force in #1:
-a—‘) EM; =0 Fyysino(6 m)— 3 kN}6m) -G kNY3m)=0
Fy $in 66.04°(6 m) = 27 kN-m

Fy =44.92 kN Fy=492kN T 4
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PROBLEM 6.54 (Continued)

Force in GI:
+) EM, =00 Fp (6,75 m)+ (3 kIN)G3 my+ (3 kND(6 m) + (1.5 kKN)(9 m)}— (9 kN) 9 m)=0
Froy (675 m) = +40.5 kN-m

Fpy = +6.00 kN Fy =600kN T <
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ARk ¥ )m‘*rf 4.5 m—=

Rt W3 ?m““" PROBLEM 6.55

Determine the force in members AD, CD, and CE of the
truss shown.

SOLUTION

Reactions:

Ky
h
K

B |

= T4.5m  4.5m 4.5m
DYEM, =0: 36(2.4)~ B(13.5)+20(9) + 20(4.5) = 0 B =26.4 kN |
FUBF =0 =364K, =0 K, =36 kN—

HEF, =0: 264-20-20+K, =0 KV],$13.6 kN |

36 ko p Fap ______/
LZwm _’/ib

C .- as‘
-~
1.2m L ’E

BL 2.25wm
26;‘}“ < + sm ...—p' FCE

FYEMe =00 36(1.2) = 26.4(2.25) ~ F;,,(1.2) = 0

Fup=~13.5kN Fp=135kN € <4
8
YEM , =0 (ﬁ“ FCD}H.S) =0 Fop =0 4

o

YIM ), =0 (TS—FCE](ZA) ~26.4(4.5)=0

Fep =+56.1 kN Fop=361kN T 4
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<45

45 m=r— a5 m— PROBLEM 6.56

1
;
20 kN Ezn kN
é X Determine the force in members DG, FG, and FH of the
truss shown.

SOLUTION

See the solution to Problem 6.55 for free-body diagram and analysis to determine the reactions at the supports
Band K.

B=264kNf K, =360kN—; K,=13.60kN]

20 kel 5%
36kN A P 4
143 IC
L2m PR
T
i-‘zﬂ \":13
TR
i
i‘ ¢
24 . "
b e 4.5 ——» Fry

DYEM, =0: 36(1.2) —26.4(6.75) +20(2.25) ~ Fpps(1.2) = 0
Fpg==15kN  F,,=750kN C <«

8
FYEM ), =00 —26.4(4.5) "*"[ﬁ“ Fm](d.S) =0

Fr; =+56.1 kN Fu; =56 1kN T 4
+~> _ 15 .
IM =00 20(4.5)-26.4(9) + ﬁ«f«,,,, (24)=0

Fpy = +69.7 kN Fuy =697TkN T «

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manal may be displayed,
reproduced or distributed in any form or by any means, without the priov written permission of the publisher, or used beyond the limited
distribution to teachers and educators permiited by McGrenw-EIill for thelr individual conrse preparation. If you are a student using this Manual,
you dre using i without permission.

827




PROBLEM 6.57

I3

Eois kips 8

& §Onkips g A stadium roof truss is loaded as shown, Determine the force
oy - =l al

¥ in members AR, AG, and FG.

JO

o

Y eutflasme
o
o

12
12 ftm e 1 e 14 [

SOLUTION

We pass a section through members AB, AG, and FG, and use the free body shown.

OEM, =0: (i? FA,,.)((S.B f)— (1.8 kips)(14 16) — (0.9 kips)(28 f1) =0
F,,=+820kips  F,, =820kips 7 4

1YEM,, = 0; —(%J{_K;J(zs ft) + (1.8 kips)(28 1) + (1.8 kips)(14 ft) =0

F=+450kips  F,;=450kips 7 o
VM, =00 —F (9 10— (1.8 Kips)(12 ) — (1.8 kips)(26 ) — (0.9 kips)(40 1) = 0

Frey =—11.60 kips Fo=11.60kips C 4
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0.9 kips S i PROBLEM 6.58

A stadium roof truss is loaded as shown. Determine the force
in members AE, £F, and F.J.

~—1d b |4 {t—

e [ ——

R

SOLUTION

We pass a section through members 4K, £F, and FJ, and use the free body shown.

TYEM . = 0: \/?8_?1@,5 (9 1)~ (1.8 kips)(12 1) ~ (1.8 kips)}(26 1) = (0.9 kips)(40 ft) = 0
7+

Fp =+17.46 kips Fo =1746kips 7 4
FYEM, =00 ~F(9 1)~ (1.8 kips)(12 1)~ (1.8 kips)(26 11) — (0.9 kips)(40 ft) = 0
Fop = —11.60 kips Foe =11.60 kips € 4
O)EM, =00 ~F (8 )~ (0.9 kips)(8 1) — (1.8 kips)(20 ft) — (1.8 kips)(34 1)~ (0.9 kips)(48 i) = 0

0
A

Fpy =—18.45 kips F., =18.45 kips
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Gt 6f 66 6t 61t 66  Gft 6t PROBLEM 6.59

|
% 3501h .
01 2001 A Polynesian, or duopitch, roof truss is Joaded as
1o 1200 Ihs 0y 30010 shown. Determine the force in members DF, EF,
B e A —_— o)
200 1b A E 507, and EG.
KA [N | RN——
& 4531t

06T T84t GI Gt

S4f 0 96

SOLUTION

Free body: Truss

IF,=0: N, =0
FYEMy =00 (200 16)8a)+ (400 Ib)(7a+ 6a+ 5a)+350 Ib)(4a) + (300 Ib)3a+2a + )~ A(8a) =0
A=1500 Ib} <

 BF, =0: 1500 1b - 200 b —3(400 1b) ~350 Ib—3(300 Ib) =150 Ib + N/, =0
N, =130016 N=13001b]<]

We pass a section through DF, EF, and EG, and use the free body shown.
(Weapply Fp,. at )

FYEM, =0: (200 Ib)(18 {t) + (400 1)(}2 fi)+ (400 1b)(6 ft) — (1500 Ib)(18 1)

f = i
- «w-—]i——_F,),_. (4.5 1) =0 istoble 1o —s] T
VI8P +45°

Fop=37111b Fp=37101b C <
DVEM  =0: Fype(18 1) — (400 Ib)(6 ) (400 I)(12 fi) =0
| Fip = 4400 Ib Foe =4001b 7 4
PYZM, =0 Fiay (4.5 1)~ (1500 Ib)(18 (200 I6)(18 ) + (400 b)(12 ) + (400 T)(6 1) =0
Fp=436001b  Fyy =36001b 7
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Gft \G6F  6R  6ft 66 60, 60 6l PROBLEM 6.60
; .
350 b
00 Th 3001 A Polynesian, or duopitch, roof truss is loaded as
400 1,100 1o I 300 th 001 shown. Determine the force in members /1, G,
2001 é g 15017 and GJ.
a5
TUOGR sal  6f GfL ' 84T 96f |
SOLUTION

See solution of Problem 6.59 for reactions:
A=15001b], N=130016] <

We pass a section through H/, GI, and G/, and use the free body shown.
(We apply Fyy, at H.)

40

450

) 6 3
£VEM,, =0; [ﬁ o )(8.5 1)+ (1300 b)(24 f1) — (300 1b)(6 f)

= (300 1b)(12 ft) — (300 1b)(18 f1) — (150 [b)(24 f) = 0
Fy ==237541 F,, =23751h C <

YEM, =0: (1300 Ib)(18 )~ (300 1b)(6 ) - (300 Ib)(12 )
— (150 Ib)(18 ft) = £, (4.5 f) =0

Fyy =+3400 b F, =34001b T

4

B 0 - Fy (=2375.4 1b)—3400 [b =0

6
V6? + 47

Fo==177941b  F,; =17791b C 4
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PROBLEM 6.61

Determine the force in members AF and EJ of the truss shown
when P =0 =12kN, (Hint: Use section ac.)

SOLUTION

Free body: Entire truss

OEM, =0 K®m)—(1.2kN)(6m)— (1.2 kN)(12 m) =0
K =+2.70 kN K =270 kN — <

Free body: Lower portion

Em e LHm -2

YEM, =00 Fyy (12 m)+(2.70 kNY(4 m) — (1.2 kN)Y(6 m) — (1.2 kN)(12 m) =0
Fy =+0.900 kN Fo, =0900kN T <
WEF =0 Fp +09KN-12KkN=1.2KkN=0

F o =+1.500 kN F, =1500kN T 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hitl Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed i any form or by any means, without the prior written permission of the publisher, or used beyond the tmited
distribition to teackers and educators permiticd hy MeGraw-Hill for their individual conrse preparation. If vou are a stident using this Manued,
you are using it without permission.

§32




3m | 3'[11‘, 3m Sm} PROBLEM 6,62

. iA Rl

Determine the force in members AF and £J of the truss shown
when P=12kN and Q=19. (Hint: Use section det.)

SOLUTION

Free body: Entire truss

PO

am 3m, 3w, dm
i

TYEM, =0: K(Sm)~ (1.2 kN6 m) =0
K =+0.900 kN K =0.900 kN — <]

Free body: Lower portion

+‘)EMF =0: F (12 m)+(0.900 kN4 m) (1.2 kKNY6 m)=0
Fpp =+0.300 kN Fer=0300kN T <

H EF =00 FL +0300kN-12kN=0

F e =+0.900 kN Fo=1900kN 7 <
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PROBLEM 6.63

Determine the foree in members EH and G/ of the
truss shown. (Hinf: Use section ga.)

15 It

12 kips 12 kips 12 kaps

SOLUTION

Reactions:

e Feu

A 4Fve 1

12 keps

Fer 1;-1; _{,T ZF},KG:

YIRY [ +)EM, =0

SLEF =

Ax
» P
A 4see lysee lisTIS O
'y v Y P
Ay 12Wps [26ps \2kigs
EF =0: A =0
FYIM, =00 12(45)+12(30) +12(15) - 4,(90) =0

A, =12kips|
12-12-12-12+P=0 P =24kips'

~ (12 kips)(30 ft) ~ Fiy, (16 1) = 0

Fpyy =—22.5kips Py =225kips C 4
F., ~22.5kips=0 Fy =225kips T 4
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PROBLEM 6.64

D ${t . . .

N ﬁ‘t Determine the force in members HJ and 7. of the truss
RN 118 . shown. (Hini: Use section bb.)

e

o

$D [C T

154 150 | 151t él:‘)ﬂ ISR & I5H

12 kips 12 kips 12 kips

SOLUTION

See the solution to Problem 6.63 for free body diagram and analysis to determing the reactions at supports A
and P.

Far o A, =0; A, =1200kips}; P=24.0kips}
IH ‘E’“ \ FYIM, =0: F (16 R)— (12 kips)(I5 ft) + (24 Kips)(30 1) = 0
'

P Fiy =—33.75 kips F,, =338kips C
HLEF =00 3375kips—F, =0

NI §
B 5ty | 15w ]
A 4 v .
iZkips  \2kips ZHlkips

Fy =+433.75 kips F, =338kips T
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~—2.9] m‘*;;—i*-] 60 mﬂ*h; 2.2l m -—*l PROBLEM 6.65
Fo.60m
0.60m

The diagonal members in the center panels of
the power transmission line tower shown are
120 very slender and can act only in tension; such
members are known as counters. For the given

(G0 m . . .
Dt loading, determine (g) which of the two
060 counters listed below is acting, (b) the force
. in that counter.
1.20 m

0.60 m Counters CJ and HE.
0.60 m

SOLUTION

Free body: Portion ABDFEC of iower

We assume that counter (7 is acting and show the forces exerted by that counter and by members CH and £J,

FLEF =0 %Fw —-2(1.2kN)sin20°=0 F,, =+1.026 kN

Since €/ is found to be in tension, our assumption was correct. Thus, the answers are
(@) CJ |
(h) 1.026kN T <
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PROBLEM 6.66

=291 m —}=1.60 m-){-(— 221 m **I

0,60 m
.66

The diagonal members in the center panels of
the power transmission line tower shown are
1.20m very slender and can act only in tension; such
members are known as counters, For the given
loading, deilcrmine (g} which of the two
: counters listed below is acting, (b) the force
I;: 297 155, . o in that counter.

] .60 m
060w

0.60 Counters 10 and KN,
06D m

-
SOLUTION

Free body: Portion of tower shown

We assume that counter /0 is acting and show the forces exerted by that counter and by members /N and KO.
) 4 .
dLEF =0 T Fio —4(1.2kN)sin20°=0  F, =+2.05kN

Since 1O is found to be in tension, our assumption was correct. Thus, the answers are
(ay 10 <
(by 205kN T o

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All righis reserved, No part of this Manial may be displayed,
reproduced or distributed in any form or by any means, withaut the prior written permission af the publisher, or used bevond the limited
distrilution to teachers and educators permitted by MceGraw-Hill for their individual course preparation. If vour are a student using this Mannal,
you are using it without permissiosn.

837



48 kips  A8kips A8kips 24 kips 2.4 kips PROBLEM 6.67

E«—ﬂ fiomfe 31 ft—rfe 11 ft—§ 11 ft—=
Y The diagonal members in the center panels of the truss shown
A9 are very slender and can act only in tension; such members are
known as counfers. Determine the forces in the counters that
are acting under the given loading.
SOLUTION

Free body: Truss

SF =0 F =0

RY

DEM, =0: 4.8(Ga)+4.82a)+48a—2.4a-F,(2a)=0
F, =-+13.20 kips F=13.20 kips| <
%~T LF, =01 H+1320kips-3(48 kips)—2(2.4 kips) =10

H = +6.00 kips H = 6.00 kips | <

Freg body: ABF
We assume that counter BG is acling.

Y 9.6
H2F, =0 e Fyg +13.20-2(4.8) = 0

Fue =+5475
Since BG is in tension, our assumption was correct
Free body; DEH
We assume that counter DG is acting.

+IF, =00~ %% Fpg +6.00-2(24)=0

Fpg =+1.825 Foe =1.825kips T 4

Since 2 1s in tension, O.K.
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A8 ks ASkips ASups 2akips 2.4
T SRS ON DUFSY I Y ['t—>§
B €3

Fips PROBLEM 6.68

4 D Y The diagonal members in the center panels of the truss shown
' . e are very slender and can act only in tension; such members are
known as counters. Determine the forces in the counters that
are acting under the given loading.

AN

A

|

SOLUTION
Free body: Truss

T =0 F =0
¥)IMg=0: ~F,a+4.8(2a)+4.8q~24a—24(2a)=0

F, =720 F=7.20kips | <1

Free body: ABIF
We assume that counter CF is acting.

+H=E =0 %l%ﬁ}f +7.20-2(4.8)=0
Fep =+43.65
Since CF is in tension, O.K.
Free body: DEH
We assume that counter CH is acting.

9.6 .
+EF, =0 I—Z6~FCH = 2(2.4kips)=0

Frpy =47.30 Fry =730kips T

Since CH is in tension, O.K,
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PROBLEM 6.69

Classify each of the structures shown as completely, partially, or improperly constrained; if completely
constrained, further classify as determinate or indeterminate. (All members can act both in tension and in
compression.)

{a) b) {}

SOLUTION

Structure {(a

Number of members:

m=16
Number of joints:
n=10
Reaction components:
r=4
mAr=20, 2n=20 @
Thus: m+r=2n <

To determine whether the struciure is actually completely constrained and determinate, we must try to find the
reactions at the supports. We divide the structure into two simple trusses and draw the free-body diagram of
each truss.

e v

o

_._m

This is a properly supported simple truss — O.K.

This is an improperly supported simple
truss. (Reaction at C passes through B. Thus,
Eq. M, =0 cannot be satisfied.)

Structure is improperky consirained <4

Structure (b)

m=16
n=10
F=4
m+r=20, 2n=20 (b}
Thus: mAr=2n <
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PROBLEM 6.69 (Continued)

We must again try to find the reactions at the supports dividing the structure as shown.

Both portions are simply supported simple trusses.

Structure (¢)

m=17
n=10
r=4
mrr=21, 2n=20 {c)
Thus: mtr>2n <

This is a simple truss with an extra support which causes reactions (and forces in members) to be
indeterminate,

Structure is completely constrained and indeterminate <€
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PROBLEM 6.70

Classify each of the structures shown as completely, partially, or improperly constrained; if completely
constrained, further classify as determinate or indeterminate. (All members can act both in tension and in
compression.)

{1} 1) (e}

SOLUTION
Structure {(a):

Non-simple truss with » =4, m=16, =10
s0 m+r =20=2n, but must examine further,

FBD Sections:

I S = =

A ;\ > e e

4, Cy 3
FBD I M, =0 = T
I SFEo=0 = T
I SF=0 = A
I SF, =0 = A,
I M, =0 = C,
I SF=0 = L,

Since each section is a simple truss with reactions determined,
structure is completely constrained and determinate. 4
Non-simple truss with #=3, m=16, n=10

Structure (b):

30 m+r=19<2n=20 structure is partially constrained 4

PROPRIETARY MATERIAL, © 2010 The MeGraw-Hill Companies, Inc. All rights reserved, No part of this Manual may be displayed,
vepraduced or distriladted in any form or by any means, without the prior writlen permission of the publisher, or used beyond the limited
distribution to feachers and eduwcators permitted by MeGraw-Hill for their individual course preparation. If you are a student using this Menal,
you are using it without permission.

842




PROBLEM 6.70 (Continued)

Structure {c):

\r
»
P
o
L

Smmple truss with 7 =3, m=17, n=10 m+r=20=2n, but the horizontal reaction forces A4, and £,
are collinear and no equilibrium equation will resolve them, so the structure is improperly constrained
and indeterminate «
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PROBLEM 6.71

Classify cach of the structures shown as completely, partially, or improperly constrained; if completely
constrained, further classify as determinate or indeterminate. (All members can act both in tension and in
COMpression.)

"
3.

SO

{a) (h) (e
SOLUTION
Structure (a):
P B
\FE & f’— l’

A¥
Non-simple truss with » =4, m=12, n=8 so r+m=106=12n,
check for determinacy:

One can solve joint F for forces in EF7, FG and then solve joint
E for E, and force in DE.
This leaves a simple truss ABCDGH with

F=3,m=9n=6 s0 r+m=12=12n Structure is completely constrained and determinate 4

Structure (b):

A8
- H
41 ky ~¥

Simple truss (start with ABC and add joints alphabetically to complete truss) with r =4, m =13, n =8

80 Frm=17>2n=16 Constrained but indeterminate
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PROBLEM 6.71 (Continued)

Structure (¢):

¥o
r‘b

k VY F;
-

4 / ,__E: %

-3
x
’T o =8 o
Ay

Non-simple truss with 7 =3, m=13, n=8 s0 r+m=16=2n. To further examine, follow procedure in
Part (a) above to get truss at left.

Since F, #0 (from solution of joint /),
XM, = af*i) # 0 and there is no equilibrium.

Structure is improperly constrained
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PROBLEM 6.72

Classify each of the structures shown as completely, partially, or improperly constrained; if completely
constrained, further classify as determinate or indeterminate. (All members can act both in tension and in
compression.)

SOLUTION
Structure (a)

Number of members:

m=12
Number of joints:
n=8
Reaction components:
p=3
mtr=15 2n=16
Thus: : m+r<<2n <]
Structure is partially constrained
Structure (b)
m=13, n=8§
r=3

m+r=16, 2n=16

Thus; m+r=2n <]

To verify that the structure is actually completely constrained and determinate, we observe that it is a simple
truss (follow lettering to check this) and that it is simply supported by a pin-and-bracket and a roler. Thus:

Structure is completely constrained and determinate €
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PROBLEM 6.72 (Continued)

Structure (¢)
m=13, n=8§
r=4
m+r=17 2n=16

Thus: mr=>2n <]
Structure is completely constrained and indeterminate o

This result can be verified by observing that the structure is a simple truss (follow lettering to check thus),
therefore rigid, and that its supports involve 4 unknowns.
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PROBLEM 6.74 (Continued)

Structure (¢): ' ﬁ‘# 8 ¢ D &f;.“

No. of members m =13 i’

s . F H
No. of joints n=8 m+r=17>2n=16 & B
No. of react. comps. r=4 unks > egns

completely constrained but indeterminate <4
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PROBLEM 6.75

90 mm

For the frame and loading shown, determine the force
acting on member ABC (&) at B, (b at C.

200 N

120w 120 won | 120 mm

SOLUTION
FBD ABC:
c
-T—" : C
o0Fm ¥ &y
l A3 A fop 2y D
ZooN
1,2 ¥ Lzw - IR
Note: BD is two-force member
(a) (_ZMC =00 (0.09 m)(200 N} —(2.4 m) (B%FBD J =0
Fyp =1250 N 369" «

()] —ZLF =0: 200N —~:1(125 N)~-C =0 C, =100 N -—

. 3 3 _
T}:ffy =} "gf’BD »_»C}, ={} Cle z§(125 N)=75N i

C=1250N."369° 4
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135 nym PROBLEM 6.76

— whe 240 min —a—l

Determine the force in member BD and the components of the
reaction at .

450 mm

510 mm

120 mm y

F Ao N
SOLUTION

We note that B is a two-foree member. The force it exerts on ABC, therefore, is directed atong the BD.

o
%n 240nm t ,71

Q’ / D -y
H50mn / /

Bidm
~gp
!IZDM 18 \/

A )
HFOON ¢

"135 e

Attaching F,;, at D and resolving it into components, we write

Free body: ABC

DYEMe=0: (400 N)(135 mm)+ ( 40 . }(240 mm) = 0

510
Fup ==255 N Fop=255N C
HEF =0 C,+ 230 255Ny =0
: 510
C.=+120.0N C.=1200N— <
+2F, =0: C,~400N + B0 a5y =0
) : 510
¢, =+625 N C,=625N] <
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PROBLEM 6.77

Rod CD is fitted with a collar at D thal can be moved along
rod A8, which is bent in the shape of an arc of circle. For the
position when @=30° determine {«) the force in rod €D,
(&) the reaction at 5.

SOLUTION

FBI:

(@)

(0

(=M. =0: (15in)201b-B,)=0 B, =201b,
IR =0: =20 b+ £y, sin 30°~20 1b =0 i, =80.016 7 €
e XF =0: (80 Ib)eos30° - B, =0

B, =69.282 Jb ~—
so B=72.11b =7 16.10° 4
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PROBLEM 6.78
Solve Problem 6.77 when & =150°.

PROBLEM 6.77 Rod CD is fitted with a collar at IJ that can be moved
along rod AB, which is bent in the shape of an arc of circle. For the
position when #=30°, determine (@) the foree in rod CD, (b) the
reaction at B.

SOLUTION

"

Note that CD is a two-force member, F, must be directed along DC.

a0 b 2,

(a) YIMy =0: (20 16)(2R) — (Fiy, sin 30°)R =0
Fryy =801b Frpy=8001b T <
(b) OIMp =00 (20)R+(B,)R =0
B, =-201b B, =20.01b)

FLEF =00 —Fp,c0830°4 B, =0
—(201b)cos30°+ B, =0

B br284 B, =69.281b B, =069.281b—

O /
0.0 /45 B B=72.1bh16.10° 4
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PROBLEM 6.79

Determine the components of all forces acting on member
ABCD when 8 =0.

SOLUTION

Free body; Entire assembly

18
Bin.
—& | A F
Lﬂ e— 200, ———>
8015

$YIM, =00 A8 in)—(601b)(20in.) =0
A=1501h A=15001b~ «

4+, S =0: B, +1500b=0 B, =-1501b B, =150.01h« o
+ ZF,=0: B, -6001b=0 B, =+60.01b B,=6001b] <

Free body: Member ABCD We note that D is directed along DE, since DE is a two-force member.
+V) EM, =00 D2y (604 + (150 1b)(&8)=0

D=-801b D=80.00b] «

Boiby . WL
81 Yin A= Mff;"k.....,.i D
1— 150 lh P .5 ELEF =0 C_4150.0-150.0=0 ¢, =0
Bin “a
4 +T 2F =0 C, +60.0-800=0 C.=+2001b C=20.0 ibT |
e, ¥ 3 v
150 /6 R
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PROBLEM 6.80

Determine the components of all forces acting on member
ABCD when & =90,

< 6 i13.~>|

SOLUTION
Frce body: Entire assembly
B
3 E
PR
4
Bin,

solb

+V) IM,=0: A(8in)-(601b)8in.)=0
A=+60.01b A=600b—
ALTE =00 B +60b~60b=0 B =0
W 2E, =00 B, =0 B=0 4
Free body: Member ABCD We note that D is directed along DE, since DE is a two-force member.

DYEMe=0: D(12in) +(60 1)@ in.) =0

D =-40.0Ib D=40.01b | «

ELEE =00 C 4 60T0=0
C,=~601b C,=60.01b-— 4

HEF =0 C,~401b=0
C, =+401b C,=40.01b} «
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————5 PROBLEM 6.81

2m
: A Lor the frame and loading shown, determine the components of all forces acting
: “im on member ABC.
it ?_Im
4

;4-“-3.6 m—wj

SOLUTION

Free body: Entire frame

4L TF =0 A +18kN=0
A, =~18KkN A, =18.00 KN ~— «
)My =0: ~(I8KN)4m)— 4,(3.6 m)=0

A, =-20kN A, =200kN | «

| EF, =0: —20kN+F=0

¥
F=+20kN F=20kN}
Free body: Member ABC
Note: BE is a two-force member. Thus B is directed along line BE.

SYEM =00 B4 m)— (18 kKN)(6 m)+ (20 kN)(3.6 m) =0

B=9kN B=9.00kN— 4

C, =9kN C, =9.00 kN— «

| EF, =00 €, -20kN=0

C, =20 kN C,=20.0kN{ <
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PROBLEM 6.82

Solve Problem 6.81 assuming that the 18-kN load is replaced by a
clockwise couple of magnitude 72 kN - m applied (o member CDEF at
Point O.

PROBLEM 6.81 For the frame and loading shown, determine the
components of all forces acting on member ABC.

L——S.S m —>!

SOLUTION

Free body: Entire frame

HTF =0 4, =0

FLBN
IM, =0: =72kN-m—4,(3.6m)=0

A, =-20kN A, =20kN| A=200kN| <

Free body: Member ABC
Note: BE is a two-force member, Thus B is directed along line BE.

DYIM =00 B(4m)+20kN)3.6m)=0

B=-18KkN B =18.00 kN-— €

L F =0 ~I8kN+C, =0
C, =18 kN C, =18.00kN— «

26, =0: €, ~20kN=0
C, =20kN C,=200kN| <
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424(] 1151 .‘Zfﬂiiuj—} PROBLEM 6.83

b

T Determine the components of the reactions at 4 and E if a 750-N
D52 1112

§ force directed vertically downward is applied (o) at B, (b) at D.
24(J[mn

l

SOLUTION

Free-body: Entire Frame

The following analysis is valid for both (@) and (h) since position of load on its line of action is immaterial.
l_iiﬂ"li"fl’_".{ %‘) IMy =0: (750 N)(240 mm) - 4,(400 mm) = 0

A, =-450N A =450 N~-~—
AT =00 E ~450N=0 FE _=450N E =450 N—

R, =00 4 +E, ~T50N=0 ()

= £y

{a)  Load applied at 5.
Free body: Member CE

CE is a two-force member. Thus, the reaction at £ must be directed along CE.

E, i<
) 22_423131; E, =225N| T
450 N 480 mm ’ jom
= YEow
From Eq. (1): A 4+225-750=0; A =5251b =
rom Bq. (1) , , T —= o
Thus, reactions are: 4y

A, =450N -~ A, =525Ib]«
E =450N—, E, =225Ib}«

(fy  Load applied at D
Free body: Member AC
AC is a two-force member, Thus, the reaction at 4 must be directed along AC.

A4, 160 mm
Dy 100 mm 1500 N e
450N 480 mm ° ! vy room
f
From Eq. (1): A, +E,~T50N=0 R;;;’-; = own
I50N+E, 750N =0 ) T

E,=600N E, =600N}
Thus, reactions are: A, =450 N A, =150.0N T <

E =450N—,  E =600N{«
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AL T PROBLEM 6.84

!

125 mm

Determine the components of the reactions at 4 and E if a 750-N
force directed vertically downward is applied (@) at B, (b) at D,

B 1o
T

SOLUTION

Free body: Entire frame

The following analysis is valid for both (@) and (b) since position of load on its line of action is immaterial.

%D IM, =0 —(750 N)(80 mm) - A (200 mm) =0

BOxvy 1 %2mm
ﬁwi -1 Qdiid A, =~300N A _=300N-—

r " 1o, /s - | : ,
2 = BLNF =00 E -300N=0 E =300N E_=300N

(e ; B x -~

lf D Cy [HEwem

P2
_,fj t«——.?‘samn ~——

(o) Load applicd at 5.
Free body: Member CE

R, =0: A, + £, ~T50N=0 M

CF is a two-force member. Thus, the reaction at £ must be directed along CE.

k£, 1
LA 75 me E, =90 N? 25000 —
300N 250 mm - b4
253503 L oy
) i T g ¥
From Eq. (1): 4, +90N~750 N =0 A, =660 N} Flz,

Thus reactions are:
A, =300N-—  A,=660N}
E =300N—, E, =90N|«

{(h)  Load applied at D.
Free body: Member AC

AC is a two-force member. Thus, the reaction at A must be directed along AC.

A, 125mm Zsvmm
Ly 50N i
00N 250mm
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PROBLEM 6.84 (Continued)

from Eq. (1} AJ, + E), —T750N=0
15ON+EJ,-7SON=0

E,=600N E,=600N |

Thus, reactions arc: A, =300N - A =1500N| <

a

E, =300N—, K, =600N{«

b
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I 240 mm 240 nan PROBLEM 6.85

|

Determine the components of the reactions at A and £ if the frame is
loaded by a clockwise couple of magnitude 36 N - m applied (4) at B,
{(MatD.

SOLUTION

Free body: Entire frame

The following analysis is valid for both (@) and (/) since the point of application of the couple is immaterial.
YEMy =0: =36 N-m—A4,(0.4m)=0
1}""’” A =-90N A =9%0.0N-—
FLUXF =00 —90+E, =0
E =90N E, =900N—

H2F =0 4,+E,=0 o

(ay  Couple applied at B.
Free body: Member CE

AC is a two-force member. Thus, the reaction at £ must be directed along EC.

c
L, :
p 024mp gsont
90N 048m ! Q7
5=n, !
From Eq. (I): A, +45N=0 fE 048
£y ’

A =—45N A, =450N|

Thus, reactions are
A, =900N-— A, =450N} <

E, =900N-~, E, =450N[«
(5  Couple applied at D.

Free body: Member AC

AC is a two-force member. Thus, the reaction at 4 must be directed along AC.

A ' 4
A, z().lﬁm; Al,:BONT Lq‘g.___o,ﬁsw-——-{
90N  048m P e
“'\4:% Il --..,altE:/‘”
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PROBLEM 6.85 (Continued)

From Eq. (1): A, +E, =0
30N+ E, =0

E,=-30N E,=30N)
Thus, reactions are: A, =90.0N=-- A, =300N]<

E,=-900N—, E =300N|<
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B0 aam
-

<170 mm —=

125 mm

PROBLEM 6.86

Determine the components of the reactions at 4 and E if the frame is
loaded by a clockwise couple of magnitude 36 N - m applied () at B,
(h)at .

SOLUTION

Free body: Entire frame

The following analysis is valid for both (&) and (b) since the point of application of the couple is immaterial,

8827
ﬂy? ) D7
o
—d
H, A
. 0.25%
O.3m W}m
_L(-‘., 2 <} {o.o%er
£
fs E‘—Ou?ﬁx—-——-ﬂ—r
(&)  Couple applied at B.

Free body: Member CE

HLUE =0

DYEM, =0: 36N m~A(0.2m)=0

A =—180N A, =180N =

S1BON+E, =0
E =180N E_=180N—

W 2F =00 4, +E, =0 1

AC is a two-force member. Thus, the reaction at £ must be direcied along £C.

I

¥

TE;EJT\J T 0.25m

From Eqg. (1): A, +54

Thus reactions are

_0.075m K, =54 NT

Lo Ph-Fp 7 RE——

I C'LL
N=0 %IROH GO,
£1E, +
A, ==54N A, =540N]
A =180.0N~— A, =3540N|<

(b)

Couple applied at D.
Free body: Member AC

E, =180.0 N—,

Ay
AC is a two-force member. Thus, the reaction at 4 must be
directed along £C. Ralgon !
% OS5
A,
v 0.125m A,=90NT o2 e NTa
I8ON  025m 7
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PROBLEM 6.86 (Continued)

From Eq. (1): A, +E, =0
WON+E =0

E,=~90N E,=90N]|

Thus, reactions are

A, =1800N«— A =900N]|«

E, = 1800N—, E, =900N]|<
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- 10) i1~ PROBLEM 6.87

Determine the components of the reactions at 4 and B, (@) if the
S00-N load is applied as shown, () if the 500-N load is moved
along its line of action and is applied at Point F.

TS 4

SOLUTION

Free body: Entire frame

3 ;“- v 4 ;n-
\00 i
Analysis is valid for either (@) or (b), since position of 100-Ib load on its line of action is immaterial.

SYIM =00 B,A0=-(001)6)=0 B, =+601b

+I LF, =0: A, +60-100=0 A, =+401b
AEF =00 A +B, =0 (H
(a) Load apphed at I,
Free body: Member AC
A Ay= 40 Ve
&,

l'(- 1o 'm.—bl

Since AC is a two-force member, the reaction at.4 must be directed along CA. We have

4, 4016 A, =800lb-— A, =4001n! 4
104, 5m. ’ Y
From Eq. (1): -804+ B, =0 B ,=+801
Thus, B,=800b—, B, =6001b]«
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PROBLEM 6.87 {Continued)

B

(f)  Load applied at F. B

Iree body: Member BCD c

Since BCD is a two-force member (with forces applicd at B and € only),

the reaction at B must be directed along CB. We have therefore € =

B, =0

The reaction at A is B, =0 B, =6001b] <

From Eq. (1): A +0=0 A =0

The reaction at 4 is A =0 A, =4001b T <
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PROBLEM 6.88

The 48-1b load can be moved along the line of action shown and
applied at 4, D, or E. Determine the components of the reactions at B
and F if the 48-1b load is applied {a) at A4, (b)) at D, (c) at [t

Lr‘i in.ws-l& 8in >

SOLUTION
Free body: Entire frame Haw I’n "3 o
The following analysis is valid for (), (b) and (c) since the position of the load Lo, ‘D &y
along its finc of action is immaterial. T i
T, t
i £ F-:Fk

(a)

SYEM, =0: (@816)(8in)~ B,(12in) =0
s 4o L
B =321b B, =32Ib
FOEF =0: 32IHE, =0
P =-321b F, =321b~—

X

A EF, =0: B, +F, ~481b=0 (1

Load applicd at A.
Free body: Member CDE

o 1 7, e §Y

h -~ B :; 2
570- Q—“’—‘D g)‘g b
Y e o
£x e
LY

~4

CDB is a two-force member. Thus, the reaction at 8 must be directed along BC.

B, 5in
321b  161n,

B, =101

From Eq. (1):  101b+F, ~481b=0
F,=38lb F,=331b]

Thus reactions are:
B =320b—, B, =10.001b}d

F.=320b«—  F =380}«
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' PROBLEM 6.88 (Continued)

(&) Load applied at D.
Free body: Member ACH.

ACF is a two-force member, Thus, the reaction at & must be
directed along CF.

r, _7 in.

32 16in.

F, =141

FromEq. (1) B, +141b-481b=0
B,=341b B, =34Ib}

Thus, reactions are:

B,=320lb-— B, =3401b] 4
F, =32.0b~+, F =14001b] 4

{c}  Load applied at £,
Free body: Member CDB

This is the same free body as in Part (a),

Reactions are same as (a) 4
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5 b PROBLEM 6.89

The 48-ib load is removed and a 288-1b - in. clockwise couple is applied
successively at 4, D, and E. Determine the components of the reactions at 5
and F if the couple is applied (o) at 4, (B) at D, (c) at £

-8 in.~—|‘--8 in.—

SOLUTION
Free body: Entire frame
The following analysis is valid for (), (b), and (¢), since the point of 268 2.
application of the couple is immaterial. ‘_P"“:’-—“T-—;”:) B
TYEM,, =0 =288 1b-in.~ B,(12in) =0 J-’}_f'— = :3,
B =-241b B, =241b-— L | ' oix
TP =0 2416+ F =0 ron ok
F,=241b F, =24lb—
+] LF =0: B, +F,=0 0

(ay Couple applied at 4.
Free body: Member CDB

.B-q 59_
>, e VW= 2
] - x
4 e - "D

.‘.-'y ;;r«-—-—- 76, ———4

CDAB is a two-force member. Thus, reaction at B must be directed along BC.

B .
e A g g5
241 16in. !

From Eq. (1) ~75lb+F =0

F,=751b F, =751b]

Thus, reactions are:
' B, =240lb~— B,=7501b]

F =240, F,=750ib] <
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PROBLEM 6.89 (Continued)

()  Couple applied at D.
Free body; Member ACF.

Cu fle
.

7l Soll T~ F Bym2ve
F-—-——/é!;:, *bfﬁ

ACF is a two-force member, Thus, the reaction at F must be directed along CF.

F. 7in,
2416 16in.

F, =10.51b]

From Eq. (1) B, ~10.51b:
B, =+10.51b B, =10.51b]

Thus, reactions are:

B, =240~  B,=10500b]«
K =240, F =10501b}«

(¢}  Coupie applied at £.
Free body: Member CDB

g
g o
Sin. — = || By ez
$

« _-

Cy i I‘—‘/éi;h —af
' €y

This is the same free body as in Part (a).

Reactions are same as in (a) 4
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PROBLEM 6.90

(@) Show that when a frame supports a pulley at 4, an equivalent loading of the frame and of each of its
component parts can be obtained by removing the pulley and applying at 4 two forces equal and parallel to
the forces that the cable excrted on the pulley. (h) Show that if one end of the cable is attached to the frame at
a point B, a force of magnitude cqual to the tension in the cable should also be applied at 5.

A

(e} h

SOLUTION

First note that, when a cable or cord passes over a frictionless, motionless pulley,
the tension is unchanged.

T
(EMy=0: T~ =0 T=T, s
{a) Replace each force with an equivalent force-couple, L=
T [
1 rsve

(hy  Cut cable and replace forces on pulley with equivalent pair of forces at 4 as above.

1 = 7;@ - !
”r [
T

vt

t-

£ 1
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180 s 120 mm

PROBLEM 6.91

componenis of the reactions at B and £

BU0N

Knowing that the pulley has a radius of 50 mm, determine the

SOLUTION

Free body: Entire assembly

FYEM, =0 (300 N)(350 mm)— B_(150 mm) =0
B, =-700 N

AT =00 <TOON + E, =0

;=700 N
¥ ks

HEF =0 B + £, ~300N=0
Free body: Member ACE

et = ZCON

P =

+\>EM(, =0: (700 N)(150 rmim) - (300 N)Y(50 mm) — £ (180 mm) =0

E, =500N

From Eq. (i) B, +500N-300N =0

B, =-200N
Thus, reactions are:

B, =700 N «—,

E, =700 N—,

B, =700 N

E, =700N —

(M

K, =500N{

B, =200 N]|
B, =200N/| 4
E, =500N1{<
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PROBLEM 6.92

DR A | 2m

Knowing that ecach pulley has a radius of 250 mm,
determine the components of the reactions at D and £,

ERLE 0N

SOLUTION

Free body; Entire assembly

kBkN

DYIM, =0: (48KN)(4.25m)—-D,(1.5m)=0

D, =+13.60kN D, =13.60kN— 4
H PF =00 B, +13.60kN=0
E, =-13.60 kN E, =13.60 kN~ «
H2E =0: D, +E, ~48kN=0 (1)
Free body: Member ACE
T-4BkN £
qu A T L____fs.s kN
[
ﬁ: ,v—-?.ZS'm—*i"}l?S"’J

PYEM , =0: (48KN)2.25m)+E, (4m)=0
E,=-2.70kN E,=270kN| <

From Eq. (1): Dy, ~270kN—-480kN =0
D, =+7.50 kN D, =750kN{ «
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PROBLEM 6.93

Two 9-in.-diameter pipes (pipe 1 and pipe 2) are supported every 7.5 fl
by a small frame like that shown. Knowing that the combined weight of
cach pipe and its contents is 30 1b/ft and assuming frictionless surfaces,
determine the components of the reactions at 4 and G.

SOLUTION

Free-body: Pipe 2

we N,
#B| N F D 225k
8 17 15
F=120lb—
D=2551b ™
Geometry of pipe 2 r=451in.
By symmetry: CF=CD
Equate horizontal distance:
r+ —ir =D E~5~
17 17
—2—5~f =D 15
17 17
CD = 22 Py
15
From Eq. (1): CF = %r = %(4,5 n.)
CF =751n.
Free-body: Member CFG
YEM =0 (120 1bY7.5in) -~ G, (16in) =0

W = (30 /(7.5 ft) = 225 b

G, =56.251b

R in = QA FoiZoth

" c T eh,
Syl ©x

G, =5631b— «
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PROBLEM 6.93 (Continued)

Free body: Frame and pipes

Note: Pipe 2 is similar to pipe 1.
AE=CF =75,
E=F=1201b

FYEM = 0: G,(151n.)—(56.25 b)(24 in.) ~ (225 Ib)(4.5 in)
~{(2251b)(19.5in.) — (120 b)(7.5in.) = 0
G, =5101b G, =510}«

HLEF =00 A 412016456251 =0
A.=176251b A, =1763 b~ o

HXE, =0: A +5101b-2251b-2251b=0
A, =~601h A, =6001b] <
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PROBLEM 6.94

Solve Problem 6.93 assuming that pipe I is removed and that only
pipe 2 is supported by the frames.

PROBLEM 6.93 Two 9-in.-diameter pipes (pipe | and pipe 2) are
supporied every 7.5 1t by a small frame like that shown. Knowing
that the combined weight of cach pipe and its contents is 30 b/ft and
assuming [rictionfess surfaces, delermine the components of the
reactions at 4 and .

]
rSOLUTION
Free-body: Pipe 2 W =G0ty 751)=2251b
D 2251b
& 17 15
"
F=1201b—
D=2551b™
Geometry of pipe 2 r=4.51n,
By symmetry: ClF=CD (N
Hquate horizontal distance:
Hquate horizontal distance - ,1?35"
R
17 17
F e I
e re=CD 1 ﬂ'}& ':,. o
17 17 ¢
25 5
CD=—p="yp < 15
15 3 e
- - 5 5 - L />
From Eq. (1) CF=—r=—(45in. it
1 (1) = #sin) £06,
CF=751n. ain= & W 204
= [hrn F -+ :
Free body: Member CFG | ¢ et
— o ST Ox
DYEM. =00 (1201)(7.5 in) - G.(16 in) =0
G, =56251b G, =563 4
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PROBLEM 6.94 (Continued)

Free body; Frame and pipe 2

G, =5631b— 4

Gy = SEACI

o
= XX
FIN
R4 in. 7
(=3
~9 .
P 5 tn.
DIM, =0: G,(15m)~(56.251b)(24 in) — (225 1b)(19.5in) =0
G, =382.51b G, =383} «
R, =00 A, +56.251b
A, =-56251b A, =5631b~— 4
2R, =0: 4, +38251b-2251b=0
A, =~157.51b A, =1575] 4
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PROBLEM 6.95

A trailer weighing 2400 b is attached to a 2900-lb pickup truck by a ball-and-socket truck hitch at 3.
Determine («) the reactions at cach of the six wheels when the truck and trailer are at rest, (D) the additional
load on each of the truck wheels due to the trailer.

2400 1

2400 1h

SOLUTION
(@)  Free body: Trailer 24920
(We shall denote by 4, B, C the reaction at one wheel) N D
D
)EM, =0: ~(2400 1b)(2 ft) + D11 ft) =0 -
D=436.361b e 2|

+I LF, =0 24-24001b+436361b=0

A=981.821h A=9821b] «
Free body: Truck

SYEM, =0 (43636 1b)(3 1) — (2900 Ib)(5 ft) + 2C(9 f1) = 0
436,245 2gools
5 i~ C=732.831b Cc=7331b} 4

+ ZF, =0 28-436.361b—29001b+ 2(732.83 Ib) = 0

B=935351Tb B=9351b] «

()  Additional load on truck wheels

Use free body diagram of truck without 2900 1b.
F)EM, =01 (436.36 1b)(3 1) +2C(9 1) =0
C=-72731b AC=-7271b <4
JEF =0: 2B-436361b-2(72.731b) = 0
B=290.91b AB=+2911b
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Chain under
tension 4 gy

PROBLEM 6.96

In order to obtain a belter weight distribution over the
four wheels of the pickup truck of Problem 6.95, a
compensating hitch of the type shown is used to attach
the trailer to the truck. The hitch consists of two bar
springs {only one is shown in the figure) that fit into
bearings inside a support rigidly attached to the truck.
The springs are also connected by chaing to the trailer
frame, and specially designed hooks make it possible to
place both chains in tension. (a) Determine the tension 7
required in each of the two chains if the additional load
due to the trailer is to be evenly distributed over the four
wheels of the truck. (b) What are the resulting reactions at
each of the six wheels of the trailer-truck combination?

Barspring ~ fe—— 17 [t —=
PROBLEM 6.95 A trailer weighing 2400 1b is attached
to a 2900-1b pickup truck by a ball-and-socket truck hitch
at 1. Determine () the reactions at each of the six wheels
when the truck and trailer are at rest, {b) the additional
load on cach of the truck wheels due to the trailer.
SOLUTION

(¢}  We small first find the additional reaction A at each wheel due the trailer.

Free body diagram (Same A at cach truck wheel)
%V) IM, =0 —(24001b)(2 ft) + 2A(14 ft) + 2A(23 fi) =0

A=64861b
+T ZF, =00 24-24001b+4(64.86 Ib) = 0;
A=10701b;
Free body: Truck
o . zr R
{(Tratler loading only)
YIM,, =00 24012 1) +2A(3 )~ 27(1.7 (1) =0 . 3
| T = 8.824A Py A
o R T U
= 8.824{64.86 Ib)
T=57231b T=5721b 4
Free body: Truck
{Truck weight only)
2900l FYEM, = 0: ~(2900 Ih)(5 ) +2C7(9 1) =0
C'=805.61b C’'=805.61b}
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PROBLEM 6.96 (Continued)

HEF, =0: 25 ~29001b+2(805.6 1b) = 0
B'=644.41b B =644.41b

Actual reactions

B=B+A=064441b+64.86=70921b B =709 le <

C=C"+A=80561b+64.86=870.46 1b C=870 E.bf <

A=10701b] <«

{From Part a):
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PROBLEM 6.97

The cab and motor units of the front-end loader shown are connected by a vertical pin located 2 m behind the
cab wheels. The distance from (' to D is | m. The center of gravity of the 300-kN motor unit is located at G,
while the centers of gravity of the 100-kN cab and 75-kN Joad are located, respectively, at G, and G,
Knowing that the machine is at rest with its brakes released, determine (a) the reactions at each of the four
wheels, (#) the forces exerted on the motor unit at Cand D.

100 kN 0.8 m
B D kN

SOLUTION

(z)  Free body: Entire machine

2R 28

A = Reaction at each front wheel

B =Reaction at each rear wheel
+‘) IM, =01 753.2m)~100(1.2m)+28(4.8 m)-300(5.6 m)=0
28 =325 kN B=162.5kN] €
+T ZF,=0: 24+325-75-100~-300=0

24=150kN A=T50kN] «
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PROBLEM 6.97 (Continued)

(b)  Free body: Motor unit

)EMp, =0: C(Im)+2B(2.8 m) ~300(3.6 m) = 0

C'=1080-5.68 1)
300 kN
0.8wm
Recalling B=162.5KkN, C=1080-5.6(162.5) =170 kN
C=170.0 kN ~— 4
ALTE =0: D, ~170=0 D, =170.0 kN — 4
2R, =0: 20162.5)~ D, ~300=0 D, =25.0kN| <
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PROBLEM 6.98
Solve Problem 6,97 assuming that the 75-kN load has been removed.

PROBLEM 6.97 The cab and motor units of the front-end loader shown are connected by a vertical pin
located 2 m behind the cab wheels. The distance from C o £ is | m. The center of gravity of the 300-kN
motor unit is located at G, while the centers of gravity of the 100-kN cab and 75-kN load are located,
respectively, at G, und G, Knowing that the machine is at rest with its brakes released, determine (a) the
reactions at each of the four wheels, (b) the forces exerted on the motor unit at C'and D.

100 kN 08m

0
w5 B

{0 kN

. 1.2 mg

SOLUTION

{ay  Free body: Entire machine

A = Reaction at each front wheel
0.8

r_.r—————atj B = Reaction at cach rear wheel
200 Wk

FYEM, =0: 2B(4.8 m)—100(1.2 m)-300(5.6 m) =0

28 =375 kN B=1875kN| 4

A ZF =00 24+375-100-300=0

24 =25 kN A=1250kNT <

()  Free body: Motor unit

See solution of Problem 6.97 for free body diagram and derivation of Eq. (1). With 8 =187.5kN,

we have

C=1080-5.6(187.5)=30kN
C=30.0kN «—— <«

AL EE =00 D -30=0 D, =30.0kN —~ <

H2F =00 2(187.5)- D, ~300=0 D, =75.0kN]| <
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PROBLEM 6.99

forces acting on member CFE at Cand I,

For the frame and loading shown, determine the components of the

SOLUTION

Free body: Entire frame

YIM,, =0: (40 1b)(I13in)+ A (10 in) =0

Free body: Member ABF

A =-521b,

FYEM =0: ~(521b)(6 in)+ F (4in) =0

Free body: Member OFFE

From above:

F_o=+781b

F)EMe =00 (40 b)(9 in)—(78 Ib)(4 in)— F(4in)=0
P o=+121b
ELTF =00 € ~781b=0
C,=+781b

2R, =0 —401b+121b+C, =0, C, =+281b

A, =521h—
..‘......ﬁ S
bin, 2,

— 2 3,
#n. £

—k 0 '
~¥
£

F, =78.01b -4

F, =12.001b} o

C,=7800h— 4

C, =280} <4
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PROBLEM 6.100

For the frame and loading shown, determine the components of the
forces acting on member CDE at Cand D,

< (3 11—

L
Zin. 4in.

SOLUTION

Free body: Entire frame

M, =0 4,-251b=0

A, =25Tb A, =251b}
DYEM =00 A,(6.928+2x3.464) ~ (25 16)(12in) =0
A, =21.6511b A, =21.651b~—
HSF =0 F-216511b=0
F=216511b F=21.65lb—

Free body: Member CDE

DYEM =00 D (4in)~ (25 b)(10in) =0

[/ =16 o
£y 4Dy 7"55 D, =+62.51b D, =6251b! 4

+H EF, =0: —C, +62.51b-251b=0

o .
D
c, “D g ] .
[a_fm,-.ls-—ém 4" C,=+3751b C, =375 lbl <

Free body; Member AB8D 2 “ﬁ 2E
DYEM, =0: D (3.464in.)+(21.65 h)(6.928 in.)
¥ za .l
~(251b)(4 in) — (62.5 1b)(2 in.) b928dn 8y
D, =+21.651b 5 <

. ] R, 1 = Dy
Return to free body: Member CDE el
From above :c‘»"--“J  62:61b

D, =421.651b D =2171b-~— <
0SB L RS REL
L t!_ ¢ UEFE =00 € -21.651b

i o ‘ '
=¥ * C, =+21.651b C,=217th— 4
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PROBLEM 6.101

For the frame and loading shown, determine the components of all forces
acting on member ABRE,

|«4 1.9 mw|«<~ 0.9 ma-lﬂz

0.3m
SOLUTION
A
FBD Frame: Y vk
(EM,=0: (1L8m)F, - (2.1 m)(12kN)=0 l " \e lp
@&
F, =14.00 kN | o
3 E F\g——»
E? 6l |
I5F, =0: —E, +14.00kN~12kN =0 LI AR .
O3
E,=2kN}
E,=2.00kN| <

FBD member BCD:
QEMB =0: (1.2 m)C). —{(12kN)1.8m)=0 Cy =18.00 kN f

l_-—n,zm 2 112w
PR

But Cis.LACF, so C,=2C,; C,=360kN— . N
—XF,=0: ~B,+C,=0 B,=C,=360kN D l PP |
X X X ¥ ¥ @ 3 .

=4 | ¢
B, =36.0kN = on BCD =Y
fLF, =0: ~B, +18.00kN-12kN=0 B, =6.00kN |onBCD
On ABE: B, =36.0kN— <
B, =6.00 kN | «
FBD member ABE:

(1.2 m)(36.0 kN) — (0.6 m)(6.00 kN)
+(0.9 m)(2.00 kN)— (1.8 m}(E,) =0

L =23.0kN-— 4
~230kN+36.0kN -4 =0 A, =13.00kN-— 4

~2.00kN+6.00kN - 4, =0 A, =4.00kN| <
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! PROBLEM 6.102

For the frame and loading shown, determine the components of all
forces acting on member ABE.

PROBLEM 6.101 For the frame and loading shown, determine the
components of all forces acting on member ABE.

! 4.8m l|
SOLUTION
FBD Erame:
34 m
_ A
E.’Ln 21400 N
27 mi"
E.S‘m
&= L Fx & ¢
Q,me-—-m-r.'?’
(EM, =0: (1.2m)(2400 N)~ (4.8 m)E, =0 E,=600N| <
OO N
FBD member BC: x |
. 48 . 8 B T
C=549 75 oy L7 ;f‘fr
T

(EM.=0: (24m)B, —(1.2m)(2400N)=0 B, =1200 N o 2

on ABE: B, =1200N| 4
[2# =0: —1200N+C, ~2400N=0 C,=3600N{
9 _
80 C.=~C C =4050N—
X 8 ¥ x

—+3F. =0: =B, +C, =0 B, =4050N~—onBC

on ABE: B, =4050 N— <
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PROBLEM 6.102 (Continued)

FBD member ABOE:
(IM,=0: (4050 N)~2aE, =0

Ay
1200 N E_=2025N E, =2025N « o
#4050 N
—=ZF, =01 A, +(4050 = 2025) N= 0 A, =2025N ~— 4
£ _
£, - Goon ISF, =0: 600N+1200N-4, =0 A, =1800N/| <

at . Fm

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companics, Tne, All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior writien permission of the publisher, or used beyond the limited
distribution fo teachers and educators permitied by MeGraw-Hill for theiv individual covrse prepavation. If vou ave a student using this Manal,
You qre using it without permisyion.

339




PROBLEM 6.105

2 kN
For the frame and loading shown, determine the components of the
forces acling on member DABC at i and D.

6N

SOLUTION

Free body: Eintire frame

DYEM; =0: H(0.6 m)— (12 kN)(1 m) - (6 kN)(0.5m)=0

H=25kN H=25kN|

Free body: Member BEH
FYEM, =0: B (0.5 m)—(25kN)(0.2 m) =0

B, =+10KkN
Free body: Member DABC
From above: B, =10.00 kN — «
JO@AN — - -
= 8 _ro o o YEMp =0: ~B,(0.8m)+(10 kN+12kN)O0.5m)=0
] D B,
b B B, =+13.75 kN B,=1375kN| <

£LEF =0: —D +10kN+12kN=0
D, =+22 kN D, =220 kN - <
HEF =0: D, +13.75KkN =0

D, =+13.75kN D, =13.75kN| <
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PROBLEM 6.106

Solve Problem 6.105 assuming that the 6-kN load has been removed.

PROBLEM 6.105 For the frame and loading shown, determine the
components of the forces acting on member DABC at B and D,

SOLUTION
Free body: Entire frame ¥ 4 £ cﬁﬁ
asn
—r‘) IMg =0: H{0.6m)—(12kNY1m)=0 } 12 l £
Ortie u
H=20kN H=20kN| 1 gxle
&Y o4 H
Free body: Member BEH Bs
*“—
DYIM, =0: B(0.5m)— (20 kNYO0.2 m) =0 Q’& 3 -
B, =+8kN + £
B o5 m o =Y
ahN Oy

Free body: Member DABC

From above: B, =-800kN— 4

A BMY_ ey +)EMp=0: —B (0.8 m)+ (8 kN +12 kKN)(0.5 m)=0
T :ﬁ?

O.8m By

|2y B, =+12.5kN B, =1250kn 1 4

‘gj 3, £ .
LS =00 ~D, +8KN+12kN =0

D, =+20kN D, =20.0kN - «

I, =0: =D, +125KN=0; D, =+125kN D, =1250kN| 4
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.Pi%-z-—:hn%’ﬂihn»—’—g Q PROBLEM 6.107

-
v

PAm The axis of the three-hinge arch ABC is a parabola
with vertex at B. Knowing that P = 112 kN and
i4m O = 140 kN, determine (a) the components of the

! 8m

reaction at A, (b) the components of the force
exerted at B on segment A5,

Gan-—

SOLUTION

Free body: Segment A5:

DEM, =0 B(32m)=B,Bm)-P(Em)=0 (1)
0.75 (Eq. 1) B.(24 m)~ B, (6 m)~P(3.75m)=0 )
Free body: Segment BC:
)IM =0: B (1.8m)+B,(6m)—0(3 m)=0 )
Add (2) and (3): 428 -3.75P~30=0
B, =(3.75P +3Q)4.2 (@)
. 32
Eq. (1) (3.75P+3Q)Z—2—~H8B}, ~5P =0
B, =(-9P +9.60)/33.6 (5)
Given that P=112kN and QO=140kN
{¢)  Rcaction at 4:
Considering again AR as a free body
A TF =00 A ~B =0, A, =B, =200kN A, =200 kN — <
2R, =00 4,-P~B,=0
A, —112kN-10kN =0
A, =+122 kN A, =1220kN| <
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)

Force exerted at B on AR

PROBLEM 6.107 (Continued)

Eq. (4); B, =(3.75x 112+ 3x140Y4.2 = 200 kN
B, =200 kN «— «
Eq. (5): B, =(=9x112+9.6x140)/33.6 = +10 kKN

B, =10.00kN| 4
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Pl am ”T_ Tm i@ ‘ PROBLEM 6.108
J\‘}\':,,:. K
3

1awm  The axis of the three-hinge arch ABC is a parabola
with vertex at B. Knowing that 7 = 140 kN and
l4m (0 = 112 kN, determine (@) the components of the

reaction at 4, () the components of the force exerted
RH

at B on segment AB.

l««u———m.‘)’ W e
SOLUTION
o &0
—
311
B,
By
Free body: Segment A5;
SEM, =00 B,(32m)-B,(8m)~P(5m)=0 (1)
0.75 (Eq. 1) B,(2.4m) B (6 m)~P(3.75m)=0 (2)
Free body: Segment BC:
+)EM =0: B(L8m)+B,(6m)-0(3 m)=0 3)
Add (2) and (3): A2B -375P-3Q =0
B, =(3.75P +30)4.2 (4)
3.2
Eq. (1): (3.75P+3Q)Z—5~WSB}J—5P=O
B, =(-9P+ 9.600)/33.6 (5

Given that P=140kN and Q=112kN
() Reactionatd:

H+UXF,=0: A B, =0, A =B =205kN A, =205kN— 4
2F, =0: 4,-P-B,=0
A, ~140 kN ~(=5.5kN) =0

A =134.5kN A, =1345kN| <
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PROBLEM 6.108 (Continued)

(h)  Force exerted at B on 4B

Eq. (4): B, =(3.75x140+3x112)/4.2 = 205 kN

B, =205kN — <«
Eq. (5): B, =(-9%140+9.6X112)/33.6 = ~5.5 KN

B, =55kN| <
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501 PROBLEM 6.109

§
DS P TN DU S T DAY Y |

Knowing that the surfaces at 4 and [ arc frictionless,
determine the forces exerted at B and € on member BCE.

SOLUTION

Free body of Member ACD
YEM, =00 C,(2in)-C,(18in)=0 C,=9C, (n

Free body of Member BCE
,;) TMy =0 C{6in)+ C), (6in)—(501b)12in)=0

Substitute from (1) 9C (6) + €, (6} - 600 =0
C,=+101b; C,=9C, =9(10)=+901b
Rk v C=90.61b™ 6.34° 4
HUEF =0: B ~901b=0 B, =901b
2R, =00 B, +101b-501b=0 B, =401
B=0851b 7 24.0° 4
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~—— 20} in, ~—
il A
. t? f”\\;‘

PROBLEM 6.110

For the frame and loading shown, determine () the reaction at €,

(h) the force in member 4D,

—
SOLUTION

Free body; Member 4ABC

Ioo&n ?\fw
L5se

£
_{‘B '1\;\8&-' .
v

20m,

Ll

Sy

Free Bodv: Member DEF

YEM,, =0 -;i (3000 +

(a}  Substitute from (2} into (1)

(2

TIIMe = 0: + (100 Ib)(45 in.) + %11;,[,(45 in)+ % Fiyp(30in) =0

3F; +2F,. =-3751b (N

?P‘M(iS in)=0

Fop =28,

3FAD +2{-2F,,)=-3751b

Fop=+3751b

Fop ==2F,, =-2(3751b)
Fy ==7501b  Fy. =750 1b comp.

31?:; fnwp

{ -‘T
1T fge |l 157
f
18 in,
4 b
F

Fo,=3715htn 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, e, All rights reserved. No part of this Manual may be displayed,

reproduced or distributed in any form or by any means, without the prior written peimission of the publisher, or used bevond the limited
distribution 1o reachers and educators permitied by MeGraw-Hill for their individual conrse preparation. If you ave a student using this Manual,

oN are nsing ibwithout permission,
1

941




PROBLEM 6.110 (Continued)

(0 Return to free body of member ABC
. , 4 4
dLEE =00 C, +1001b+ —S-PAD +§f35 =0
. 4 4
C,+100+ ;(375) +§(_750) =0

C. =+2001b C, =200lb—
3 3

HEE =00 C, 5 Fup = P =0
c),wi(375)m§(u7so)mo ¢ Z00%
5 -5 »
]
C,=-225Ib C,=225b] zzsi | N ]
. Ng
o =48.37° | =
C=301.01 C=3011b "5 48.4° 4
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PROBLEM 6.111

Members ABC and CDE are pin-connected at ¢ and supported by
four links. For the loading shown, determine the foree in each lnk.

SOLUTION
Member FBDs:
p ‘
~ Ly £y
A BY o X D o =
rooAl - T‘ ,Qx. ' '
. 1 ] -.: 3—
,&6 . Far ﬂ;’a For Een
T K
|
From FBD [: (£M, =0: giq.u»:?’;c_,,—mz‘ipzo C,+3C, =P
FBD il; (=M =0: L,-2%¢, =0 ¢, -3¢, =0
277 2 v
Solving: Crmi; C‘,:fw as drawn
2T Mg
1 N
FBD I: (zM, =0: ac),—a-uﬁpmzo _Féazﬁcg,:a%mp Fip=2P C 4
1 1 V2, 2
T IF =0 e B e P —C =0 P = +C N2 =Y py X p
A \/’2— 1G JE‘ BF E Bt A b 6 2
Fp =225 ¢ <
3
2 _
FBD II; (=M, =0 amLmecv:o Fyy =—2C, =22 p E,,Hz—‘/zp T <
NC : : : 6 6
1 ! V2 2
S SF 20 €y Py b By =0 By = Fy + CfT = Y2 p L p
k 2 \/5 f2’4 \/‘2‘ EH b EH k 2

6

V2

FD.T m‘“‘*gﬁp C 4
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PROBLEM 6.114

Members ABC and CDE are pin-conneeted at C and supported by
the four links AF, BG, DG, and EH. For the loading shown,
determine the force in cach link.

I+—ﬂ— e g et (f

SOLUTION
Free body: Member ARC A
¢ body: Member >\._____-——ra
H)IMy =0: Cl@)-C,(2a)=0 LA e
3 “
! b Y
C, =2C, 8 .
B P M;J-
Nater This checks that for 3-force member the forces are concurrent. C o«
& w3

Free body: Member CDE
YEM, =00 C,Q2a)-C, (@) + P(@)=0

T"fx‘f 20, ~C, +P=0
2o || \\\ c 1
l W2C)~C, +P=0 ¢ =enp <
RN s 3
_C_.‘y - [ E,
8L¢_ﬁ_m_4 C, =20, c.=-2p
HEEe0: O, —ZPpteo
J2 302
Ezﬁg)i@]’ F,,.ng—\/zP comp. 4
3 T
+)EMy =0: D(2a)+ C,(3a)~ P(3a) =0
P
D(2a) == (3a) = P3a) =0
D=+2pP Fpy=2P T 4
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PROBLEM 6.114 (Continued)

Return to free body of ABC

, A

Hxr, =0 5+ =0
4P
A
J203

FVEM  =0: B(2a)-C,(3a)=0

B(a)+ %]’(351) =0

B=-P

~—P T 4

Fpo=F C <
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e

L— o —

PROBLEM 6.115

Solve Problem 6.113 assuming that the force P is replaced by a
clockwise couple of moment My, applied to member CDE at 1.

PROBLEM 6.113 Members ABC and CDE are pin-connected at €
and supported by four links, For the loading shown, determine the
force in each link.

SOLUTION
Free body: Member ABC o p—a a
EM,; =00 C,(2a)+Cla)=0 T E\ N _"
¢, =20 " S tgﬁ
Y SN
Free body: Member CDE A AN ¥
o e HVEM =0: C,Qa)~ C (@)~ M, =0
| ‘|
. M
o i C.(2a)~(~2C, Ya) - My =0 ¢, ==L <
j ey % |, £ ] : dg
c T 1 p ’ 1
ot £ £ ¢ C, =-2C,: C, m%"ﬂ <
& - [4)
M
JUZF =0 D + ' =0; D Mo 0
' J2 \fz_ 2a
M M
D=0 By =t T 4
\/Ea DG «/Ea
F)EMp =00 E(a)~C,(a)+ My =0
, M
E(a)~ P—”J (a)+ M, =0
4a
Em_ii@,ﬂ_ By = 3__% C 4
4 4 a
Return to Free Body of 48C
FUEE = B, C.=0 —[i»%z()
' J2o J2 24
Mﬂ
= 7 4
\/Eu B(J ICJ
O)SMy =00 A(a)+ Cla);, Aa) + (a) 0
Aw_,_’lfiﬂ_ o :% C 4
4a 4a
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PROBLEM 6.116

Solve Problem 6.114 assuming that the force P is replaced by a
clockwise couple of moment Mg applied to member CDE at D.

PROBLEM 6.114 Members ABC and CDFE are pin-connected at C
and supported by the Tour links AF, BG, DG, and EH. For the
loading shown, determine the force in each link.

E‘E

l——a f

ot F et

SOLUTION
I . . g f
Free body: Member ABC f\\ﬁ
F)EMyy =00 Cola)~C,(2a) =0 N sa
. N «
C, =2C, allE __ >y J,
H a2
Free body: Member CDE e t G )
’ 1 g
T___ N f FYEMy =00 CQ2a)~C,y(a)— M, =0 S .
LN
IR )2a)~ @)~ My =0 ¢, =2 4
20 ‘D SO (2(,41, Ra)-Co(a)~ M, = = _3_;
| g2 s N
5 £ S P —_— 0
v o fp— e e C, =20, ¢, =50
FEF =0 C, Jizo; %_igo
' 2 3a 2
;o 22 M, A
E= Fon = <
3 u ’ 3 a
2R =00 partie, =0
Y
D+ &%L + E‘l ={}
3 a2 3a
M, .
D=~ F}J(;:‘y_n C <
[ 4
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PROBLEM 6.116 {Continued)

Return to free body of ABC

e =0: ALac, =0, Aoy

V2 V2 3a

qo_ 2 My w2 M o g
3 a 3 a
DEIM =00 BQa)-C,(3a)=0
B(2cz)~[zﬂj(3a)=0
3 a
P Fo =M 7 <
o [}
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PROBLEM 6.117

Four beams, each of length 3a, are held together by single nails at 4, B, C, and 1. Each beam is attached (o a
support located at a distance ¢ from an end of the beam as shown. Assuming that only vertical forces are
exerled at the connections, determine the vertical reactions at £, F, G, and /.

N

SOLUTION

We shall draw the free body of each member. Force P will be applied to member AFB. Starting with member
AED, we shall express all forces in terms of reaction E.

Member AFB: b__£ a
SYEMp, =00 AGa) + E(a)=0 b [F At
y E o s 20, ]
3
DVIM, =0: ~DGa)~ EQa)=0
Dmugﬁ T o o
3 D2 7T ¢t
Member DHC: . A ] e « :.-l
YEM . = 0 (MT}(Ba)AH(a):O
H=-2F (1
+YEM,, =0 (*%](Za}me(a):O
C‘:+f}£
Member CGB : 2 4 5
o o IR T _—— ¥
Memoer Clrp! ip "“?“ G-T §T
‘;)ZMB:(}: +(—3—J(30)—G(d)m() 5--—-*2&.——1‘-—0\-—4
G +4E (2)
E
+)IM,; = 0: +(43 ](2a)+8(a)z0
= 5E
3
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PROBLEM 6.117 (Continued)

Member AFEB:
HEF, =0 F-A-B-P=0

SUISTAS

FYEM, =0: F(a)— B(3a)=0

ﬁ?)oa) =0

(P*.%E)(a){

P-3E+8E =0; Ex__?

Substitute £ =—Z% into Egs. (1), (2), and (3).

H=-2E=-2(-% b2l
5 5
G:+4E:4[W—P—] G=-2
5 5

p

Ay

]

Llrry

-

+ A __F 8
fe tze-4
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PROBLEM 6.118

Four beams, each of length 2a, are nailed together at their midpoints to lform the support system shown.
Assuming that only vertical forces are exeried at the connections, determine the vertical reactions at 4, D, £,
and H.

SOLUTION

Note that, if we assume P is applied to E¢, each individual member FBD looks like
" . . E midd e
50 2}(1cﬂ = 2Pright = Pu}idtﬂc &, L P

1"*" £ rght

Labeling each interaction force with the letter corresponding to the joint of its application, we see that
B=2A=2F
C=2RB=2D
G=20C=2H
P+ F=20G(=4C =8B =16F)=2E
From P+ F=16F, F:% 50 Az%?‘

D
p-2"
15

4Pt
15
8P

81 4
I5

A

H =
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PROBLEM 6.119

Each of the frames shown consists of two L-shaped members connected by two rigid links. For cach frame,
determine the reactions at the supports and indicate whether the frame is rigid.

SOLUTION

Nofe: In all three cases, the right member has only three forces acting, two of which are parallel. Thus the
third force, at B, must be parallel to the link forces.

{@) FBD whole:

4 i
(=M, =0: ~2aP -5 ZB+5a-==B=0 B=2.06P B=2.06P ™ 14.04° 4
417 N7
e IF,=0: A B =0 A =2P—
X ’ X \/ﬁ X
ISF =00 A, - P+-—B=0 Ayzﬁi’ A=2.06P =7 14.04° 4
! ¥ Y \/ﬁ 2
rigid
(b}  FBD whole:
Since B passes through 4, ( IM,=2aP=0onlyif P=0
no equilibrium if £ = 0 not rigid
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PROBLEM 6.119 (Continued)

(¢} FBD whole:

b

Gy
e pX- - v -l""
1 K 3
i, N
Ay P 4

o
1 3a 4 17

(EM,=0: Sa—=B+ 2 —=B-2aP=0 B=top B=1.031P .7 14.04° 4

NIFAR N

wew BF =0 A_‘,+—‘i—B:O A ==P

N

{zF, =0: 4,-P+

l P 3P -
B=0 A, =P-—= A =1250P ™ 36.9° <4
17 ’ 4 4

System is rigid 4
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PROBLEM 6.120

Each of the frames shown consists of two L-shaped members connected by two rigid links. For each frame,
determine the reactions at the supports and indicate whether the frame is rigid.

SOLUTION
(¢) Member FBDs:
F 4 By
5 2o
Ay . E—S—a»
Py
Ax N s
e
A Za
1 1t
FBD I: (M, =0: aF~2aP=0 F=2P{3F =0: A,-P=0 A, =r]
FBD 11; (EM,=0: —aF,=0 F,=0
SR =0 B+ F =0, B =—F=-2P B, =2P
I2F =00 B, =0 50 B=2P > 4
FBD I: e EF. =0: A ~F+F,=0 A =F-F=0-2P A =2P—
50 A=224P 726.6° 4
frame is rigid <4
{(hy FKBD left; ¥BD whele:
il
I,
1, s v
4 zon. (i _?”2 4
‘3»" A ,4* %f.(___
I 1
FBD I (sm, =00 DpeSa, 294 =0 A 54 =—pP
: 2" T2 2 A

FBDIE (M, =0: 3aPtad, ~Sad, =0 A, ~54,=-3P

This ts mmpossible unless P =0 not rigid €
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(¢} Member FBDs:

A
FBD I: BF, = 0;
(=M, =0

- IR = 0;
i (em, =0

e B = 0;

f2F, =0

PROBLEM 6.120 (Continued)

e
£ ple )
4. - £ a Lo
D al A 4 &)c
8,
I 11
A-P=0
afy =2ad=0 FH =2P

F,~F =0 F,=2p

-

2aC—aF. =0 C="L=p

0|

F-F,+B =0 B =P-P=0

B, +C=0 B =-C=-P

A=r| <

c-rl<

B=p 4

Frame is rigid
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PROBLEM 6.121

Each of the frames shown consists of two L-shaped members connected by two rigid links. For each frame,
determine the reactions at the supports and indicate whether the frame is rigid.

I P r

¢ ‘!"— 2 —| 24—t »{*— Za wl

(e}

SOLUTION
(¢) Member FBDs:
l 2
.
;ﬂ “ ~, ]
A 1\ 2 -~ —X
~x a. @ 3
~Y
A ~ 2
~7
i iI
FBD II: tzr, =0 B,=0 (EM,=0. aF,=0 F=0

FBDI:  ((ZM,=0:aF,—2aP=0 but F, =0
so P=0 not rigid for P =0 4

(Y Member FBDs:

&b
p— 5
r__.
1\
i

B
~7

Note: 7 Unknowns (A, 4,, B, B,, F, F,, C) but only 6 independent equations.
System is staticatly indeterminate

System is, however, rigid 4
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PROBLEM 6.121 {(Continued)

{¢y FBD whole: FBD right:
P Lo
[ 5 8 :
! ta. B fy e - 2y
Ay ' A “ a 1 Bx T o Q
A By E, 7
Ry P __,,%I.a--
I 1
FBDL ((EM,=0: S4B, ~2aP=0 By—%]’i
{YF, =00 4, -P+2p=0 A, =2pf
5 ¥ s
a ;
DI (=M =0. £p -22B =0 B =58 B =2P-~
¢ 7 x ¥ X Bl x
FBDL  —+3F. =0: A4 +B =0 A4 =-B, A =2P

A=2.09P ™ 16.70° 4
B=2.04P 7 1131° 4
System is rigid 4
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Ti]]-\ Qin. PROBLEM 6.122

An 84-1b force is applied to the toggle vise at C. Knowing that &= 90°,
determine (@) the vertical force exerted on the block at D, (b} the force
exerted on member ABC at B.

SOLUTION

We nole that BD is a two-force member,

Free body: Member ABC

We have BD = (77 +(24)° =25in.

, 7 . 24
(Fpp), = 2—5‘]‘}0, (Fap) y fz?f'm)

DYEM =00 (Fy), (24 + (Fyp ), (1)~ 84(16) =0

7 24 L
(55— Fap ](24> ¥ (5? Fap ](7) =84(16)
336
““Z'"*S""FBD :]344

Fp =1001b
tan o = »2:;1 o =T3.7°

()  Force exerted at B:

()  Vertical force exerted on block

()

D 24 24
Fop), =—=—F,, =—(1001b)=961b
( BD)} 25 2D 25( )

F,;, =100.0 b 7 73.7° 4

(Fyp), =96.01b | <
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PROBLEM 6.123

Solve Problem 6.122 when 8= 0.

PROBLEM 6.122 An 84-1b force is applied to the toggle vise at C.
Knowing that &= 90°, determine (a) the vertical force exerted on
the block at D, (b) the force exerted on member ABC at 8.

SOLUTION

We note that B0 is a two-force member.

Free body: Member ABC

We have BD =\J(7)* +(24)* =25 in.

7 24

(Fep )i ZEF‘HIM (Fm)y zgf‘}m

FVIM, =00 (Fyy), (24) +(Fyp), (7) ~ 84(40) = 0

7 24
(55 Fun )(24) + [E Fon J (7) = 84(40)

336 _
o Fop = 3360

Fop =2501b
tanor = %ﬁ o =73.7°

(&) Force exerfed at B;
(@)  Vertical force exerted on block
- i 24, 24
(R, '/ oo (143,))),:Es-ffb,nz—jg(2501b)z24(nb

Y &,
LT T
2Min,
' 8 40ia
Ztin.
¥ -l
l o C Bulb
D
Hn.

K, =250.0 b 7. 73.7° 4

(Fyy), =2401b | <
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G vu I3
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PROBLEM 6.124

The control rod CE passes through a horizontal hole in the body
of the toggle system shown. Knowing that link BD is 250 mm
long, determine the force Q required to hold the system in
equilibrium when = 20°.

SOLUTION

We note that BD is a two-force member.

Free body: Member ABC

feawn Dimsensiong in mm
3
A
’fw Ea S8 oY~ 35
20059 25° : —_— = 33404
L acnd
= 4001 P o, P ise
S S
i - F——
oo L0570 RIS} FY 99
252 cor Ap%= 778,89
. . .1 33.404
Since BD =250, @=sin"" ——i—gé-m; f=17.67%°

DYEM =0 (Fy, sin 6)187.94 - (£, 05 8)68.404 + (100 N)328.89 = 0

F:‘H)Il

87.945in7.679° ~ 68.404 c0s 7.679°] = 32889
Fop =770.6 N

HUXF =0: (770.6 N)cos7.679°=C, =0

Member CO:
LF =00 @=C.=T63.7N

e

C.=+763TN

. =

Q=764 N -4
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Eum N PROBLEM 6.125

4 | Solve Problem 6.124 when (a) fi= 0, (b) B=6°.

e

PROBLEM 6.124 The control rod CE passes
through a horizontal hole in the body of the
fL S G toggle system shown. Knowing that link BD is
20 R J Lk 250 mm long, determine the force Q required to
hold the system in equilibrium when f=20°,

SOLUTION
We note that BD is a two-force member.
(@ fF=0. Free body: Member ABC
..—"’D
N - 2
Since BD=250mm, sind=——M. g _g o4ge S g fer V6 o { "’

250 mm A i 150 e ; RO vy L,:‘
-9

+‘) LM =00 (100 NY350 mm) -y, sin (200 mm) = 0
Fap =1250N
HLTF =00 Fy,cos8-C. =0
(1250 N)(cos 8.048%) - C, =0 C, =12377N

Member CE: [<8 i....
S <, &

HUER =00 (1237TN)-0 =0
O=1237.7N Q=1238N — o

{by [f=¢6° Free body: Member ABC

Py (35 20 %8)= 74
— D [ g:i'-
@ Hmensions in em
k79
» J

5o s« 348,08
fe

-1 14,094 mm
250 mm
#=13232°

Since BD =250 mun, & =sin

)M =00 (Fyy, sin@)198.90+ (Fy, cos6)20.906 - (100 N)348.08 =0
Fyp[198.905in 3.232° + 20.906 cos 3.232°] = 34808
Py = 1084.8 N

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved, No part of this Manwal may he displayed,
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PROBLEM 6.125 {Continued)

LT =00 Fyycos8-C, =0
(1084.8 N)c0s3.232°~ C, =0
C,=+1083.) N

Member DE: IF =0 O=C,

%..._.[,._—_—l:...‘:?_. 0=1083.1N Q=1083 N — 4
Y
€y
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"\, PROBLEM 6.126

__A0D mm

é The press shown is used to emboss a small seal at /. Knowing
Ypv  that P =250 N, delermine () the vertical component of the force
exerled on the seal, (b) the reaction at 4.

SOLUTION
FBD Stamp D: Jer 20"
[5F, =0: B Fppc0820°=0, E=F,, cos20°
. s
: D - -

FBD ABC: T A
== £

A
2y
(ZM,=0: (0.2 m)(sin30°)(Fyy, €05 20%) + (0.2 m){cos 30°)(Fy, sin 20°)

—[(0.2 m)sin30°+ (0.4 m)cos1S°Y(250 N) =0
Fan=193.64 N C

and, from above,

F={793.64 Njcos20°
() E=746 N| <
o EF =0 A, ~(793.64 N)sin 20° = 0
A, =271.44N —
IS, =0 A, +(793.64 Nycos20° - 250 N =0
A, =495.78 N |

so  (b) A=565 N 61.3°d

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No peart of this Maual may be displaved,
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PROBLEM 6.127

The press shown is used to emboss a small seal at £. Knowing
that the vertical component of the force exerted on the seal must
be 900 N, determine («) the required vertical force P, (b) the
corresponding reaction at 4.

SOLUTION
FBD Stamp D: e
FSF, =0: 900 N~ Fy,c0520°0=0, Fy, =957.76N C
0 J—n
“ FBD ABC: Feo N
(EMA =0: [(0.2 m)(sin 30°)](957.76 N)cos 20° + [(0.2 m)(cos 30°)](957.76 N)sin 20°
= [(0.2 m)sin30° + (0.4 m)cos157}P =0
P=301.70 N, P=302N| 4
(b) —XF. =0: A, —(957.76 N)sin 20° =0
A, =3275TN—
[SF, =0: ~d, +(957.76 N)cos20°~301.70 N = 0
A, =598.30N]
$0 A=0682N~<C61.3° «
L
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24 nun

PROBLEM 6.128

Water pressure in the supply system exerts a downward force of
135 N on the vertical plug at 4. Determine the tension in the fusible
link DE and the force exerted on member BCE at B.

SOLUTION
135 N
Free body: Entire linkage A
+2F, =0: C-135=0 >
C=+135N B
=
Free body: Member BCE c <
HXFE =0 B =0 -
)My =00 (135 NY(6 mm) ~ T,y (10 mm) = 0
Toe
E Ty =81.0N o
+] BF, =0: 1354818, =0
B, =+216N B=216N/| <
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PROBLEM 6.129

A couple M of magnitude 1.5 kN - m is applied to the crank of the engine system shown. For each of the two
positions shown, determine the force P required to hold the system in equilibrium.

S0mm B

3
ey

30 mm

e 175 i
75 mm 75 mm 100 mm

() ' )

SOLUTION

(«) TFBDs:

M = 1.8 kiem
N

«A? L] '
50 1mm Dimensions in mm
Note: fan @ = S0 mm
F75 mm
_2
7
FBD whole: (=M, =0: (0250m)C, ~1.5kN-m=0 C,=600kN
C, ‘ |
FED piston: TEF" =00 C, —Fyesin@=0 Fy.= L= m
- J 4 " sing sin®

= EF, =00 Fyocos@-P =0

6.00 kN

P, . cost=
He tan &

7 kips

P=210kN«— 4
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PROBLEM 6.129 (Continued)

{(b) FBbs:
¢
EG:
S0 ~ E
;Q%u
%) - S
A« ATLm £
15 34" \Woo L
5.'_ y Dimensiens in mm
2
Note: tanémff as above

FBD whole: (ZM, =0: (0.100 myC,

~15kN-m=0 C_',:]SkN

-

LF, =00 C, ~Fyosinf=0 Fy.= sixfé)
TEIE =00 Fyocos@- P =0
¢,
!’zﬁ}g(.cosﬁz——}—mm P=525kN - 4
' tand 277

PROPRIETARY MATERIAL, © 2010 The McGraw-Hill Companie
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PROBLEM 6.130

A force P of magnitude 16 kN is applied to the piston of the engine system shown. For each of the two
positions shown, determine the couple M required to hold the system in equilibrium.

50 mm 50 mm B

~— |75 man —
75 mm 75 mm 100 mm

{a) 0y

SOLUTION

{¢) FBDs:

50 \"'-.... Eb:

—_ ......._....% e
1

A S
Y

Dimensions in mm

Note: tan @ = M
175 mm
2
7
. . . P
FBD piston; —+ZF =0: [Fyoco80~P=0 [p.=—"
’ ’ T ocos@

¥ ¥

PEF, =01 €, —Fpesin@=0 C,=Fysind=Ptanf= %P
FBD whole: (M, =0: (0250 m)C, ~ M =0

M =(0.250 m)[%}(iﬁ kN)

=1.14286 kKN - m M=1143N-m ) 4
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PROBLEM 6.130 (Continued)

(b) FBDs:
——
¢ Pzl kM
:':'y Bimensions in mm
2
Note: tanéd = > as above
FBD piston: as above CJ, = Ptan & = %P

FBD whole: (ZMA =00 (0.100m)C, ~M=0 M =(0.100 m)%(i(i kN}

M =045714 kN -m

M=457N-m ) «
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PROBLEM 6.131

P —

7 when & =30°

8in.

The pin at B is attached to member ABC and can slide frecly along
the slot cut in the fixed plate. Neglecting the elfect of friction,
determine the couple M required to hold the system in equilibrium

SOLUTION
Free body: Member ABC
DYEM =00 (251b)(13.856in) - B3 in)=0
B=+115471b

H IF,=0: ~251b+C, =0
C,=+251b

A S =0: 115471b—-C, =0
C, =+115.471b

Free body; Member €D

B =sin"’ 5—;39 B = 40.505°

CDcos 3= (8 in)cos40.505° = 6.083 in.

FYEM, =0: M —(2510)(5.196 in) = (115.47 b)(6.083 in.) = 0

RE A (srideon D = 13.85%im,

(frm)sno=3m| &

,5:1'?514;1 C=R5H

-3
¢ O FHEwIN
ooz s
5,482!; '
“ah |
L ¥ o

M=+483231b-in.
M=8321b-in. 4
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PROBLEM 6.132

The pin at B is attached to member ABC and can slide freely along
the slot cut in the fixed plate. Neglecting the effect of friction,
determine the couple M required to hold the system in equilibrium
when 8 =60°.

| SOLUTION

Free body: Member ABC
+)EMe =0: (251b)8 in)— B(5.196 in) = 0

B=+38.49 Ib
HUBF =0: 38491b-C, =0
C, =+38.491h
] £F, =0: —251b+C, =0
(‘1 —_— +25 ]b g,})' _m_"l gj.;zs-,&

€, =209

Free body: Member CD ¥

B=sin"Z; p=22024°

CDcos f=(8in)cos22.024° = 7416 in.

o6 | e

DEM, =00 M —(251b)3in) - (38.49 H)(7.416n) = 0
M=436041b-in.  M=3601b-in.") 4

FPROPRIETARY MATERIAL, © 2010 The McGraw-Ei# Companies, Inc. Al rights reserved. No part of this Manual may be displayed,
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160 mm 90 mm PROBLEM 6.133

L

EATEN
"0
@ﬁé}i Arm ABC is connected by pins to a collar at B and to crank CD at C.
o Neglecting the effect of friction, determine the couple M required to
hold the system in equilibrium when & = 0.

-

180 mm

_ir_

320 mm

o : 125 mm

I

T i
’ L— 300 mm :]
SOLUTION
Free body: Member ABC oy 250w
4 3F =0 €, ~240N=0 —I
C.=+240N Soomm .
SYEM,. =0 (240 NY(500 mm)— B(160 mm) =0 _f_ \ )
B=+750 N “1%
56, =00 €, ~T50N =0
C, =+750N
Free body: Member CD
%) EM, =0 M +(750 N)300 mom) - (240 N)(125 mm) =0 < Sy = Mo
fe—3000m

M=-195x10'N - mm
M=1950kN-m ) 4
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distribution to teachers and educators permitied by MeGraw-Hill for their individual course preparation. If you are a student using this Mannal,

vou are using i without permission.

934




160 mm*[:}{) mm PROBLEM 6.134

!

T80 mi

)

320 mm

—l T

125 mim
G ;
o
L— 300 mm

Arm ABC is connected by pins to a collar at B and to crank CD at C.
Neglecting the effect of friction, determine the couple M required to
hold the system in equilibrium when 8 = 90°,

SOLUTION
Free body: Member ABC
HER =00 C =0

+YEM, =0: C, (160 mm) - (240 N)©90 mm) = 0

C, =+135N

Free body: Member CD
DYIM, =0: M —(135 NY300 mm) =0

M =+40.5x10° N-mm

jeuvmm (70%'&;
!\ S zen

A
4
L
Ly
M
&
- 5 1i25wm
&=l
gﬂa"g{" B0 e

M =40.5kN-m ") ¢
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PROBLEM 6.135

Two rods are connected by a slider block as shown. Neglecting the
effect of friction, determine the couple M, required to hold the
system in equilibrivm,

SOLUTION
Note: DLAC
Member FBBDs: QEMB ={0: [Dsinl15°-2501b-in.=0

B 250 {b-in.
2(15in)cos25%sin115°

280 tb-in.
T By =10.1454 tb

&
Y (ZM,=0: M,—(15in)(10.1454 b)=0

M, =152.2 Ib-in. ) 4
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PROBLEM 6.136

Two rods are connected by a slider block as shown. Neglecting the
effect of friction, determine the couple M, required to hold the

systemn in equilibrium.

SOLUTION

Note:
Member FBDs:

CLBD
(EM, =0: (C~250Ib-in.=0

-

250 lb-in.

" 2(15in.)cos 25°

C=9,

1948 1b

(ZM, =01 M, ~(150)Csin65°=0

M ;= (15 in)(9.1948 1b) sin 65°

M, =125.0 Ib-in. ) «
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PROBLEM 6.137

00N Rod CD is attached to the collar D and passes through a

collar welded to end B of lever AB. Neglecting the effect of

200 mm
>/ friction, determine the couple M required to hold the system
o in equilibrium when € =30°.
SOLUTION
Note: BLCD
FBD DC: / LF,=0: D,sin30°-(300 N}cos30°=0

300 N

= =519.62 N
T tan30°

FBD machine:

(zm, =00 220Ms06N-m=0
’ sin 30°

M =207.85N-m M=208N-m ) 4
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PROBLEM 6.138

80 mm 100 v

Rod CD is attached to the collar 2 and passes through a collar welded
to end B of lever AB. Neglecting the effect of friction, determine the
couple M required o hold the system in equilibrium when 8 =30°,

SOLUTION
FBD DC:
/EE,=0: D, sin30°- (150 N)cos30° =0

D, =(150 N)ctn 30° = 259.8I' N

FBD machine:
<‘\EM.;g =00 (0100 m){150 NY+d(259.81 NY - M =0
d=0-0.040m

b= _(_).0307'] &m
tan 30
S0 b=0.053210m

d=0.0132100m
M =184321 N-m

/J,x
2 150 M
Hn By
¢
&
f Kz 21 15 M
3038 vam B 25. 81 a
&

M =1843N-m. ) <
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15 mm P PROBLEM 6.139

E
| — —— G e ,,,,_,_M,,g

<300 mm—=

Two hydraulic cylinders control the position
of the robotic arm ABC. Knowing that in the
position shown the cylinders are parallel,
determine the force exerted by each cylinder
when P=160N and 0 =80N.

-

U0

L——v—l 200 mm }-4_*
i30mm

SOLUTION
Free body: Member ABC
(58 e ], E00 me HBow
P Gr 18 aon
VR L
~AF =4
e
3
-:) EMg =1 %FA (150 mm) — (160 NY(600 mm) =0
F,, =+800N FL=80N 7 4
- 3
P =00 = g (BOON)+B_—~80N=0
B =+560 N

IR =0 —%(800 N)+ B, ~160N=0

B, =+800 N

Free body: Member BDF

DYEM, =00 (560 N)(400 mm)~ (800 N)300 mm) - %FDG (200 mm) =0

Foe =—100N Py =1000N C <

PROPRIETARY MATERIAL. © 2010 The MeGraw-Hifi Companies, Inc. Al rights reserved. No part of this Manual may be displayed,
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PROBLEM 6.140

Two hydraulic cylinders control the position of the robotic arm 4BC. In the posiiion shown, the cylinders are
parallel and both are in tension. Knowing the F,,, =600 N and £, =50 N, determine the forces P and Q applied
at Cto arm ABC.

150 v

=200 e ———

GO0 mm

400 o

I**m-v-‘ 200 ]-w—
150 myi

SOLUTION
Free body: Member ABC

30 nn 400 mom 14 4
o i'/—""i‘——‘—'iﬁ c +YIMy =0 g(()OO N)Y(150 mm) — P(600 mm) =0

¢ P=+120N P=1200N| <

+)EM, = 0: %(600)(75(} mm) — B, (600 mm) =0

B, = +600 N

Free body: Member BDF
FYIM, =00 B (400 mm) - (600 N)(300 mm)

W%(SO NY200 mm)=0

B, =+470 N

Return to free body: Member ABC

3
FR =00 = (600 N)+4TON - 0 =0

J=+110N Q=110.0N~— <
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PROBLEM 6.141

A log weighing 800 Ib is lifted by a pair of tongs as shown. Determine

the forces exerted at I and F on tong DEF.

i 12 i |
SOLUTION
FBD AB: By symmetry: A,=85,=4001b
00 and A =B,
Ao A ? oo b A 6
%7 <z &r =—(400 Ib)
5,5’/ — 15T 4-;5‘::;* S 5
Lo /. 5 I} [
. ) v, ~ =480 1b
y Bt Note: D=-B
80 D =4801b
FBD DEF: D, =4001b
'y

( =M, =(10.5 1n.)(400 1b)+(15.5 m)(480 1b) = (12 in)E, =0

E, =970 Ib

E=9701b— <

—¥F, =0: ~480 Ib+9701b—F, =0
F, =490 b
IZF =0: 4001b~F, =0
F, =400 Tb

F=63317 392° 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hilt Companies, Inc. Al rights reserved, No part of this Manual may be displayed,
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i Lo

<= U6 i |e 0.6 i)

0.8 in.—| !f
—*‘g ~— 0.5 in.

PROBLEM 6.142

A 39-ft length of railroad rail of weight 44 1b/ft is lifted by the tongs
shown. Determine the forces exerted at 12 and 7 on tong BDE.

SOLUTION

Free body: Rail

Eyx — E
& &
w

Free body: Upper link

PewW=1T0 b

..EAB

W = (39 f1)(44 Ib/f) =1716 1b

1

By symmetry E,=F, = SW =858 1b

I

By symmetry, (Fap)y =(Fye ), :~'2'~W =8581b

Since A8 is a two-force member,

(Fis)y _ (Fap),
9.6 6

(Fp), = %(858) =1372.81b
J

P)IMp, =0 (Attach ', at A)
F,(8) = (F),(18) ~ F, (0.8) = 0
F(8)-(1372.8 Ib)(18) ~ (858 [b)(0.8) = 0
F,=4317461b F =3290 Ib < 15.12° 4
HUSF =00 =D, +(Fp), +F, =0
D, =(F), +F, =1372.8+3174.6 = 45474 1b
HEE, =00 D, +(Fy), ~F, =0

D, =0 D=45501b~—

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved, No part of this Manual may be displayed,
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25 mm PROBL&M 6,143

The tongs shown are used to apply a total upward force of 45 kN on a pipe cap.
Determine the forces exerted at D and £ on tong ADF.

~—— 90 man —>

SOLUTION

FBD whole:
A Jescmm e sEmn o §
™~
By symmetry A=B=225kN T
45 ey
FBD ADF: (2M, =0: (75 mm)CD — (100 mm)(22.5 kN) =0
22,5 kN
— T W l(-- 15 Ay CD:BOO kN“"“‘
n
—XF =0: F -CD=0
B w1 1 ) ’
I : F_=CD=30kN
e » '
75 mm [2F, =0: 225kN-F, =0
{i ¥y ¥
515 F,=22.5kN

50 F=375kN"269° 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may he displayed,
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45 kN PROBLEM 6.144

A5 mm § 5% m
R o e .

_L If the toggle shown is added Lo the tongs of Problem 6.143 and a single
92 vertical foree is applied at (¢, determine the forces exerted at D and £
/f { on tong ADF.

SOLUTION

Free body: Togele

By symmetry 4, = %(45 kN)=22.5 kN

A s a two-force member

25KN 4,
22mm 55mm
A, =5625kN
Free body: Tong ADF
B, 27500 2, =0 225kN-F, =0
A \GC itk F,=+22.5kN
S Ay i
l TYIM =00 D(75 mm)—(22.5 kN Y100 mm) —(56.25 kN)(160 mm) = 0
. D= +150 kN D =150.0 kN —— «
— 2
OO iy
AL ¥R =00 56.25 kKN —150KkN+F, =0
F.=93.75 kN
F e =~ |franse
; !
12
= 73.05AN F=964kN < 13.50° 4

PROPRIETARY MATERIAL, © 2010 The McGraw-Hilt Companies, Tne. All rights reseeved. No part of this Mannal may be displayed,
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PROBLEM 6.145

The pliers shown are used to grip a 0.3-in.-diameter rod.
Knowing that two 60-lb forces arc applied to the handles,
determine () the magnitude of the forces exerted on the rod,
{b) the force exerted by the pin at 4 on portion 48 of the

aill, pliers.
SOLUTION
Free body: Portion AR
(a) FYEM =00 O(1.2in)~ (60 1b)(9.5in) =0
0=4751b 4
2" Lz Lo B
%
(b ALEF =00 O(sin30°) 4+ A, =0
(475 Ib)(sin30°) + 4, =0
A =-23751b A, =23751b—
+] £F, =0: —0(cos30°)+ 4, ~601b=0
—(475 Tb)(c0s30°) + 4, ~ 60 Ib =0
g PN A, =+471.41b A, =47141b}

23258
A=5281b™ 63.3° 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. Al rights reserved. No part of this Manual may be displayed,
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WY PROBLEM 6.146
12 |

e} |

In using the bolt cutter shown, a worker applies two 300-N
forces to the handles. Determine the magnitude of the forces
exerted by the cutter on the bolt.

24 mm

24 num

468 gy g
B 300N

[V ]
/ G6 nun
24 ran

SOLUTION

FBD cutter AB: FBD handle BC:

™ a4

e
S
P
—~—

Dimenstons in mm H

FBD I == 3F, =0: B, =0 FBD 11: (M = 0: (12 mm)B, - (448 mm)300 N = 0
B, =11,200.0 N
Then FBD L (XM, =0: (96 mm)B, ~ (24 mm)F =0 F=48B,

F=44,800 N = 44.8 kN €

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Tnc. All rights reserved. No part of this Mannal may be displayed,
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PROBLEM 6.147

Determine the magnitude of the gripping forces exerted along
line aa on the nut when two 50-1b forces are applied to the

handles as shown. Assume that pins 4 and D slide freely in
slots cut in the jaws,

B a
SOLUTION
FBD jaw AB: e TF =0 B =0
. (M, =0: (0.5in)0—(.5in)d=0
Ade . LE in 0.%1a. Q
< —¥ B A==
£y 3

FBD handle ACE:

SF =0, A+Q-B,=0

40
B,=A+Q= hiY
: 3
By symmetry and FBD jaw DE:

0

DEAZM

3

E =B =0

4
£ o EJJA_B] M_Q
3

(EM.=0: (525in)(501b)+(0.75 in.)%— (0.75 in.)%g =0

0=3501b <

PROPRIETARY MATERIAL, € 2010 The McGraw-11ill Compasies, Inc. All rights reserved. No part of this Manwal may be displayed,
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?stm N 36 1 PROBLEM 6148
12 mnw»»% oo £20hmm
= Y Determine the magnitade of the gripping forces produced
s - ?mn when two 300-N forces are applied as shown.
[‘ *
A G o
%«( »»»»»»» OF smn ~—smf—e {2 e
: S0 N 30 mim

SOLUTION

We note that AC is a two-force member

FBD handle CD:

. 28
ZM =00 =126 mm)(300 N) — (6 mm)}—====— A
b Q P \/m
5T 2 (30 mm)| e 4 | = 0
) + (30 mm)| ———= |=
Qe 30 «2 V.84
200 M| )
Dimensions in mm A=2863.6/8.84 N
FBD handle AB:
3004 By 1
- EM, =0 (132mm)(300 N)— (120 mm)——==(2863.6+/8.84 N)

‘:ng f_l
A 4! {m\'lo "Lsc.

Dimensions in mm

!

+ (36 mm)# =0

F=845kN 4
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e 1) 401, 1¢Hin. ! PROBLEM 6149

Knowing that the frame shown has a sag at B of o =1in,, determine
the force P required to maintain equilibrium in the position shown.

SOLUTION
We note that AB and BC are two-force members B Y o | iom. 4Sy
. — Tg < %4
Free body: Toggle Ay > =
By symmetry: C, mg_
S
[0in. a
¢ 10 0P 5P
Ya a2 a
Free body: Member CDE o =
f)ZM,; =0: C (6in)-C (20in)-(50 1b)}0in)=0 p2y 2 “
R Yoy -
5P P £ o2
—;—(!)) — "5(20) =500 ll-_ SO, f/a,;‘ l
30
Pi 2510 [=500 '
2-10) )
For a=1.0in.
.[’(%9 e IO] =500
20P =500 P=2501b) 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hi#f Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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} 0.

20 in—— PROBLEM 6.150

Knowing that the frame shown has a sag at B of ¢=0.51in.,
determine the force P required to maintain equilibrium in the
position shown.

SOLUTION
We note that AB and BC are two-force members Ay fom | fow. 4Cy

] . —— ol TB & __g‘_i
Free body: Toggle A, \P",g’f___%
By symmelry: C, =—2}—)-

¢ .G
10in. a
¢ W 10 P 5P
T ooa a 2 a
Free body: Member CDE oy <y
PYEM, =0: Co(6in)~C,(20in)— (50 Ib)(10in) =0 by p -
) el :
5p P & 18, b
“;“(6) ""-5(20) =500 Lo J;‘.Io:'a.
30
Pl ——10 =500
[ a ] (1)
For a=10.51n.
P[gpmw 1()) =500
0.5
50P =500 P=10.001b] 4

PROPRIETARY MATERIAL, © 2010 The McGraw-Hill Companies, Inc. All vights teserved. No part of this Mannal may be displayed,
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PROBLEM 6.151

The garden shears shown consist of two blades and two handles, The two handles are connected by pin C and
the two blades are connected by pin 1. The left blade and the right handle are connected by pin A4; the right
blade and the left handle are connected by pin B. Determine the magniiude of the forces exerted on the small
branch at £ when two 80-N forces are applied to the handles as shown.

t
120 vsn

A% mm

b

S

50 N SN

30am

30

12mm i2wmm

SOLUTION

By symmelry vertical components C,, D, £, are 0. Then by considering ZF, =0 on the blades or handles, we
find that A, and B, arc 0.

Thus forces at A, B, C, [, and E are horizontal,

Free body: Right handle

Free body: Ledl blade

@ F gomm
C C T

_ Focwm RI5M™
FIEM, =00 A(30 mm) - (80 N)(270 mm) = 0 gon |
A=+720 N
HTF =0; C~T20N—80N=0
C=+800 N %o A
.= ) iy .
| B=720N
LD wm
piaakulN D
FYEM,, =0: E(180 mm) ~(720 N)Y(60 mm) =0
E=240N «
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PROBLEM 6.152

The telescoping arm ABC is used to provide an clevated platform for
construction workers. The workers and the platform together have a
mass of 200 kg and have a combined center of gravity located
directly above C. For the position when # = 20°, determine («) the
force exerted at B by the single hydraulic cylinder BD, (b) the force
exerfed on the supporting carriage at 4.

0518

SOLUTION

Geometry: a={5>m)cos 20°=4.6985 m
b=(24m)cos20°=2.2553 m
¢={2.4m)sin 20°=0.8208 m
d=b-05=17553m
e=c+09=17208m
e 17208

tan i = — = N
A o 17553

B =44.43°

Free body: Arm ABC

08708

We note that 81 is a two-force member B o
W = (200 kg)(9.81 m/s?) = 1,962 kN

(@) TYIM,=0: (1962 KN)(4.6985 m) - Fy, sin 44.43°(2.2553 m) + Fy,, cos 44.43(0.8208 m) = 0

0.2185 — 7, (0.9927) = 0: £, =9.2867 kN
0 Ty, =920 kN ™ 44.4° <

FLBF =00 A, - Fyycos f=0

A, = (92867 kN)cos 44.43°=6.632 kN A, =6632kN-—
] TE, =00 4, ~1.962 KN + Fy, sin f=0

¥

A, =1.962 kN - (9.2867 kN)sin 44.43° = -4.539 kN

Ay 6.432B% A, =4.539 kN |

= 4,839 AN
8y IR A =804 KN 34.4° <

PROPRIETARY MATERIAL, © 2010 'the MoGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 6.153

The telescoping arm ABC can be lowered until end C is close
to the ground, so that workers can easily board the platform,
For the position when 8= -20°, determine (&) the force exerted
at B by the single hydraulic cylinder BD, (b) the force exerted
on the supporting carriage at 4.

G5 m

SOLUTION

Geometry: a=(5m)cos 20°=4.6985 m
h=(2.4m)cos 20°=2.2552 m
¢ =24 m)sin 20°=0.8208 m
d=b-05=17553m
e=09-¢=0.0792m

e 0.0792
tan f=-= ; = 2,584°

p d 1.7552 p

Free body: Arm ABC

We note that B0 is a two-force member

W = (200 kg)(9.81 m/s?)
W =1962 N =1.962 kN

W PN

(@) +YEM,;=0: (1.962 kN)4.6985 m)— Fyy, sin 2.584°(2.2553 m) — Fy,, cos 2.584°(0.8208 m) = 0
92185~ Fpr (0.9216) =0 Fyy, =10.003 kKN
(h) F,, =10.00 kN ™. 2.58° 4
dLTF =0 A - Fyycosff=0
A, =(10.003 kN)cos 2.583° = 9.993 kN A, =9.993 kN —=
+HEF, =00 A4, ~1.962 kN + Fy, sin f=0
A, =1.962 kN - (10.003 kN)sin 2.583° = ~1.5112 kN

» Aumaspen A, =15112kN]

A= L Shz b o 2w A
3 A=10.11kN < 8.60° o

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 6.154

The position of member ABC is controlled by the hydraulic
cylinder CD. Knowing that 8 = 30°, determine for the loading
shown (¢} the force exerted by the hydraulic cylinder on pin C,

(b) the reaction at B.

1.5 m

SOLUTION

Geometry: In ABCD

Law of cosines (CD)? =(0.5)" +(1.5)* — 2(0.5)(1.5) cos 60°
CD=1.3229m

sin i sin60°

Law of sines

0.5m 1.3229m ? ¢
in = =19.107° fo £ S
sin #=0.3273 F=19.107 L ] 2, g D\iﬁ
Free body: Entire system b —-f:. o —il
O.80as 30 = 087102 3 M
Move force Fiep, along its line of action so it acts at D).
(@) YIM,; =0: (10 KN)(0.69282 m) - F,.,, sin f(1.5 m)=0

6.9282 kN -m — £, 5in 19.107°(1.5 m) = 0
Fop=14.111k

N

Fop =14.11 kN L 19.11° 4

(b) HLEF =00 B +F.,co88=0

B, +(14.111 KN)cos 19.107° =0
B, =—13333 kN

HEE =0: B, ~10 kN = Fopsin19.107° =0

B\ B, ~10 kN—(14.111 kN)sin 19.107° =0
' B 1618 '
! 3!;-"/ e B, =+14.619 kN

= /5,333 B
Br0®

B =13333kN«—

B, =14.619 kN |

B=19.79 kN ™. 47.6° 4
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2rin. 2xin.

-

10 b

PROBLEM 6.155

The motion of the bucket of the front-end loader shown is
controfled by two arms and a linkage that are pin-connected
at D. The arms are located symmetrically with respect to
the central, vertical, and longitudinal plane of the loader;
one arm AFJ and its control ¢ylinder £F are shown. The
single linkage GHDB and its control ¢cylinder B are located
in the plane of symmetry. For the position and loading
shown, determine the force exerted (@) by cylinder BC,

{P) by cylinder £I".

SOLUTION

Free body: Bucket

SYEM, =00 (4500 1)(20 in) - Fyyyy (22 in) =0

L]
;{22:’»

Foin
£
Hipol 4
4 ]
o0,
F

Fo..o=40911b
GH — 8 B
Free body: Arm BDH | Gt 3,
!‘) EM,, =0: —(4091 1b)(24 in.) - F,. (20 n.) =0 Rt 5
i I
£y =—4909 1b Fa=40%1

Free body: Entire mechanism

{Two arms and cylinders AFJE)

2m25+7$‘=123® f23m. .m.....;q

H5e0 16

-

Note: Two arms thus 207,

tan B =

Py =491 kips € 4

EACH

18 1n.

65 in.
J=1548°

SYEM =00 (4500 16)(123 in)+ Fye (12 in) + 2Fy, cos f(24 in) =0
(4500 16)(123 in)) — (4909 Ib)(12 in.) + 25, cos 15.48°(24 in) =0

Fope =—10.690 1b Fpr =10.69 kips € 4

PROPRIETARY MATERIAL. € 2010 The McGraw-Hill
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520 06, 2 6 PROBLEM 6.156

The bucket of the front-end loader shown carries 2 3200-1b
load. The motion of the bucket is controlled by two
identical mechanisims, only one of which is shown.
Knowing that the mechanism shown supports one-hal{
of the 3200-1b load, determine the force exerted (¢) by
cylinder CD, (b) by cylinder FEH,

Dimensions in inches

SOLUTION 2200
Eahd N )
Free body: Bucket (One mechanism) ”*E
—f) LMy =00 (1600 Ib)(15 in}—F,, (16 in)=0 o o

Fip=15001b
Note: There are 2 identical support mechanisms,

Free body: One arm BCE

8
tan = —
P 20
F=218°
‘> LM =00 (1500 1b)23 in)+ £, cos 21.8°(15 in) — F,, sin 21.8°(5 in) = 0
Frrpy = —2858 1b Fop=286kips C

Free body: Arm DFG

3T I rTo R IEE 2 TISh,

FIEM =0: (1600 10)(7S in)+ Fyyy sin 45°(24 in) — ) cos 45°(6 in) = 0

Fpy =—9.428 kips Py =943 kips ¢ 4
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o /" o PROBLEM 6.157

35 ins

20 fu.

48 i | !

The motion of the backhoe bucket shown is
12, conirolled by the hydraulic cylinders AD, CG, and
EF. As a result of an attempt o dislodge a portion
of a slab, a 2-kip force P is exerted on the bucket
0 in. teeth at J. Knowing that 8 = 45°, detcrmine the
force exerted by each cylinder.

I

36 in.

I] Gin.

”:i(}in&

6.

SOLUTION

Free bodv: Bucket

+‘) M, =0 (Dimensions in inches)

—;ff«;_..ﬁ (10) + % Fls (10)+ Pcos 8(16) + Psin 6(8) =0

o 3—%(16 cos 8 + 8 sin ) 1

Free body: Arm ABH and bucket

{Dimensions in inches)

L —-‘ﬂib
T~ 12
3}; 15 ap B
« ¥
D s |84
P
2 puliN S
4z

+YEM,, = 0 _;}_Ji,,) (12) %F,,,_,(] 0)+ £ cos8(86) — Psin #(42) =0

)
Fin m—-£~(86¢0$6-42 sind) (2)
' 15.6

Free body: Bucket and arms JEB + ABH

Geometry of cylinder EF' tan f = 6 1'11
46 in.
£=21801°
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PROBLEM 6.157 (Continued)

DYEM, =0: Fpecos B(18 in) + Peos 828 in)— Psin (120 in) =0
_ P(120sin€—28 cosd)

For cos 21.8°(18)
:1_(::%2—60 20sin @ —28 cos ) (3
ForP=2kips, 0=45°
Eq. (1) Fog = m—}—24—(l6 cos 45° + 8 sin 45°) = ~2.42 kips Frg =242 kips C 4
Eq. 2) Fog= -~I§2.—6—(86 cos 45 —42 sin 45°) = ~3.99 kips Fopn=39%kps C
Ea. (3): Fope = ?5%58(1 20 sin 45° - 28 cos 45y =+7.79 kips For=779kips T 4
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15 i PROBLEM 6.158

20 i 1 in. / 10 .

45

Solve Problem 6.157 assuming that the 2-kip force P
e acts horizontally to the right (8 = 0).

-]~~33 in:

PROBILEM 6.157 The motion of the backhoe bucket
50 in. shown is controtled by the hydraulic cylinders 4D,
CG, and EF. As a result of an attempt to dislodge a
portion of a stab, a 2-kip force P is exerted on the
o bucket teeth at J. Knowing that & = 45°, determine the
force exerted by each cylinder.

I]G .

) i

16in

SOLUTION

Free body: Bucket

&,
+)EIM,, =0 (Dimensions in inches)

—;'-I*‘(.G (10) + % Frp (1) + Peos (16) + Psin @(8) = 0
, P .
Fey :#ﬁ(iﬁ cos@+8sind) (1)

Free body: Arm ABH and bucket

{Dimensions in inches)

[ gt
1 < N 12
3 | 5 B
_}._/‘3‘6'”
D - |86
p
e il 2N
92

CYEM , =0 %ﬁ; »(12) %ﬂ,}(n(m Peos8(86) ~ Psin#(42) =0

3
Fan =7L;(86cos£9—42 sin#) (2)
) 15.6

Free body: Bucket and arms /168 + ABH

£ Fer
. . ) 16 in. I;&f'n.
Geometry of eylinder £F tan p = ——— ﬂv
’ y Y p 40 in. f?;- 4om |

fA=21.801°
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s tmlits 2ok

PROBLEM 6.158 (Continued)

+§EM, =00 Fppcos f(18 in) + Pcos (28 in)) — Psin (120 in) =0

P(120sin 9 - 28 cos &)

Flope =
& cos 21.8°(18)
ya)
=—— (120 5in @28 cos & 3

]6.7126( ) ©)
For P=2 kips, =10
Eq. (1) G = ~—I—2;1—(16 cos 0+ 8 sin (1) = -2.29 Kips Fop =229 kips C <
fig. (2): Iy = MTSZ—((% cos 042 sin 0)=-11.03 kips oy =11.03kips C

O
Eq. (3) Fop = _EW_(; 20sin 0~ 28 cos 0} =—3.35 kips Fow=335kips C 4
T 167126 ’
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PROBLEM 6.159

The gears D and G are rigidly attached to shafts that
are held by frictionless bearings. If rp = 90 mm and
¢ = 30 mm, determine (a) the couple My that must
be applied for equilibrium, (b) the reactions at 4 and B.

FO0

120 pn

Fe.

180
wh

126 zan

SOLUTION
(@)  Projections on yz plane
. Y 30 mw 3 Free body: Gear G
I 3 ﬁ YIM, =0: 30N-m-J(0.03m)=0; J=1000N
J Free body: Gear D
SYEMp, =00 M, - (1000 N)(0.09 m) =0
M, =90N-m M, =(90.0 N m) 4
(by Gear G and axle F/f
. 8.8 wm .‘OJ'LW\‘_‘
r A— SYEM,. =00 H(0.3m)— (1000 N)(0.18 m)=0
F i G frn H =600 N
F =ylooonN H
- = HEF, =0: F+600-1000=0
F =400 N
l 0-38wm_ 002w 1 Giear D and axle CE
. 3] £ YEM =0: (1000 N)(0.18 m)— £(0.3 m)=0
cV ? Ye E =600 N
— I = livooN —

2R, =0: 1000~ C~600=0

C=400 N

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
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L‘C‘\.I't,wa__l 0. 2w o
F i el A'ly)
L&
A [ U
FE=4008 C=400N
i_“‘O- lZm" 0.2 m ol

H E 3)
h ﬁB

EW’:OO ~ =

H26ooN

PROBLEM 6.159 (Continued)

Free body: Bracket AE

HZF, =0 A4-400+400=0 A=0 4
F)IM, =0: M, +(400 N)(0.32 m) - (400 N)(0.2 m) = 0
M,=-48 N-m M, =—(48.0 N-m)i «
Free body: Bracket BH

+ 2 =0 B-600+600=0 B=0 «
FYEM, =00 M, +(600 N)(0.32 m) - (600 NY(0.2 m) =0

My=-72N-m M, =-(72.0 N-m)i <

PROPRIETARY MATERIAL, © 2010 The MeGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be

displaved,

reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the lwmited
disiribution to teachers and cducators permiited by McGraw-Hill for their individual course preparation. If veu are a student using this Manual,

yoit are using it without perniission.

963




PROBLEM 6.160

In the planetary gear system shown, the radius of the centrat gear A is a = 18 mm,
the radius of cach planctary gear is b, and the radius of the outer gear £ is {ar + 2b).
A clockwise couple of magnitude M, = 10 N - m is applied to the central gear
A and a counterclockwise couple of magnitude My = 50 N - m is applied to the
spider BCD. If the system is o be in cquilibrium, determine {a) the required
radius b of the planctary gears, (b) the magnitude M, of the couple that must

be applied to the outer gear E.

SOLUTION

FBD Central Gear:
£,

~3

FBD Gear C:

FBD Outer Gear:

F
L -
\ -

By symmetry:  Fy=F, =15 =F

10

F=-—N-m

(£M,=0: 3(r,F)~10N-m=0, %
A

(TMe =00 rR(F-F)=0, F=F
SLEFL =00 C=0
Cp=2F =0,

SXF, =0 Cp=2F

Gears B and D are analogous, each having a central force of 2F

50 N-m—=3(r, +1,;)2F =0
2

50 N-m—3(r, +r}])£~N-111=(}
A

Lt g 5148

ry Py

Since r, =18 mm,

e = 1.5r,

(a) ry =27.0 mm 4
(IM, =00 30y +2)F - My =0
3(18 mm + 54 mm)m =M =0
54 wm ’
(h) M, =400N-m ) <

PROPRIETARY MATERIAL. © 2010 The MeGraw-Hi#t Companies, nc. All rights reserved. No part of this Mol may be display

e,

reproduced or distributed in any form or by any means, withowt the prior writien permission of the publisher, or used beyond the limited
distribution to teackers and educators permitted by MeGraw-Hill for their individual course preparation. Ifvou are a studend using this Manual,
vou are using #owithout permission.

9204



PROBLEM 6.161*

Two shafts AC and CF, which lie in the vertical xp plane, are connected by a universal joint at C. The bearings
at B and D do not exert any axial force. A couple of magnitude 500 1b - in. (clockwise when viewed from the
positive x axis) is applicd to shaft CF at F. At a time when the arm of the crosspiece attached to shaft CF is
horizontal, determine (@) the magnitude of the couple that must be applied to shafl AC at A4 to mainlzin
equihibrium, (b) the reactions at B, D, and E. (Hint: The sum of the couples exerted on the crosspiece must be
Ze10.)

500 -1y
L

SOLUTION

We recall from Figure 4.10, that a universal joint exerts on members it conneets a force of unknown direction
and a couple about an axis perpendicular to the crosspiece.
Free body: Shaft DF
et e & 150 A y
A ) M. 2 |
« ¢e) & g Ly f
DO ibemie 2
Mas e far Gom

M, =0: M, cos30°—-5001b-in. =0

M. =577351b-in.

Free body: Shaft BC

We use here x', ',z with x"along BC
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PROBLEM 6.161* (Continued)

Equate coefficients of unit vectors to zero:

i: M,~577351b-in=0
i B, =0
k: B, =0

EF =

Return to free body of shaft 2F
EIM, =0

M, =571.351b-in.

}\‘ B=0

B+ C={0, sinceB=40,

(Note that C'=0 and M, =577.351b-in.)

(577.35 1b- in.)(cos 30°1 + sin30°j) — (500 1b-in.)i

HEMNX(Ed+E,j+EX)=0

(500 Tb - ini + (288.68 1b-in)j— (500 Ib - in.)i

+(6in)E k—(6in)E,j=0

Equate coefficients of unit vectors to zero:

i 288.68 1b-in. ~ (6 in)E, =0 £, =43.11b
k: E, =0
IF=0: C+D+E=0

0+ D,j+Dk+Ei+(48.11b)k=0

i 7=
i . =0
k: D, +48.1tb=0 D, =-48.11h

Reactions are:

M, =57T1b-in. 4

B=0

C=0

B=0 4

D=-(48.110)k <

E=(48.11b)k 4
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PROBLEM 6.162*
Solve Problem 6.161 assuming that the arm of the crosspicce attached to shaft CF is vertical.

PROBLEM 6.161 Two shafts 4C and CF, which He in the vertical xy plane, are connected by a universal
jomt at C. The bearings at B and D do not exert any axial force, A couple of magnitude 500 1b - in. (clockwise
when viewed from the positive x axis) is applied to shaft CF at F. At a time when the arm of the crosspiece
attached to shaft CF is horizontal, determine (g) the magnitude of the couple that must be applied (o shaft AC
at 4 to maintain equilibrium, (b) the reactions at B, D, and £. (Hint: The sum of the couples exerted on the
crosspiece must be zero.)

SOLUTION
Frce body: Shaft DF

Jedom e &7,

o i & 5
M Cys t % 3,32 El
'--c-'--?%—‘ / e P )—?—

? K€ ~goomm)e ‘o
(¥4 23] “rt ¢

XM, =0: M. -5001b-in.=0
My =5001b-in.

Eree body: Shaft BEC

L]
WE USE b %3: z
wrrn 2' ALows B

3')3/ !

We resolve (520 1b-in.)i into components along x” and " axes:
—M . =~(500 Ib-in.Y(cos30°" +5in 30°§)
IM =00 M 0"~ (500 Ib-in)(cos30°F +sin 30°1) + (5 in )i x (Byj+BK)=0
M i’ = (433 tb-in.)i"~ (250 Ib-in)j+ (5 in)B A& —(5in)B.j =0
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PROBLEM 6.162* (Continued)

Equate to zero coefficients of unit vectors:
i M,—4331b-in.=0
i'v —2501b-in.—(5in}B, =0
k: BJ; ={}
Reactions at B:
ZF=0: B-C=0
50k ~C=0

Return to free body of shaft D

IM,, =0 (6in)iX(EJ+E,j+ Ek) = (4in)ix(-50 bk
— (500 b-in)i+ (500 Ib-in)i =0
(6 in)5 k — (6 in)E,j~ (200 Ib-in)j=0

k: E}, = ()
ji —(6in)E, -2001b-in.=0
YF=0: C+D+E=0

~(501b)k + D, j+ DK+ E,ji—(333 1)k =0

ir E, =0
k: —5016-3331b+D, =0

D, =83.31b

Reactions are:

M, =4331b-in. 4

B, =-501b

B = (50 Ib)k

C=-(501b)k

E, =-3331b

z

B=-(501b)k <
D=(833b)k 4
E=-(3331)k <«
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.8 ni——~

0480

Ci03m

5

0.5 m

PROBLEM 6.163*

The large mechanical tongs shown are used to grab and lift a thick 7500-kg
steel slab /1.7, Knowing that slipping does not occur between the tong grips
and the slab at // and J, determine the components of all forces acting on
member EFH. (Hint: Consider the symmetry of the tongs (o establish
relationships between the components of the force acting at £ on FFI and
the components of the force acting at D on CDF.)

SOLUTION

Free body: Pin 4

TF =0 (Fp), =(F),

ZF,

Also:

Free body: Member CDF

or

T =W =mg =(7500kg)(9.81 m/s") =T73.575 kN

={):

h8m

. . 1
(F)y = (Fye), = EW

(FA(,‘)x = 2(F;1(..')): =W

J__. i
F_q A8
£y
~
it O
& »
A
=Lw e
Hyz o) LS w

VEM, =0 W(0.3) +~;~W(2.3) = F(1.8)~ F,(0.5m)=0

L8F, +0.5F, =1.45W (1)
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PROBLEM 6.163* (Continued)

He3F,=0: D~ F - =0

or E —F =W 2

. .
H2F, =0 F, =D, 45 =0

ar E, ~F, :%W (3)

b4 ¥

Free body: Member £EFH

F)EM, =0: F(L8)+F,(1.5) - H, (2.3) ~;«%W(1 8m)=0

or: 1.8F, +1.5F, =23H,—0.9W (4)

HYE =00 E +F, —H, =0

or E+F. =1, &)
Subtract (2) from (5): 2F = {f —W (6)
Subtract (4) from 3 x (1) 3.6F, =525W -2.3H, )
Add (7) to 2.3 < (6): 8.2F, = 2.95W

F =035976l (8)

Substitute from (8) into (1):
(1.8)(0.35976W )+ 0.5F, =1.45W
0.5F, =1.45W —0.64756 = 0.802441
F, =1.60490 ©)
Substitute from (8} into (2): E.~035976W =W; E_=135976W

Substitute from (9) imto (3): E, —1.60490 = %W E, = 21049

From (5} H, =E +F, =135976W +0.3597T6W =1.71952W
|

Recall that; H, =W
2
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PROBLEM 6.163* (Continued)

Since all expressions obtained are positive, all forces are directed as shown on the free-body diagrams.

Substitute W =73575kN

E, =100.0 kN—~ E,=1549kN| <
F, =26.5kN— F, =118.1kN| <
H, =126.5kN ~— H, =368kN| <
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ao0 it PROBLEM 6.164

Using the method of joints, determine the force in each member

TR
i i: of the truss shown. State whether each member is in lension or
é : compressioln.
Bl
-t 0L +!‘ ------ 55 [ b § [ £
SOLUTION
Free body: Truss.
From the symmetry of the truss and loading, we find C=D=600Tb!
3001k ~F F
/4‘?:3' e E -~ .
E L t jaooldb
B fBC - =
i 14
) F c 300
Free body: Joint 5 o Foe _ 30015
Jsoo2 1
Fp=0671b T Fo-=6001b C 4
Free body: Joint C
. 3.
; | 2F, =0 SFac +6001b=0
rﬁcs S .3 s
Efl*;‘% LR 0 ==10001b Foe=10001b €
§= e th 4
FLZF = g(wl 000 Iby + 600 b + ., =0 Fopy=2001b 7 4

From symmetry:

Fo = Foe=10001b €, F=F,=671b T, Fy =, =600lb C 4

Al
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Smoy 3am PROBLEM 6.165

{
I
1.75 kN

i M —sfe— 4 m—lue—4 m

Using the method of joints, determine the force in each
member of the double-pitch roof truss shown, State whether
each member is in tension or compression.

l‘"“_ G -+L G 1) ——sr e — 6 03 -]

e
SOLUTION
Free body: Truss
|w> LM =0 H(I8m)—-(2 kN)(4 m)—(2 kN)® m)—(L.75kN)(12 m)
= (LSENYIS m) —(0.75 kN)(18 m) =0
H=450 kN‘i’
B =0 A =0
IF, =00 A +H-9:=0
A, =9-4.50, A, =450 kN |
Free body: Joint 4
14N "
@ SR8
L
3 278
AR — =k 3 [s50kN
“fAC s e o
N fn:.
fta-_' §50 RN
fiﬂf_ _Fu  350KkN
N 1
Fop=78262kN ¢ F,y=783kN C <

Fo=700kN 7 «
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PROBLEM 6.165 (Continued)

Free body: Joini 5
+ o 2 2 1
LB, =00 Py + = (18262 kN) + = F =0

NG 7

or Fiyp, +0.79057 Fy,. = ~7.8262 kN
1 1 [ .
HEF =00 o Fyy + e (7.8262 KN) = . =2 KN =0
¥ Jg 8D \/g JE BC
or Fyp —1.58114F, . =-3.3541
Multiply (1) by 2 and add (2):
3F,, = -19.0065

Fop =-~63355kN

Subtract (2) from (1):
2371 Fyp = -4.4721
Fp =—1.8861 kN

Free body; Joint C

+ ZF, =0 %%wiﬁ(!ssmm):o
F
F,=tesei Fp =+1491 1 kN
NG 'ﬁ'Az |
TN EUXF, =00 Fy —7.00 KN +—=(1.8861 KN) +
F s700fNC  Fo ' " V2
Lo T00kN S

Fp = 5.000 kN

Free body: Joint D

ZkiN Fon
»
i
B z
o R
78262 ki Jee
(1)
(2}

Fop=634kN C <

Foe-=1886kN C 4

F,=1491kN T «

(1.4911 kN) =0

Fy=500kN T <

1kH

HUEF =0 %f'}ﬂ, +1/1_5_ﬁ;)!,; +%(6.3355 kN) u«%o A911KN) =0
or Fpe +0.79057F,,, =—5.5900 kN (1)
+zr, =0 Lo 63355 1N) — 2 (14911KkN) - 2KN =0
Vs V2 Js V5

or £ —0.79057F,, =—1.1188 kN (2)

2F,, =—67088 kKN
Fp =~3.3544 kKN

Add (1) and (2):

Subtract (2) from (1): 158114 F,, =-4.4712 kN

Fpy = —2.8278 kN

F.=335kN C 4

Fpe =283kN C 4

PROPRIETARY MATERIAL. © 2010 The MeGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any mecns, without the prior writlen permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGravw-Hill for their individual course preparation. If you are a studeni using this Manual,

you are using it without peymission.

974




Free body: Joint F

RIS kN

F
-pF
=3350kn T Fep

Free body: Joint G

Oor:

or;

Add (1) and (2):

Subtract (1) from (2):

Free body: Joint /7

We can also write:

PROBLEM 6.165 (Continued)

: 2
Fig = 4243 kN

V2

1
~Fpp ~ 175 kN 4+ = (3.3544 kN) -
EF \/5(

1, =
Fyp = 2750 kN
+ YF = _1_[? MWLF +—fw(4 243kN)=0
TR g e T e s

Fopy = Fypy = ~4.243 kN

L a4z }

V2

Fopr + Fpp = 6364 kN

1 |
~ =gy ‘Tz‘“FEG

+| ZF =0
I ¥ \/E
2F,; =—10.607
Fopy =~5.303
2y = =2.121kN
Fuo =—-1.0605 kN

-EH t
Fuy  375kN
I 1

Foy  375kN .
——= £,

J2 1

{(~4.243kN)=0

Fip =424kN C <

Foe=275kN T o

Fre
2243 kN (LS kN
\:LG
1L 3z
F bflﬁ mlr\
TE6 “GH
(n
-1 5kN=0

(2)
Foy =530kN C <

P =1.061KN € 4

Fiy =375KN T 4

y =530kN € (Checks)
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e HNL PROBLEM 6.166

AR RN N [KIER N
P24 LN L2 kN
Lok 05N The truss shown was designed to support the roof of
o R _ . TR a food market. For the given loading, determine the
’ ";{JL' ,,,,,, _ : 5 A 2.87m

- ¥ force in members FG, EG, and FH.
T
P 23.6? 0

4.80m
! B g

3484, 384 m
3.6 m 24m36m 36m 24 m BACRIN

SOLUTION

Reactions at supports. Because of the symmetry of the loading

A =0, A =0=1

, =0 = (Total load) A=0=448 kN| «

We pass a section through members FG, EG, and £, and usc the Free body shown,

] " 1.75m
PRI Slope FG =Slope FI =
e p » 75
.
550
Eiﬂ"‘ Slope EG = 5.50m
. 4 m

TYEM,, =0 (0.6 KN)(7.44 m)+(1.24 kKN)(3.84 m)

—(4.48 KN)(7.44 m)

6 I&Bva mm'au;aem‘
| = Fp, {480 m) =0
[6.25 “’}( )
Fr ==5.231 kN Fry=523kN C 4
FYEM; =0: Fpy(5.50 m)+(0.6 kN)(©9.84 m)
+(1.24 KN)(6.24 m) +(1.04 kKN)(2.4 m)
—(4.48 KN)(9.84 m) =0 F, =508kN 7
2 =0 290 o LTS 5031 KNY+ 448 KN —0.6 KN~ 1.24 KN~ 1.04 kN = 0
: 6.001 625
Frg =~0.1476 kN Foo =0.1476 kN C 4
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4.80 m

L2 kN
G5 EN

» 368 m
P

_J_ﬁ

3.84m

.

36m 24m 3.6 m

384 m

36m 2.4 m 3.6

PROBLEM 6.167

The truss shown was designed to support the roof of
a food market. For the given loading, determine the
force in members KM, LM, and LN,

SOLUTION

Because of symmetry of loading, 0O = %(Lﬂad)

We pass a section through KM, LM, LN, and use free body shown

PYIM,, =0 (Efiﬁ;ﬂ J(a‘.es m)

0=448 kN ! <
J.n':'n{:%“"v u.aofnm“”"’
38m " K 3.%'4mM

+(4.48 kN — 0.6 kN)(3.6 m) = 0

e =~3.954 kKN

DEM, =0:

Fu=395kN C 4

= L3 (4.80 m) —(1.24 kN)(3.84 m)

+(4.48 KN = 0.6 kKN)(7.44 m) =0

Fiy = 4+5.022 kN

4.80

Fry =502kN 7

1.12

+Z]«"; = 14 DIV

Fyy =-1.963 kN

(3954 kN} -~ 124 KN-0.6 KN+ 448 kN =0

Fa=1963kN C
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PROBLEM 6.168

For the frame and loading shown, determine the components of all
forces acting on member A8C.

I
l 20 ks
| 51t I| 50 1
SOLUTION

Free body: Entire frame

YIMp =00 A, (4)—(20 kips)(5) = 0

A, =-25 kips, A, =250 kips ~— 4
=
F s7e — HEF, =0 4,20 Kips=0
= Zo lps i
A, =20 kips A, =20.0kips| «

Free body: Member ABC

Note: BE is a two-force member, thus B is directed along line BE and 8 = —i—Bﬁ,

DYEM =0: (25 kips)(4 ft) — (20 kips)(10 ft) + B, (2 ) + B, (5 1) = 0

~100 kip- fi + B (2 ﬁ)+§_b{\,(5 fy=0

B =25 kips B, =25.0 kips ~— <€

B, x%(gx):%(zs):m kips B, =10.00 kipsl <

HUEF =0 C, —25 kips - 25 kips = 0
C, =50 kips C, =500 kips— 4
+HEF, =0: C,+20 kips—10 kips = 0

C, =10 kips C, =10.00 kips | «
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PROBLEM 6.169

Solve Problem 6.168 assuming that the 20-kip load is repfaced by a
clockwise couple of magnitude 100 kip - {t applied to member EDC
at Point D).

, C
l 20 kips I PROBIEM 6.168 For the frame and loading shown, determine the
components of all forces acting on member ABC.

51t 1

&F
[ined
-

SOLUTION

Free body: Entire frame

a Hzr =0: 4 =0
By f;&‘ g ’
J{; ,3 SYEM, =0; —4,(4 ft)~100 kip- L =0
i - S A, =25 kips A, =250 kips =~
= /00 Ky fE

A =250 kips~— 4

Free Body: Member ABC

o . - . 2
Note: BE 1s a two-force member, thus B is directed along line 8 and B, = ung

¥)EM, =00 (25 kips)(4 f) + B, (2 )+ B, (5 ) =0

100 kip - ft + B_(2 ﬁ)+§~8x(5 ft)=0

?5‘&:;:1
K3
sl O B, =-25 Kips B, =250 kips — o
2 €, Cr ) )
| ofF B, =B, = (-25)=~10 kips; B, =10.00 kips | «

FLEF =00 -25kips+25kips+C, =0 (. =0
+1 27, =0 410 kips+ €, =0
C, = =10 kips C, =10 kips}

C =10.00 kips | <
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E rp— PROBLEM 6.170

Knowing that the pulley has a radius of 0.5 m, determine the
componenis of the reactions af 4 und I,

OO N

SOLUTION

FBD Frame:

(EM,=0: (7 m)E, (4.5 m)(700 N) =0 E, =450 N] 4
{ZF =0: 4, ~700 N+450 N =0 A,=250N|

e BF =0 A ~E =0 A =E

X X

4y oon £r

Dimensions in m

FBD Member ABC:

- | (=M =00 (1 m)(700 N)~ (1 m)(250 N)=(3m) 4, =0

Sx

- A, =1500N«—
g TOUN

so E_=150.0 N— <«
Larny

4,7 LSON
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I-Hr‘ﬁ' |8 in.—)—f

PROBLEM 6.171

For the frame and loading shown, determine the reactions at A, B,
D, and E. Assume that the surface at each support is frictionless.

Free body: Entire frame

A~B+500=0

+I 2E, =00 D+ £ (1000 1b)cos30° =0

Free body: Member ACE

D+ E-866.03=0

FYEM, =0: —A6in)+ EBin) =0

Free body: Member BCD

E:E/I
4

DYEM =0 =D in)+B(6 in) =0

Substitute £ and 12 from (3) and (4) into (2):

3

—=A +§B ~866.06=0
4 4

p=p
4

A+B—1154.71=0
(1) A=B+500=0
(5)+ (6) 24-65471=0 A=32741b
(5)-(6) 2B -1654.71=0 B=82741
(4) D= —3(827.4) D=620.51b
3
(3) F==(3274)

E=24551)

()

2)

4

(5)
(6)
A=3271b o4

B=8271b-— 4

P=6211b! 4

E=2461h] 4
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PROBLEM 6.172

For the system and loading shown, determine () the force P required
for equilibrium, (h) the corresponding force in member BD, (c) the
corresponding reaction at C'.

200 1

SN

SOLUTION

Member FBDs: FBD1:

((ZM,. =0: R(Fy, sin30%) —[R(l - cos307)](100 N) — R(50 N) =0
Fpy =126.795 N (b) F,,=1268N T 4
= SF =0 ~C, +(126.795 N)cos30° =0 C, =109.808 N ~—

TEF), =0: €, +(126.795 N)sin30° - 100 N - 50 N=4{

C, =86.603N{ (¢) so C=139.8N ™ 383° 4
- FBD Ti:
A4 (=M, =0: aP—af(126.795 N)cos30°]=0 (@) P=109.8N-— 4
- A x
O = 018
-2‘50-; 8 e P
Fop

PROPRIETARY MATERIAL. 9 2010 The McGraw-11ill Companies, Ine. All rights reserved. No part of this Maral may be displayed,
reproduced or distributed in any jorm or by any means, withouf the prior written permission of the publisher, or wsed beyond the limited
distribution to teachers and educators permitted by MeGraw-Hill for their individual course preparation, If you are a student using this Manual,
you ave using it without permission.

982




PROBLEM 6.173

e iy, e inr-l

A small barrel weighing 60 1b is lifted by a pair of tongs as
shown. Knowing that @ =5 in., determine the forces exerted at B

A

and D on tong ABD.
| 18 i, ——|
SOLUTION
We note that BC s 2 two-force member.
Free body: Tong ABD
B,
Bx ¥ B - 33 ‘

15 5 e

DYEM, =0 B,(3in)+38,(5in) ~ (60 1b)(9 in)= 0

B, =301
B =3B B =001b—-

ELEF, =00 ~90Tb+ D, =0 D, =901~

HEF, =0: 6016-301b-D, =0 D, =301

o ) - =0 o
S B=9491b57 18.43° «

_&,-_: ‘.,] Fo u

8 5ot D=94.91b < 18.43° «
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50 mim PROBLEM 6.174

IWQO(} mm ——»]—t—»

. . Ay A 20-kg shelf is held horizontally by a self-locking brace that consists
E%@ /f of two Parts EDC and CDB hinged at C and bearing against each other
150 mn 77100 nim at D. Determine the force P required to release the brace.

D

150 nim

20 mm

SOLUTION
Free body: Shelf

[25 mm  HAS U AN
‘ k
8y 55 7 . f)EM =0 B (200 mm)—{196.2 N)(125 mm) =0
iy zoomn——?;:@’“ ’

By
B, =122.63N

W= (20 kg)(9.81 m/s>) =196.2 N

Free body: Portion ACE

+‘) EM,=0: —B (150 mm)~ P(150 mm)~ (122,63 N)(200 mm) =0

B, =—1635-P (1)

B, 1226 M

? G
\/ Horm
€ ST &
/{ o - /5 m
2o j Fravt
50 myye——
T2 W el
+) IM. =0 +(122.63 N)92 mm)+ B (94 mm) =0
+(122.63 NY92 mm) +(—163.5 - )44 mm) =0

P=929N P =929 N>, <€
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PROBLEM 6.175

The specialized plumbing wrench shown is used in confined arcas (c.g., under a
basin or sink). It consists essentially of a Jaw BC pinned at B to a long rod.
3 Knowing that the forces exerted on the nut are equivalent to a clockwise (when
; viewed from above) couple of magnitude 135 Ib - in., determine {a) the magnitude
of the force exerted by pin B on jaw BC, (b) the couple My that is applied to the
wrench.

L
CDow

SOLUTION

Free body: Jaw BC
This is a two-force member
C, C

J ‘X ~
el O - Y O
1.5in. 2in.  ° ¥

8
LE =0: B =C, (
IF,=0: B, =C, =24C, (2)
Free body: Nut LR =0 C, =D,
Dy oA 22 JIM =1351b-in.
_;C’*- C(1.125in)=1351b-in,
gy QJL C,=1201b
(@)  Eq (1) B, =C =1201b
Eq. (2): B, =C, =24(1201b) =283 Ib
B=(B +57)" = (120 + 288y B=3121h <«
o.&rs‘ah.l (hy  Free body: Rod
s |2 Mo YEM, =00 M, + B,(0.625in) — B (0.375 in) =0
Ic:g.,s.,,h o, ~ M, +{(288)(0.625) — (120)(0.375) =
o, M, =135.01b-in. ) 4
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