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3-1. Classify each of the following trusses as statically
determinate, statically indeterminate, or unstable. If
indeterminate, state its degree.

a) b=8, r=3,j=6
b+r=2j
11 <12
Unstable. Ans.

(a) (b)
b) b=7,r=4,j=5
b+r=2j
11 > 10
Statically indeterminate to 1°. Ans.

Q) b=13,r=3j=8
b+r=2j
16 = 16
Statically determinate. Ans. ()

d b=21,r=3,j=12
b+r=2j
24 =24
Statically determinate. Ans.

3-2. Classify each of the following trusses as stable, unstable, AN 9
statically determinate, or statically indeterminate. If indeterminate,
state its degree.

(a) r=3 0 N N
b=15
j=9 (a)

3+15=90) -

Statically determinate. Ans. ?;é

(b) r=3
bzll Q V
j=17

3411 =170)

Statically determinate. Ans.

3 9
(c) r=3
Cir)=12 \\

D
N

3412 < 8(2)
15 < 16

Unstable. Ans.
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3-3. Classify each of the following trusses as statically
determinate, indeterminate, or unstable. If indeterminate,
state its degree.

(@)

a) By inspection, the truss is internally and externally stable. Here, b =11,
r=3andj=6.Since b+r > 2jand (b +r) —2j=14—12 =2, the truss is
statically indeterminate to the second degree.

b) By inspection, the truss is internally and externally stable. Here, b =11,
r=4andj=7.Since b+r > 2jand (b +r)—2j=15—-14 = 1, the truss is
statically indeterminate to the first degree.

c) By inspection, the truss is internally and externally stable. Here, b =12,
r=3andj=7.Since b+r > 2jand (b +r) —2j=15—14=1, the truss is
statically indeterminate to the first degree.

/ |.| H \‘\
A =cy

(b)

*3-4. Classify each of the following trusses as statically
determinate, statically indeterminate, or unstable. If
indeterminate, state its degree.

a) Hereb=10,r=3andj=7.Since b +r < 2j,the truss is unstable.

b) Here b =20,r=3 andj=12.Since b +r < 2j, the truss is unstable.

c) By inspection, the truss is internally and externally stable. Here, b =8, (c)
r=4andj= 6.Since b + r =2j, the truss is statically determinate.

d) By inspection, the truss is unstable externally since the line of action
of all the support reactions are parallel.
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3-5. A sign is subjected to a wind loading that exerts
horizontal forces of 300 1b on joints B and C of one of the
side supporting trusses. Determine the force in each
member of the truss and state if the members are in tension
or compression.

Joint C: Fig a.

5
5 SF, =0, 300 - Fep (E) =0 Fep=7801b(C)

12
+1 > F,=0; 780 <E> — Feg=0 Fcp=7201b(T)
Joint D: Fig. b.
+/2FX:0, FDB:O

+NDF, =0, Fpg—780=0 Fpg=7801b(C)

Joint B: Fig. c.

% EFX =0; 300 + Fggsin45.24° — Fp,cos45° =0

+ 1Y F,=0; 720 — Fgpcos45.24° — Fp,sin45° = 0

Solving

Fyr = 296.991b = 2971b (T)  Fgy = 722.491b (T) = 7221b (T)

7

300 Ib C

1
\ fp=7801b

(b)

Ans.

Ans.

Ans.
Ans.

Ans.

=720 b
G
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3-6. Determine the force in each member of the truss.
Indicate if the members are in tension or compression.
Assume all members are pin connected.

Support Reactions. Referring to the FBD of the entire truss, Fig. a
C+HIMp=0; 2(8) +2(16) — Ay(24) =0 A, =20k

LESF. =0, A, =0

Method of Joint. ‘
~—— 8 ft 8 ft 8 ft ‘-‘
Joint A: Fig. b,
1
+HI3F, =0, 20— Fuy (—) =0 Fuy = 4472k (C) = 447k (C) Ans.
5
2
ENF, =0, Fup - 4.472(5) =0 F,p =400k (T) Ans.
Joint B: Fig. c,
LENF, =0, Fpe—400=0 Fpe =400k (T) Ans.
+13F =0, Fzy=0 Ans.
Joint H: Fig. d,
+13F, =0, Fyesin33.13° - 2sin6343° =0 Fpye = 2236k (C) = 2.24k (C) Ans.

5 EFX =0; 4.472 — 2co0s63.43° — 2236 cos 53.13° — Fys =0

Fu = 2236k (C) = 224k (C) Ans.
Joint F: Fig. e,

ENF =0, Feg=0 Ans.

+13F, =0, Fpr—15=0 Fpg=15k(C) Ans.

Joint G: Fig. f,

2 2
5 >F,=0; 2236 (7) - Fgp = (7) =0 Fgrp=12236k(C) =224k (C) Ans.
5 Vs
1 1
+T2Fy =0; 2236 7) + 2.236<7) —2—Fgc=0 Fgec=0 Ans.
5 5
Joint E: Fig. g,
2 2
X SF,=0; 2236 (7) - FEC(f) =0 Fpc=2236k(T) =224k (T) Ans.
Vs 5
1 1
13 F, =0, Fgp=2236 (7) - 2.236(7) -15=0 Fgp=35k(C) Ans.
2 y ED 5 \/g ED
Joint D: Fig. h,
HEF =0, Fpe =0 Ans.

51




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

3-6. Continued

[.5 k.
2K ,,4
2K

%
|5k
A f54
fis= 400k F 4
< > —X
P Esc. Fl:'é[
| Fe
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3-7. Determine the force in each member of the truss.
State whether the members are in tension or compression.

Set P = 8 kN.

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

Joint D:
+13F, =0
LE3F, =0
Joint C:
+13F, =0
i) EF’C =0;
Joint B:
+13F, =0
EXF, =0
Thus,
Joint E:
+13F, =0
5 SF,=0;

Fpesin60° — 8 =0

Fpe = 9.238kN (T) = 9.24 kN (T) Ans.
Fpr — 9.238 cos 60° = 0
Fpr = 4.619kN (C) = 4.62kN (C) Ans.
Fepsin 60° — 9.328 sin 60° = 0
Fep = 9.238 kN (C) = 9.24 kN (C) Ans.
2(9.238 cos 60°) — Fep =0
Fep = 9238 kN (T) = 9.24 kN (T) Ans.
FBE Sin 600 - FBA Si]fl60O =0
Fpp = Fga = F
9.238 — 2Fcos 60° =
F = 9238 kN
Fprp = 924kN (C) Fpyu = 924kN (T) Ans.
E, —2(9.238sin60°) =0 E, =16.0kN
Fpyq + 9.238 cos 60° — 9.238 cos 60° — 4.619 = 0
FEA = 462 kN (C) Ans.

Note: The support reactions A and A can be determined by analyzing Joint A
using the results obtained above.

4 m 4—‘
B, c
69" 60°
0(\41; ¥y —— D
4m 4m
\
P
t
Foc
607\ - x
P
o
£,
8 C : x
60’ é0
Foe Foc=9.238 kN
B Fg=9238 K/

—X

Fee
I
’v.
foe 5220 K Fp 9238kl
60° 6o*
X
Tza Tor <4619 kAl
5y
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4m4—‘
C

*3-8. If the maximum force that any member can support
is 8 kN in tension and 6 kN in compression, determine the
maximum force P that can be supported at joint D.

B

60° E 60°
A oY\—‘— ) D
4m 4m
 /
P
Method of Joints: In this case, the support reactions are not required for Y
determining the member forces. Be
Joint D:
+T2Fy=0; Fpcsin60° — P =0 Fpc = 1.1547P (T) 60'"\| D .
+ 0 e
S5 YF,=0; Fpg— 1.1547P cos 60° = Fpr = 057735P (C)
P
Joint C:
+13F, =0, Fcpsin60° — 1.1547P sin 60° = 0 Y
Fep = 1.1547P (C)
Fes 2 X
X S F,=0; 2(1.1547Pcos60° — Fcp =0 Fep = 1.1547P (T) T 6o 60"
Joint B: F foc=115%7 P
+13F, =0, Fpesin60° — Fppsin60° =0 Fpp = Fpy=F
1
N SF, =0, 11547P —2Fcos60° =0 F = 1.1547P
Thus, Fgr = 1.1547P (C)  Fp, = 1.1547P (T) 8 _fes ’l'_/,fﬁ/;
p T
Joint E: Foe
Foa
N SMF,=0; Fgy+ 1.1547P cos 60° — 1.1547P cos 60° — 0.57735P = 0
Fr4 = 0.57735P (C) s47p y
Y
e By #1547
From the above analysis, the maximum compression and tension in the truss , )
members is 1.1547P. For this case, compression controls which requires é0 A 160 —x
1.1547P = 6 Fa E  Be-osm35P
P =520kN Ans.
i
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3-9. Determine the force in each member of the truss.

State if the members are in tension or compression.

Reactions:

B, =900k, D,=0, D,=100k

Joint A:
+1 > F, =0 %(FAF) -2=0
Fap = 3333k = 333k (T)
ENF =0, —Fup+ 2(3.333) =0
Fap = 2667k = 267k (C)
Joint B:
+13F, =0, 900~ (Fgp) =0
Fgr = 9.00k (C)
EXF, =0, 2667 — Fge =0
Fpe = 2667k = 2.67k (C)
Joint F:
+1TYF, =0; —%(FFC) —4 - %(3.333) +9=0
Fre = 5.00k (T)
E3F =0, —Fpp — 2(3.333) + %(5.00) =0
Fpp = 1333k = 133k (C)
Joint C:
+13F, =0, —Fep+ %(5.00) =0
Fep = 3.00k (C)
EFE =0, Fep+ (2667) — %(5.00) =0
Fep = 1333k = 1.33k (T)
Joint D:

3
+1T>F, =0 —g(FDE)-l- 1=0
Fpr = 1.667k = 1.67k (C)

4
L SF, =0 5(1.667) — 1333 =0 (Check)

4k 4k
F YE
T QN
9 ft 2k
o b
/o) o (o
A = B C
ﬁfi 30°
12 ft ——f—— 12 ft ———— 12 ft —
4k 4K
Ans. 2K
/] [\] l\ D.
Ans. L
U i2ft izft et | %
&y
sz
Ans. s SFZ;.
Al Be
Ans.
Re
2-66] & x
) Re
Ans. 9.0k
Ans. r
4K
F e X
T
R
$233k gox  ©
Ans.
50K #ch
3
Ans. 2667k < R X
e '+
3 d
Ans. 1233 » n
1ok

55




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

3-10. Determine the force in each member of the truss.
State if the members are in tension or comprehension.

Reactions:
A, =165k, E, =200k, E, =435k
Joint E:
+1 > F, =0; —(Fgp)sin21.80° + 435 =0
3<
Fgp = 1171k = 11.7k (C) Ans. 2« '
ENF, =0, —Fgp—2+ 1171 cos 21.80° = 0 2l
Frp = 8875k (T) Ans. |
- ; T %
Joint D: [ repe T uofe T ot T o/t |
A £,
+I13F, =0, Fpr=0 Ans. p
LN F, =0, —Fpc+8875=0
FDC = 8.875k (T) Ans. 5;
2
E o‘_n
Joint A: Fep
+HI X F, =0, —Faysi ° = 439
y = U AH SIN 50.]9 + 1.65 = 0
Fuy = 2148k = 2.15k (C) Ans. {
5 SF, =0; Fup— 2148 (cos 50.19°) = 0 Be e
—-X
Fup = 1375k (T) Ans. 21 eersk
. ¢
Joint B:
Bn
+TYF,=0; Fpyp=0 Ans. 5049° X
A
HSF =0 Fge —1375=0 Fas
165k
FBC = 1375 k (T) AHS.
_ &
Joint F: Ry
+ isz =0; Fpc cos46.40° — 3 cos21.80° =0 135k 1% R, -
[
Frc = 4.039k = 4.04%k (C) Ans.
+NDF, =0, Fpg+ 3sin21.80° + 4.039 sin 46.40° — 11.71 = 0
Frg = 7671k = 7.67k (C) Ans.
Joint G:
+ /'EFy =0; Fgccos21.80° —3¢0s21.80° =0 Fge =3.00k(C) Ans.
+NDF, =0, Fgy + 3sin21.80° — 3sin21.80° — 7.671 = 0;
Fgy = 7671k = 7.67k (C) Ans.
Joint C:
+1 > F, = 0; Feysin50.19° — 3.00 — 4.039 sin 21.80° = 0
Fey = 5858k = 5.86k (T) Ans.

5 S F =0; —4.039 cos 21.80° — 5.858 cos 51.9° — 1.375 + 8.875 = 0 (Check)
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3-11.

Determine the force in each member of the truss.

State if the members are in tension or compression. Assume
all members are pin connected.

Joint D:

+ 1T YF, =0

L3 F, =0
Joint C:

iEFX =0;

+13F, =0
Joint G:

g SF,=0;

+TYF, =0;
Joint A:

+TYF, =0;

5 > F, =0
Joint B:

i>EFx = 0;

+1TYF, =0;
Joint F:

+1 > F, =0

FED(%) -5=0;

FBC — 6.67 = 0,
Fegp—5=0;
Fep = SKN(T)

15 — F 4 (sin 56.3°) = 0;
F,r = 18.0kN (C)

—F 45 — 18.0(cos 56.3°) + 20 = 0;
F, 5 = 10.0kN (C)

4
—FBE<E) +10.0 — 6.67 = 0;

3
18(sin 56.3°) — 7.5 — FFE(g) =0;

Fpp = 12.5kN (T)

Frp = 8.33kN (T)

SkN

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

JoiNT G
2o 10

Fea

Jorur A
15k E,
AF
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*3-12. Determine the force in each member of the truss.
State if the members are in tension or compression. Assume
all members are pin connected. AG = GF=FE=ED.

Reactions:

A, =0, A, = 16.0kN

Joint A:
+13F, =0 16 — 4 — F 4 sin 26.565° =

Fac = 26.83 kN = 26.8 kN (C) Ans.
L 3F, =0,  —26.83c0s26.565° + F 5 =0
FAB = 240 kN (T) Ans.
Joint G:
+NDYF, =0 —8¢0526.565° + Fgp =0 4 g
Fup = 7.155 kN = 7.16 kN (C) Ans. , ‘f:‘;x
8
+ 7SF, = 0; 2683 — Fgp — 85in26.56° = 0 *
lé.0m
Fgr = 2336 kKN = 233 kN (C) Ans.
Joint B: 4 Sk
/*
+1SF, =0;  Fpgpsin53.13° — 7.155 sin 63.43° = 0 ’
20 - %56 Fer
Fgr = 8.00kN (T) Ans. %
26-834M F
53 F, =0;  Fpe — 240 + 7.155 cos 63.43° + 8.00 cos 53.13° = 0 §8

FBC 16.0 kN (T) Ans.

Due to symmetrical loading and geometry:

FCD = FAB = 24.0 kN (T) Ans.
FEF = FGF = 23.3kN (C) Ans.
FDE = FAG = 26.8 kN (C) Ans.
FEC = FGB = 7.16 kKN (C) Ans.
FCF = FBF = 8.00 kN (T) Ans.
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3-13. Determine the force in each member of the truss
and state if the members are in tension or compression.

Support Reactions:
C+ DMp=0; 46)+509) —E,(3) =0 E,=230kN

+1X F, =0, 230-4-5-D,=0 D,=140kN

L3 F =0 D, =0

Method of Joints:
Joint D:
5
+ 1 SF, =0 F (7)—14.0:0
E y DE ﬁs 4

Fpr = 1633 kN (C) = 163 kN (C)

+ 3
LSF, =0 16.33<—) — Fpe=0
) V34 e

Joint E:
+ 3 3
LSF =0, Fuu (—) - 16.33(—) =0
) V10 /34
Fp,y = 8854 kN (C) = 8.85kN (C) Ans.
¥
+13F, =0, 230 1633(5 ) 8854( ! ) Fre=0
= U; U — . p— - . — - EC —
Y V34 V10 Be » D=0
Fpe = 620 kN (C) Ans. « > —K
By
Joint C: 3_!5
+ 1S F =0 620 — Fepsinds® =0 Be by=i4-0kn
Fop = 8768 kN (T) = 8.77 kN (T) Ans.
+ -0 o _ ¥
S SF,=0; 840 — 8768c0os45° — Fep =0 |
Fee
Fep = 220kN (T) Ans. Fe=l633 kil
Fea 5
Joint B: ~J8 E)
X
L SF, =0, 220 - Fpycos45° =0 Te
Fga = 3111 kN (T) = 3.11 kN (T) Ans. .
i
+1>F, =0, Fpr—4-3111sin45° =0
FBF = 620 kN (C) Ans. .’f
Joint F:
E P =840 KN
+1 SF,=0; 8768sin45° — 620 = 0 (Check!) < = »— X
4 ;/?‘
L SF, =0, 8768c0s45° — Fry =0 2 eb2o
<

FFA = 6.20 kN (T) Ans.
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3-14. Determine the force in each member of the roof 8 kN
truss. State if the members are in tension or compression.

Reactions:
A,=160kN, A, =0, F,=16.0kN

Joint A:
+T Y F,=0; —F,ksin16.26° — 4 + 16 = 0 ‘476@4m:24m—,‘
Fx = 42.86 kN = 42.9 kN (C) Ans.
L3 F, =0, Fup— 4286c0s16.26° =0 Bew
Fup = 41.14kN = 41.1 kN (T) Ans. o
A
Joint K: 1 T 'i _‘l: JT
_ . . "4», NIEEZRAEZBELZBEZNIE .
+NDF, =0, —4c0s16.26° + Fypcos 16.26° = 0 Ap /6.0 ko fetbor
FKB = 4.00 kN (C) AllS.
+ /7> F, =0, 4286 + 4.00sin 16.26° — 4.00 sin 16.26° — Fy; = 0 y
Fy; = 42.86 kN = 42.9kN (C) Ans. g
Joint B: i
s 3
. A e
+1>F,=0; Fpsin3026°—4 =0 16.26°
Fyy = 7.938 kKN = 7.94 kN (T) Ans. 60k
LN F, =0, Fpe + 7.938 cos 30.26° — 41.14 = 0
Fpe = 3429 kN = 343 kN (T) Ans. o
4kA
Joint J: b 7‘,'/ "
=5 EFX =0; —Fj;cos16.26° — 7.939 sin 59.74° + 42.86 cos 16.26° = 0 p Fy
F,; = 3571kN = 35.7kN (C) Ans. el
Feo

+1SF, =0; Fjc+ 42.865in16.26° — 7.939 cos 59.74° — 4 — 35.71 sin 16.26° = 0

F;c = 6.00kN (C) Ans.
Joint C:
+1>F,=0; Fersin4l.19° — 6.00 = 0
Fep = 9.111kN = 9.11 kN (T) Ans.

53 F, =0,  Fep+ 9.111cos41.19° — 3429 = 0
Fep = 27.4kN (T) Ans.

Due to symmetrical loading and geometry

FIH = 357 kN (C) Ans.

Fyp = 6.00kN (C) Ans.

FHG =429 kN (C) AIIS. *

Frp = 343 kN (T) Ans. .

Fip = 9.11kN (T) Ans. Fex
Frg = 42.9kN (C) Ans. 24.2908 : “;" —
Fgr = 400 kN (C) Ans. “

FFE = 411 kN (T) Ans.
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3-15.

Determine the force in each member of the roof

truss. State if the members are in tension or compression.
Assume all members are pin connected.

Joint A:

3
—5 Fan + 15kN =0
Fa = 25kN (C)

4
Fap = 20kN (T)

3 3 3

4
_7FHG:0

4 4
—(25kN) — - F,

Fye = 833kN (C)

4 4
3 3
5 (16.67kN) + < (1667kN) = Fge = 0

The other members are determined from symmetry.

Ans.

Ans.

Ans.

Ans.

Ans.
Ans.

Ans.

Ans.

G
T
3m
H F |
N
/ 31m
B c iD B35
10 kN 10 kN 10 kN
—4m l 4m l 4m 4m—
JOIHT AI
Fas-
o=
o
15 KN
JOINT B-
...Fau
l®
zomq__j-—a.r%"
JORL
JorNT H
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*3-16. Determine the force in each member of the truss.
State if the members are in tension or compression.

Joint E:
+1 2 F, =0,  Fpa= Fgc

L F =0, 231 —2Fg,sin30°=0

Fr, = 231 kN (C) Ans.
Fge = 231 kN (T) Ans.
Joint A:
5 SF =0, 231 —2315sin30° — Fupc0s30° + Fypcos45° = 0 bt E
+1 EFy =0, 2—231cos30°+ Fypsind5° — Fypsin30° =0 2.3
Fap = 224 kN (T) Ans. 438
F, = 3.16 kN (C) Ans. Fea Fe
Joint B:
L F =0, Fge=316kN(C) Ans.

+1F, = 0;  2(3.16)sin 30° — Fyp = 0
Fzp = 3.16 kN (C) Ans.

Joint D:

Fpc = 224 kN (T) Ans.

Jbld‘r B

Fae

Jorur B
o Y-

PAL 7V N TRV
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3-17. Determine the force in each member of the roof truss.
State if the members are in tension or compression. Assume
Bis a pin and C is a roller support.

Support Reactions. Referring to the FBD of the entire truss, Fig. a,
C+DYMc=0; 2(4)—-22)— N2 =0 Np=2.00kN

Method of joint.
Joint A: Fig. b,
+13F,=0; Fussin30°—=2=0 Fu;=4.00kN(T)

| [

e e mmmo e omon )]

2 kN

5 F, =0, 400c0s30° — Fyp=0 Fyup=3464kN (C) = 3.46 kN (C)

Joint G: Fig. c,
+7>F, =0, Fgr—400=0 Fgp=400kN (T)

+\2Fy = 0, FGB =0

Joint B: Fig. d,

+1 SV F,=0; 2 - Fypsin60° =0 Fpp =2309kN (C) = 231 kN (C)

5 F, =0; 3464 — 2309 cos 60° — Fye =0 Fpe = 2309kN (C) — 231 kN (C)

Due to symmetry,
Fpg = F46 = 4.00kN (T) Fpc = Fup = 346 kN (C)
Fpr = Fgp = 4.00kN (T) Fge=Fs=0
Fep = Fgr = 231 kN (C)

\

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.
Ans.

Fag
30

2 kN

(b)

g
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3-18. Determine the force in members GF, FC,and CD of
the bridge truss. State if the members are in tension of
compression. Assume all members are pin connected.

B| C
szo fit ( 40 ft 40 ft l 40 ft—|
15k 10k
Q+EMF =0; —Fpc(30) + 875(40) =0
FDC = 117 k (T) AHS.
8
C+DM-=0; —FFC(i)(45) +8.75(80) =0
) V73
Frg = 16.6k (C) Ans.
3 3
+1 F,=0; 8.75—16.6(7)-FFC(7):O
20 V73 5
FFC = 486 k (T) AHS.
3-19. Determine the force in members JK, JN, and CD.
State if the members are in tension of compression. Identify
all the zero-force members.
~— 20 ft 30 ft 20 ft 4"
Y \
2k 2k
Reactions:
A, =0, A, = 20Kk, F, =20k
Q+EM, =0, Fcp(20) +2(15) —2(35) =0 . % w: ‘
FCD =2.00k (T) Ans. he 2o AQS VADA
— 0 _ Zoft | 3of¢ v 2oft
+ T E Fy O’ J,V 0 A’ 20k ék 2k 6 32-0&
LE3F. =0, —J,+200=0; J, =200k
Joint J: A
N+D F,=0; —F;ysin23.39° + 25in29.74° = 0 204t
—
FJN = 250 k (T) Ans.
+/‘E F,=0; Fj;xcos29.74° — 2.50 cos 23.39°
Frx = 4.03k (C) Ans.
Members KN, NL,MB,BL, CL,10,0H,GE, EH, HD
are zero force members. Ans.
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*3-20. Determine the force in members GF, FC, and CD
of the cantilever truss. State if the members are in tension of
compression. Assume all members are pin connected.

B C D

‘.72 m ‘ 2m 1 2m 4
C+DMc =0; 12KkN (cos 26.57°) (4 m) + 12 kN (cos 26.57°)(2m)

—12 kN (sin 26.57°) (1 m) — Fgp sin 26.57° (4m) = 0

Fgr = 33.0kN (T) Ans.
C+DM,=0; —12kN (2236 m) + Frc(4m) = 0

Frc = 6.71kN (T) Ans.
C+DMp=0; 12kN (2236 m) + 12kN (2)(2236m) — Fcp (2m) = 0

Fep = 402kN (C) Ans.

3-21. The Howe truss is subjected to the loading shown.
Determine the forces in members GF, CD, and GC. State if
the members are in tension or compression. Assume all
members are pin connected.

C+SMg =0, FcpB3) —9.5(4) +52) +2(4) =0
Fep = 6.67kN (T)

C+SMp=0; -9502) +2(2) + g(1.5) Fgr =0
Fgr = 125kN (C)

Joint C:
FGC = 0
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3-22. Determine the force in members BG, HG, and BC
of the truss and state if the members are in tension or

compression. ]

I c

6 kN 7kN 4 kN

C+3Mp=0; 6(9) +7(6) +4(3) — A, (12) =0 A, = 9.00kN

ENF =0 A, =0

Method of Sections:

C+SMg=0; Fye(45) +6(3) —96) =0

FBC = 800 kN (T) Ans.
CH3 My =0 FHG(\}g)@ ~93) =0

Fye = 10.1kN (C) Ans.

s 1.5 _ _

C+DMp=0; FBG(\/E>(6) +9(3) — 6(6) =0

Fyg = 1.80 kN (T) Ans.

3-23. Determine the force in members GF, CF, and CD of 1.5 kN

the roof truss and indicate if the members are in tension or
compression.

C+3SM,y=0;, E,(4) —2(08) - 15250) =0 E,=13375kN

Method of Sections:
C+DMc=0; 133752) — Fgr(1.5) =0

FGF =1.78 kN(T) Ans.

C+DMp=0; 13375(1) — FCD(%)(l) =0

Fep = 223 kN (C) Ans.
1.5
C+>XMp=0 FCF(i)(l):O Fep=0 Ans.
Z V3.25

15 KN

+m | 1 ¢
v Foe | ! Fy=1 35 ol
T
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*3-24. Determine the force in members GF, FB, and BC 600 1b
of the Fink truss and state if the members are in tension or
compression.

Support Reactions: Due to symmetry. D, = A,. 500l
S001b
+T>F, =0, 2A,—800—600—-800=0 A,=11001b Bgote
L3 F =0 A, =0 A
A
. L
Method of Sections: o7 T e T g
C+> Mp=0; Fgpsin30°(10) + 800(10 — 10 cos® 30°) — 1100(10) = 0 Ay D;
Fgp = 18001b (C) = 1.80k (C) Ans.
C+> My =0; Fppsin60°(10) — 800(10 cos* 30°) = 0
Frg = 692.821b (T) = 693 1b (T) Ans. I5tan0ft,
C+> Mp=0; Fpe(15tan30°) + 800(15 — 10 cos® 30°) — 1100(15) = 0 -
Fge = 121243 1b (T) = 1.21 k (T) Ans. o7t | 5#
Afﬂaon’

3-25. Determine the force in members /H, ID, and CD of
the truss. State if the members are in tension or compression.
Assume all members are pin connected.

Referring to the FBD of the right segment of the truss sectioned
through a-a, Fig. a,

3kl 3kN  [BKN
Q+2MD=O; Fiy(2) —3(2) —154)=0

Fy = 6.00kN (T) Ans.
CHD Mp=0; 3(2) +3(4) — F,D(\lé)(@ =0 ED —
Fip = 4243 kN (T) = 424 kN (T) Ans.  2Jm
1
C+DM;=0; Fep (\/5)(6) —3(2)-34)—1506)=0 B
Fep = 10.06 kN = 10.1 kN (C) Ans.
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3-26. Determine the force in members JI, IC, and CD of
the truss. State if the members are in tension or compression.
Assume all members are pin connected.

Consider the FBD of the right segment of the truss
sectioned through a-a, Fig. a,

C+X Me=0; Fu(3)—302) —3(4) — 1.5(6) =0

Fy; = 9.00 kN (T) Ans. Fpp
CHDMp=0; 3(6) +3(4) +3(2) — Fic(6) =0

Fye = 6.00kN (C) Ans.
C+X M, =0; Fep (\2)(6) —1.5(6) = 3(4) —3(2) =0

Fep = 10.06 kN (C) = 10.1 kN (C) Ans.

3 kN
|z |

15 kN

3-27. Determine the forces in members KJ, CD, and CJ of
the truss. State if the members are in tension or compression.

Entire truss:

SkN

{

30 kN
15 kN 15 kN 20 kN

=

“%31@1m3m

ENF =0 A, =0 6@3m=18m
C+3SMy=0; —15(3) — 15(6) — 30(9) — 20(12) — 10(15) — 5(18) + G,(18) = 0
G, = 49.17kN Skn  1SkN 1Smi 30MN 2orw ok SM
I~ 3m 3am 3m | am Am
+T2Fy:0; Ay—5—15—15—30—20—10—5-‘:—49.167:0 Ak ¥ 5 - - L
_ = 3 koo
A, = 5083 kN S ][;d DQE Z
Ay : &y
Section:
C+SMc=0; 153) + 5(6) — 50.83(6) + Fgs(2) = 0 o e 1o
/
L3m Im 3m
Fy; = 115kN (C) Ans. . .
o)
C+3SMy=0; —153) — 15(6) + Fc;sin33.69° (9) = 0 z'“! =
50-83 xw
FC./ = 27.0kN (T) Ans.
C+SIM; =0, —5083(9) + 5(9) + 15(6) + 15(3) + Fepcos 18.43° (3) = 0
FCD = 975 kN (T) Ans.
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*3-28. Determine the forces in all the members of the
complex truss. State if the members are in tension or
compression. Hint: Substitute member AD with one placed
between E and C.

S; = 8"+ x(S)

Fre = 8'gc + (%) Spc = 0
747.9 + x(0.526) = 0

x = 1421.86

Thus:

Far = Sar + (%) Sar

= 137321 + (1421.86)(—1.41)

= —646.31b
F,r = 6461b (C) Ans.
In a similar manner:
F,p = 580 1b(C) Ans.
FEB = 820 lb(T) Ans.
Fpe = 580 1b(C) Ans.
Frr = 4731b(C) Ans.
FCF = 580 lb(T) Ans.
Fep = 1593 1b(C) Ans.
Frp = 1166 1b(C) Ans.
FDA = 1428 lb(T) Ans.
€
boa
b ,.E ngfﬁ
F roor 14 0)
D 1 F b
I T YT
n! 4
— 5
B.utn i
A )
~ Y57 toet 1200 %(e) ¢
# A w4
A [ mss'ml £4853°(n
B ma* \1/
L B
! b —"“ L' —~ S i —Corr.z‘s

E
@~ 600 Ib
30° 30°
> 12 ft
C
A 7
T ¥
L5 45°

B
—— 6 ft —~— 6 ft —
€
1.at4{Q) ) aq'{ca
F AD
N A
{ :
ady)] \
HI, I 1-us ig)
‘ 4
! ’
| 1.4 (7)
o (4
A
T ey °
8
L f‘orccs
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3-29. Determine the forces in all the members of the
lattice (complex) truss. State if the members are in tension
or compression. Hint: Substitute member JE by one placed

between K and F.

S,‘ = S’,’ + X (S,)

Fxrp =15+ 1(x) = 0; x=-15
Thus:
Fig =0 Ans.
Fai6 = 1.50k (C) Ans.
Fgp = 0.707 k (T) Ans.
Fg, = 0500k (C) Ans.
Fgr = 0.707k (C) Ans.
F;; = 0.707 k (T) Ans.
F;x = 0500k (C) Ans.
Fix = 0707k (C) Ans.
Fip = 0.707 k (T) Ans.
Fpr =212k (T) Ans.
Fpe = 1.00k (C) Ans.
Fre = 0.707 k (T) Ans.
Fry = 212k (T) Ans.
Fxy = 0707 k (T) Ans.
Fx; =150k (C) Ans.
Fry = 212k (T) Ans.
Fep =0 Ans.
Fpr = 0.500k (C) Ans.
Fep = 0.707k (C) Ans.
Fyr = 0.707 k (T) Ans.
F;p =150k (C) Ans.
L K JT
d i
==
3 E-L
hzo !
‘L 3 : '2' - 1.'4
Ayirsy t i D, =0.54

e

07 (¢)

J.«&T-m/i\t ) W#A t

i

Q"Q '
b o.‘lo@/‘”'u" 0-797{)-’”("’ o

b o i ) t
P b
L7 forees
4
L Lty 4 J
tegtey M 8EL pagry) 0
143 1 Lt
s M| o o.;{q )
I 4 F E
1560 1688 Loliyg) 2354 e3546) 0.5
L NS N
O T4 lb_ [XT) c ° Tb
13 x e
S, fw-lsf.

K J
G ) 70)——
Q,
/ 12f
E
J 9 o — 1
6 ft
D
/o) \(C IR
al s B OC SN
6t 12 ft 6 ft 1
]
2k
[ §3] 1 m
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3-30. Determine the force in each member and state if the 4 kN 4 kN
members are in tension or compression.
Im 1m 1m—
YE YD
1m
F 2 o
C
2m
Reactions:
A, =0, A,=400kN, B, =400kN
Joint A: Ap B
ENF =0 Fup=0 Ans.
+T> F, =0, 400 - Fap=0; Fup=4.00kN (C) Ans.
Joint F: IR
N+ F, =0; 4.00sin45° — Fppsin18.43° = 0 Lim | gm Im
H .
i i
Frp = 8.944 kN = 8.94 kN (T) Ans.
+/7 5 F, = 0; 4.00cos45° + 8.94cos 1843° — Fpp = 0 N
Frp = 11313 kN = 11.3 kN (C) Ans.
Due to symmetrical loading and geometry
=0
Fpc = 400kN (C) Ferp = 8.94kN (T) Ans. A
Fgr = 0 Fep=113kN(C Ans.
BE cp © At =4.0kN eau-aw
Joint E:
=5 EFx =0; —Fgp + 8944 cos26.56° + 11.31 cos 45° = 0
FED = 16.0 kN (C) Ans. sF T E,
+ 1 3 F, =0, —4— 89445in26.56° + 11.31 sin 45° = 0 (Check) 56317
A
4.0 1
/‘f«
% &E 1843°
Fep
F
4o
4-0 kN
|
4 ka
57
£ o
45" 6-57°
8944 &n
/13w o
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3-31. Determine the force in all the members of the E
complex truss. State if the members are in tension or
compression.

4 kN

30° 30° D

The member forces S;' and S; for each member of the reduced simple truss
can be determined using method of joints by referring to Fig. a and b,
respectively. Using the forces of the replacing member DF,

Spr = S'pr + XSpr
0 = —2 + X(1.7320)

x = 1.1547
member S/ (kN) S; (kN) XS; (kN) S; (kN)
EF 2.3094 -1 —1.1547 1.15 (T)
ED ~2.3094 -1 ~1.1547  3.46(C)
BA 0 1 1.1547 1.15 (T)
BC 0 1 1.1547 1.15(T)
AD 56569  —1.2247 ~14142  424(T)
AF 1.1547 0.3660 0.4226 1.58 (T)
CF 0 —1.2247 —1.4142 1.41 (C)
CD —5.1547  0.3660 0.4226 473 (C)
BE 0 1 1.1547 1.15 (T)
E  4kN
> x
o
n30°’m
° A "~
45 45°
om
4 ki, 30° 30 |
A c A
Gm
5155 ki 5155 kN
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*3-32. Determine the force developed in each member of
the space truss and state if the members are in tension or
compression. The crate has a weight of 150 1b.

r r —1i + 2j + 2sin 60° k
cAa = I'ca
V8
= —0354 Fcai + 0707 Fcaj + 0612 Fepk

Fep = —0.354 Feyi + 0.707 Fegj + 0.612 Fegk

Fep = —Fepj
w= —150k

EF)’ = 0, 07O7FCA + 0707FCB - FCD =0

> F,=0; 0.612Fc4 + 0.612Fc — 150 = 0

Solving:
Feq = Fep = 12251b = 1221b (C)
Fep = 1731b (T)
Fpa = Fpai
Fgp = Fppcos60°i + Fpp sin 60° k
Fcp = 122.5 (—0.354i — 0.707j — 0.612 k)
= —43.3i — 86.6) — 75.0k
> F =0; Fpa+ Fppcos60° — 433 =0
> F. =0 Fgpsin60° — 75 =0
Solving:
Fgp = 86.61b (T)
Fga=0
F e = 122.5(0.354F 4ci — 0.707F 4¢j — 0.612F 4ck)
2 F, =0, Fpacos30° — 0.612(122.5) = 0

Ans.
Ans.

Ans.
Ans.

Ans.

<D

©
X - h|

Fac =

Fs 150

\ F = 122,54
<g
&y
X Fan
Fnc = 122.5 W
< — Az
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3-33. Determine the force in each member of the space z
truss and state if the members are in tension or compression.
Hint: The support reaction at E acts along member EB.
Why?

6 kN

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

Joint A:
5
zsz(); FAB(\/@)—6=0
F,p = 6462 kN (T) = 6.46 kN (T) Ans.
3 3 k
QF =0 FAC(g) _FAD(g) =0 Fac = Fap (1]
4 4 2
EFy = O; FAC <§> + FAD(E) - 6462(\/?9) =0
FAC + FAD = 300 [2]

Solving Egs. [1] and [2] yields
Fuc = Fap = 1.50kN (C) Ans.

Joint B:

3 3
EFX =0, Fpe (\/ﬁ) - FBD(?) =0 Fge = Fpp (1] Fé‘

5 5 5 30
F' = 0, FBC (7) + FBD(i) - 6462(7) = ;‘2_01 5
2F /38 38 V29 £ "

Fgc + Fgp = 7.397 (2] R 26462 kn
Solving Egs. [1] and [2] yields x
Fpe = Fgp = 3.699 kN (C) = 3.70 kN (C) Ans.
>F,=0; 2{3.699 (L)} + 6.462(i) — Fpp =0
V38 V29
Fgr = 480 kN (T) Ans.

Note: The support reactions at supports C and D can be determined by analyzing
joints C and D, respectively using the results oriented above.
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3-34. 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 C, D, E,
and G. Note: Although this truss is indeterminate to the first
degree, a solution is possible due to symmetry of geometry
and loading.

V5 V5

FBC + FBD = 2.683 kN

> (Mgg), = 0; Fpe(2) +

Due to symmetry: Fgc = Fgp = 1.342 = 1.34 kN (C)

Joint A:

Fan2) — 5 (3)@) = 0

N

Ans.

4
QFE =0 FAB_§(3):O
6
Fap = 24kN (C) Ans. 3, g
L§ Gx
—_ 0 _ E;
EF)C—O? FAG_FAE T/ \F”
! ~
3 3 c c N
> F =0 g(@‘%FAE—WFAG:O * P L F
Fac ,
Fag = Fap = 1.0LKN (T) Ans. < Ty
Joint B:
S F, =0 L(1 342) + 1r —L(l 342) e = 0
x — Y \6 . 3 BE \/5 B 3 BG —
2 2 2 2 ¢
> F,=0; %(1.342) - gFBE + %(1.342) - gFBG =0 Fag o
2 ’ Fae \
SF, =0 FFoe + 3Fac —24 =0 ] T ) y
frg
FBG = 180 kN (T) Ans.
FBE = 180 kN (T) Ans.
§
(Banad k| 2HKN
P o
342 3
] ml %) g
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3-35. Determine the force in members FE and ED of the
space truss and state if the members are in tension or
compression. The truss is supported by a ball-and-socket
joint at C and short links at A and B.

Joint F: Fp, Frp, and Fp- are lying in the same plane and x'axis is
normal to that plane. Thus

>MF.=0;, Fpgcosf =0, Fpp=0 Ans.

Joint E: Fp, Fy., and Fp, are lying in the same plane and x'axis is
normal to that plane. Thus

EFX/ =0; Fgpcosh = 0; Fgp =0 Ans.

Fes

*3-36. Determine the force in members GD, GE, and FD
of the space truss and state if the members are in tension or
compression.

Joint G:

2 3 12
= - i+ j +
Fep = Fap ( 1253" " 12533 T 1253 k)

4 3 12
FGF = FGF <7i - 7j + 7k>

13 13713 .
2 3 12 /

_ B . -
Fer=F GE( 253 sl T sk
2 4 2
= (- — — | + ) = = ) =
2E =0 FGD(12.53) FGF(13) FGE<12.53) 0
3 3 3
> F,=0; Fep (—12_ 53) + Fgr (E) - Fgr (—12_ 53) +200 =0 .
12 12 12 ool
S~
= () — ) + =) = [ =
2F =0 Fap (12.53) Far (13) Far (12.53) 500 =0 x I
Fav FQE FaF
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3-36. Continued 2'
Solving, 1711k
Fop = —1571b = 157 Ib (T) Ans. F
£ y/
Fop = 181 1b (C) »
;7 Re %
Fsr = 5051b (C) Ans. ® 3

Joint F:

Orient the x', y’, z'axes as shown.

>Fy, =0, Fpp=0 Ans.

3-37. Determine the force in each member of the space
truss. Indicate if the members are in tension or compression.

Joint A:
SFE =0 0.577F 45 = 0
> F, =0 —4 + Fup+ 0571 Fup =0
SF, =0 —Fac— 0577 F =0 \&
FAC:FAE:() Ans. x
Fap = 4kN (T) Ans. . .
Joint B: F/
AB
A
S =0; —Rp(cos 45°) + 0.707Fgg = 0 e
T ox
F
TN AE
SF, = 0; —4 + Ry(sin 45°) = 0 Pl g,
SF. =0; 2+ Fgp — 0.707 Fgz = 0 £
Ry = Fgp = 5.66 kN (T) Ans.
FBD = 2 kN (C) Ans.
Joint D:
S F =0; Fpp =0 Ans.
>F,=0; Fpe =0 Ans.
FDE
Joint C: b
EFX = 0, FCE =0 Ans. FOL FﬂE 1
X
2
| y
o
¢ Fee
¢y x
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3-38. 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

2 kN
determining the member forces.
Joint C:
€
. ° F ”,1
>F, =0 Fepsin60° —2 =0 Fep = 2309 kN (T) (=
1
i -
SF =0 2.309 cos 60° — Fpe = 0 Fr P <
Fpe = 1.154kN (C) = 1.15kN (C) Ans. B 3
: o : o
Joint D: Since Fp, Fpy; and F; lie within the same plane and F,; is out of e ¥
this plane, then Fp . = 0. 2
1
F, =0, FDF(i) — 2.309 cos 60° = 0
> V13
Fpr = 416 kN (C) Ans.
Joint R:

FBE = 4.16 kKN (T) Ans.
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3-39. Determine the force in members CD, ED, and CF
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.

ED /"'
Joint C: Since F ), Fp - and 2 kN force lie within the same plane and F - is out !
of this plane, then !
£ 4
Fep =0 Ans. CARY)
>F =0 Fep sin60° — 2 =0 ﬁ/f‘éo ?
y
Fep = 2.309kN (T) = 2.31 kN (T) Ans. 2
> Fx =0, 2.309 cos 60° — Fze = 0 Fpe = 1.154 kN (C)
&

Joint D: Since F ), 'y, and Fpy - lie within the same plane and Fj, is out of this
plane, then Fp, = 0.

1
F, = 0; F (—) — 2309 cos 60° =
) P\V13

3
>F,=0; 4.163(\/6) —Fep=0

FED = 3.46 kN (T) Ans.
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