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*6-1. Determine the force in each member of the truss, 600 N D
and state if the members are in tension or compression.

900N | E

Method of Joints: We will begin by analyzing the equilibrium of joint D, and then proceed to

2m
analyze joints Cand D.
ALl B
—f1 L\ L2\
Joint D: From geometry, 6 = tan (-5-)-: 26.57°. Thus, from the free - body diagram in Fig. a, ‘ ‘
—2m —
LER =0 600 - Fpc 5in26.57° = 0
Fpc =1341.64 N = 1.34kN (C) Ans.
+T2F, =0, 1341.64 008 26.57°— Fpg =0
Fpg = 1200N = 1.20kN (T) Ans.

Joint C: From the free - body diagram in Fig. b,
A/ TR = 0; ~Fog c0s26.57° =0

Fg =0 Ans.
NIy =0; Feg ~1341.64 =0
Fcg =1341.64 N =134kN (C) Ans.
Joint E: From the free - body diagram in Fig. c,
HEF =0 900 — Figg sin45°=0
Fgg =1272.79N =1.27kN (C) Ans.
+T2F, =0; 1200+ 1272.79c0s 45° — Fgq =0
Fg4 =2100N =2.10kN(T) Ans.

Note The equilibrium analysis of joint A can be used to determine the components of support reaction
atA.

403



6 Solutions 44918 1/26/09 1:45 PM Page 404 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

6-2. The truss, used to support a balcony, is subjected to P, P,
the loading shown. Approximate each joint as a pin and
determine the force in each member. State whether the
members are in tension or compression. Set P; = 600 1b,
P, =400 1b.
Joint A :
+T2E =0 Epsind5® - 600= 0
Fp =8485 = 8491b(C)  Ans o
. Y Fa
3%F, = 0; F,p - 848.52800845° = 0 @l?ﬁ'
Fap
Fp = 6001b (T) Ans
Joint B :
|y
+T2E =0 Fyp - 400= 0 wolb
®f -
Fp =400 (O) Ans mg———»" x
Fap
SIE =0, Fe-600=0
Fye = 6001b (T) Ans
Joint D
+TZE =0; Fpc$in4ds° - 400 — 848.528sin45° = 0
Fyc = 1414214 1b = 1.41 kip (T) Ans
L8R, = G 848.5280845° + 1414.214c0545° — Fpg = 0
Fpg = 1600 1b = 1.60 kip (C) Auns
y
4001h|
848.528 Ib Fpe
459 450
®| Foe
404



6 Solutions 44918 1/26/09 1:45 PM Page 405 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

6-3. The truss, used to support a balcony, is subjected to P, P,
the loading shown. Approximate each joint as a pin and
determine the force in each member. State whether the
members are in tension or compression. Set P; = 800 1b,
P2 = 0.
Joint A :
+TZE =0 F, psin45° — 800= 0
Fp=113141b = 113 kp (C) Ans ¢oolb Fae
+ s” )
—-IF, =0; F,g — 1131.4cos45° = 0 F
AP
Ep = 8001b(T) Ans
Joint B :
+TZE, =0; Fp-0=0
L]
Fp=0 Ans ®
. 3
33E = 0; Fyc - 800 = 0 oo lb Re
o
Fpe = 8001b(T) Ans
Joint D:
+TEF, =0, Fpcsind5® ~ 0 - 1131.45in45°= 0
Fye = 11314 1b = 113 kip (T) Ans
S2F =0 1131.4¢0845° + 1131.4c0845° - Fy; = 0
Fpg = 1600 1b = 1.60 kip (C) Ans
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*6—4. Determine the force in each member of the truss
and state if the members are in tension or compression.
Assume each joint as a pin. Set P = 4 kN.

Method of Joints : In this case, the support reactions are not required for

determining the member forces.
Joint A 14;»1
+TEE=0; Byl |-4=0
s l Fs
F,s=8944kN (C) =894kN (C)  Ans y = > X
. ) =
558 =0 a,-s.wﬁ =0
Fia =8.00kN (T) Ans "i’
Joint B Sk
.
3IE =0, Fc-800=0 =800kN (T)  Ans _
% ac fac FezB00Kd | 5 A
. »—
+TEE=0; Fy-8=0  Fp=800kN(C)  Ans
Joint E
fae
/2E. =0;  Fyecos 36.87° - 8.00cos 26.57° =0
Foc =8944kN (T) =894 kN (T)  Ans o

kq- LF, =0; 8.944+8.00sin 26.57° +8.944sin 36.87° - Fp =0
Fep = 17.89kN (C)=179kN (C) Ans

Joint D
1
+TIE =0; FM-IT.39[ﬁ]=0 Fpc =8.00kN (T) Ans

SIF=0; D, -17.39[-.;—3-]=0 D, =16.0kN
“F.DG
Note : The support reactions G, and C, can be determined by analysing Fep 1769 kN
Joint C using the results obwined above. ‘ ij 2
; —x
>
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*0-5. Assume that each member of the truss is made of steel P
having a mass per length of 4 kg/m. Set P = 0, determine the
force in each member, and indicate if the members are in
tension or compression. Neglect the weight of the gusset plates
and assume each joint is a pin. Solve the problem by assuming
the weight of each member can be represented as a vertical
force, half of which is applied at the end of each member.

Joint Forces :

- f
F = 4(9.81)[2+@J =166.22 N
F=4(981)(2+2+1)=1962N A =
s
&:4(9.81)[1+3[—J;2——0J]= 30247N 3
5 =4(9.31)(:+@]= 16622 N *
h 4
16622 N
Method of Joints : In this case, the support reactions are not required for g
determining the member forces.
Joint A 19624
1
+TIE =0; &s[ﬁ}- 166.22=0 ;E.'fﬂz-#;!{, & Fe
“ X »—

Fe=37169 N(C)=372N(C)  Ans

31 =0 a,-m.eg[‘/i_}:o
s
Fp=33245N (T)=332N(T)  Ans

Joint B

DIF=0; Fc-3324520 Fc=332N(T) Ans

+TIE =0. F,-1962=0
FReg=196.2N (C) =196 N (C) Ans

Joint E

}"" IE. =0;  Fgecos 36.87° - (196.2+302.47) cos 26.57° = 0
Fee=55153N (T) =558 N (T) Ans

\-\ZF.- =0;  371.69+(196.2+302.47)sin 26.57°
+557.53sin 36.87° - Fpp =0
Fp=92922N (C)=929N (C)  Ans Foy=929.22N
Joint D: )
- _ =~ B .
1 D
+T2ZF =0; —166.22 - 929.22 e + Fpc =0
y T
Fpc = 582N(T) Ans. |
(66.22N
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6-6. Determine the force in each member of the truss and
state if the members are in tension or compression. Set
Py =2kNand P, = 1.5kN.

f
Method of Joints : In this case, the suppon reactions are not required for Fes
determining the member forces.
3o C X
Joint C >
Fes
+TZF;=0; Fepsin 30°~15=0
Fey =3.00kN(T) Ans
Y5k
5IF =0;  Fop-3.00c0830°=0
Fep=2.598kN (C) =2.60kN (C)  Ans T
Joint D ' .
HEIE =0, Fg-2598=0 Fg=260kN(C) Ans =259 1
+TEE =0 Fy-220  Fp=200kN(T)  Ans Be ) —X
Joint B
X7

)Izr. =0; Fygcos 30°-2.00cos 30° =0
F.‘=2.mk.N(C} Ans

WHZE =0 (200+2.00)sin30°+3.00-F, =0
Fya = SO00KN (T) Ans

Note : The support reactions at support A and E can be determined by
analyzing Joints A and E respectively using the results obtained above.
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6-7. Determine the force in each member of the truss and
state if the members are in tension or compression. Set
Pl = P2 = 4 kN

f
Method: of Joints : In this case, the support reactions are not required for )Cc' 5
determining the member forces.
Joint C 30 [+ x
)
+TIE =0; FR,sin¥°-4=0
Fep =8.00kN(T) Ans
. 1?‘4 A
5IF =0; Fep-8.00c0s30°=0
F-p =6928kN (C) =693kN (C)  Ans b
JointD : 1 53
DSIE =0, Fpp-6928=0 Fy=693kN(C) Ans
Eg:é?lﬂ kN
+TEE =0, Fy-420  Fy=400kN(T)  Ans 3 D -
Joint B
/e IF.=0; Fgcos 30°-4.00cos 30° = 0 :;'m

F'g =400kN (C) Ans

NG IE =0;  (4.00+4.00)sin 30°+8.00- K, =0
By = 120kN (D) Ans

Note : The support reactions at support A and E can be determined by
analyzing Joints A and E respectively using the results obtained above.

Fra=4-00 kn
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*6-8. Determine the force in each member of the truss, 500 Ib
and state if the members are in tension or compression. Set
P = 8001b ~—3ft—f—3ft——3 ft——‘
. FY E D)
Method of Joints: We will analyze the equilibrium of the joints in the following sequence: th
A=F= E=B=_C. J
Joint A: From the free - body diagram in Fig. a, oV = —
+ 125, =0; Fyr sin45°~800=0 B ¢
Farp =1131.371b=11311b(T) Ans. P
LEIF =@ 1131.37c0s45° - Fyp =0
F4g =8001b(C) Ans.
Joint F: From the free - body diagram in Fig. b,
+T2F, =0; Frp c0s45°—1131.37cos 45° - 500 = 0
Frp =1838.481b=18381b (C) Ans.
LIE =0 Frg —1838.485in45° — 1131.37sin 45°= 0
Fgg =21001b(T) Ans.
Joint E: From the free - body diagram in Fig. c,
HEF =0 Fgp —2100=0
Fgp =21001b (T) Ans.
+7T IF, =0 Fgg =0 Ans,
Joint B: From the free - body diagram in Fig. d,
+ T35, =0, Fgp sin45° ~ 1838.48sin 45° = 0
Fpp = 1838481b=18381b(T) Ans.
LIFR =0 800 + 1838.48c0545° + 1838.4800s 45° - Fpr =0
Fpc =34001b(C) Ans.
Joint C: From the free - body diagram in Fig. e,
+T2F, =0 Fep =0 Ans.
AEF =0; 3400-Np =0
Ne =3400 1b
' 500 Ib ¥
Far
45° 5 Fre Fee=2/00lb Fep
> x > X <€ = p——x
B
15° |45
v fr=131378)  Fre. Ve
Boolb
kg =1838-46 1b FEB"O Fep
p
Foe = 3400”7
——Jo £ x
,ﬁ;—aamb B Ne.
) e)
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*6-9. Remove the 500-1b force and then determine the 500 1b
greatest force P that can be applied to the truss so that none
of the members are subjected to a force exceeding either —3 ﬁ‘;;*3 ft;"E*’j ft4D' ¥
800 Ib in tension or 600 1b in compression. L g T
Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 3 fit
A->F—SE-B-C A6 oy 2 l
Joint A: From the free - body diagram in Fig. a, B C
+ TR, =0; . Fyp sind5°~P =0 ’
Far =1.4142P (T)
IEF =0 1.4142Pc0s 45° —Fpg = 0
Fag =P(O)
Joint F: From the free - body diagram in Fig. b,
+ TZ‘F:‘, =0; Frp ©0s45° - 1.4142P cos45° =0
Frg =1.4142P (C)
X3F =0 Frr — 1.4142P sind45° — 1.4142P sin45° = 0
Fgg =2P(T)
Joint E: From the free - body diagram in Fig. c,
NEF =0 Fgp -2P =0
Fgp =2P(T)
+TIF =0 Fgg =0
Joint B: From the free - body diagram in Fig. d,
+T IF, = 0; Fgp sind5° —1.4142 Psind5° = 0
Fgp = 1.4142P (T)
XIF =0 P+ 1.4142P cos45° + 1.4142P c0os45° ~ Fgo =0
Fgr =3P(0)
Joint C: From the free - body diagram in Fig. e,
LZI-} =0 3P-Nc =0
Ne =3P
+TZR, =0; Fp =0
From the above results, the greatest compressive and tensile forces developed in the member are 3P
and 2P, respectively.
2P =8001b P =4001b
3P =6001b P =2001Ib (contrals) Ans.
Y % ¥
Far
45° F| Fe f7e =2 P Fep
—X P— X % »—X
A E
AB
457 | % E
L P =l 4142P s Y Fep
(4) 2
‘T (b) o ¢
4
Feg=0
Fra=l4i42p 428 4
B oo
454 45°
¢ X ap x
fze=P B Fee Fpe=3p |C M
€
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4 ft 4 ft—

6-10. Determine the force in each member of the truss ~—4 ft 4 ft

and state if the members are in tension or compression. Set
Py =28001b, P, = 0.

Joint B :

\WZh=0: Fg=0
YIF, =0 Fu=Re
Joim G :

+TZE = 0; Foosme=0

Feg=0
:*i'-ﬂ =0, Fig=0
Joint C:

SEF, = 0; gr.._- - ‘;‘rﬂ,-o

+TIE = 0: 3 (o) + 3 (Feo) - 800 = 0

Fyc = Fep = 66710 (C)

Duc to symmesry :

For sFag= 0 Ans
FormFeg =0 Ams
Ffr=Fg=0 Ane

Fig = Fpg = 667TH(C) Ams

Fac = Fep =2 667D (C) Am
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6-11. Determine the force in each member of the truss ~ 4 ft 4ft ‘ 4t 4 ft—]
and state if the members are in tension or compression. Set
Py = 6001b, P, = 400 Ib.

5&0 e
Foc
> F 6

Joint B ; Ez_ﬁé_ x
N\EF, =0; Fg=0 Anr / FB-A q
+fLF, 2 0; Fac = Fu )Q’ ,4

. -
Joint G : De 4o0/b

+TEF, = ¢ Focsind =0

Foc =0 Ams

3IF =0, Fou =0 Ams E)E

Joimt D : _ FI;F \

Nir =0 Fr-Fc=0
Fpg = Foc

+#ALF, = 0; Fpr-400 a0
For = 400B(C)  Ans

Joint F :

+\EF, = 0; Frpsin53.13° - Fresin$3.13° = 0
Frz = Fre

+AZF, 20; 2Fcos$3.13°- 40020

Fre = Fg =333.332 333DB(M Ans

Joint C';

IR =0 Fccos I6.87° = Foc cos 36.57° + 333.33 08 73.74° = 0

+TEF, = 0:  Fac 3in36.87° + Fpc 5in 36.87° = 600 - 333.33s5in73.74° = 0

Fac = Fpa = T081b(C) Ans

Fpc = Fpg = 825 (C) Ans

Re=0' F=33333p
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*6-12. Determine the force in each member of the truss

and state if the members are in tension or compression. Set C D

P, =2401b, P, = 100 1b. T [ & —> P
51t P,
_ _ Mo 9)

B ‘ A
Joimt D : y
T s
+ U:,::o‘. F”(ﬁ)—lmao
Fap = 2601b(C) Ans ED D 2401b
' —= X
* 12 /.
SIE =0 2U0-Fp +260(3F) = 0 5
13
. F, 12
Fep = 4801b(T)  Ans 8

+TEF, =0; Fc =0 Ans

=IF, a0 Fy=0 Ans

Jont B :
5
+TIF, = 0; Fx—m(a) =0

Fac = 100b(T)  Ans
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¢6-13. Determine the largest load P, that can be applied
to the truss so that the force in any member does not exceed
5001b (T) or 350 Ib (C). Take Py = 0.

JointA :
+TEF, =0; Ficsin6=0
Fic =0

SIF =0 Fip =0

JointD ;

+TZF, =0 -PR + Fpasin22.62° =0
Foz = 260 B (O)

DIF, = 0; 2.60P c0s22.62° - Fpe = 0

Fpc =240 (M

Joint B :
+TIF, =0, Fpc-260Asin2262° =0

Fae = B (T)

C D
- == © iH Pl
51t P,
_ _De @A
5|
| 12 ft |

Maximum tension member is DC :
500 = 2.40 P,
P = 2081
Maximum compression member is DB :
350 = 2.60R
A = 1351
Thus member DB reaches the critical value first.

P =135b Ans
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6-14. Determine the force in each member of the truss, 1200 Ib P 1200 Ib
and state if the members are in tension or compression. Set
P = 2500 Ib.

Support Reactions: Applying the moment equation of equilibrium about point A to the
free- body diagram of the truss, Fig. a,
{+WA =0; Np (8 +8)—1200(8 +8) — 2500(8) = 0
Ng =24501b

Method of Joints: We will begin by analyzing the equilibrium of joint B, and then that of

joints C and G.
Joint B: From the free - body diagram in Fig. b,
NEE =@ Fgg =0 Auns.
+T3F, =0 2450 - Fgc =0

Fgo =24501b(C) Ans,
Joint C: From the free - body diagram in Fig. c,
+T2F, =0; 2450 - 1200~ F sind5° =0

Fog =1767.77 1b=1768 Ib (T) Ans,
LEF =0 Fop —-1767.77c0s45°= 0

Fop =12501b(C) Ans,
Joint G: From the free - body diagram in Fig. d,
+T3F, =0 1767.77c0s45° — Fgpcosd5® =0

Fgp =1767.771b = 1768 1b (C) Ans.
LIF =0 1767.77sind5° + 1767.77sin45° - Fgp =0

Fgr =25001b (T) Ans,
Due to the symmetry of the system and the loading,
Fap = Fgr =24501b(C) Ans.
FAF = Fm =0 Amns.
Fgp = Fep = 12501b(C) Ans.
Fgr = Fog =1767.77 1b=1768 1b (T) Ans,
Frp = Fgp =1767.771b =1768 1b (C) Ans.

¥
¥ ¢
12001k 2500 1b faools. g i 12001b
8ft )| 8# :
o Yc
‘ g x - > x
45°
g Fac=2450 b
Ny=24501b »
) )

Feg=I761T1lb

)
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6-15. Remove the 1200-1b forces and determine the 1200 b
greatest force P that can be applied to the truss so that none
of the members are subjected to a force exceeding either
2000 1b in tension or 1500 Ib in compression.

P 1200 1b

Sapport Reactions: Applying the moment equation of equilibrium about point A to the
free- body diagram of the truss, Fig. a,
(M, =0; Np(8+8)-P(8) =0
Np=05P

Method of Joints: We will begin by analyzing the equilibrium of joint B, and then that of

joints C and G.
Joint B: From the free - body diagram in Fig. b,
LER. 26 Fpg =0
+T2R, =0 0.5P - Fgc =0
Fpe =0.5P(C)
Joint C: From the free - body diagram in Fig. c,
+T2F =0; 0.5P ~ Fggsind5° =0
Fqg = 0.7071P (T)
HEF =@ Fcp —0.7071Pcosd5° = 0
Fep = 0.5P(C)
Joint G: From the free - body diagram in Fig. d,
+T2F =0 0.7071Pcosd5° — Fgpcosd5® =0
Fgp = 0.7071P(C)
LEF. =0 0.7071Psind5° +0.7071Psind5° — Fgp =0
FGF = P(T)

Due to the symmetry of the system and the loading,
Fag = Fge =05P(C)

Fpap = Fgg =0

Fgp = Fop = 0.5P(C)

Fgr = Fog = 0.7071P(T)

Fgp = Fgp = 0.7071P (C)

From the above results, the greatest tensile and compressive forces developed in the member of
the truss are P and 0.7071P, respectively. Thus,

0.7071P =1500 P =2121.331b
P=120001b (controls) Ans.
ke
fog | Fac
x 2] c
FE x X
. F &,o,;
Ny=05P % P
(b) : &)
feg=0707P
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*6—16. Determine the force in each member of the truss,
and state if the members are in tension or compression. Set
P = 5kN.

]
8

e
g8

F.

L=
=]

Method of Joints: We will begin by analyzing the equilibrium of joint A, and then proceed to
analyzing that of joints B and D.

Joint A: From the free - body diagram in Fig. a,
IFy = 0; Fpp sin73.74° - 5sin53.13° =0

Fyp =4.16TkN = 4.1TkN (T) Ans.
IF,r =0; 4.167cos 73.74° + 5005 53.13°~ Fyp =0
Fpp =4.167kN =4.17kN (C) Ans.
Joint B: From the free - body diagram in Fig. b,
4 4
LIF =0 4167 = |~ Fpc | = [=0
s 15)=(3)
Fpc =4.167kN = 4.17TkN (O) Ans,
+T2F =0; Fep -4.167[-2-]—4.16‘{%)-0
Fgp = SkN(T) Ans.
Joint D: From the free - body diagram in Fig. c,
+\!‘Fy' =0; Fpc sin73.74°- 5s5in53.13° = 0
Fpc =4.16TkN =4.17kN (C) Ans.
t 3, =0; Fpg —4.167 - 5c08 53.13°—4.167cos 73.74°= 0
Fm =8333kN =333kNm Ans.

Note The equilibrium analysis of joints E and C can be used to determine the components of
the support reaction at supports E and C, respectively.
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¢6-17. Determine the greatest force P that can be applied
to the truss so that none of the members are subjected to a
force exceeding either 2.5kN in tension or 2kN in
compression.

o —

—

A%.

3

O
5

F.

=]
=3

Method of Joints: We will begin by analyzing the equilibrium of joint A, and then proceed to
analyzing that of joints B and D.

Joint A: From the free - body diagram in Fig. a,

3F, = 0; Fyp sin73.74° - Psin 53.13°= 0
Fup = 0.8333P (T)

XFr =0; 0.8333Pcos 73.74°+ P c0s53.13° = Fyp =0
Fup = 0.8333P(C)

Joint B: From the free - body diagram in Fig. b,

4 4
4IF, =0, o.ssssr[?] —Fae (—J =0

s
-+
N

5
Fgr =0.8333P(C)

3
13, = 0; Fap 083337 2 |- 083337 2|= 0
+ y BD 5 3

Fgp = P (T)
Joint D: From the free - body diagram in Fig. c,
NIy =0; Fpc sin73.74° - Psin 53.13°= 0
Fpc = 0.8333P(C)
YSE, = 0; Fpg —08333P - Pcos 53.13° —0.8333P c0s 73.74° = 0
Fpg = 1.6667P (T)

From the above results, the greatest compressive and tensile forces developed in the member
are 0.8333P and 1.6667P, respectively. Thus,

0.8333P =2 P = 2.40kN

1.6667P =2.5 P =1.50 kN (controls) Ans,

tfan'6%)
=53./3°

(«)
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6-18. Determine the force in each member of the truss, 900 1b

and state if the members are in tension or compression. 600 Ib

4 ft
Support Reactions: Applying the moment equation of equilibrium about point C'to the
free - body diagram of the truss, Fig. a,

ch =0; 600(4)+900(4 + 4+ 4)— Ny =0

Ny =16501b

Method of Joints: We will analyze the equilibrium of the joints in the following sequence:
FSE—A—-B-D.
Joint F: From the free - body diagram in Fig. b,

3

+Tﬂ?y =0 FFA[E)"M=0

Fpa =15001b(C) Ans.
LI =0 Fpg -1 %}:o

Fpg =12001b(T) Ans.
Joint E: From the free - body diagram in Fig. ¢,
LIF, =0 Fgp —1200=0

Fgp = 12001b (T) Ans.
+Tﬂ'}=0‘, 'FEl =0 Ans,

Joint A: From the free - body diagram in Fig. d,

+TIF, =0 1650— 150({%)- Fm(%)=0

Fyp = 12501b(C) Ans.
tYFE = 1 LA 4 =
SIF =G 5 1 5 FAB 0
Fyg =2001b(C) Ans.
Joint B: From the free - body diagram in Fig. e,
XIF, =0, 200 - Fge =0
Fge =2001b(C) Ans.
+T2F =0 Fgp =0 Ans,

Joint D: From the free - body diagram in Fig. f,

4IF =0 P (%]+usu(%)-1zw=o

Fpc =2501b(T) Ans.

3 3
+T25 =0, 115:{;]-5({;)-500:0 (check)

Note The equilibrium analysis of joint C must be used to determine the components
of the support reactionat C.

900‘25 toolb e 2000

— ~

Ng ¢ (b) ©
(®
q
Y
1506 &b
a
30X Za o
f.,
», — x
AT Fas 200k | T
1L50Lb
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6-19. The truss is fabricated using members having a 900 Ib
weight of 101b/ft. Remove the external forces from the 6001b
truss, and determine the force in each member due to the 4 ft
weight of the members. State whether the members are in
tension or compression. Assume that the total force acting Q'D
on a joint is the sum of half of the weight of every member
connected to the joint. \
! C
Joint Loadings: B _g._

R =Fp= 1:{1,}1)=45 Ib

Fg=Fg= 14{%}: 55 Ib

FA = FD = 1({@):85 Ib

Support Reactions: Applying the moment equation of equilibrium about point C'to the
free- body diagram of the truss, Fig. a,
QEMC =0 45(4+4+ 4)+55(4+4)+85(4 + 4)+ 854)+ 554)— Ny(4+4)=0
Ny=2T7T151b

Method of Joints: We will analyze the equilibrium of the joints in the following sequence:
F—-E—- A-B-—D.
Joint F: From the free - body diagram in Fig. b,

3
+T3F, =0; FFA(-—S-)—45=0
Fgs =751b(C) Ans.
4
XIR =q FFE—TS(-S-)=0
Frg =601b(T) Ans.
Joint E: From the free - body diagram in Fig. c,
XIF, =0 Fgp —-60=10
Fgp = 601b(T) Ans.
+T2F, =0; Fgy —55=0
Fgq =551b(C) Ans.
Joint A: From the free - body diagram in Fig. d,
3 3
+T2F, =0, 277.5-55-35-75[;)- Fw[;)=o
Fap = 154.171b=1541b (C) Ans,
HEF =0 Fap +7{f5.'.]— 154.17[%)= 0
Fqp =63.331b=63.31b(T) Ans.
Joint B: From the free - body diagram in Fig. e,
L3R =0 Fpr —63.33=0
Fgc =63.331b=63.31b (T) Ans.
+T2F, =0; Fgp -55=0
Fgp =551b(T) Ans.
Joint Dz From the free - body diagram in Fig. f,
FF =0 154.1'{%]— 60— FDC[:;-J=0
Fpc =79.171b=79.21b (C) Ans.
+T3F, =0 154.1‘{%)+79.17(-5§-J-85-55=0 (check)
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I

45 1b 551b
f_;:g,b F[:SSH: 6:65!5 F ; E:E F/;E:bo" ’:EP
| : B , ) [ —
A’.
T4 Fea
b
) )
I ¢
=550
- A Ib
fz=75/b 4,(%? B Fep 85
=)
3N A28 ) B Fépjéo[b D

A —X A} } x, -~ .ﬂ'

A /a6 Gg=633lb]  Fec 4?}7\

Na=2775 b Y55 1b Fro=l54.1716 ¥ Foc
Fep=551b
() )
)
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*6-20. Determine the force in each member of the truss
and state if the members are in tension or compression. The
load has a mass of 40 kg.

3.5m

2.5m

Jom D :

SEIF =0 rx[ﬁ]-m.:-r..[ﬁ-;’]-o 5&

R R

fe =0
Solving, E
Fog =0 Ans F.EF
Foc = $55N Q) Ans
7
P

ALF, a0 Fee=0 Ams

+/LF, = 0; Fg=l Ans

N
e :\; ! ./?=555N
NI a0 Fr=0  Am e
+ALF, =0, =355+ Fa = 0 FéF N c
Fop = S55N{C)  Ams
Joat F :
fes

ALF, =2 0:  Fa=0 Ams

+/IF, =& Frg=0 Am

fee=0
Jome B : F Fc““___a
NIF =0 Fg=0 Ans
+/LF, =0 F.=335N(C) Ans Eé
JointA x/ ,F

STER 20 Fa -m[::;]-n FFB
Foa=392N (D
y fzs=0 X
L =555N
i
B
Ax. I
BA
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*6-21. Determine the largest mass m of the suspended
block so that the force in any member does not exceed
30 kN (T) or 25 kN (C).

3.5m

2.5m

Inspectioa of joints £, C, F, and B indicases that EC, CF, FB, and BG
areall 2010 - force members.

Joimt D :
SIF, = 0; FpcsindS® + Fogc0s 30.25° - W = 0 Y
+TIE =0, Foccosds® + Fppsin30.25° -W = 0
Foc = 1L414W(C)
For =0

JointA :

+TIF, a0 Fig - 1.414Wsind5® = 0
Fag = WD

For compression of members DC, BC, aod AB,
25kN = L4I4W
W = 17.678 kN

For ension of member AG,
W = 30kN

Thas the critical value is compression.

e ae)N

O = | B0Mg Ams
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6-22. Determine the force in each member of the truss,
and state if the members are in tension or compression.

Support Reaction: Applying the moment equation of equilibrium about point A on the free - body
diagram of the truss, Fig. a,
+EMy =0, N¢(4)—400(1)- 6003) =0

Nc=550N
Method of Joints: We will analyze the equilibrium of the joints in the following sequence:
CoD-E-R
Joint C: From the free - body diagram in Fig. b,

+T2F =0; 550 - Fp sind5° = 0
Fep = TT1.82N = TIBN(O) Ans.
XEF =0 TT7.82c08 45°— Fg =0
Feg = SS0N(T) Ans.

Joint D: From the free - body diagram in Fig. c,

+ TR =0; Fppg sin 45° + T77.82sin 45° - 600 = 0
Fpg =70.71N =70.7N(C) Ans.
LIR =0 Fpg +70.71cos45° - T77.82c0s45° = 0

Fpg =500 N(C)
Joint E: From the free - body diagram in Fig. d,
IFr =0; Fgq — 4005in45° — 5005in 45°= 0
Fgy =63640N =636 N (C)
ZFyr = 0; 500c0s 45°—40000s 45° - Fgg =0
Fggp =70.7IN =70.7N(T) Ans.
Joint B: From the free - body diagram in Fig. e,

YEF, =0 550 —70.71 cos45° — 70.71cos 45° ~ Fgy =0
Fgq =450N(T) Ans.
+T25 =0; 70.715in45° ~70.715in45° = 0 (check)

400N GooN

S
Im lilm |[Im | m
A} N

600 N
400 N l
E l 5D
45° 459 45° 459
A :c\ oJB lﬂg C
1 2m ‘ 2m 1
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6-23. The truss is fabricated using uniform members 600 N
having a mass of 5 kg/m. Remove the external forces from 400N
the truss, and determine the force in each member due to
the weight of the truss. State whether the members are in E@ 5D
tension or compression. Assume that the total force acting
on a joint is the sum of half of the weight of every member
connected to the joint. A 45° 459 45° 459 c
o\ L OJB - /ag
Joint Loading: ‘ ‘
2 .5 | 2m ‘ 2m |
R =Fy = 5(9.81){+T] = B3N
Fg =598 l)[-z-ﬂi—'zl—i-f—{z-] =1674TN
Fg=Fp= 19.81)[&;'5] =1182N
Support Reactions: Applying the moment equation of equilibrium about point A to the
free - body diagram of the truss, Fig. a,
(“‘!MA =0 Nc(4)-83.734)-118.42(3)- 167.4%2)—- 1184 1) =0
N¢ =28588N
Method of Joints: We will begin by analyzing the equilibrium of joint C, and then that of
jointD.
Joint C: From the free - body diagram in Fig. b,
+T2F =0; 285.88 —83.73~ Frp sind5°=0
Fep =28588N =286 N(C) Ans,
*IE =@ 285.8800s 45° — Fg =0
Feg =202.15N =202N(T) Ans.
Joint D: From the free - body diagram in Fig. c,
+T2'F3, =0 285.88s5in45° - 118.42 - Fpg 5in45° = 0
Fpp = 11842N =118 N(T) Anps.
XEF =@ Fpg ~285.8800s 45° ~ 118.42 cos45° = 0
Fpg =28588N =286 N (O) Ans.
Due to the symmetry of the system and the loading,
Fgg = Fpg = 11842N =118 N(T) Ans. Y
Fgy = Fcg =202.15N =202N(T) Ans,
Fga = Fep =28588N = 286N (C) Ans. Fep 1 8373N
Fe=/18-#24 Fellg.- 42N 25N
Fa=/67470 | , x.
I | Feoaspy e
i N,=28588N
Fim T im™) b)
A N
t () < 4
118-¢2§
e Fp=28588N
(&)
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*6—24. Determine the force in each member of the truss,
and state if the members are in tension or compression. Set
P = 4kN.

Method of Joints: We will analyze the equilibrium of the joints in the following sequence:

A=D=F= E=>C.
Joint A: From the free - body diagram in Fig. a,

+TZ‘.F5,={]; Fpp sind5°-4=0
Fyr = 5.65TkN =5.66kN (T) Ans.
LIE =Q 5.657c08 45° - Fyp =0
Fsp =4kN(C) Ans.
Joint D: From the free - body diagram in Fig. b,
+ 12K =0, Fpg sind5°-4=0
Fpg = 5.65TkN =566 kN (T) Ans.
XEF =0 Fpc — 5.657c0s45° =0
Fpc =4kN(©) Ans.
Joint F: From the free - body diagram in Fig. c,
+T2F =0; Frg — 5:65T00s45° = 0
Frg =4kN(C) Ans.
HEF =0 Fpg ~ 5.6575in45°=0
Fg =4kN(T) Ans.
Joint E: From the free - body diagram in Fig. d,
XEF, =0 5.6575in45° - 4 — Fp sin45° = 0
Fgg =0 Ans,
+T2F =0 Fyr —5.65Tc0s45°=0
Fgr =4kN(C) Ans.
Joint C: From the free - body diagram in Fig. e,
H3F =0 Fg -4=0
Fg =4kN(C) Ans.
+T2F =0; Nc-4=0
Nc=4kN
¥ : +
- E
fie
“__ 45 . Fl Fe =
Al Re Foc d
45°
4 KN 4_ KN 35;35-657 W FFS
«©)
@ »)
¥ i
Fec=4 KN
fre =4 kN E cy Be=4 KN
J\_ ‘K, Ly O —
Fes
BN N Re=s65700 "
ke (e)
)
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¢6-25. Determine the greatest force P that can be applied 3 mﬂR 3m—r—3m—

to the truss so that none of the members are subjected to a EFa E

force exceeding either 1.5kN in tension or 1kN in T

compression. 3m
C Di

Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 723 N

A-D—->F—->E->C

Joint A: From the free - body diagram in Fig. a, P

+TZF, =0 Fyp sind5°—P =0
Fyr =1.4142P (T)

Y3F =0 1.4142Pcos 45° — F4p = 0
Fag =P(O)

Joint D: From the free - body diagram in Fig. b,

+TIF, =0 Fpg sin45°~P =0
Fpg = 1.4142P (T)

Y3F =0 Fpc —1.4142Pcos 45°= 0
Fpe =P(C)

Joint F: From the free - body diagram in Fig. c,

LEIF, =0 Feg —1.4142P 5ind5° = 0
Fg =P (T)

+ 125, = 0; Fpp — 1.4142P c0s45° = 0
Frg =P(C)

Joint E: From the free - body diagram in Fig. d,

LEIF =G 1.4142Psin 45° — P — Figg §in45° = 0
FE =0

+T IF, = 0; Fgr —1.4142Pcos 45°= 0
Fg = P(C)

Joint C: From the free - body diagram in Fig. e,
Fgg =P

From the above results, the greatest compressive and tensile forces developed in the member
are P and 1.4142P, respectively. Thus,

P=1kN (controls) Ans,

1.4142P =1.5 P =1.06kN
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6-26. A sign is subjected to a wind loading that exerts C
horizontal forces of 300 1b on joints B and C of one of the 30016 ——>0
side supporting trusses. Determine the force in each
member of the truss and state if the members are in tension L
or compression.

13 ft \

D
51t \e
300 1b
B 12 ft
13 ft
45° ES
A/ v ®

300/b C

Joint C: "23 ED

SEF, = 0; 300 - Fepsin22.62° = 0
F;p-'ISOb(C) Ans
+TIF, =0 =-Fcp +78000822.62° = 0

Fep = T201b(T) Ans

JointD :
/IR =0 Fop =0 Ans
NIF, =0 780-Fr =0

Fpg = 7801b(C) Ans

Joint B :
SEIF, =0, 300-Fy,cos45° + Fpgsind$.24° = 0

+TIF, = 0; 720-Fy,sind5° - Fagc0s45.24° =0

Fag =297 (T) Ans

Fa=1T20b (D Ans
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6-27. Determine the force in each member of the double
scissors truss in terms of the load P and state if the members
are in tension or compression.
L
G =0 pg v rZ -y =0
D =pr
+TZE=0; A =p
Joint £
+TEZF = p F" _l_ -P =
¥ (‘&] P=0
Foy = 2P = 1.41P(T) R
\‘;‘Q Fro
—‘P}:F.' =0; Fop — - L =
0 ~ Bz ~ Fg( Ji’ 0 'lvf
fo ~Feg = P (n
Cont'd
+ 2 S | 1
BEIE =0 Fep(—2) = V2P() ~ Fp(—=) = 0
i - 2 T2
2 1
—_—_F, = -""Fp =P
R
iﬁ = 14907P = 1
Fy = 3 P=1L = 1.49P (C)
2
Fp = 3 P = 04714P = 0471P(C)
Joint A ;
. V2, 1. 25 2
—=IF =0, Fg--—PF)-—P-—F5)=
3 f 3 [ ﬂp ziF
a4 -"i"?
5 ,ﬁ,‘
Fe = 3P = L6TP(T) € Fae
P
From Egs. (1) and (2) :
Fge = 0.667 P(T) Ans
Fp = 1.67 P(T) Ans
Fg = 0471 P(C) Ans
Fe = 167P(T) Ans
F ¢ = 149P(C) Ans
By = 141 P(T) Ans
Bp = 149 P(O) Ans
Fe = 141 P(T) Ans
F-p = 0471 P(C) Ans
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*6-28. Determine the force in each member of the truss in P B
terms of the load P, and indicate whether the members are -
in tension or compression.
d
C
ge; a
d

Sapport Reactlons :

d—— d/zJ« dp d

Go=0 Pan-a(3d)=0 4 =3P

S
P
4 4
+TIE=0; 3P-E=0 E=3P [
d
3IE =0 E-P=0 E=P -—.r—
Method of Joints : By inspection of joint C, members CBand CD are ' d.
zero force member. Hence A}
Feg=Fp=0 Ans E"
Joint A E.
1) 4
TIR = R -=P=0
se m{gg)S
Fig =2.404P (C) =2.40P (C)  Anms
* lﬂs x
=LE =0; Fg- 4—=:]=0
3.25

Fop=200P (T) Ans

Joint B
Al i)

1.00P~0.4472F, . - 044725, = 0 m
e sl s of)
) s ) s
1.333P+0.8944F,, —0.89445 = 0 2
Solving Egs. (1] and [2] yicld,
Fyp= 1.863P(T) = 1.86P(T) Ans
fp =0.3727P(C) = 0.373P(C) Ans
Joint F

+TE5 =0, 1363 -‘ﬁ'sg]—ﬂ,{ﬁ]no

Feg = L863P(T) = 1.86P(T) Ans

¥
- e ¢

I
Fp=03333P(T) =0333P(T)  Aus
Faco33p\lp oo

Joint D

e sl V.

Bog=03721P (C)=0373P (C)  Anms
he

- 03
—=IE =0 a[omp[yg}‘l- 03333P =0 (Check!)
125
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*6-29. If the maximum force that any member can support
is 4 kN in tension and 3 kN in compression, determine the
maximum force P that can be applied at joint B. Take
d=1m.

Support Reactions :
3 4
(=0 P(M—A,(Ed)=0 A =3P
4 4
+TEF =0; 3P-5=0 E=3P

55F =0 E-P=0 E-=P

Method of Joints : By inspection of joint C, members CBand CD are
zero foroe membess, Hence

Fep =Fp=0
Joint A

1), 4
+TEE=0; =Fy [——,3—25]+§P=° Fpp =2:404P (C)

L IE =0

x

1.5
Fir _g_mp[_._] =0 F,p=200P(T)

NExT

Joint B
+ 1.5
= IF =0; 2.404?[——]— P
‘[3.25
0.5 0.5
-F - —_—|=0

1.00P—04472F, p ~0.4472Fp =0 0
1 1 1
craso s giglon )
1.333P +0.8944F,  ~0.8944F; = 0 (2
Solving Egs.[1] and (2] yield,

Fp=1863P(T)  Fyp=03727P(C)

Joint F
- 1 1
+TZF =0; 1863P|—|-F =0
¢ izs] ”[J 1.25]
Fe = 1.863P(T)
. 0.5
—=XIF =0; Fp+ Z[I.BGJP[ﬁ]]— 2.00P=0
Ep = 0.3333P(T)
Joint D

1 1
TZE =0; ~0.3727P =0
T F"L/i.zs] [,/1.25]

Fpe =0.3727P (C)

2{0.3727{%)]-0.3333&0 (Check?)

-:»!.‘..‘; =0;

P Be.

<

TO

d——dpap d

From the above analysis, the maximum compression and tension in the truss
members are 2.404P and 2.00P, respectively. For this case, compression
controls which requires

P=125kN
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6-30. The two-member truss is subjected to the force of
300 Ib. Determine the range of 6 for application of the load so

that the force in either member does not exceed 400 Ib (T) or
2001b (C).

JointA :

SER =0 mmhaﬂa.e).o

+TLF, =0; - 300sin@ + Fyy G) =0

Thus,

&. = m"ms

Fic = = 300cos 8 - 400sin &

For AB require :
- 200 < 500sin & < 400

-255sin@s4 )

For AC require :
- 200 S - 300cos 8 - 400sin & < 400

~453c0s6+43m0<2 @

Solving Egs. (1) and (2) simulaneously,
12°P S 6519 Ams

336° S S U Ams

A possible hand solution :

: The range of values for Eqs. (1) and (2) are shown in the figures :
6 =6 -l-m-l(z) = §; + 36870

Thea
FM = m!i.ll0|

Fic = - 300cos (6 - 36.870°) - 400 sin (6 - 36.870°)

— 300 [cos & cos 36.870° + sin & sin 36.870°)

— 400 (sin & cos 36.870° — cos & sin 36.870°]

~240cos &y - 180sin 6; — 320sin 6 + 240cos &
= = 500 sin 6y

Since 8, = & — 36.870°, the range of acceptable values for 8 = 6, is

Thus, we require 12° S 8 S 196° Ans

-255sinf) $4 or -04sSsin6 <08 (1) 136° S 6 S 347 Ams

-4<35sing 2 or -08<siné; 504 @)
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6-31. The internal drag truss for the wing of a light
airplane is subjected to the forces shown. Determine the
force in members BC, BH, and HC, and state if the
members are in tension or compression.

I H G F
/ / / Zlﬁ
AB AC AD A

9

2 ft 2 ft 2 ft 1.5 ft—|
40 1b

60 Ib
80 1b 80 1b

At R

<
+TZF, =0; 180 - FysindS® = 0 '- ’-EC- N <
o D Am | <ft 2ft | 154t
(oM =0 -Fac@+ 602+ 0035 =0 &olb 6olb 401b
Fac = 130D(M Ans
Section 2 :
+TEF, =0; 80+ 60+40— Fyc = 0 Fmsf
Fuc = 1801b(C)  Ans 20 Fie

<
fac

2ft | I-5ft
80lb  goib 401b
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*6-32. The Howe bridge truss is subjected to the loading
shown. Determine the force in members HD, CD, and GD,

and state if the members are in tension or compression.

Support Reactions :

(+om =0: £ (16)-40(12)-20(8) ~ 20(4) = 0
E, =45.0kN

Method of Sections :

C+ZHH=0; 45.0(8) —40(4) - Fp (4) =0
Fep =500kN (T) Ans

+TEE =0, 450-40~Fpsin45°=0
Fyp=70T1KN (C) =T.07KN (C)  Ans

Method of Joints : Analysing joint D, we have

+TEE=0; Fyp-107sin45°=0
F;p =5.00kN (T) Ans

20 kN 20 kN

RN

\.—16 m, 4@4m—.

30KN ok zoi  dokA
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*6-33. The Howe bridge truss is subjected to the loading
shown. Determine the force in members HI, HB, and BC, 30 kN
and state if the members are in tension or compression. 20kN 20 kN

40 kN

ke l6md@m ]

30KV 2ok 2ok ok

Support Reactions : Ay' E}
C+E.H£ =0;  30(16)+20(12) +20(8) +40(4) - A, (16) =0
A, =65.0kN 30 kN RO KN
. 4 m 4 m |
= LIE =0 A, =0 9 , . Fur -i,“:‘
Method of Sections : ’;;5
(+EMy =0 Fc(4)+20(4) +30(8)-650(8) =0 o |4m
Fyc =50.0kN (T) Ans
(+zu. =0;  Fy(4) +30(d) - 65.0(4) =0 B Be
Fu =35.0kN (C) Ans
ﬁg’éﬁ-onf

+TZF =0; 650-30-20-F,sind5°=0
Fys =21.2KkN (C) Ans

Jy 1 H G F

4m
Afy ()4 Nl El
J S B C D
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6-34. Determine the force in members JK, CJ, and CD of
the truss, and state if the members are in tension or
compression.

D E F &=

~2m 2m-f~2m-—

S KN 6 kN

Method of Joints: Applying the equations of equilibrium to the free- body diagram of the truss, Fig.a,

NEE =@ A =0
(MG =0 6(2) + Bd)+ 5(8)+ 4(10)— A, (12) = 0
A, =1033kN

Method of Sections: Using the left portion of the free - body diagram, Fig. a.

_ﬁmc =0; Fig (3+4(2)-10334)=0
F =11111kN =11.1 kN (C) Ans.
sz_; =0; Fep 3+ 5(2)+4(4)- 10.336)= 0
Fep = 12kN(T) Ans.
+T25, =0 1033-4- 5- Ry sin56.31° = 0
Foy =1.602kN =1.60 kN (C) Ans.

 tan'(3)
=546-31°

N

N

im

A»? 4-KN 5KA 8K okl Nq Ay=/0-35kf14 KN
() (k)
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6-35. Determine the force in members HI, FI, and EF of
the truss, and state if the members are in tension or
compression.

Support Reactions: Applying the moment equation of equilibrium about point A to the free - body
diagram of the truss, Fig. a,

("WA =0 Ng(2)- 42)—- 54)-88)-6(10) =0
Ng = 12.67TkN

Method of Sections: Using the right portion of the free - body diagram, Fig. b.

(mu, =0 12.674) - &2)— Fgp (3)=0

Fgp =12.89kN = 129kN (T) Ans.
Qma =0; ~Fy sin 56.31%(2)+6(2) = 0

Fgg =7.211kN =7.21 kN (T) Ans.
Qm, =0; leaxz)urm(%}zho

Fpg =21.11kN = 211 KN (C) Ans,

1 b
N 4
NS b
am| |
e G
] lﬁ&F b :F >
: 4m J . /3 m Zm
A7 4kN 5k BKl gpl Ne T__a"g:;;) bk &-—-12-67”

@) (b)
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*6-36. Determine the force in members BC, CG, and GF 3m 3m
of the Warren truss. Indicate if the members are in tension B Cl D
or compression. Q 25 S
3m 3m

Support Reactions :
Ax

C+m¢=oa 6(6)+8(3)-A, (9) =0 A, =6.667kN

S =0; A =0 Ap e g gy

Method of Sections :

(+2M =0, Ey(3sin 60°) + 6(1.5) - 6.667(4.5) =0
Fsr=8.08 kN (T) Ans

(+2M; =0 Fc(3sin 60°) ~6.667(3) =0
Fe=7.70kN (O) Ans

+TIF =0; 6.667—6—Fegsin60°=0

Feg =0.7T70kN (C) Ans
°6-37. Determine the force in members CD, CF, and FG ‘ 3m 3m
of the Warren truss. Indicate if the members are in tension B C D
A

or compression.

Support Reactions :
(+z=0. E@-36-63)=0 £ =7333kN
Method of Sections :

(+ IMc=0;  7.333(4.5) -8(L.5) - Fg(3sin 60°) =0
Frg = 8.08 kN (T) Ans

(oMo =0;  7.333(3) - Fop (3sin 60°) =0
Fzp =8.4TKN (C) Ans

+TEFR =0; Fopsin60°+7.333-8=0
Ferp=0.T70kKN (T) Ans
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6-38. Determine the force in members DC, HC, and HI of 50 kN
the truss, and state if the members are in tension or 40 kN
. —2m—f—2m—f—2m—
compression.
EX ID
C
F;o\ z 3 < 30 kN
G H
1.5m
1 i? 40 kN
1.5m
AP 4l

Support Reactions: Applying the moment equation of equilibrium about point A to the free - body
diagram of the truss, Fig. a,

(mu A=0; 40(1.5)+30(3)+ 40(2)~ Fy,(4 =0

F, =57.5kN
i)E‘FI =Q Ax—30—40=0; Ax =70kN
+T3F =0, 57.5-40-50+A4, = 0; Ay =325kN

Method of Sections: Using the bottom portion of the free - body diagram, Fig. b.

QEMC =0 70(3)—-32.5(2)—40(1.5)— Fg (2)= 0
Frg = 42.5kN(T) Ans.
FxMp =0 70(4.5) - 40(3) - 30(1.5) - F- (1.5)= 0
Fre = 100kN (T) Ans.
+T3F, =0 325 +42.5—FDC(%)=0
Fpc =125kN(O) Ans.
4okn 50 kN
i iy
. 30 kN
™ Z2m L.S-ﬂ'_"l. .
r. =9 <% 40 kN
-} | hSm
Ax . T
Y 0 ,
(a) o 3
Fhe [ NS, 30 kN
; [, Som
zr 404N
// ).Sm
70&:»7
32.5 kN
(b)
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6-39. Determine the force in members ED, EH, and GH 50 kN
of the truss, and state if the members are in tension or 40 kN
compression. 2m—f—2m— 2 m—
EX D
/T 1.5m
C
Fs z 3 < 30 kN
B G H
1.5m
B i? 40 kN
1.5m
Als 4L

Support Reactions: Applying the moment equation of equilibrium about point A to the free - body
diagram of the truss, Fig. a, '

(+zw 4 =0; 40(1.5)+30(3)+ 40(2) - Fy(4) = 0

Fy = 57.5kN
53F =0 A, -30-40=0; A, =T0kN
+T2F, =0 57.5-40-50+A, =0; Ay =32.5kN

Method of Sections: Using the left portion of the free - body diagram, Fig. b.

Qm E=0; -57.5Q2)+ F5g (1.5)=0

Fgy = 76.TkN (T) Ans.
Qm H=0 -57.5(4)+ Fgp (1.5)+ 40(2)= 0

Fgp = 100kN (C) Ans,
+T2F, =0 57.5—Fﬂ,~(?35-)-40=0

Fry =29.2kN (T) Ans.

4okN 50 kN

y ¥

30 kN
> T.S‘Mm
W . 40 kN

| Yt

a
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*0—40. Determine the force in members GF, GD, and CD
of the truss and state if the members are in tension or
compression.

(L (]'-;]mm - Fop sin 36.87° (16) = 0

Fop = 2001b(C) Ans

¥

G =0 R - (:—:) (260) (4) - (%) (260) (3) = 0 4

Far = 4201b(C) Ans 44t

G2 =0 Fpcas 1400 @ - (£) s ® = 0 Y

Fep = 4951b(T)  Ans

°0-41. Determine the force in members BG, BC,and HG C
of the truss and state if the members are in tension or
compression. 260 1b

+=-G F
4t 4ftJ-—4ftJR4ft

(=0 4®-(3)ao®=0
A = 24000

S =0 e\.—(%)aw)ao
A = 100 P ey

3 4ft

€Mo = 0 240(8) - Faccos 1404 4) = 0

Fac= 4951b(T)  Ans

Q‘.u..o. 240 (4) + 100(3) ~ Fyo (3) = 0 8f"t ,; 5 ,‘i 27
Fyg = 420Ib(C) Ans Az=%0"b

@w, =0 =-240(8) + Fao sin 68T (16) = O

Fog = 200b(C) Ane
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6-42. Determine the force in members /C and CG of the B C D
truss and state if these members are in tension or e e 99—t
compression. Also, indicate all zero-force members.
2m
1 J
2m
Afe o) o Q) EE,,
H G F
Fl.S m—~—15m—}—1.5m—}—1.5 m#
By inspection of joints B, D, H and I, 6 kN 6 kN
AB, BC, CD, DE, HI, and GI are all zero-force members, Ans
3
L+EM; = 0; —4503) + Ec(g)(“) =0 [o]
_ P
E, = 5.62 KN (C) Ans
s
Joint C: A s L;-m:'q
g
L3R =0 Fey = 5.625 kN el
4
+T2E =0; 3(5.625)+§(s.625)~ﬁ;.-a =0 o0& °
' A &
Fog = 900 kN (T) Ans 5625 kN E_‘ ks
6-43. Determine the force in members JE and GF of the B C D
truss and state if these members are in tension or e e 9 —r
compression. Also, indicate all zero-force members.
2m
I J
2m
By inspection of joints B, D, H and 7,
Afe o) [%). )] EE,,
H G F
AB, BC, CD, DE, HI, and GI are zero-force members. Ans | i5mo-15m15mf15m -
Joint E: 6kN  6kN
> 2
+ Hg',=0, ?.5--3153 =0
o
Fp = 9375 = 938 kN (O Ans
+ 3 §E
—IF, =0 ;(9.375) —Fp=0
Br=fre | 5 KN
Fyr = 5.625kN (T) Ans Ey=7.
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*6—44. Determine the force in members JI, EF, EI, and JE 1500 Ib
of the truss, and state if the members are in tension or 1000 1b 1000 Ib
compression.

9001b LY | K J
Support Reactions: Applying the equations of equilibrium to the free - body diagram of

f
i NP
the truss, Fig. a, | M I

S S © @ =
SIﬁ J/ C |DE \L
HEIF, =0, 900-G, =0 T N[ B F
G, =900 b SﬁA
(mw,, =0; 1000(16) + 1500(24) + 1000(32) + 900(24) - G, (48)= 0 _d
Gy =2200 Ib

8ft ' 8ft ' 8ft' 8ft 8ft ' Sft

Method of Sections: Using the right portion of the free - body diagram, Fig. b.

(+£M£ =0; 2200(16) — 900{16)— Fyy sin45°(8) =0

F =3676.961b =36771b(C) Ans.
sz, =Q 2200(8)— 900(16) - Fgr cos45°(8)= 0

Fgp = 565.69 In =566 1b (T) Ans.

Using the above results and writing the force equation of equilibrium along the x axis,

HIF =0 3676.96.00s 45° — 565.69c0s 45° —900— Fgy =0
Fgy = 13001b (T) Ans.

Method of Joints: From the free - body diagram of joint E, Fig. c,

+TIF, =0; Fjg —565.69sin 45°= 0
Fyg =400 1b(T) Ans.
15001b
10
09lb | 1000 Ib F
FEI a‘
E YT
oft| |k
\: a'.
81t
_l G.=9001b
aft U B4t
=22001h
(b) 67
Fep Fer =/3001k
< K
E 45°
Fer=56569 b
(c)
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¢0-45. Determine the force in members CD, LD, and KL 1500 Ib
of the truss, and state if the members are in tension or 1000 Ib 1000 1b
compression.

9001b LY y K Y/
i
8t WAL J/
ot L// C DE
R

B F
% G

8ft ' 8ft ' 8ft ' 8ft  8ft ' Sft

o]
e

Support Reactions: Applying the equation of equilibrium about point G'to the free - body diagram of
the truss, Fig. a,

(Mg =0; 1000(16) + 1500(24) + 1000(32) — 900(24) — N 4 (48)= 0
N, =13001b

Method of Sections: Using the left portion of the free - body diagram, Fig. b.

(mug =q Figz, (8)+ 1000(8) — 900(8) — 1300(24) = 0

Fz, = 38001b(C) Ans.
(+Mp =0, Fcp (8)—1300(16) = 0

Fep = 26001b (T) Ans.
+T2F, =0, 1300- 1000 - Fyp sin45° =0

Fip =424.261b=4241b (T) Ans.

) /6 ft 'i( Bf¢
Ny=/300 b

(b)
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6-46. Determine the force developed in members BC and
CH of the roof truss and state if the members are in tension
or compression.
(‘+m4-=0-. %{4)—2(0.8)-—1.5(2}=0 E = LISkN
3
(+IMy =0; l.15(3)-1.5(l)-§ﬁc(1}=0
Fac =3.25kN (C) Ans
(+EM,=0;  1.15(4)—1.5(2) — Fcusin 56.31°(1) =0
Fey'=192kN An
cH (m 22N
:-fn- 15!
7S g _ A /i
‘.7 ) Al
Zm 2Zm E} F7amT7="7 am 1
'&T 1- el 1§ En [7 shrSen)
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truss and state if the members are

6-47. Determine the force in members CD and GF of the

in tension or
compression. Also indicate all zero-force members.

Entire truss : 2hN
(+4IM, =0; -208)-15@+E @ =0
E, =L15kN
Section : ;’ I 2 2w 1
o A '
(+EMr = 0;  L15(1) - Fep sin36.87°(1) = 0 sk E‘j
. Fcp = 1.92KkN (C) Ans .
. \:‘.\ Fn
k+}:j&_- =0 - For(1.5) + 1.15(2) = 0 \
[Ny _
For = L.53KN(T) Ans EF- L.857°
o )
oo F‘F (L ™ |, e
+/LF,=0; Fp=0 Ans Ll S AN
Joint F :
+TEE =0; choosB =0
Fre =0 Ans
448
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6 kN

*6-48. Determine the force in members 1/, EJ, and CD of
the Howe truss, and state if the members are in tension or
compression.

Support Reactions: Applying the moment equation of equilibrium about point A to the free - body
diagram of the truss, Fig. a,

(+m,, =0; Ng(12)-2(12) - 4(10)- 4(8)— 6(6)— 5(4)— X2)=0
Ng = 13.5kN

Method of Sections: By inspecting joint D, we find that member D/ is a zero - force member, thus
Fpj = 0.Using the right portion of the free - body diagram, Fig. b.

(ﬂwJ =0; 13.56) - 4(2) - 4(4)-2(6)— Fp @ =0

Fep =11.25kN(T) Ans.
QWE = 0; 13.54) - A4)-4(2)- Fyy sin33.69°(4) = 0

Fy =17.13kN =17.1 kN (O) Ans.
(Mg =o; 4(2)+4(4)- Fgy sin63.43°(4) = 0

Fgy = 6.708kN =6.71 kN (T) Aus.
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°6-49. Determine the force in members KJ, KC, and BC 6 kN
of the Howe truss, and state if the members are in tension or
compression.

Support Reactions: Applying the equations of equilibrium to the free- body diagram of the truss, Fig.a,

LEIR =0 Ay =0
(-l-W(;:O X(12)+ X10)+5(8)+ 6(6)+ 4(4) + 42)-A,(12)=0
A, =155kN

Method of Sections: Using the left portion of the free - body diagram, Fig. a.

(+2‘MC =0; Fy sin33.69°(4) + 5(2) +3(4) ~15.5(4) =0
Fyy =18.03kN =18.0kN (C) Ans.
=My =0 Fxc (4)-5(4)-5(2) = 0
Fgc =7.50kN (C) Ans.
Q:wx =q Fpc (2.667)+ 52)+ X4)-15.4) =0
Fge = 15kN(T) Ans.
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6-50. Determine the force in each member of the truss B C D
and state if the members are in tension or compression. Set
P; = 20kN, P, = 10 kN.
2m
Entire truss : -
A £y
GIM, =0; -20(15) - 1045 +E, (6) =0 ‘aAaL G F =
A ‘kl.S m 1.5 m#l.S m—f—1.5 m—
E =125kN T
A ,Lh P P,
+TZF, =0; A -20-10+125=0 b3 e |
I! J0kN [oxN E}
A4 = 175KN e

5% =0, A=0

JointA :

+12F, = 0; 11.5-3"&.:0

Fag
Fip =21.875= 21.9kN (C) Ans sA
3
- 3 A
S =0 Fig-ZQ1E19=0 fae
7.5k
Fig =13.125= 13.1kN (D Ans

Joint B :

L5E = 0 -:-m.a‘m-rﬁo

B
Fpc = 13.125=13.1kN(C)  Ans R
/4
4 . fae
+T!‘.F; = 0‘, 3(21.875} -— F” =0 2|'g7s-m

Fpo = 17.5KN(T)  Ans

115N
feq
Joint G : s
4
= 5 - -Fea=0
+T£F, 0, 175-20+ 5 ] 5125 G FF‘
Feg =3.125= 3.12kN(T) Ans
20N
5IK = 0; %(3.125) + Fro - 13125 = 0
Frg =1125= 112kN(T)  Ans
Joint C:
4 4
+TZF,. =°‘; ;Fcp--s-@.lm=0
Fep =3.125= 312kN(C) - Ans 3k e

;Z X
I =0 13125 - %(3.125) = %cs.m) < w0

Fer
ANS
3 3
al 5 t‘“ F‘F
Fep =9.375= 9.38kN (O Ans
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JointD:
* 3
3L, =0 9375—;Fu=o
9.315kN D
Fpg =15.625= 15.6kN (C) Ans
. NS
+TIF, = 0 %(15.625)-.",,:0 3 Foer
Fop
For = 125KN(T)  Ans
3.\1§kﬂ A lzﬂzu‘
Joint F: AN
_ INF R
L3R =0 %(3.125) — 1125 + Fge= 0 N.2SkN
1 10hN
Fer = 9.38kN (D) Ans
+12F, = 0; 12.5-1o~;;(3.125)=0 Check!
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6-51. Determine the force in each member of the truss B C D
and state if the members are in tension or compression. Set
P, = 40kN, P, = 20 kN.

A /oY =i
@_ G F =
Fl.S m 1.5m 1.5m 1.5 m—
P, P

2

&zm =0; -40(15) -20(4.5) +E, (6) =0
E =25KN
+TZF, =0, A -40-20+25=0

A = 35KN

3EF =0, A =0

, A P19 30m I-SmT
Joint A :
v ] e
0kN \] )
+TZF = 0; 3s—§a,=o v 4 20k
Fig= 43.75=43.8kN(C)  Ans
Fag
5EF, =0 Fm—%(ﬂ.ﬁ):o s/l
Ay3 c
Fig = 26.25=262kN(T)  Ans o A
Joint B ; 3SkN
L3IF =0 %(43.75) - Fac=0
Foc = 26.25=26.2kN(C)  Ans
B
+TZF =0 2(43.15) -Fg=0 Fac
3
Fac = 35.0kN(D)  Ans 4325WvFg,
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Joint G :
4
+T}:5 =0 —40+35+-5-Fac=0
Fge = 6.25kN(T) Ans

5EE =0 %(6.25}+ Fop - 26.25 = 0

For = 225kN(D  Ans

JointE :
F:
+TZE =0 25 -2Fp=0 - AN
5
3
Fep = 31.25=31.2kN(C)  Ans E
. \ Fer
=EF =0 —&;4-3-(31.25) =0 25'&“
Fegr = 18.75=18.8kN(T) Ans
Joint D
. 3
3IF, =0 Fpc - 506129 =0
. Foe P
Foc = 18.75=18.8kN (C) ‘Ans
NS
4
+TZF =0 3(31.25)—F,,,=0 3 3,25 kN
e
For = 25.0KN(T) Ams
Joint F :
FC: 1|.1§M~3
+TEE = 0 25— 3 () = 20= 0 )
. ]
Fre = 6.25KN(C)  Ans 22.5kN 19.7S%N
HEF, =0; -225+18.75 + %(6.25) =0 Check! Y ZokN
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*#6-52. Determine the force in members KJ, NJ, ND, and L I b 7 7 I
CD of the K truss. Indicate if the members are in tension or 5 > } 3 3
compression. Hint: Use sections aa and bb. 15 ft A7
/@ ‘ () < o) ()
15 ft NN
) 0

o
B C ororonll
a b R
1200 1b
1500 1b 1800 b
20 ft 20 ft#ZO ft+20 f 20 ft==20 ft

Support Reactions :

(+IJQ=O; 1.20(100) + 1.50(80) + 1.80(60) -4, (120) =0

A, =2.90kip
53F =0, A =0 [eot|ost]aon]  eos 1
A}" 20k¢ 7 |Bokip G?‘
Method of Sections : From section a~a, Fe,and Fzp, can be obtained Fsokip

directly by surming moment about points C and K respectively.

(+mfc =0;  Fe,(30) +1.20(20) - 2.90(40) = 0
Fr;=3.067kip (C) =3.07kip (C) Ams

(+m‘ =0;  Fep(30)+1.20(20) -2.90(40) =0
Fop=3.067kip (T) =3.07kip(T)  Ans

From sec b - b, summing forces along x and y axes yields

53F =0; ,,,( ) f;,_,( )+3.067—-3.061’=0
Fuo =Fyy (n

+TEF =0; 290-120-150- P;,.,() F;u()
Fop+ Fyy =03333 (2

Solving Egs. (1] and (2] yields

Fyp=0.167kip (T) Ky, =0.167 kip (C) Ans
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¢0-53. Determine the force in members JI and DE of a b
the K truss. Indicate if the members are in tension or e

|
\
compression. 15 1t A
wfa \Na<
15 ft \ )
AL \ \

1200 Ib

1500 Ib 1800 Ib
<20 ft—20 ft#ZO ft»FZO f 20 ft==20 ft

R

Support Reactions : A}-"'wkf 180 kip
1‘50&]9
(+m, =0; G, (120)~-1.80(60) = 1.50(40) - 1.20(20) =0
G, = 1.60 kip
Method of Sections : 51
¢ I
C+IM;=0;  1.60(40)-F,;(30) =0
Fy =213 kip (C) Ans 204t
L+1:M, =0;  1.60(40) - Fpg(30) =0 -
Fpe=2.13kip (T) Ans E
DE

GE=f&O xia
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6-54. The space truss supports a force z
F = {—500i + 600j + 400k} Ib. Determine the force in
each member, and state if the members are in tension or
compression.

Method of Joints: In this case, there is no need to compute the support reactions.
We will begin by analyzing the equilibrium of joint C, and then that of joints A and
D.

Joint C: From the free - body diagram, Fig. a,

3, =0; FQ(%]—SOD-:U

Fos =833.331b=8331b(T) Ans.
3F, =0, FQ(%}FG}[%]mowo m

4 4 4
3F, =0; 400-83333 — |- =|-Fg|=|=0 2
: o{3)m(3)-ra(3)-0 @

Solving Eqs. (1) and (2) yields
Fg =-666.671b=6671b(C)
Fep =333331b=3331b(T)
Joint A: From the free - body diagram, Fig. b,
).'F_" =0; FAD m‘ls"—ﬂm c0s45° =0
Fup =Fsg =F

3F, =0; FsindS+F sind5°— ms{%)= 0

FE

F=353551b
Thus, Fyp = Fyp = 353.55 Ib=3541b(C) Ans.

3, = 0; 3333:{%)- A;=0

A, = 666.67 Ib
Joint Ix From the free - body diagram, Fig. ¢,

IR, =0; Fpp +33333(-35-) —353.55c0545°=10

Fpg =50 1b (T) Ans.
3F =0; Dy -353.55sin45°=0
Dy =250 Ib

3, =0; 3333{%)-92 =0
D, = 266.671b

Note The equilibrium analysis of joint B can be used to determine the components
of support reaction of the ball and socket support at B
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6-55. The space truss supports a force z
F = {600i + 450j — 750k} 1b. Determine the force in each
member, and state if the members are in tension or
compression.

Method of Joints: In this case, there is no need to compute the support reactions.
We will begin by analyzing the equilibrium of joint C, and then that of joints A and
D.

Joint C: From the free - body diagram, Fig. a,

£F =0; 600+Fgy [%):o

Fey =-10001b=10001b (C) Ans.
3F, = 0; Fm(%)— Fa;.[%]+450=0 0}
4 4 4
IF, =0, -Feg|=|-Fp|=|-(~ = |-750=
o ol el e o
Solving Eqgs. (1) and (2) yields
Fep = 406.251b= 406 1b (T) Ans.
Feg =-343.751b=3441b(C) Ans.

Joint A: From the free - body diagram, Fig. b,
Z‘F} =0; Fup c0845°— F4p c0s45° =0

Fapg =F4p =F
3F, = 0; 100({%)—Fsin45°-F45°=0

F=424261b
Thus, Fjg = Fpp = 424.26 b =424 Ib (T) Ans.
3F, =0; Az-lom(i)ﬂ

5

A =800 Ib

Joint I From the free - body diagram, Fig. c,
3
IF, =0; 406.7_{;}# 406.2500845° - Fpp =0

Fpg =543.75 1b=5441b(C) Ans.
¥F, =0; 424.265in45°~ D, =0
D, =300 Ib

IF, =0; 406.25(%]—02 =0

D, =3250b
Note The equilibrium analysis of joint B can be used to determine the components
of support reaction of the ball and socket support at B
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z
z Goa=10001b
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*6-56. Determine the force in each member of the space
truss and state if the members are in tension or
compression. The truss is supported by ball-and-socket
joints at A, B, and E. Set F = {800j} N. Hint: The support
reaction at E acts along member EC. Why?

Joint D :

1 ] 1
LR 20 . =—Fipt————Fpp+ Fep = 0
’ _ 3 J312s 71.25

2 LS LS
EF, = 0; ~=Fup + Fap = —=Fcp + 800 = 0
’ 3 3128 J128
2 2 2
=0 -2F0 - + Feo= 0
= 3 st s
Fuo = 636 N (T) Ans
Fm =0 Ans
Fep = 6154 = 615 N () Ans
Joint C:
I, =0 Fac = —=—=(615.4) = 0
J7.25
Foc = 29N (D) Ans
IF, = 0 L3 6154y - Fic = 0
J125
Fic = 43N (D Ans
2
IF, = 0 Foc - ——(615.4) = 0

vy1.25

Fae = 45T N (C) Ans
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*6-57. Determine the force in each member of the space
truss and state if the members are in tension or
compression. The truss is supported by ball-and-socket
joints at A, B, and E. Set F = {—200i + 400j} N. Hint: The
support reaction at E acts along member EC. Why?

Joint D
1 s 1
IFF, =0, — -=Fp + + Fep =200= 0
- 3 Y312 71.23 @
2 K] LS
IF, =0 -<Fp + Fap ~ +400 = 0
3 731.23 7713 it
I, =0 -EF‘p - 2 0 + 2 Fep= 0
3 73115 71.25
Fo =33IN(D Ans
Fap = 186N () Ans
Fep = 397.52397 N (C) Ans Z
Joimt C:
1
IF, =0; F.c-‘/—_:gl[m.S)-o
7.25
Fac = 148N () Ans
IF = 0; 23 _(397.5) - Fic = 0
J12s
Fie = 2IN(T) Ans
2
IF, = 0; Fge - 7:5(397-5} =0
7.25
Fgc = 295 N (C) Ans
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6-58. Determine the force in members BE, DF, and BC of
the space truss and state if the members are in tension or
compression.

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

Joint C

IE =0; Fpsin60°-2=0 Fp=2309kN(T)

IE =0;  2.309c08 60°- Fyc =0
Fac=LIS4KkN (C) = LLISKN (C)  Ans

Joint D Since Fpp, Fpgrand Fog lie within the same planc and Fyy is out
of this plane, then Fp, =0.

IE =0; &[L]-zmw=o

75

Rr=4.16kN (C) Ans

Joint B

Fg=4.16kN (T) Ans
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6-59. Determine the force in members AB, CD, ED, and
CF of the space truss and state if the members are in tension
or compression.

I

Method of Joints : In this case, the support reactions are not required for H

determining the member forces. FG.F Iw'
1

C
Joint C Since Fp, Fyc and 2 kN force lie within the same plane and
Fe¢ is out of this plane, then i/& ?
L J
Fep=0 Ans 2
LE=0; Fpsin60°-2=0 Zz

Fep=2309kN (T)=231kN(T) Ans

LF =0; 230908 60°~Fpc=0 Fyc=1L154kN (C)

Joint D Since Fpp, Fpg and Fyglie within the same plane and Fp, is out
of this plane, then Fp =0.

IF, =0; &[Jﬁ]-mm 60°=0

Fpp=4.163kN (C)

XE =0; 4.163[73;;]-&,:0

Fp =3.46 kN (T) Ans

Joint B

3£ =0; P.s["—m]-ho Fo = 4163 KN (D)

N
IF =0; F 4[63[3]0
y =0 fag =% F;’

F.5 =3.46 kN (C) Ans
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*6—60. Dectermine the force in the members AB, AE, BC,
BF, BD, and BE of the space truss, and state if the members
are in tension or compression.

Method of Joints: In this case, there is no need to compute the support reactions.
We will begin by analyzing the equilibrium of joint A, and then that of joints Cand

B
Joint A: From the free - body diagram, Fig. a,
3F, = 0; FAE[%)- 300=0
Fag =4501b(T) Ans.
4 4
IF. =0; 600-4500 — |- Fyp|—=|=0
g {{6) "D(m]

Fap =335411b(T)

2 2
5F, = 0; Fyp - 33541 == |- 4500 = |=0
Y - {Jzo} 0{6)

Fap =3001b(T) Ans.
Joint C: From the free - body diagram of the joint in Fig. b, notice that Frpy , Fr, and C y
lie in the y — z plane (shown shaded). Thus, if we write the force equation of equilibrium
along the x axis, we have

3F, = 0; Fm[—j%-}=0

Fage =0 Ans.
Joint B: From the free - body diagram, Fig. c,
4 4 4
3F, =0; —Fpp| — |- Fgp| —=— |- Fgp| —= |=0 1))
* ”‘"(6} "E[m] B"[m]
SF, =0; F [ZJ—FBE S |- Fpp| == |-300=0 (@
Yo e Jos 52
2F, =0; F 4 +F (i)—éﬂ)ﬂ:O (3)
4 * BE Jﬁ_s BF 6
Solving Egs. (1) through (3) yields
Fgr =2251b(T) - Ans.

Fgg =515391b=5151b(T)
Fgp =-7121.111b=T7211b(C)

FE
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¢0-61. Determine the force in the members EF, DF, CF,
and CD of the space truss, and state if the members are in
tension or compression.

Support Reactions: In this case, it is easier to compute the support reactions first.
From the free - body diagram of the truss, Fig. a, and writing the equations of equilibrium,

My =0, 400(4) +300(4) — 600(4) — D,(4) = 0
D, =1001b

M = 0 400(2) + 300(6)- Cy(4) = 0
Cy =6501b

My =0, 600(6)+ 100(8)— E;(8) = 0
E, =5501b

3F, =0; ~Fy+600+100-550=0

- F, =150 Ib

F, =0; F,-650=0
F, =6501b

3F, = 0; F, =300 -400=0
F, =700 Ib

Method of Joints: Using the above results, we will begin by analyzing the equilibrium of joint C,
and then proceed to analyzing that of joint F.
Joint C: From the free - body diagram in Fig. b,

3F, = 0; F@[]‘%}w Fg =0

ZF, =0; Fp -650=0 Fep =6501b(C) Ans,
EFZ =0; Fa;' =0 Ans.
Joint F: From the free - body diagram in Fig. c,

3F, = 0; Fm[%]— 150=0 Fgr =2251b(T)

4 4
2F, =0; 700—225[—J“FDF — |=0
F4 6 J'SB

Fpr = 1229.84 1b=12301b (T) Ans.
2 8
IF, =0, Fgr +650—228 = |-122984 —— |=0
y o 1{6) m]
Fge = 5251b(C) Ans.
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6-62. If the truss supports a force of F = 200N, b4
determine the force in each member and state if the
members are in tension or compression.

Method of Joints: We will begin by analyzing the equilibrium of joint A, and then proceed to
analyzing that of joint B.
Joint A: From the free - body diagram in Fig. b,

0.2

IF, =0 Fﬂ[ﬁ]— % [%):0 (1)
o oyl o
3F, = 0; Fic [J%]wa[j%]-m(%}zWﬂ o

Solving Egs. (1) through (3) yields

FAE =Fx_' =220.45N=220N(T) Ans.
Fup =583.10N =583 N (C) Ans.
Joint B: From the free - body diagram in Fig. b,
0.5 3
IF, =0; 58.1 —Fgpsin45°=0
: 3034]
Fgp =70T.11N =707 N (C) Ans.
IF, =0; Fpg cos45°—-Fpr c0s45°=0
Fgg =Fge =F
T, =0; 707.11c0845° - 583.1 %J-Fsin@:ﬂ
.34
F =141.42N Ans.
Thus,
Fpr = Fpr =141.42N =141 N(T) Ans.
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6-63. If each member of the space truss can support a
maximum force of 600 N in compression and 800 N in
tension, determine the greatest force F the truss can
support.

Method of Joints: We will begin by analyzing the equilibrium of joint A, and then proceed to
analyzing that of joint B.
Joint A: From the free - body diagram in Fig. b,

02 0.2
IF, =0; F -F =0 m
o el ) (85)
0.3 0.5 0.5
EF, =0, Fyp| —== |- Fu| == |-Fe| == |=0 2)
’ “{40_34] “[40-54] "C[ 54] (
0.5 .5 0.5
IF, =0; F, + Fyr | —=|-F, +F=0 (3)
i “’“[ﬂ) """( 0.54] ""’(m]
Solving Egs. (1) through (3) yields
Fap =2.9155F (C)
Fyr =Fyp = 1L1023F (T)
Joint B: From the free - body diagram in Fig. b,
0.5
IF, =0 2.9155F[——-— — Fp sin45° =0
=)
Fpp =3.5355F (C) Ans.
IF, =0; Fgg c0s45°— Fpr 00s45° =0
Fgg =Fgc =F

=

03
IF, =0; 3.5355F cosd5° - 2.9155 = - 2F sind5° =0

F’=0.707T1F Ans.

Fgg = Fgc =0.7071F (T) Ans.
From the above results, the greatest tensile and compressive force developed in the members of the
truss are 1.1023F and 3.5355F , respectively. Thus,

1.1023F = 800 F=T25TIN

3.5355F = 600 F =169.71N =170 N (controls) Ans.

b)
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*6-64. Determine the force developed in each member of z
the space truss and state if the members are in tension or
compression. The crate has a weight of 150 1b.

—li+2§+2 mso"k]

FCA ﬂFCA[ ﬁ

= —0.354 Fpi + 0707 Fpyj + 0.612 Foy k

Fep = 0.354F:51 + 0.707F25j + 0.612F5k

Fep= - Fepj
W= -150k
¥
I =0; —0.354F;, + 0.354F, = 0 .
“ep
©
IF = 0; 0.707F,, + 0.707Fz3 — Fep= 0 < 5
[
IF =0 0.612F,, + 0.612F,; — 150 = 0 Fes 150Lb
Solving :
Foy = Feg = 122516 = 12216 (C) Ans
Fep = 173 16 (T) Ans
Fay = Fpai
Fo, |}
Fyp = Fyp cos60% + Fyp sin60° k F=122.50
by (73
Fep= 122.5(-0.354i — 0.707 j — 0.612k) ®
x /'F.u Y
= —43.3i — 86.6j — 75.0k
IE =0 Fy, + Fypcos60° — 433= 0
IF =0 Fpsin60° — 75 = 0
Solving :
Fyp = 86.61b (T) Ans
Fou =0 Ans

Fea
*, Fac=122
.ﬂ 30 WS Ly
IE =0 Fyy c0s30° - 0.612(122.5) = 0 5><’ Fag

1/ﬂx® Y

F,c = 122.5(0.354F, i — 0.707F, j — 0.612F, ck) }%f

oy = 8661b(T) Ans

471



6 Solutions 44918 1/26/09 1:47 PM Page 472 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

¢6-65. Determine the force in members FE and ED of the z
space truss and state if the members are in tension or |

compression. The truss is supported by a ball-and-socket {=500K} Ib
joint at C and short links at A and B. Gl 200§} Ib

JointF : Feg, Frp, and Fac are lying in the same plane and x’ axis is nomalto
that plane. Thus '

EFy =0; Frgcos@=20 Fpp=0 Anms

JotE : Fgg, Fgc, and Fgy are lying in the same plane and x’ axis is normal
that plane. Thus

IFra20; Fpcos8=0 Fp=0 Ans
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6-66. Determine the force in members GD, GE, and FD z
of the space truss and state if the members are in tension or |
compression. l{_SOOk} Ib

{200} Ib

Joimt G :

2 3 12
- e— — —
Feo = F‘“’( nn Tnaltns )

For = Fw[ii—ij lzk)

B B'tn
r“-ra(—%i-ﬁ%HT%k)
e () o ) -l -0

5,0 () o (3) e () 00

1253
£F, = 0 Fw(%)+Fa‘(%)+Fg.(%)-m-o Fq-s
Solving, Z /
Fop = = 157h = 1ST(T)  Ans \ E x'

Fgr = 1811b(C)

Fog = 5051b(C) Ans
Joint F :
Oricatthe x', ¥, 2" axes as shown.

IF,-=0; Fp=0 Am
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6-67. Determine the force P required to hold the
100-1b weight in equilibrium.

Equations of Equilibrium: Applying the force equation of equilibrium along the y axis of pulley A on the
free- body diagram, Fig. a,

+T3F =0 2T, -100=0 Ty =501b
Applying XFy, = 0 to the free - body diagram of pulley B, Fig. b,
+TZF, =0 2Tg~-50=0 Tp =251b

From the free - body diagram of pulley C, Fig. c,
+T3F, =0; 2P-25=0 P=125Ib Ans.
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*6—68. Determine the force P required to hold the
150-kg crate in equilibrium.

Equations of Equilibrium: Applying the force equation of equilibrium along the yaxis of pulley A on the
free- body diagram, Fig. a,

+TEFy =0; 2Ty —150(981)=0 T =735.75N

Using the above result and writing the force equation of equilibrium along the y* axis of pulley C on the free -
body diagram in Fig. b,

IF, =0; 73575-2P=0 P =367.88N =368 N Ans.

150(9-81) N

(%
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°6-69. Determine the force P required to hold the 50-kg
mass in equilibrium.

Equations of Equilibriam: Applying the force equation of equilibrium along the y axis of each pulley.

+Tzr-3,=o; R-3P=0; R=3P
+TFF:V=0: T-3R=0; T'=3R=9P
+T3F, =0; 2P+ 2R +2T - 50(9.81)=0 Ans.

Substituting Egs.(1) and (2) into Eq.(3) and solving for P,
2P + A 3P)+2(9P)= 50(9.81)

P=189N Ans.

{
2P 2R2T

) 50(9.8)N
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6-70. Determine the force P needed to hold the 20-1b block
in equilibrium.

Pulley C:
+TEF, =0 T-2P=0
Pulley A :

+TEF,=0; 2P+T=-20=0

P=3h Am
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6-71. Determine the force P needed to support the 100-1b
weight. Each pulley has a weight of 10 Ib. Also, what are the
cord reactions at A and B?

Equations of Equilibrium : From FBD (a),

+TEE =0, P-2P-10=0 (m
From FBD (b),
+TEE=0, 2P+P'=100-10=0 ) ¢ plp
Solving Eqs.[1] and [2] yields,
P=250Db Ans 101k
P'=60.01b
The cord reactions at A and B are
F,=P=250b F,=P =600 Ans
100 1b
(b)
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*6-72. The cable and pulleys are used to lift the 600-1b
stone. Determine the force that must be exerted on the cable
at A and the corresponding magnitude of the resultant force
the pulley at C exerts on pin B when the cables are in the
position shown.

Pulley D :

+TEF, a0; 2T-600=0
T=30b Ao

Pulley B :

SEIF, =0; B, -300sin30° = 0

B, = 1501b

+TEF =0 B, - 300 - 300c0s 30° = 0

B, = 55981

Fy = /(1500 + (559.88 = S801b Ans
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6-73. If the peg at B is smooth, determine the
components of reaction at the pin A and fixed support C.

Equations of Equilibrium: From the free - body diagram of member AB, Fig. a,

(-mu,l =0; Np(0.8)-900=0 N = 1125N
LI =0 Ay =112500s45°=0 Az =T95.50N = 795N Ans.
+T2F =0 11255ind5° - Ay, = 0 Ay =T79550N = 795N Ans.
Applying the equations of equilibrium to the free - body diagram of member BC, Fig. b,
KER =q 1125c0s45°~Cy =0 Cy = 795.50N = 795N Ans.
+T2F, =0 Gy — 1125sin 45° - 500 = 0 Cy =129550 N =1.30kN Ans.
Q*IM:: = 0; 1125sin45°(1.2)+ 500(0.6)~ Mg = 0
Mc =125459N-m=125kN-m Ans.
Na=//25N 500N
8
1]
45°(
et — 1
L u — Ck
" ‘ | K"
" o.6m o-om
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6-74. Determine the horizontal and vertical components 150 Ib
of reaction at pins A and C.

i

3 ft 1

Equations of Equilibrium: From the free - body diagram of member AB in Fig. a, we have

(+2M4 = 0; By(5)-150(3)= 0 B, =90 1b
(+2Mp =0; 1502) - Ay(5)= 0 Ay =601b Ans,
HEF =0 A, -B,=0 (1)

From the free - body diagram of the member BC in Fig. b and using the result for By, we can write

(M=o 90(2)+ 100sin45°(2) - B,.(2) = 0
B, = 160.71 1b
+T2F, =0; Cy - 90-100sin 45°= 0
Cy =160.711b=161Ib Ans.
NEIF =0 160.71-100c0s45° —C, = 0
C, =901b Ans.

Substituting B, =160.71 Ib into Eq. (1) yields
A, =160.711b=1611b Ans.

)
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6-75. The compound beam is fixed at A and supported by 15 kKN
rockers at B and C. There are hinges (pins) at D and E.
Determine the components of reaction at the supports.
A D B FE
°) A__©°)
- —
6 |
m 2m'2m'2m!
Equations of Equilibrium : From FBD(a),
(+xM=0: 30-G(6)=0 C =500kN Ans
+TZE =0, E-500=0 & =500kN
SZIF =0; E =0 c 30 kem
: )
From FBD(b), -
m
(+2Mp =0 B, (4)-15(2)-5.00(6) =0 B @ G
B, =150kN Ans 15 K £y Saoka
+TIE =0; D,+150-15-500=0 De £ -0
D, =5.00kN
- 2m'Zm | 2m
—XF, =0 D =0 e
g AN
From FBD(c), :DJ = 5-00 k

(...m‘ =0; M, ~-500(6)=0 Ay
M, =300kN.m Ans A _ 2x=0
Mz, '[

+TEE =0; A,-500=0 A, =500kN Ans

)
SEE=0 A =0 Ans
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*6-76. The compound beam is pin-supported at C and 8 kip 12 kip
supported by rollers at A and B. There is a hinge (pin) at D.
Determine the components of reaction at the supports. 15 kip - ft /4

3

D B4~ C

A
® £\ o) P\l
... ...
T gnk L s tsnd
. [—6ft 8 ft ~~—8 ft =8 ft
4 kip 4t 2 ft

Neglect the thickness of the beam.

Equations of Equilibrium : From FBD(a), .
P
(+IMp=0;  4cos 30°(12) +8(2) -4, (6) =0
A, =9.595 kip = 9.59 kip Ans T
+TZE =0; D +9.595-4cos 30°-8=0 e @)
D, = 1.369 kip i GﬂA‘m( >y
4 kip 3 2#t i Kip
SEF =0; -4sin30°=0 D, =2.00ki
- IF, D, ~4sin kip Dyl EAKE o oo e % .
From FBD(b), ax.i-oolcpl x : _ &
| z J
(+qu =0; 1.869(24) +15+ lZG)(B]-—B,(lﬁ):U I efe 5 it | 5:t 5
B, =8.54] kip = 8.54 kip Ans ﬂu )

4
+T2!; =0; (;+8.54]~l.869-12(;)=0

G, =293kp Ans
5IF =0, C, -200~- 1zGJ=o
€, =9.20kip Ans
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¢6-77. The compound beam is supported by a rocker at B 500 1b

and is fixed to the wall at A. If it is hinged (pinned) together " 200 Ib

at C, determine the components of reaction at the supports. y 4 12 o0 4000 1b - ft
Neglect the thickness of the beam. ) ; /'\

= B

A C
~4fth4ft ‘ 8 ft ‘ 4ftr

Member CB :

S EF, a0;— -G +200c0860° = 0

G = 100D
(+iMc = 0 -20056° () + B (12) - 4000 = 0 200 [b
B, = 4881 = 49D  Ans b.
. G oo 4000 Ib-f¢
+TZF s 0; G -200sin60° + 4488 = 0 < D
G = -2156D T ;1!

Member AC': C l
. , 3 %t
SR =0 4-500(1—3]+1oo=o

A=923D Ans

5001b
e e oAy ol
A =186 Ans ' A G100l
(=0 -M- g)u)ms.am.o Ac = >
el Afe | 4ft Gy=275:61b
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200 N/m

6-78. Determine the horizontal and vertical components
of reaction at pins A and C of the two-member frame.

3m
C
]:»
\ 3m |
Free Body Diagram : The solution for this problem will be simplified if
one realizes that member BC is a two force member.
Equations of Equilibrium :
2c0(3)*600N
{+2M =0 Fcoos 45°(3)-600(1.5) =0
’ic =42426 N et Rttt 1
Ag }_ i,
—q A
+TZEF =0; A, +424.26c0s 45°-600=0 ‘|' £
A, =300N Ans 4y B’
L
I 1&5m EL |
5IF =0; 424.26sin45°~A, =0
A, =300N Ans
For pin C,
C, = Fycsin 45° = 424.265in 45° =300 N Ans

G, = Fyccos 45° = 424.26c0s 45° = 300 N Ans
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6-79. If a force of F = 50 N acts on the rope, determine
the cutting force on the smooth tree limb at D and the
horizontal and vertical components of force acting on pin A.
The rope passes through a small pulley at C and a smooth
ring at E.

Equations of Equilibrinm: From the free - body diagram of pulley Cin Fig. a,
+Tﬂ-‘),=0; Fpe -50-50=0 Fgr = 100N

From the free - body diagram of segment BAD in Fig. b and using the result Fg~ = 100N,

‘+IMA =0; Np(30)~100(100) = 0 Np =33333N =333N Ans.
LEF =0 33333-4,=0 A, =33333N =333N Ans.
+T2F;,=0; Ay -100=0 Ay =100N Ans.
100 mm
Foe =/00N
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inFig.a.
&I‘PWD = 0.

;E.F:t =0
(+!'M5 = 0;

result Fg- = 5kN.
LEIE =@
+T2F =0,

(+m4 =0;

*6-80. Two beams are connected together by the short
link BC. Determine the components of reaction at the fixed
support A and at pin D.

Equations of Equilibrium: First, we will consider the free - body diagram of member BD

10(1.5)~ Fge (3)=0

Fpr = 5kN

D=0 Ans.
Dy(3)-101.5 =0

Dy, =5kN Ans.

Subsequently, the free- body diagram of member AC in Fig. b will be considered using the

A =0 Ans.
Ay—12-5=0

Ay =17KN Ans.
My -12()-54=0

My =32kN-m Ans.

12 kN

10 kN

487




6 Solutions 44918 1/26/09 1:47 PM Page 488 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*6-81. The bridge frame consists of three segments which 2 kip /ft
can be considered pinned at A, D, and E, rocker supported l l
1 A A A A A
at C and F, and r.oller supported at B. Determlne the AL i AL
horizontal and vertical components of reaction at all these W B DN
15 f ] 30 ft LS f

supports due to the loading shown.
20 ft
l C F
L

St

92
=

2(30) kip

-
1
[ I5ft /5f

%

2(5)kip 61=30k:]o
|

For segment 8D :

Q-IMD-O: 2A30K15)-B8,(30)=0 B, =30kp Am
=LF =0 D, =0. Ans
+TEF =0; D,+30-2(30)=0 D, =30kip Ans
For segment ABC:

GEM =0 G(9-2150.9-30(15)=0 G =135kp Am

SIFR=0; A=0 Ans
+TEF =0; -A +135-2(15)-30=0 A =T75kp Ans
For segment DEF :

{+IM=0;  -F(H+215(1.5)+30015)=0 F =135kip  Ass

SIF =0; E =0 Ans

+TIF =0, -E +135-215)-30=0 £ =7Skip Ams
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6-82. If the 300-kg drum has a center of mass at point G,
determine the horizontal and vertical components of force
acting at pin A and the reactions on the smooth pads C
and D. The grip at B on member DAB resists both
horizontal and vertical components of force at the rim of
the drum.

Equations of Equilibriuom: From the free - body diagram of segment CAE in Fig. a,

G-Z‘MA =0; 300(9.81)(600cos 30°) — N¢(120)= 0
Nc = 1274356 N = 12.7kN Ans.
LIF, =0 Ay —12743.56=0
Ay =12743.56 N =12.7kN Ans.
+ T2, =0 300(9.81)-A, =0
Ay =2943N =2.94kN Ans.

Using the results for Ay and Ay, obtained above and applying the moment equation of equilibrium
about point B on the free- body diagram of segment BAD, Fig. b,

(+EMB =0; 12 743.56(60)— 2943(100) — N p(450) = 0
Np =1045.14 N = 1.05kN Ans,

P=300(481)N

Gaon A1 2743.56

@)
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6-83. Determine the horizontal and vertical components
of reaction that pins A and C exert on the two-member arch.

Member AB :
(*"" =0 -2(0.5) +B, (1.5) ~ B, (1.5) = 0

Member 8C': 2k B’J

Gzmc =0 B (19 + B (1.9- L5 =0
Solving : 05 % B

B, =0.8333kN = 833N

B, = 0.1667kN = 167N [5m

Member AB :

SIE =0, -A +167=0

l‘ |-5m
A = 167N Ans
+TZF =0 A4 -2000+833=0 - AE

A = LITkN  Ans
Member BC :
SIF =0, -G +1500-167=0

G = L33kN  Ans
+TIF =20, G -833 =0

G = 83N Ans
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*6-84. The truck and the tanker have weights of 8000 1b
and 20000 Ib respectively. Their respective centers of G
gravity are located at points G and G,. If the truck is at = 2 = -G
rest, determine the reactions on both wheels at A, at B, and @
at C. The tanker is connected to the truck at the turntable " ‘ B C
D which acts as a pin. ‘ 15 ft 10 ft——9 ft— 5|
Equations of Equilibriom: First, we will consider the free- body diagram of the tanker in Fig. a.
(+zup =Q 20000(10)—~ N 4(25)=0
N, = 8000 Ib Ans.
XLEF =0 D;=0
+T2F, =0; D, +8000 20 000 =0
Dy =120001b
Using the results of D, and D, obtained above and considering the free -body diagram of the truck in
Fig. b,
[mwo =0 N (14)— 8000(9)= 0
N¢ =5142.86 Ib=5143 1b Ans.
+T3F, =0 Ng +5142.86 —8000 - 12000=0
Np =14857.141b=148571b Ans.
20000 1b Dy =/2000l6 g0 Il
E
=
: gZ3
@)

491



6 Solutions 44918 1/26/09 1:47 PM Page 492 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

¢6-85. The platform scale consists of a combination of 100 mm . 150 mm
third and first class levers so that the load on one lever : mmw‘ |
becomes the effort that moves the next lever. Through this _W?E
arrangement, a small weight can balance a massive object. E F
If x =450 mm, determine the required mass of the G @ DG
counterweight S required to balance a 90-kg load, L.
D
OC o ‘HH‘HH‘HHI I
150 mm E
350 mm— S
2 ) g
A
X

Equations of Equilibriom: Applying the moment equation of equilibrium about point A to the free - body
diagram of memberAB in Fig. a,

(M4 =0; Fpg (500)— 90(9.81)(150) = 0
Fgg = 26487N

Using the result of Fgs and writing the moment equation of equilibrium about point F on the free- body diagram
of member EFG in Fig. b,

(Mp=0; Fgp (250)— 264.87150)= 0
Fgp = 158922N

Using the result of Fgp, and writing the moment equation of equilibrium about point C on the free - body diagram
of member CDI in Fig. c,

(FMc =0 158.922(100) — m(9.81)(950)= 0
mg=1705kg=1.71 kg Ans.

F?{ Fey~/50.922N
Ce
! i [ i |
fom , ,‘S""\'
A it C Z Bs5omm
Fep L f267204 2L 100mm P .

90(9.81) N

(Q)
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6-86. The platform scale consists of a combination of 100 mm 250 150 mm
third and first class levers so that the load on one lever : mmw‘ |
becomes the effort that moves the next lever. Through this el
arrangement, a small weight can balance a massive object. If E F
x = 450 mm and, the mass of the counterweight § is 2 kg, 6 o G
determine the mass of the load L required to maintain the
D
balance' OC © \”“\””\””i—m
150 mm E
350 mm— S
5 o) g
A
X

Equations of Equilibrium: Applying the moment equation of equilibrium about point A to the free - body
diagram of member AB in Fig. a,

(+zmy =0; Fag (500)~ My (9.81)150)=0
Fpg =2.9431b

Using the result of Fg; and writing the moment equation of equilibrium about point F on the free - body diagram
of member EFG in Fig. b,

(emp =0; Fip (250)~ 2.943m 1 (150) = 0
Fgp = 1.7658m;

Using the result of Fgp and writing the moment equation of equilibrium about point C on the free - body diagram
of member CDI in Fig. c,

(amc=o0; 1.7658my (100) - 29.81)(950)=0
my =105.56 kg=106 kg Ans.

Fen Fep=/7658 I,
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6-87. The hoist supports the 125-kg engine. Determine
the force the load creates in member DB and in member
FB, which contains the hydraulic cylinder H.

| 27m |
F
o\

2m
H
Ap 1
Im
C
B

@,f

‘ 2m 1 1m—>‘

‘ )

o)

Free Body Diagram : The solution for this problem will be simplified if
one realizes that members FB and DB are two-force members. }: Im 2m 1 E
L4
Equations of Equilibrium : For FBD(a),
s|\7@
C+2M =0 12262503 - | —= |2 =0 T 7
Jio , F Eé-.-é,!}::?ﬁﬂ’
Fp=19388TN=194kN  Ans 25(98) @)
122625 E}-‘é{f-!&‘
3 L
+TIE =0; 1938.87 -1226.25-E, =0
I
E, =613.125N
2Am
. 1
; -1 —_—|=
HIF =0 E mm[m] 0 k)
E =613.125N /dﬂ"’"
7
From FBD (b), "
(+2Mc =0 613.125(3) - Fpsin 45°(1) =0 'I x
Fap = 260127 N = 2.60 kN Ans
&
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*6-88. The frame is used to support the 100-kg cylinder E. 12m
Determine the horizontal and vertical components of
reaction at A and D. B

I b

D
0.6 m
—Y || oI
A

Equations of Equilibrinm: Member DC is a two -force member.
D, =0 Ans,

Consider the free- body diagram of member AC in Fig. a.

‘:l»IMA =0; D,(0.6)— 981(1.2)+981(0.6)= 0
D, =981N Ans.
HEF =@ Ay —981-981=0
A, =1962N Ans.
+T2R =0; Ay -981=0
Ay =98IN Ans.
Pr 'P&A
el g
dgIN
Py g8IN
C«‘, L‘IYVL
A |+ 2
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¢6-89. Determine the horizontal and vertical components 300 1b
of reaction which the pins exert on member AB of the frame.

Member AB :
Q-m. =0; -msinaron;mm =0

Fap = 162.41b 300/h

B = %uez.‘) =974b  Ans Ay 60

B, =;(162.4)3130lb Ans

SZF, =0 -mmwu%(mz.-t)u. =0

A = 5261b Ans 3!{ Sft

+TIF =0, A —mmsou;‘nm). 0

A =10D Am
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6-90. Determine the horizontal and vertical components of 300 Ib
reaction which the pins exert on member EDC of the frame.
60°
\ B
9 ——
4 ft
eD C—f
3 ft
\l
500 1b
300/b
00°
Ax
5
Member AB : A 3
e ¢ a
(..m-o; -mthG)in;Fn(‘)' Bp
’I
Fio = 1624 3ft 3ft

Member EDC :
4 4
Gn(, =0; ~500(6) - ;(1614)(3) + ;F.w @) =0

Fio = 141241

LI =0 E -IG:.‘[%)- mzoe)-o _

£ =MSD  Ans
+TI5 =0;  -E +um(§)—m4(§]-soo-o

E, = 500 Ans

PinD: F;;D: ,4"2;4-”3

SIF =0 D, -%uem -;(141:.4) =0

Ex

- +
D= 545b Ans Dx, 3 3

X
+Th =00 -Dy - ;(lm-r;(lﬂz‘} =0

D, = 1000b Ass

497



6 Solutions 44918 1/26/09 1:47 PM Page 498 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

6-91. The clamping hooks are used to lift the uniform
smooth 500-kg plate. Determine the resultant compressive
force that the hook exerts on the plate at A and B, and the
pin reaction at C.

P=5(500(981)
=2452 v5NC

@“’f 2 0; Ny (80) - 2452.5(150) = 0

Ny = 4598.4N = 4.60kN  Ans

+TEF, =0, 24525 + 45984-G =0

G =7050.9N= 7.05kN Ans Nb
CB is » two - force member. /50 mm 8omm
&sg =T.05kN Ans NA
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*6-92. The wall crane supports a load of 700 Ib. Determine
the horizontal and vertical components of reaction at the pins
A and D. Also, what is the force in the cable at the winch W?
|
C
E
700 1b

Pulley E :

+TEZF, =0 2T-700=0
T=30Db Ans

Member ABC :

(2M =0 Tipsinds® (4) - 3505 60° (4)- 700(8) = 0
Tio = 249D

+TLF, =0;  -A + 24093in45° - 350 sin 60°~ 700 = 0

A = 700D Ans

HEF, = 0; A - 2409 cos 45° - 350 cos 60° +350~ 350 = 0

Ax

A = 1L.88kip Ans

AtD:

D, = 2409¢c0845° = 1703.1b = 1.70kip Ans

D, = 24093in45° = 1.70kip Ans
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¢6-93. The wall crane supports a load of 700 Ib.
Determine the horizontal and vertical components of

reaction at the pins A and D. Also, what is the force in the
cable at the winch W? The jib ABC has a weight of 100 Ib
and member BD has a weight of 40 1b. Each member is
uniform and has a center of gravity at its center. 44t i
C
E
700 Ib

Pulley E :
+TEF =0 2T-700=0

T=130b Ans

Member ABC :

fezM, = 0; B, (4) = 700 (8) - 100 (4) - 3505in 60° (4) = O
B, = 1803.10

+TIF, =0 —A - 350sin60° 100 = 700 + 1803.1 = 0 A’f 5-5,

A, =700 Ans &L T
\

ZVEF, a0; A - 350cos60° - B, +350-350 = 0

A =B +175 (D

Member D8 :

(q:u, =0 -40(2)-1803.1(4) + B,(4) =0

B, = 18231

SIF =0 -D + 18231 =0

D, = 1.82kp Ams D
J\‘#
+TLF, =0; D, -40-18031=0 p
D, = 1843.1 = L34kip Anms :_ 401b
From Eqg. (1)
A =200kp Ans 4.Jet
\ P B‘x,.
afc 1 2t
f 1B?= /1803-1 Ib
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6-94. The lever-actuated scale consists of a series of
compound levers. If a load of weight W = 150 1b is placed
on the platform, determine the required weight of the
counterweight S to balance the load. Is it necessary to place
the load symmetrically on the platform? Explain.

w
—
75 in——7.5 in— 10y
l J)
Equations of Equilibrium: First, we will consider the free- body diagram of the platform in Fig. a. G H ,1.51n.
(+2Mp =0, 1500x) - Gy (15)= 0 5 SncYe
Gy = 10x E DBB
+TIR =0 Dy +10x—150=0
Dy, = 150-10x

From the free - body diagram of member CDE in Fig. b,
(mMc=0; (150 - 10x)(1.5)— Fggy (9) =0
Fry = 25-1.6667x

From the free - body diagram of member FGHI in Fig. C,
(r2mp =0; Fy (21)— (25 — 1.6667x)(9) — 10x(1.5) = 0
Fy =10.711b

Finally, from the free - body diagram of member JKL in Fig. d,
(Mg =0, W, (4)-10.71(1.25) = 0
W, =3.3481b=3351b Ans.

This result shows that W, is independent of the position x of the load on the platform. Thus,
the load can be placed at any position on the platform.

I1501b
. o ;p3,=/50—/0x4
. 1.5 In,
15in,
G? !

D
Jl
S
®

a

=(0- 71 Ib
bl 7sm. | 2. Fus
()
Y
S R R
(&)
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6-95. If P = 75N, determine the force F that the toggle
clamp exerts on the wooden block.

Equations of Equilibrium: First, we will consider the free - body diagram of the upper handle in Fig. a.

(+xM4 =0; B(50) - 75(140) = 0
B, =210N
r3F =0 210-A, =0
Ay =210N
+T2F, =0 By-Ay,-75=0 ®

Using the result for B, and applying the moment equation of equilibrium about point C on the free - body diagram
of the lower handle in Fig. b,

(*'EMC =0; 210(50) + 7(160) - B,,(20)= 0
B, =1125N

Substituting B, = 1125 N into Eq. (1) yields
A, =1050N

Writing the moment equation of equilibrium about point D on the free - body diagram of the clamp shown in Fig. c,

(»zMp =0 1050(85) ~ 210(50) - F(140) = 0
F =562.5N Ans.
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*6-96. If the wooden block exerts a force of FF = 600 N
on the toggle clamp, determine the force P applied to the
handle.

Equations of Equilibrinm: First, we will consider the free - body diagram of the upper handle in Fig. a.

(lz.uA =0 B.(50)— P(140)=0
B, =28P
LEF =0 28P-A, =0
Ay = 28P
+TZF =0, B -Ay-P=0 )

Using the result of B, and applying the moment equation of equilibrium about point C on the free - body diagram
of the lower handle in Fig. b,

(amc=0; P(160)+ 2.8P(50)- B,(20)= 0
By =15P

Substituting B, = 15Pinto Eq. (1) yields
Ay =14P

Writing the moment equation of equilibrium about point D on the free - body diagram of the clamp shown in Fig. ¢,

(+IMD =Q 14P(85)— 2.8P( 50) - 600(140) = 0
P =80N Ans.

booN

(c)

503



6 Solutions 44918 1/26/09 1:47 PM Page 504 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*6-97. The pipe cutter is clamped around the pipe P. If
the wheel at A exerts a normal force of F4, = 80 N on the
pipe, determine the normal forces of wheels B and C on
the pipe. The three wheels each have a radius of 7 mm and
the pipe has an outer radius of 10 mm.

10 mm
¥

=
i
)

)
10 mm

M

19
8 = sin" (=) = 36.03°
74

Equations of Equilibrium.:

+TEZF =0; N, sin 36.03°~ N_sin 36.03° = 0

N, =~c
SIF =0;  80-Ngcos 36.03° - Ncos 36.03° =0
Ny = Ne=495N Ans

36.03°
NC=4q’4éN
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6-98. A 300-kg counterweight, with center of mass at G, is
mounted on the pitman crank AB of the oil-pumping unit.
If a force of F = 5 kN is to be developed in the fixed cable
attached to the end of the walking beam DEF, determine
the torque M that must be supplied by the motor.

Equations of Equilibrinm: Applying the moment equation of equilibrium about point E to the free - body
diagram of the walking beam in Fig. a,

(+2Mg =0; Fep cos 30°(1.75) - 5000(2.5)= 0
Fep = 8247.86N

Using the result of Fp and applying the moment equation of equilibrium about point A on the free- body
diagram of the pitman crank in Fig. b,

(M, =0; 8247.86(0.65) — 300(9.81)cos 30°(1.15)—M =0
M =2430.09N -m = 243 kN -m Ans.

j7sm | zem |

505



6 Solutions 44918 1/26/09 1:47 PM Page 506 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

6-99. A 300-kg counterweight, with center of mass at G, is
mounted on the pitman crank AB of the oil-pumping unit.
If the motor supplies a torque of M = 2500 N - m, determine
the force F developed in the fixed cable attached to the end
of the walking beam DEF.

Equations of Equilibrium: Applying the moment equation of equilibrium about point A to the free - body
diagram of the pitman crank in Fig. a,

(+2My = ; Fep (0.65) - 300(9.81)cos 30°(1.15)— 2500 = 0
Fcp =835541N

Using the result of Fp and applying the moment equation of equilibrium about point E on the free - body
diagram of the walking beam in Fig. b,

(+Z'M E=0; 8355.41c0s30°(1.75) - F(2.5)=0
F =5065.20N =5.07kN Ans.

] Ep=8355.4/N E'f}

T g
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*6-100. The two-member structure is connected at C by a
pin, which is fixed to BDE and passes through the smooth
slot in member AC. Determine the horizontal and vertical
components of reaction at the supports.

Member AC :
Em =0; Ne(5)-600=0

Ne = 1201
. 4
SIF =0 41.-!20(;):0
A =9%Db Ans
+TEF, = 0 —.g-n-m@]so
A =T2b Ans
Mermber BDE :
3
GzMe =0 5008 + m(;lm -D,@ =0
D, =2180b=218kip Ans
L3R =0 -s.+mG)=o
E =9%Db Anms
+TLF, = 0; —soo-m@]nm-z,-o
E = 1608b=16lkp Ans

- /al E

2 ft—

5001b

Ne=/20 /b

DL,
X

&

ED

T 3% % 21t
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¢6-101. The frame is used to support the 50-kg cylinder.
Determine the horizontal and vertical components of
reaction at A and D.

Equations of Equilibrium: First, we will consider member ABC .
{+}‘M4 =0; Gy (1.6)— 50(9.81)(0.7)— 50(9.81)1.7) = 0
G, =T3575N
+T IF, =0, Ay + T35.75- 50(9.81)— 50(9.81) = 0
Ay =24525N = 45N Ans.
LIFR =0 Ce=Ac=0 m

Subsequently, we will consider memberCD.

(+mp =q Cr (1.2)+ 50(9.81X0.7) — 735.751.6)= 0
C, = 694.875N
+T3F =0 Dy +50(9.81)-73575=0
Dy =24525N =245N Ans,
HEF =0 Dy —694875=0
Dy = 694.875N =695N Ans.
Substituting C, = 694.875 N into Eq. (1) yields
Ay =694.875N = 695N Ans.
. I 7m
Ax : —_—
| 0.7ms 0.8m 1WCZ
A . Cy ~so(23()N
Y 50 (9.8 1)N 4
@)
<y

50(2.30NN

a— 0,7
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6-102. The frame is used to support the 50-kg cylinder.
Determine the force of the pin at C on member ABC and
on member CD.

Equations of Equilibrium: The horizontal and vertical components of force on members CD and
ABD are denoted as Cy, Cy, Cz*, and Cy, respectively. Writing the moment equation of equilibrium
about point A,

(+m4 =0; Gy (1.6)— 50(9.81)(0.7)~ SA9.81)L.7) = 0
Gy =B5T5N

Using this and applying the moment equation of equilibrium about point Dof member CD,

(mu,, =0 G (1.2)+ 50(981X0.7) - 73575 1.6)= 0
C, =694.875N

Using the results of C; and Cy, and considering the free - body diagram of pulley C,

KIF =0 694.875— 50(9.81)~Cyr = 0
G =204375N

+T2ZF =0, 73575 -50(9.81)-Cyr =0
Gy =24525N

Thus, the force at pin C on members CD and ABC are given by
Fip =yCs?+Cy? = 46948752 + 735752 =101201N =101 KN

FF

Fapc = JCe? +Cy? = 42043757 +24525% = 31924 N =319N

4

ae | 'jiﬁj —

A ‘ 0. 741»-\ - 0.8 C¢
¢ 0(2,F()N
Y 50 9.9)N g §2L931)
s0¢280N | ' (A ,
.7(; Y
6 94.837SN
50(9.81) N
735 76N

()

(b)
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6-103. Determine the reactions at the fixed support £ and C
the smooth support A. The pin, attached to member BD, %
passes through a smooth slot at D. 600 N
l 0.4m
B
( o/ [
0.4m
A E
F—0.3m 0.3m 0.3m 0.3 m—

Member BD : A
=0 600(0.3)-Np (3| (0.6) =0

&J‘ G) = Cx.
N = 00N g,rqood

L1606 B-G000 =0 04m
B, = 400N

W1I =0 -60+B 3600 =0 Be4ooN| |
B, = 900N 0.4m

Member ASC :

(e =0 0N -wEH-40H=0 3
A = 18333 = 183N  Am

Io-3m os>m
LIF, a0, -40+G =0

G = 400N Ay_
+TEF, m(; 18333-900+C =0

G = TI6ETN

LI =0 -auo+5m(;}+;, =0 (x:Af-DOl‘J

E =0 Ans

+TIF, = 0; -us.n«suo(%)-a,.n

E = 417N Am

o.86m

@&-m - Mg — 500 (0.5) + 400 (0.8) + 716.67 (0.6) = 0

Mg = SOON-m  Ans
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*6-104. The compound arrangement of the pan scale is
shown. If the mass on the pan is 4 kg, determine the
horizontal and vertical components at pins A4, B, and C and
the distance x of the 25-g mass to keep the scale in balance.

Free Body Diagram : The solution for this problem will be simplified if
onge realizes that members DE and FG are two-force members.

Equations of Equilibriem : From FBD (a),
(+2M =00 Fy(375)-39.24(50) =0  Fpg=5232N

+TEE =0; A +5232-39.24=0
A, =340N Ans

45K =0; A =0 Ans
From (b),
(M =0 Fo(300)-5232(75)=0  Frg=1.308N

+T£l'; =0; ( -1.308-5232=0
G, =6.54N Ans

= IF, =0; G =0 Ans
From (c),

(-l-EH, =0; 1.308(100) -0.24525(825~-x) =0
x =292 mm Ans

+TEE=0; 1.308-024525-B, =0
B, =106N Ans

3K =0; B, =0 Ans

100 mm 75 mm
| |

B )
G

~
9
=

50 mm ; E

‘

A D) D
4 kg
Foe
Sommj | 325 mm 1
= }
A 1
M
4(9:81)<3924N
@
C
a 1
N
r=—
J 300mm /
¥, s ) M
F 7o Pe523
)
E¢=."-305J
8‘ Ll el el i 1 |
-,& 745 =X |
67, 100 mm 0-035598!)

«) 024525 N
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¢6-105. Determine the horizontal and vertical components
of reaction that the pins at A, B, and C exert on the frame.
The cylinder has a mass of 80 kg.

i 1m
D)
T s
0.5m
Equations of Equilibrium : From FBD (b),
(+My =0,  7848(17)-G (1) =0
G =1334.16 N= 1.33 kN Ans
+TIF=0. B, +7848-1334.16=0 ¢2am
B, =549N Ans Jm o7m _1V]
1
JIE =0, C-B,=0 {n 2
From FBD (a), h— <
( 05m N
+IM, =0; G, (0.5)+1334.16(1) - 784.8(1.7) - 784.8(1.9) =D {
G =2982.24 N = 2.98 kN Ans Ae {3#554-19” 80(981)784.8 N
+TIE =0; A +1334.16-784.8-784.8=0 A,_ @)
A, =235N Ans

80(981)=784.04

5EF =0; A, -2982.24=0
A, =298224 N =298 kN Ans

Substitute C, = 2982.24 N into Eq.(1] yields,

B, =2982.24 N =298 kN Ans
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6-106. The bucket of the backhoe and its contents have a
weight of 1200 1b and a center of gravity at G. Determine
the forces of the hydraulic cylinder AB and in links AC and
AD in order to hold the load in the position shown. The
bucket is pinned at E.

Free Body Diagram : The solution for this problem will be simplified if
one realizes that the hydraulic cyllinder AB, links AD and AC are twos
force members.

Equations of Equilibrium : From FBD (a),

(«)
(+2M, =0 Fcoos 60°(1) + B sin 60°(0.25)
-1200(1.5) =0
Fic = 2512.19 b = 2.51 kip Ans
Using method of joint [FBD (b)],

+TEE =0;  2512.19sin 60° - F, 5cos 45° = 0 fs

Fp =3076.79 Ib = 3.08 kip Ans
. —=x )
3IF =0; Fp~3076.79sin 45° - 2512.19c0s 60° = 0

Fp=3431.721b=3.43 kip Ans

Fop 2251219 b
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6-107. A man having a weight of 175 1b attempts to hold
himself using one of the two methods shown. Determine the
total force he must exert on bar AB in each case and
the normal reaction he exerts on the platform at C. Neglect
the weight of the platform.
—t e e r—
(a) (b)
(a)
Bar: §7.51b £2.51b
+T2E =0, 2(F12) - 2(875) =0
' E £
z z
F=1751b Ans
Man ;
+TXIE =0; N -175-2815) =0
Ne= 3501  Ans
(b)
Bar: .
_ 7 e ETS
+T3E =0, 24375 - 2(F12) = 0 T 1.
F=815D Ans ;£
Man: o 5%
Do b H3. 754
+TEE =0, No-175+ 24375 = 0
Ne = 8151 Ans
Ne
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*6-108. A man having a weight of 175 1b attempts to hold
himself using one of the two methods shown. Determine the
total force he must exert on bar AB in each case and the
normal reaction he exerts on the platform at C. The platform
has a weight of 30 1b.
Y sl pi— R
(a) (b)
192.50 102516
[ !
78 s
A )
'
(® 1¥30u 102,514 102,546
Bar: 1754
+TZE =0, 2AF/) -1025-1025=0
F=20D Ans
Man iy
10254 102,544,
+TEE =0; N -175-1025- 1025 =0 .
Ng = 3801b Ans
® Ne
Bar:
+TZF = 0; 2(F/2) -5125-5125=0
_' 102.51k
F=1021b Ans Q
Man: _ stasw .25l
+TZE =0, No—175+5125+5125=0
Ne = 7251 Ans
51.25Lh 51.254b
"
Flo Fl2
msib
S5 ) ssl
Ne
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*6-109. If a clamping force of 300 N is required at A, F
determine the amount of force F that must be applied to the
handle of the toggle clamp.
70 AN
mm
~—235 mm
30
m oC 30° 275 mm
OB
O
30 mm E
30

Equations of Equilibrium: First, we will consider the free- body diagram of the clamp
in Fig. a. Writing the moment equation of equilibrium about point D,

Gmp =Q C, (60)-300(235) = 0
C. =1175N

Subsequently, the free-body diagram of the handle in Fig. b will be considered.

(+zwc =0; Fgg 00s30°(70)~ Fgg sin30°(30)— F cos 30°(275cos 30° +70)
=F sin30°(275sin 30°) = 0
45.62F gy — 335.62F =0 )
XEIF, =0, 1175+ Fsin30° - Fgg sin 30°= 0
0.5Fgg — 0.5F = 1175 @

Solving Egs. (1) and (2) yields
F =369.69N =370N Ans,
Fgr = 2719.69N
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6-110. If a force of F = 350 N is applied to the handle of F
the toggle clamp, determine the resulting clamping force at A.
70 mm \ "
~—235 mm
30 mm OC— 30° 275 mm
5B
30 mm K E
0 !
Equations of Equilibrinm: First, we will consider the free- body diagram of the handle
inFig. a.
(+EMC =0; Fpg ©0s30°(70)~ Fgg sin30°(30)— 350c0s 30°( 275 cos 30° + 70)
—350sin30°(275sin30°) = 0
Fgg = 2574.81N
NEF =0 Cy — 2574.81sin 30° + 350sin 30°= 0
C, =111241N
Subsequently, the free- body diagram of the clamp in Fig. b will be considered. Using the
result of C,; and writing the moment equation of equilibrium about point D,
(+2MD =Q 1112.41(60) - N 4(235)=0
Ans,

Ny =28401N = 284N

Cy

235 mm
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6-111. Two smooth tubes A and B, each having the same
weight, W, are suspended from a common point O by means
of equal-length cords. A third tube, C, is placed between A
and B. Determine the greatest weight of C without
upsetting equilibrium.

Free Body Diagram : When the equilibrium is about to be upset, the

reaction a1 B mustbezw(Nn'=°)'qumm"=m-l[-’:r] #
T

r

=48.19° and 0= cos™ ( 4’) =75.52°.

Equations of Equilibrium : From FBD (a),

5 EE =0; Tcos 75.52° - Nocos 48.19° =0 (m
+TEIE =0; Tsin75.52°~Ncsin 48.19°-W =0 {21
Solving Eq.[1] and [2] yields,

T=1452W N, =0.5445W
From FBD (b),

"
+TEIF=0; 2(0.5445Wsin 48.19°) - W, =0
Wc =0812W Ans
-— b)
. P8 #4819

Ne=osusw Ne=05445 W
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*6-112. The handle of the sector press is fixed to gear G, I
which in turn is in mesh with the sector gear C. Note that
AB is pinned at its ends to gear C and the underside of the
table EF, which is allowed to move vertically due to the F 40N
smooth guides at £ and F. If the gears only exert tangential ' ‘«0.5 m«l
forces between them, determine the compressive force G
developed on the cylinder S when a vertical force of 40 N is D
applied to the handle of the press.

~—02m

Member GL :

(«:‘u, =0; -40(0.5) + Feg (0.2) = 0

Feg = 100N

Sector gear

(2Mr =0 10000 - £y (2 )03 = 0 6’3—
Fip = 291.62N

Table :

+TZF =0 m.sz({%]-a =0

Fy = 286N  Ans
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¢6-113. Show that the weight W of the counterweight at
H required for equilibrium is W = (b/a)W, and so it is
independent of the placement of the load W on the
platform.

Equations of Equilibrium: First, we will consider memberBE.

E-WE =0; W(I)—NB[%'#%CJ:O
Ng = W“3
¥+~
i 4 ]
+1325, =0; Fep + Wi; -W=0
(%-!-zc I
Fggp =W|1- 3
3b+zc

Using the result for Np and applying the moment equation of equilibrium about point A,

G-Z'M'A =0, Fep(c)- “&3 [zl c) =0
iab+— I
4(:

W
12b+3c
‘Writing the moment equation of equilibrium about point G,

Fep =

(+}'MG=0; Tg-:.a—(m-r 1= ()= Wj(a) = 0
C
3b+=c
4
b

This result shows that the required weight W] of the counterweight is independent of the position x of the load
on the platform.

IEC‘L 2+ 3¢ } Fer
T,
N
F&ﬂ %l B _ﬁjﬁ"p
Ay ‘ p [
| a- (
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6-114. The tractor shovel carries a 500-kg load of soil,
having a center of mass at G. Compute the forces developed
in the hydraulic cylinders 1/ and BC due to this loading.

200 mm 400 mm || \&
200 mm

50 mm

Shoval :

. 2 3
C«ZM, = 0; =500(9.81) (0.4) + Fry [EJ(Dln)-f Fry [ﬁ;)(ﬂ 2)=0
//m )I
Fey = 505292 N
e
Member EH : NGB 500(9:81)N

2

BL L, 04m

G =0 & (%) - 505292 [%](o.u

-2 )(iz) =0

Fy = 9059N = 9.06kEN(T) Ame }

Assembly :
QIM a G —5000.81) (1) + Fac (0.35) = 0

Fgc = 15415 7N = 154kN(C) Ans
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6-115. If a force of P = 100 N is applied to the handle of
the toggle clamp, determine the horizontal clamping force
Ny that the clamp exerts on the smooth wooden block at .

Equations of Equilibrium: First, we will consider the free- body diagram of the handle in

Fig. a.
(+2Mp =0; Fep sin30°(60)— 100(160) = 0
Fep =533.33N
N2F, =0 100sin30°-B, =0
B, =50N
+T2F =0; 533.33—100cos 30°~ B, = 0
By = 446.73N

Using the results of B, and B, obtained above and applying the moment equation of equilibrium
about point A on the free- body diagram of the clamp in Fig. b,

(+2M A =0 446.7350cos 45°) - 50(50sin45°) = N (75) = 0
Ng = 187.02N =187N Ans.
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*6-116. If the horizontal clamping force that the toggle
clamp exerts on the smooth wooden block at E is
Ng = 200 N, determine the force P applied to the handle of
the clamp.

Equations of Equilibrium: First, we will consider the free - body diagram of the handle in

Fig. a.
(+Z'MB =0; Fep sin30°(60)- P(160) = 0
Fcp = 5.333P
L3F =@ Psin30°-B, =0
B,=05P
+T2F, =0; 5.333P - P c0s30°— B, = 0
By, = 4.4673P

Using the results of B, and B, obtained above and applying the moment equation of equilibrium
about point A on the free- body diagram of the clamp in Fig. b,

(+I‘M A=0 4.4673P(50cos 45°) — 0.5P(50sin45°) - 200(75) = 0
P =10694N =107N Ans.

523



6 Solutions 44918 1/26/09 1:48 PM Page 524 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

¢6-117. The engine hoist is used to support the 200-kg 10°
engine. Determine the force acting in the hydraulic cylinder
AB, the horizontal z}nd vertlcal.components of force at the 1950 mm 350 mm
pin C, and the reactions at the fixed support D.
o] Ar.\ /9 7
850 mm
550 mm

| [25m J1935m|
Free Body Diagram : The solution for this problem will be simplified if I 1
one realizes that member A B is a two force member. From the geometry, &
I esﬁ-u"\{ Cy
= /3502 + 8507 — 2(350) (850) cos 80° = 861.21

lg = v/350%+ (350)(850) cos mm 2000981+ 1962 N Ry

sin@ sin80° 350mm (@)

%50 ~geial 0= 64l
Egquations of Equilibrium : From FBD (a), ‘iw 850 mm

(+2Mc =0 1962(160) ~F,sin 76.41°(0.35) =0 s
Fp =9227.60N =923 kN Ans [405in 10" m

= IF =0; C —9227.60c0s 76.41° =0
G =2168.65N=217kN Ans

+T}.'..F; =0; 9227.6(lsin76.4l°—1962—(.‘, =0
G, =7007.14 N =7.01 kN Ans

From FBD (b),

SZIF =0; D, =0 Ans

+TEZF=0; D, -1962=0

D, =1962N = 1.96 kN Ans | (+60-1405in10")m
(’z.ufo; 1962(1.60~ 1.40 sin 10°) = Mp = 0 >y
Mp=266222N-m=266kN-m  Ans (b)
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6-118. Determine the force that the smooth roller C 60 1b - ft C D
exerts on member AB. Also, what are the horizontal and \ S 3
. . . A 0.5 ft
vertical components of reaction at pin A? Neglect the 2 } D) '
weight of the frame and roller. ‘ B
‘ 31t 4 ft
_ (+ZM, =0; = -60+D,(0.5 =0 bos-ft H - | | |
NENIC s
D, = 1201b ' 1 Ht
*
A3F =0; A, =1201b Ans '
1 =0; = nft
+TEF =0; A=0 Ans 1200
-a_x.—-—a.sn-
(+2M, =0; ~Ng(4) + 12(0.5) = 0 ) Tey
Ne =1501b  Ans
6-119. Determine the horizontal and vertical components
of reaction which the pins exert on member ABC. D) -
051t 1 o3n
p = i
A ; > m
e B K
} 6 ft 9 ft

_ : 0l
LEE =0; A, =80 Ans . fix
.|..Tﬂ?, =0; A, = 801b Ans 0l ﬂj
(+=M =0; 80(15) - B,(9) = 0 »
y
B 1;’ -~
B, = 1333 = 1331b _Anms _—LL -y
250
(+2m, =0; ~80(2.5) + 133.3(9) - B,(3)= 0 ag:"“._'l o5t
B, =333 Db Ans by
55E =0; 80+333-C =0 By
33 it
ol — - Cx
C. =413D Ans } Bx v
Bl Y
+T2E =0 -80+1333-C, =0
G = 5331 Ans
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*6-120. Determine the couple moment M that must be
applied to member DC for equilibrium of the quick-return
mechanism. Express the result in terms of the angles ¢
and 6, dimension L, and the applied vertical force P. The
block at C is confined to slide within the slot of member AB.

£ Lsing .o Lsing
4L 4Lsiné sind
From FBD (a)
Em. 20 Hc[m)—r(uma) =0 N = 3Pcosbsing
sin@ sing
From FBD (b)
4Pcos Bsi
ﬁ% =0; H—M[m(&-ﬂ]:.:o
ung
4PLcos 8sind
M= ——a’——[ﬁm(t- 0]
2PLsin28
-";n"—“[ﬂn(."ﬂ] Ans
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¢6-121. Determine the couple moment M that must be
applied to member DC for equilibrium of the quick-return
mechanism. Express the result in terms of the angles ¢
and 6, dimension L, and the applied force P, which should
be changed in the figure and instead directed horizontally
to the right. The block at C is confined to slide within the
slot of member AB.

x _ Lsing . Lsing
4L 4Lsin@ sin@
From FBD (a)

~ Lsing ) _ o 4psin’e
ém_o-_ N‘(ma] P(4Lsin8) =0 N vy

From FBD (b)

L2
[z =0 u-= 2 cos(#-@)]L=0

4PLsin

29
M= [oot(.-ﬂ] Ans

sing
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6-122. The kinetic sculpture requires that each of the
three pinned beams be in perfect balance at all times during
its slow motion. If each member has a uniform weight
of 2 Ib/ft and length of 3 ft, determine the necessary
counterweights Wy, W,, and W5 which must be added to the
ends of each member to keep the system in balance for any
position. Neglect the size of the counterweights.

W oyt
(+EM, = 0; W(1cos6) — 6(0.5c0s6) =0 e 6l
W, =3Db Ans | e
+TZE=0; R -3-6=0 bib
R =9D | b [ oSt — .

(+EM, = 0; W(lcosd) — 6(0.5c0s9) — 9(2c0s$) = O Wf %
W, =211 Ans
+T2E =0; Ry -21-6-9=0
R, = 361b

(+IMc = 0;  36(2c08@) + 6(0.5c0s@) — Wy(1cosp) = 0

W, =75lb Ans
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6-123. The four-member “A” frame is supported at A and z
E by smooth collars and at G by a pin. All the other joints
are ball-and-sockets. If the pin at G will fail when the
resultant force there is 800 N, determine the largest vertical
force P that can be supported by the frame. Also, what are
the x, y, z force components which member BD exerts on
members EDC and ABC? The collars at A and E and the
pin at G only exert force components on the frame.

300 m{n’
e

52 !
GF is a two - force member, so the 800 - N force acts along the axis of GF. Using.FBD (a), x7TA ‘

IM,=0;  -P(1.2)+ 800sin45° (0.6)=0
P=28N  Anms.

M, = 0; ~Ay(03)+ E,(03)=0
L‘} =0; —Ay—E}.-ivﬂ}ﬂsinAS“ =0
Ay=Ey=28N
P=-Pk
M, =0; A(0.6)+E,(0.6)— 283(0.6) =0
M), =0; A(03)-E,(03)=0
A.=E. =118N
Using.FBD (b),
=0 -By—Dy+80()sin4S" =0

M, =0 Dy(03)-B,(03) =0
B, =Dy, =283N Ans.

IF, =0 ~B, -D, +800cos45°=0

My =0; ~D,(03)+B,(03) =0
B,=D,=28N  Ans.

IF =0 —B,+D; =0

Using.FBD (c),

M, =0; ~ B,(0.6)+ 28%0.15) - 28%0.3)= 0

B, =D;=45N  Anms
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*6-124. The structure is subjected to the loading shown.
Member AD is supported by a cable AB and roller at C and
fits through a smooth circular hole at D. Member ED is
supported by a roller at D and a pole that fits in a smooth
snug circular hole at E. Determine the x, y, z components of
reaction at £ and the tension in cable AB.

3, = 0; ~3a08) +2503) = 0
Fp = 1563 = 156 kN Ans
¥
4
IE =0 -(1563) - 25+ D, = 0 Ps
s o | P _gam
D =125 /W/_’fh J
I =0 D=0 x KIS
IE =0; -q+q—§um)=o %))
M, = 0; km+;<1.sea)(o.4)-2;s(o.4)=o
My, = 05 KN'm
== 0; u,,,+§(uasxo.4)’—q?m)= o @
IE = (; b, = 125N
T k
M, =0; Mg, = 05kN-m Ans l"““ »
. ey . * lﬂ"
m’auO‘. %“o Ans Ey 5—3
I =0 E =0 Ans  * P ) 3
. Co.ghrbon
M, = 0 D,(05) - Mp, = 0 &)
Solving Egs. (1), (2) and (3):
G = 0938 kN
My, =0
D=0
ZE = 0; E =0 Ans
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¢0-125. The three-member frame is connected at its ends
using ball-and-socket joints. Determine the x, y, z components
of reaction at B and the tension in member ED. The force
acting at Dis F = {135i + 200j — 180k} Ib.

AC is a two -force member.

F = {135i + 200j — 180k} Ib

6 .
IM, = O; - Eoa() + 180(3) = 0
Em =270 Ans x
SF, = 0; B, + 5(270) ~ 180 = 0
B, =0 Ans
M), = O 9 5 3y - E (9 +135(1) +20003) — S(270)(3) — (210)(1) = 0
Z(Mp), = 0; “—ﬁ—"‘?ac "'J9=74c, ) 9
B = 1641 1b
3 9
S, = 0; 135 — 2(270) + B, — ——=(1641) = 0
5 N7
B, = -301b Ans
IE = 0; 4_(1641) + 200 - S(270) = 0
y =6 B, - 73__7( 41) 5
B, = -1331b  Ans
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6-126. The structure is subjected to the loadings shown. z
Member AB is supported by a ball-and-socket at A and N
smooth collar at B. Member CD is supported by a pin at C. 607 250N

Determine the x, y, z components of reaction at A and C.

From FBD (a)
M, =0; Mg, =0

IM, =0; —Mp,+800=0 M, =800N-m

IM,=0; By(3)-B:(2)=0 (1)
IF, =0; A=0 Ans
LF,=0; -A+B,=0 2
IF,=0; =~A+B,=0 (3
From FBD (b)

(@
IM, =0; B,(1.5)+800-250 cos 45°(5.5)=0 B, =114.85N
From Eq.(1) 114.85(3)-B,(2)=0 B, =172.2TN
From Eq.(2) A =172N Ans z
From Eq.(3) A =115N Ans L/zﬂ R
EF. =0; G +250cos 60°~172.27=0 G =47.3N Ans '

&m
LF,=0; 250cosd45°~114.85-G =0 G =61.9N Ans U"’:’o .

L
LE=0; 250cos60°-C =0 G=125N Ans . 1 b4
ﬁh'mﬁf
IM, =0,  Mc, - 172.27(1.5)+ 250 cos 60°(5.5)=0 / =& (dy
. X e G T~
) ~
Mg, ==429N: m Ans P 1
™M,
IM =0; Mc, =0 Ans
()]

Negative sign indicates that M, acts in the opposite sense to that shown
on FBD.
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Gz =0

20(10) - 1.5(F) = 0

Fp=1331b Ans

6-127. Determine the clamping force exerted on the
smooth pipe at B if a force of 20 1b is applied to the handles
of the pliers. The pliers are pinned together at A.

201b

533




6 Solutions 44918 1/26/09 1:48 PM Page 534 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

0.6 m

*6-128. Determine the forces which the pins at A and 0.8 m
B exert on the two-member frame which supports the

100-kg crate.

AC and BC are two - force members.

PnC:

504.8)A
% ™

SLIF =0 Fc (;] - Fac [7%]- 50(9.81) = 0

+1IE =0 Fiec G) + r,c[%]- 100(9.81) = 0

Fic = 1154N=115kN Ans

Fae = SON Anms

100(98/)N
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*6-129. Determine the force in each member of the truss
and state if the members are in tension or compression.

Method of Joint : In this case, support reactions are not required for
determining the member forces. By inspection, members DB and BE are
zero force members. Hence

Fpp = Fag=0 Ans

Joint C

+TEE =0; ﬁ_.,[%]-sao

Fog =1789kN (C)=179kN(C) Ans

fgp 4c §
+ 2 5 . :x:amu
3IE =0; 17.89) = [-8-Fp=0 =
Vs s
Fep =8.00kN (T) Ans .

Joint D

5%E =0, 800-Fg=0 Fy=800kN(T)  Ans

Joint B

+ ZF.-B(,: EA-IT'”=0

F, =1789kN (C)=17.9kN(C)  Ans "5,=o
Joint A
1
+TEFE =0; Fg-1789 —=|=0

Fie=8.00kN (T) Ans

- 2
=2ZIF =0 A, -11.89[-J-§-]=0 A = 16.0 kN

Note : The support reactions E, and E, can be determined by analyzing JL&;
Joint E using the results obtained above.

535




6 Solutions 44918 1/26/09 1:48 PM Page 536

—p—

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

6-130. The space truss is supported by a ball-and-socket
joint at D and short links at C and E. Determine the force in
each member and state if the members are in tension or
compression. Take F; = {—500k} b and F, = {400j} 1b.
IM =0 -G (3) -400(3)= 0
G = =400 b
LF, = 0: D;=0
M, =0 G=0
Joint F : IF, =0 Fup=0 Aos
Joint 8 : X
ZF‘ = Fpc =0 Ans
4
IF, = (0; 400 - ;’n =0
Fog = 500 1b (T Ans
3
IF, = 0; Fg- ;(500} a0
Fa = 300 b (C) Ans
Joint A :
IF, = 0: 300- 3 ac = 0
' 7
Fie = 583.1 = 583 1b (T) Ans
3 3
IF, = O (SB3.1) - 500 + =Fip= 0
7 ;
Fap =333 (T Ams
4 4
IF, = 0; Fu - -(3333) - —=(583.1) = 0
5 /3
Fg = 667 1b(C) Ans
Joint E :
IF, =0 Fpg = 0 Ars
ZF; =0 Fﬂ":"(m) =0 Fcp =3ml.b(C) Ans
4
= 1) - = 1
Fer = 300 b (C) Ans IF, =0 ﬁ(ﬂ!ll 400 = 0 Check
Joint C: Joint F :
3 3
IF, = 0; (583.1) = Fep= 0 IF, =0, ——Fpp-300=0
V3 T
Fep = 300 b (C) Ans For = 42416 (T) Ans
3 3
IF, = O Fer - (583.1)= 0 IF, = 0; (424.3) - 300= 0 1
‘ b * 7is Check
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6-131. The space truss is supported by a ball-and-socket
joint at D and short links at C and E. Determine the force
in each member and state if the members are in tension
or compression. Take F; = {200i + 300j — 500k} b and
F, = {4005} Ib.
IF, = O D, + 200= 0
D, = =200
X
IM = 0; =G (3)'~ 400(3) - 200(4) =0
C, = -666.71b ?
| g
IM, = 0: G(3) - 200(3) = 0 " ”r «
B
G =20D 5 i .'_.i'l"";l‘
Joint F : L T ;
hut)ﬂtﬁ'h‘]u '
IF,=0; Fp=0 Ans o
" Sl
Joint B : * P
Feo | Fre ! m\!
IF, = 0 Fac =0 Ans .
Feg -f"
IF, = O: 400~ cFg =0 v
Far = 500 b (D Ans i i
T ,""‘ A _ l.;.
3 o
IF, = 0; Faa = 2(500) = 0 h‘i\,\ ’
=g RIS # Rt
F‘. - mm(C) Ans
Joint A :
3 o 1
IF, = 0 300 + 200- =0 oy
“ﬁ:’dt ‘ﬂ( b |
X 28
Fic = 911.8 =912 (D Ams p ~
IF, = 0; 2 971.9) - 500 + 2Ep= 0
t Jﬁ . ra
Fip =0 Ans
4
IF, =0 &:'Fm-mml-n'o
Fag = 367116 (O) Ans
Joint E : 5
IF=0 &-Tm:.m.m-o
IF, = 0; Fog=0 Ans ‘ " M
IF, = 0; r,-%(m.o Fep =300 1b (O) Ans
4
Far = 3001 (©) A IF, = 0; Emw-uu-o Chock!
Joint C: Joint F:
3
IF, = 0; Tmu)-rm-ﬂ I =0 3 For - 300= 0
4 i
Fep = 500 (C) Ans For = 424D (O i
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*6-132. Determine the horizontal and vertical components 1m
of reaction that the pins A and B exert on the two-member

_F
frame. Set F = 0. «

CB is a two - force member,

Member AC : 1m

Qzu. =0; -600(0.75) + 1.5 (Fcp 3in75°) = 0

Fea = 310.6

B, =8 = :uo.o[%] = 220N Ane

IR, =0;  =A +600sin60° - 310.6 cos 45° = 0
A = 300N Ans
+TIF =0; A -60000s60° + 310.65in45° = 0

A =804N Ans
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¢6-133. Determine the horizontal and vertical components 1m
of reaction that pins A and B exert on the two-member F
frame. Set F = 500 N. - <
1.5m Im
Blg)—
B
o~ 60°
400 N/m A
Member AC : F—CX"
o =0 -600079) - G (15008 60°) + G, (1.5 5in 60 = 0 4OO|U‘5)"'
|
Member CB : LOON &

€M =0 -cm-Ggm+s00m =0 min
1:55IN60 M

Solving,
G = 426N
G = 974N
Member AC:
SIF, =0;  -A +600sin60° - 4026 = 0 [/—5605900”1-‘
A =1ITN  Ans
+TEIF, =0 A -600c0360° ~97.4 = 0 Ay
A =3IN  Ans
Member CB :
SEF =0, 4026-500+8, =0 Im

= 974N Ans C

+TZF 20 -8B +974a0

B, = 974N Ame
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6-134. The two-bar mechanism consists of a lever arm AB
and smooth link CD, which has a fixed smooth collar at its
end C and a roller at the other end D. Determine the force P
needed to hold the lever in the position 6. The spring has a
stiffness k and unstretched length 2L. The roller contacts
either the top or bottom portion of the horizontal guide.

L
Free Body mm:msmwx-u-m.m

1
the spring force developed is F, -h-u(:—m].

Equations of Equilibrium : From FBD (a),

1 .
:DZE =0; .kL(z' m)-&psm =0
E kL 1 )
“’"sme( sin 6

(+%=0: M =0 2L

M =0

From FBD (b), L
I
B 1\ o Fo*5n5 (2 ~575)
Gram =0, pan- g5(a- o
kL
P=m(2-mﬁ) Ans A!_
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6-135. Determine the horizontal and vertical components C 2 kip /ft
of reaction at the pin supports A and E of the compound W A K f
beam assembly. D — \W
1 1ft] \
—B(o‘» ‘ o; (‘ E

Ax

Member BDE :

2

Ezu, =0 6(2}1-1"[‘/;](6}-12[7[;](9) =0

Member AC : A" 3

LM, = o r(—'-]unr[—z-] (s)—k[L](s) =0
< VO N ¥ 2(2)(6)=6kip
Solving, R., T .
T =3440kip, R = 7.568kip ,—-”' 1
Member AC : ] £ 2:_...!"” N E’x

L3R =0 &-7.568[%]-3.440[7%]=0 ‘( 7 R 2
A =83lkip Ans

+TEF =0 A —-r.sss[%]u.w[i) =0

Js
A = 0308kip Ans

Member BDE :
S5F =0; 15&-2—]+3.m[‘]-5,=0
/5 Vs
E =83lkp Ans
1 2
+TIF = 0 7.563[—]—3.«0[—J-s+z,=0

Vs Vs

E, =56kp Ans
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*6-136. Determine the force in members AB, AD,and AC
of the space truss and state if the members are in tension or

compression.

F = {—600Kk} Ib

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

Joint A

2
IF =0; ﬁg[ﬁ]-m=0

Fip=2473861b (T) =247 kip (T)  Ans

Fic=Fa Q)

e afgighfa) o

0.9829F, - + 0.9829F, ; = 2400 (2

Solving Eqs.[1] and [2] yields

Fic = Fy =122091 b (C) = 1.22 kip (C) Ans
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