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CHAPTER 4: TRUSSES




P4.1. Classify the trusses in Figure P4.1 as stable or unstable. If stable, indi-
cate if determinate or indeterminate. If indeterminate, indicate the degree of
indeterminacy.

AN

e

' d)  Number of bars b=10
a)  Number of bars b=11 Number of reactions =4
Number of reactions =5 Number of Joints n=6
Number of Joints n=7 (b+r=14)>2n=12)
(b+r=16)>(n=14) * 2° Indeterminate

2°_Indeterminate

e) Number of bars b=11
b.) Number of bars b=14 Number of reactions =4
Number of reactions =4 Number of Joints n=7
Number of Jomts =8 (b+r=15)>(2n=14)

(b+r=18)>(2n=16)

1° _Indeterminate
2° Indeterminate

£) Number of bars b=17
c.) Number of bars b=7 Number of reactions =6
Number of reactions =3 Number of Joints =11
Number of Joints n=3 (b+r=23)>(2n=22)
(b+r=10)=(2n=10) 1° Indeterminate
Geometrically Unstable. Reactions
constitute a concurrent force system. g)  Number of bars b=10
Number of reactions =4
Number of Joints =7

b+r=14)=(20=14)
Determinate
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P4.2. Classify the trusses in Figure P4.2 as stable or unstable. If stable, indicate if determinate or indeterminate. If
indeterminate, indicate the degree.

. (e) P4.2 %) ®

&) 5K + 11 Fgag = 22 UMKNOWNY d) 3R+ 14 Faug= 1T UNKNOWLS
CE5€E x 10 UT9 = 20 ESE 2E%€E x B IG = (U E5E
‘:TAvbé, INVET, 2° TroL, BIZT. (*

b) SR+ 12Fgg = 18 uNKNOWNS €) 4R+ 1D Faug = IT ULKNIRND
2E5€ x 9 JT4 = 1§ ESE CESE X 2 uTo = 18 ESE
STABLE, PVET. UNsTABLE

L) AR+ B Fryg = 12 UNKNOWNS F 4R U Fppg = 10 BNRNIRING

2E%€ x 5314 = |0 ESE
‘)TAM, veT.

2828 x Y Jo = 12 ESE
%AM, vET.

G) AR+ U Fpug= 10 LHKNAWNS

2E9€ x 53To= 10 €€

APPARENTLY PET. , BUT 9 UH4TADLE
ie. PETERMINE 22RO BAR FORLES, TWEN MPLY LOMD 7V @ NN,

/ i.Fﬁd,- F(g‘) 7’-' o




P4.3 Determine the forces in all bars of the truss  Indicate tension or compression.

15 kN

$a
ol

Im—

Ax = 1Sk

£
EMg=0 (15 ke Ydm) 2o kn)(Am) - Fj(bm) =0
x = 40k
12"7("0; : Ay‘aa:%“izo:'f“ﬁao_
Ay = 20kuy &
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P4.4 Determine the forces in all bars of the truss.
Indicate tension or compression.

2M, =0 ~(1YS)HeTo)- Gy(iE)= 0
G\!"'—‘E&\m“s t

K—-
1.1'.? =0) A‘1~l6""60“—24“+‘53 = O

Ay=22 Kps 4
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P4.5 Determine the forces in all bars of the truss.
Indicate tension or compression.

5@5m=25m

P4.5

5 15 ;
12.5
Rag= 6 A/ srzs { wu1s /12 ._L
8} 1g 4125 Hyg t12S
26kl 20.kM
7.5kN= R,(a_ ' 525 ='?q~(
- E®Em=25m vy
e

LMD, ZOxI6+. 20¢1S + 20%25 + 10«5 - Rgy20=0

,‘ZF;S O; ~20x3 +51.5 % RAZ’ =0

KA! 57‘5 kN 1
f?x:ﬂ; l_?kx* |oky —
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P4.6 Determine the forces in all bars of the truss.
Indicate tension or compression.

6a*(15") + 365(30")+ 3L% (40") -Dy (45)= O

y=92+4

#ZFy=0j

Ay-Go¥-36% -30F+ 92k =0
Alf-ll'a"f

i X%

ZFx=0; Ax=0
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P4.7 Determine the forces in all bars of the truss.
Indicate tension or compression.
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P4.8 Determine the forces in all bars of the truss.
Indicate tension or compression.

B_30KkN

6m 6m

P4.8

JoINT & qo™
(Bok»
<=l
i A‘( 4ok

+
ZMe= 0 JoINT "¢ I50kN
GO Lm) + 30" (™) - Ay(om)=0 A

ofN
3 = kn
Ayz= 90kN § L 4 i e sk,

=04
&FY ’ TC\': 150"
—90"“-!-(.‘.( -0 =0
Cy=150ks ¢ SUBCK JoINT "B Y

o 4,______\,30k9

>

\80
q,n
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P4.9 Determine the forces in all bars of the truss.
Indicate tension or compression.

Ay

IMp=0; BN24) +30M(14)+ 245(12)-By(32) =0
By= 33<4
AZR-05  Ay-sehyzst=o
Ay=3*14
FoRCE N BAR CE : coNsIDER JOINT £
. gk c
r 8 € AwFce
% A/‘ ' "¥ Fes
‘ <7~ Fee V5
d ~ I
- K< B T Fecex
pre) j10 ‘L 16 ‘L 14
EMpa=0; B24)-Feey(48)20 Feey = 4+
Ff:\{ * FTZX feex= 5.%3%
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P4.10 Determine the forces in all bars of the truss.
Indicate tension or compression.

b— sew=300—

P4.10

e B ®
. _+4i . -t-“__b.

4 LY
ZMa=0; 240)+24" (3 -ax(15")=0

Gx e G e
+1iFr=03 Ay-24t.24=0
Ay= 48t
—
TFxs0; ax-Ax=0
Axz 4% s
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P4.11 Determine the forces in all bars of the truss.
Indicate tension or compression.

15
A % YT g o) D—l
llo Kigs
b1y —— iy —b— 15—
P4.11
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P4.12 Determine the forces in all bars of the truss.
Indicate tension or compression.

L_ Bs* ! 15° E 15 ! 15

36 Mivs

I.é +27*

+1Z2F(=0, Cy-24 =0

. Cy= 24 ;1

¥ Mo i =By (15') - 24%(30")+ 244 (40')- 3uk(15") 30
By=12*f

M2H=0; Ay 30k 4izk p 245245 =0 Aya 2484
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P4.13 Determine the forces in all bars of the truss.
Indicate tension or compression.

10 kips 10 kips 10 kips
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| P4.14 Determine the forces in all bars of the truss.
Indicate tension or compression.
60 kips

A

SMc=0; 30%(40')-Fu(i5) =0
Frn= 8@F comPrRESSION

4}

TMy=0; 30k(2¢") +Feex(30)=0
Fbex= 20k TENSION

T —

FMX/QQ‘ 2 FacY/lr,"

Fecy =15k
Fec 'LI'ZOK) T4 (1597 = 25FTENS,
4}

IMe=0; 30%20')-80%(30")+Frex(3¢)=0
Frex = +60FTENSION

—_— I

COMPLETE ANALYA% BY METHOD “NOINTS
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P4.15 Determine the forces in all bars of the truss.
Indicate tension or compression.

30 kips = R
sl el e ]

Page 4-15




P4.16. Determine the forces in all bars of the truss. Hint:

If you have trouble computing bar forces, review K truss
analysis in Example 4.6.

P gy
A

|> I H G

P4.16

ESTaBLISH RERO BARS  ( SHOuNON SKiTcH)
IJ, Hg, GF, KD, LB

Ad
COMPUTE REACTIONS (XM, aco

am

GOx9 — 60xG -B, G =0

szy'o; A\[ -60= 0 Aznwk“*
DER=0; 30 +é0-Amo A m qoklie=

+ ,
( ):ML- O. =30x3-60x3 +60x9 -§‘3=O
F== wu 30 ki
COMPLETE BY KEND of ToNTS

gHeEck Joiut K
30 30

T o
30->: l N\ —p 30
To}
30 30
b S JoOINT M Eaow.
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P4.17 Determine the forces in all bars of the truss.
Indicate tension or compression.

P4.17

IM, =07 LOxIBE 45423 mirézxa?gv =0
— e
FE=0! 40 +45+30-R, =@
Rﬂt_':_l.is_k_u e
A2F=0; 1o -Ray=0
Ray = (g0 ¥
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P4.18 Determine the forces in all bars of the truss.
Indicate tension or compression.

=Ma=0)  —~By(20’) +60%(30") + 6 ok(20°)+ 30%(40") =0
By = 2107 ¢

*TZFV-O;’ - =2Zlok ~¢o*- 30k + Ay =0 |
ﬁ\f: 300 4

ZF)‘:Q/' ~-Ax+ tok=0
Ax =z coFe—
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P4.19 Determine the forces in all bars of the truss.
Indicate tension or compression.

Ay=50kK Gy =50kN

LOMPLUTE REACTIONS

=~
S M, =0; -Gy Ba
q A=0; 100(4) Qy8=0 .. q;ﬁSoW
f T.FS =o; -~loco + AY +GY =a
i - =

Ay~toanterm Sokll

ZF;Q':. O} Ax:-. e}
L}

NOTE: SINCE STRUCTURE AND LOAD
ARE SYMMETRICAL, THE FoRCES ARE
BQUAL, U CORRESPONDING MEMBERS
ON EITHER. 3UDE oF THE CEKTERLING
.’.

Fie= %:3 Ts=527
ZF;=° s ﬁﬂ - XASEO
Fa ™ Xas = 16,67 kK

JOINTS WILL SHow ALL JNTEROR.

CONSIDER- A FREERNY oF Jomy H

oxF y F=e
/1

A4

X L8 »®
16.6X 1--0-3:&.61
H

BECAUSE of SYMMETRY THE
FoRces F IN BARS BH AND FH

ARE BEQUAL (N MAGUITUTE AND SeusE.
ASSUME TEMSIBN,
TO SATISFY E¥_ =0, THE Xx~cour
oF F Most BE EQOAL IN M AGNITUDE,
SINCE THE Y- COMPOLERTS ARE
BEQuAL., THE oMLY wh
Eauisrion cAN SATISFIED
re. Y+ =0 15 TR Yi f=0
If Ys = Zero > Fo st equal 3ern

jotHlB

g2 kN
B F-BIHO
ﬁN ra«=°

52,1

SINCE Fy=2, Jomnt consints
OF ‘THREE BARS, Two <R Walck
ARE COLINEAR , THEREFRE
Force T I8 THE NoNColiuvear

BAR IS ZERD, SEE CASE2. IY
SEcTieN 4.5 oF TexT.

S IMILATL ANALYSIS OF OTHER_

BARS EXCEPT AH AND HG ARE
Z2=EDho,

THIS ANAL(SIS SHowsS THAT Forees
TAKZ THE MOST DIRECT PATH

To THE SUPPONTS. THE INTEROAL
BARs ARE REQURED For

OTHER. LoAtS ALD To BRACE
BARS ABCD AuD DEFg .
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P4.20 Determine the forces in all bars of the truss.
Indicate tension or compression.

20 kips 10 kips

M s@10= 40—

P4.20

15ps B
slgs B

IR Ay -20-10+215 =0

. Ay=zskpst

ZF 0} Ax=18 Kps —
DETERMIGE "ZERC BARS

BE, CD,ET,HI,14,GT, 04
SoLVE EY METHOD _.QfF Joi(s
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P4.21 Determine the forces in all bars of the truss.
Indicate tension or compression.

fir S e =T e

P4.21

comPLETE THE ANAL(S1Y BY
MeTEDP ©ofF J@INTS. (%EE
Top FlavkE For RESULTS).
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P4.22 Determine the forces in all bars of the truss.
Indicate tension or compression.

r—4m——-r—4m ‘- 8m - 4m—-t-—-4m—-1

2880 BARS: BH, C I, CE,CF
&naz.ap‘EL_BY METHD o JoNTs
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P4.23 Determine the forces in all bars of the truss.
Indicate tension or compression.

L 4 4&m=iem 4

At Ray= 4i25kN Re
ZMA‘~' 6=10x3 t¢Ex¢ "'RelQ 3 Rgz 4.125kN
J'oml E :

FE 4.125 FFE — 4/3 L4'\25)= 5.9 kN TERSON

43
'S-—# %ae= % (4.125)= 5.5 K
( o i E '
Ao 0.5 T gnm’ o

W
4 o
Foe—?-:!..* i Fog = 5/3(4.125)_-. 6215 LTMPREZSION

4,125 . 1
CHECE _ 2 :
Jt'a" L =0 105 *~"5.%

IFY-'-'-'O
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P4.24 Determine the forces in all bars of the truss.
Indicate tension or compression.

INNZaaN

o
3

.

L—Sm - Bm

E.EML:—:-.O; R,8 —30x8 =0
<4 fg’ =30 kN t
{ef=0; ~35=30+ R =0

Ru=¢ot
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P4.25. Determine the forces in all bars of the truss in
Figure P4.25. If your solution is statically inconsistent,
what conclusions can you draw about the truss? How
might you modify the truss to improve its behavior? Try
analyzing the truss with your computer program. Explain
your results.

ZF 203 Ry =40 -40 +30%0
AZTy=es Ba - 5o ki

ZERo BARS: CI, BM EF, Fq,AT

B ANAL(sS ----?%a;t?suppauTA.

»t ki _co W
ZF=0; Tox=50=0 Tp1y°)
“TEXRSION

+
=Q; 50~ 40 + T, =&
’L_Ef F"pr = —-lOkNDaHFZ'

RESOLTS ARE TNCONSISTENT |

MAG €S MULST  BE THE
e .sﬁ‘é‘é’f’s;m boars have 45°slee.

2. Forees must hath he trensem
oQ,com'Pceoﬁtm.

AWCE B @t eiom NoT

'Po-.-,stg_c: STROCTORE S

unstaL .

—— e
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T

3@4m
P4.26
domp’A o N
B oA TF =0 -
Famy
F ?.L ey =0 _
AGQ
o Frey 22100

M. =0 =W x -12x3 = 4 Fa‘p
_ Fep-=225kN

gx1epd L do & A BEAK W
Cﬂhpﬁ&ﬂ.uts I—MA-

(iﬂhzc" 12x3 — Fqc 4

Faey = IR TEASKD

F&C( - 4‘.5&“

P4.26 Determine the forces in all bars of the truss
Indicate tension or compression

FM 9 F
Fggx > 4‘;_25
315 q '
TF=o =225 =315 %45

—:-;-3‘1‘.523&:5?_1-3?%(
. Facy =27l _congpe:

G * 22,5




P4.27 Determine the forces in all bars of the truss.
Indicate tension or compression.

A B
2“& lc\a

24xips 24 kips

R .
10— 10 o 10—

P4.27

Solve. by METHOD oF JoINTS
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P4.28 Determine the forces in all bars of the truss.
Indicate tension or compression.

?4.2%
Z?'M’- Oy -e%(5)+124(12") - By (24) =0
By = 2.25%4
MNF=0; Ay+2.25% 212k=0
i Ay =9.75% 4

FREEBIDY RIAHT OF SECTioN ©

g;lcr-O; Fopx(6')-2.25(12):0
Foex = 4.5k
Fpex = Foey
12 9!

Foey = 3 375%(TeM4ioN)

FREEBODY JQINT B

Feex
\ﬁ&sy
42 FY =0 ') FD“L [

Pouxd 4y ook
2.26%3375% Feey =0 tBY"

F.f.BI s 5.625F
Feor - Fcox  Fepy: 4.5%
f; (CoMPRESS)oN)
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P4.29 Determine the forces in all bars of the truss.
Indicate tension or compression.

FREEEODY LEFT CF FECTION @

Faex
201, %:&;T

/5
Y _L_

A
{Om

2l

<
ZH4 = oi
37%10m) - 20 (5m) ~Fiex (2%5) =@
Fecx = 3% kN COMPRESHON 2 ..

FINAL RE4VLTS, SYMMETRIcAL
ABOVT CENTERLINE & :

€3
ZM o =0 } 32“( 3'“3— FA’X(2M3=0

FABx = 48 kN covpress.

FAGXA = FA&Y /‘
Fasy= 45kt

ZERO BARS : BH 4 DE




P4.30 Determine the forces in all bars of the truss.
Indicate tension or compression.

30 kips

30%(5) -&*(2a")-Ey(10") =0
Ex=2%4
'QZFY:O;
AY-20k 3% =0
Ay = 27+4

FREEBOPY RIART SIPE

A} 3

OF CBMTERLINE

ny :

D
Ex(20)-3(5)=0
Ex = 3/4Ke—

%’TIRE STRULTURE:
2Fx=0 3

-6% -3/4% $ Ax=0
Ax= & Y- —>
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Indicate tension or compression.
20 kN 40 kN 40 kN 40 kN 40 kN 40 kN 20 kN

B yC

LT
\Ki

A—-—h

REACTIONS: R, = 1.2I = g_%_o 120kN

2okl
e Tzl
4 F‘XaA R = }_?(2‘3:'- .43k ()
You=20ki Ez:; ’;;"i?)@
.‘fouul C

4.oki
u.43+ Eo=1.43kN D

-F;{Q-: 40 l(N(C.)

Joiur D

to
43 | Fpe<22360)
L5
3413-—’

b g @
2512

,IgiuI L
3621 £ 3429 kK(S)

34U~
({430 —> F a?22. 3(0?“(7.)

K = 2236
LT LSRN E‘C, 4:

“*._I t 1143

P4.31 Determine the forces in all bars of the truss.

20

22 8(-;..)1_*22 v {7

I
SYMMETRIAL kBOUT 45}:.

2kN 4okl 4okl AWK
Blnte

-22.8¢
-/

GO 4wz 24dm—>>
FINAL RESULTS

G‘cfuI A
20 Ban

“-“3,1 Jt

= tea kN &)

= 143k @

a8

®,> 2ok
20 4<> Yrp £,

L : :Dt‘?_f Ve Secten
11.43 HD* BETWEEN C & D

% CiMLuo

\Fm_ ~20x8 - 40x4 + 120, 4
e L4307 + XpT =0

Kyp=-34.29kN €

UCLe XuL= 34.29kNT

Nup = 3 Xup= 2512 kKC)

YmMp= Xy = 34.29kN &)

o to Y g, WM
D WXNE . BeTweenD 4 E

2% zM -0

—y X 0- !2°(a)~ 20(12) - (46x 8)
YN Fuk — 4§ (4) - zz.aa.n +TX e

120 YNE- 3. (ll43>
Te = —851(c)

Xuk = .63kN G

+ YK = 1L43kN T
5K =0 = 1123 4123~ Fie

U Fe = 22:% ©@
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P4.32 Using the method of sections, determine the

forces in the bars listed below each figure.

20 kips 40 kips 20 kips

L. 4@ 15 %60 ]
AB, BD, AD, BC. and EF

P4.32

20* Aok 9ok
3P o Pl ¢ o
\ / o [T
CEA. Lt —
| ®
5 IAT;*? 15" [IY;MI

FEEE paw VEFT ap sEcTIoN (D)

Fasy

‘-...‘.5\._..

Fagx I F

l'

4
ZMp=0;

l (D Fcp

'<1

|

-Zo"(\w Fagy(30') =0
Fagy =10k compression
Faex=("%0) Eagy = 15%

Fag z[10%(15)" = 18%coMPR..

"'fZFY‘O‘ -20%: FABY + FBD‘{ =0

Fepy = 10k TENSIoN
Feox= ('S/D)Fw{-l‘i"
Fao = 1B TENSIgN

BY OBSERVATION Fg, =20kCoMPR,

JOINT A, (ovrvTe Fap:

5% Fao
“— AT

Ay:zj4a+
#2 FY"O ;  -~Fap+askok=0
Fap= 30k coMPR
_i‘ — 3
25t=0; IS%-Fa3 =0

FAS =15% com
Freeeooy LEFT OF 5E¢ﬂm~l%)=

Jr=
Be
N4 (20
""Fo.t(
.\*J’ il 4
FA::_ Ly
, 15’
+TZFY=0; -20‘-}-40“»53Y =0
Poary« 205 TeNSION
Fosx+{%20)Fpy= 15

G
ZFx=0; -FastFosxtFre=0
~15°+ 15 + Fpe =0

Foe=o
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P4.33 Using the method of sections, determine the
forces in the bars listed below each figure.

J .
K i i3
E T Tt Te
H —+
\ 12
A o ~ D G —
=== B c D E F Ly
| ¥
30kips 90kips 30 kips
6@ 15 =90 ——————I

BL, KJ,JD, and LC
P4.33

Compute. FoRCES M BL, KJ,
JID and LC.
F, = Fry— 142.05¢

Forct \K BAR KT, (ur SEcTion2-2

33
ConeR. 3
' 139.29= F, 3
o ] R‘ng *FKJ'YfZ"(.?sk
'Ti" fuo 21’
N o
i A WO
' T 3‘,%' o
+ K
B e = 50! 5% IM’-o - 15%4g - £y 20 — 20x(s'
Frre = 139.29 kips

K
Frax . R - 22

Foy =21.88%
CMPR .

coT SECTION |-

L;FOECE W BAR'L.C

Fk3'= Frr=
Fay=2785% :i(; 39.29) +(27.85)
= |42.93 & (OAPRESS.

3+ QEFY’O;
IMg =0 = ~T5xI5 + F 45 ~(Fsxy + FIz¢)+ Fyp =0
Fey= 28keps Fip = 5572 TENSION
FLcj Jflex s Rex= }g@s)
12 15 = 31.35Kmps BY INSPECTIGN Fg =0

Fle= @57+ 3125)*
Fre—= 40.07. g;gﬁ !gﬂﬂoﬂ

Page 4-33



P4.34 Using the method of sections, determine the
forces in the bars listed below each figure.

e @12 = 36—

BARS: EF, El, ED, FH, and IJ

P4.34
e 1% 3 2.
L : l ‘ /N

~i35n

30" Nl / »
¥
clchs

3" be

FREEBODY LEFT oF S

toN (1) Te
COMPUTE FoRCE IN BAR EF "

@

—— — Fgg
q 20K / Fug
u < Fyz

12 l&a'-

7
-0 ;
Fer(9)-30%(12)70  Fep:4ck

TENZION

FREEBODY JOINT “p°

Fevo
l PH’! T I—‘* FEO%
18 Foy
\, iz’ | 2 L i |
q if

Z{ﬁp =0,
-30%(34)-184(24') -1 2%(9")+ Fe1 (12') =0
fﬁ = |35% (PMPRESS|@N

=Mr =0;

-30H(24') - 16 K(12) ~12(9) + Fepy (12) =0
Fepy = 87k{

Fepe/y = 873" Feox= ok
THVS  Fgp =145 TENSION

REEEODY JOMT T
an z135% ¢

ﬁ; lI " For
be.,

ZR=0; -Fer+ F13 =0
Frz = 135K CoOMPRE%SION
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P4.35 Using the method of sections, determine the
forces in the bars listed below each figure.

EORCES 11l DIAGONAL BARS N'T and Me
SEE Section 2-2

Tha ¥

¥ K_Jdiass b roosmbe

ém Py = 6066 K COMPRESS,
L
l W= Gobb K TENsION
—y— %
A 1333 C
AT |
12 ~ 2 g
20l E—Mc_‘: ®]
SmE SecTion :1.«--.1.E Aé‘%‘”“ i e 0=20x8 ~12x4 ~ 133326
B s ~Fai
f =T % Zﬁ‘;: """ o By = 16048 20
em + n‘; :‘"‘ -ﬁ{' .  Fu = 533 kil (corrrd)
- Fyg.= 1338 kH _
e
A ¢ —p .g._f&:bc‘F' < 1333 FHIY - FMIK . F 2 4&”
B 8c BC L HIY -
—~4 Fp = J233 kU D 3 26 &
20k 12kK

Faeg= 533KULT) By = 4kH
Fue= VRZ + F"?;_Y = ¢.c6 ki
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P4.36 Determine the forces in all bars of the truss.
Indicate tension or compression. Hint: Start
with the method of sections.

R G
kK
Ay'askp 30&“ LEy= 30 fgb‘:%
. 3m . 3mM for3 M ol
ZR =D .\ Ay=0 coT. Sectiony & -

T T

3m T"
l“ F F’!(-' £3
- joku 17_;‘7 = ©; A.J-Tao
Ay = 30kH A Av"? “ >
T & M Ty Ay3=fas

Foe= ?2_)-1- 45K
EJ:T-?.-.OI'F&-\— F;“E-:o
F.es Fao= 450
_ENTRE STROCTORE
zm’;%, 36x9 ~30x6 — £73 =0
Ey =30kl e

*
TI.staO; 30 — 230 -30+Rg=
QD;-:'SO?‘(LI

FIVAL RESVCTS SHAWN 'A:_M___
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P4.37 Determine the forces in all bars of the truss.
Indicate tension or compression. Hint: Start
with the method of sections.

J 1 G F
’ - ; 1 s
i H
K K L ‘f
/ / 15"
AR - B L E _.1.
B C D ..
' 1
30 kips 60 kips 30 kips
e L ewe——— |
P4.37

Hx ¥+
: %Mg=0;.. 60x20
~Rux30=0
Fruo =
THy = 40k

Fruy = 30k

-Jeoint H CONSIDER. SYMMETRN

k 3 30"

%0 '(7(*440k
§0 gok
K lK
0 60X
g0k
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P4.38 Determine the forces in all bars of the truss.
Indicate tension or compression. Hint: Start
with the method of sections.

e 30‘(' RDY
iMD'sb < 244’(30 = Rcz-4'
‘Rcﬁ'—' 30 k.r
24¥ oA e

/

Fe = 21
Sy e, Theett
I k
TMg =0 = 24x3 —F 24
FAD= éklg TERSLD
X ko4 Ko !
EMpwo = 24x(2 ~3xI5 = S-
-~ FBC'-? ‘ZTk‘Ef CD"V;
Mz g te Fpe, «29°T

COMPLETE BY METHoD OF Jo(}3.
SEE Top FIGURE
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P4.39 Determine the forces in all bars of the truss.
Indicate tension or compression.

6 kN 6 kN

L—Sm-“L—Sm—-l-—Sm——L—-sm—.l

P4.39

METHOD OF SEcTIONS CLT F8PD
: Ya8 + |
T c {fﬂp Lhgp=o);
*_ Igm G 10 =X g6 =0
A ana {2 kn CC)

™ Beg °G Yauz ¥ annl2kd
}_ A//-g/; oy AR T4R

W

lo‘r::‘—a-l iﬁ(=° y x‘ ‘L;(-XA: .
o b, Xau=12K0 T
p—— A4 @5M =20M ——a TEF\1=°§ ©~Yag+ Yan™0

. BG4, DG, DF
ZERS BARS: BM, BG, D&, Yau= 12-6= 6 kN (D

. '} DK 4
As A CHECK CONSIDER SoiINT G

Lo
4 12F' 29-12-¢-(=°
}ZQ‘:Z 12+Y ok
o -
12 v s i E2 ok.

& 12 ¢
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P4.40 Determine the forces in all bars of the truss.
Indicate tension or compression.

STRUCTURE. UNSTABLE ,

Reacvions Fegm A CoNcuLRREMT.
FoRCE SySTEM ,
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P4.41 Determine the forces in all bars of the truss.
Indicate tension or compression.

12 kN 6 kN 12kN

Lol b

N
N\
4

I2kH  GkN 12kN
q P

>
206 -
3 N\IJs |3m
3 B
- Rex
' +d4m

! kN
Rap =15 kN + Ray=15
Y Z;:ngo. FBD To RignT e C

Rex= 24 ki
g.—?—.—-‘:&é— +1 ZFY uwD th- (Skd@
YAB‘ X, XAB- -&3. 15= 20““
—_— 4
a4 — T*'ﬁq TFec: 24-20-f
s Fag = 4 ©
Jeut G4
Faq =f5 3= Yeq  * ER=os Xegetha
beXcoq  Yeq 3 %eq® gk
- 3
Jou-ll 8
VL f 20k
20 —91
1s 3
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P4.42 Determine the forces in all bars of the truss.
Indicate tension or compression.
2.4 kips

RESULTS: . 7 1 N ' —-TL
s | a2 2 VP
H WA oss | TREARY
L3 = oHaTs
(5.43 8,20 o 27 T2 Ly
35> hea NGV 1277 of N 1045
7 4151 +15.13 N “+853 Il +853 S
A At 1313 _Neamcs” +8 A-t853 e .
=] C D Ex:‘-sA'
*2.4“75 *7-4 &(P.‘ g
8 — e 8 """'—*_8‘———&{1—5‘_
AY'-'-“-”‘ EY.‘. ‘aﬁk
fﬂ:o,— 3.5+ | p-Ex=0 Ex= 5,4 e—
g\m 0; 3.6%6")47.2%(8)+1.84(12*) + 2, 4X(8'+16'124')+ 7.4% m-E.,(az]rn-
E¥= 10. 45 F 4
AZfz0; 1243 (249-7.45 +10.45% + Ay =0

Afll.%"'r
FRE I4KT <S|DE OF SECTION
FREEBODY RI4HT S|PE OF SELT
ZMc'-:O;
GFx(12' W 2.4%(8)-10.45* (1b") =0 |
GFx 212.33k compr |

===

GFy /o = Gy GEy=227 =9.25

REMAININA BAR FoReES SOLVED —

CPMPUTE FZR<E IN BAR GF:
lGF\(

|

2.4~

N
| aFxY

BY METHop @k JOINTS.
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P4.43 Determine the forces in all bars of the truss.
Indicate tension or compression.
12 kips

nk 1 Yo = 1D Rme = 4/3Y&‘.= 24-k (C)
vé?—— XBC_ FBC._. %Ysc:'-‘ 3OK(C)

T ) Fa Fag = Xaes 2400
£
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P4.44 Determine the forces in all bars of the truss.
Indicate tension or compression.

{
¢

FED : RIGHT 516 oF sEcnon (1) F,FYE

e

¢
1
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1

P 1 o .
K
/ 1 o
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O

3

REMAINING BMR FORCES
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P4.45 Determine the forces in all bars of the truss.

Indicate tension or compression.

20kN

ReacTions
EMym 0! 1243 + 1224 + 16x4 +rioxs ~ U Rq=0

+ Eq = 40,15 lé“

TZFY-O' RA:;- 40715 ~32. =40 =0

—wt  Eaz5L28kN
Efg=o: 12412 —le =6
Rag = 2.4kN.
CUT VERTICAK. SECTON To RIGHT of D
FDE_’ E
You
23 XpH — £
P
EMy =0 Fru W

o= Fpg 3 4015(4) G
Toe = 54.33kH(C) 4™ ,‘pm;
+ .~ ¥

{=R=0: 4005 =Yy =0 & Yo, =405k
Tou = Xey . %, =%(467%)
2 & 7 —Eas3 ki(e)
ok Ko 720
Z:FK"O = 54'.%3*' 51'-%3 - FI.H'
Fey = l08.66 kN (T)

'J'owl S-
LFe= b0kl @
N Jowry F ,
f _—_—I: VLY“: 40.710
4oaski X~
Fue
KEF = %YEF 40-75k“= FFQ
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Fue = Xee = ?_.i.i_\ﬂ___ff)

P4.45 coNTINVED
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P4.4% CoNTINVED
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P4.46. A two-lane highway bridge, supported on two
deck trusses that span 64 ft, consists of an 8-in reinforced
concrete slab supported on four steel stringers. The slab
is protected by a 2-in wearing surface of asphalt. The 16-
ft-long stringers frame into the floor beams, which in
turn transfer the live and dead loads to the panel points
of each truss. The truss, bolted to the left abutment at
point A, may be treated as pin supported. The right end of

the truss rests on an elastomeric pad at G. The elastomeric
pad, which permits only horizontal displacement of the
joint, can be treated as a roller. The loads shown repre-
sent the total dead and live loads. The 18-kip load is an
additional live load that represents a heavy wheel load.
Determine the force in the lower chord between panel
points I and J, the force in member JB, and the reaction
applied to the abutment at support A.

18 kips
2" asphalt
8" slab
51 kips 94 kips 94 kips 94 kips 51 kips i
l stringer l l 'B\ \

Section A-A

g

-

Ra

4@ 16' = 4!

lg_I_hL ng

Two TRUSSES SUPPORT LoaD-

255%
ok

47* 255

A

(o]

.9
100

sk

Jtlee T ttoo H O

1005"

LOAD FoR_ EACH TRUSS
e
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P4.47 Computer analysis of a truss. The purpose of this

study is to show that the magnitude of the joint
! displacements as well as the magnitude of the

forces in members may control the proportions

of structural members. For example, building
codes typically specify maximum permitted displace-
ments to ensure that excessive cracking of attached con-
struction, such as exterior walls and windows, does not
occur (see Photo 1.1 in Sec. 1.3).

A preliminary design of the truss in Figure P4.47
produces the following bar areas: member 1, 2.5 in?;
member 2, 3 in%; and member 3, 2 in2. Also E = 29,000
kips/in2. P4.47

Case 1: Determine all bar forces, joint reactions, and
joint displacements, assuming pin joints. Use the com-
puter program to plot the deflected shape.

Case 2: If the maximum horizontal displacement of
joint 2 is not to exceed 0.25 in, determine the minimum
required area of the truss bars. For this case assume that
all truss members have the same cross-sectional area.
Round the area to the nearest whole number.

Joint Label
N1
N3
Totals:

. Joint Deflections

MBS JointLabel |

P4.47 CONTINUED
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P4.47 ¢aNTINUED

Deflected Shape (horizontal deflection at joint 2 = 0.492 in.)

Case 2

From the computer analysis, the horizontal deflection at joint 2 is 1.303 in if the area of
all truss members is set equal to 1 in®. To limit the deflection to 0.25 in, the minimum
required area is (1.0 in®) X (1.303/0.25) = 5.212 in®. Round this area to 6 in’.
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P4.48. Computer study. The objective is to compare the
behavior of a determinate and an indeterminate
structure.

The forces in members of dererminate trusses are

not affected by member stiffness. Therefore, there

was no need to specify the cross-sectional properties of
the bars of the determinate trusses we analyzed by hand
computations earlier in this chapter. In a determinate
structure, for a given set of loads, only one load path is
available to transmit the loads into the supports, whereas
in an indeterminate structure, multiple load paths exist

(see Sec. 3.10). In the case of trusses, the axial stiffness of

members (a function of a member’s cross-sectional area)

that make up each load path will influence the magnitude
of the force in each member of the load path. We examine
this aspect of behavior by varying the properties of certain
members of the indeterminate truss shown in Figure
P4.48. Use E = 29,000 kips/in®.

Case 1: Determine the reactions and the forces in mem-
bers 4 and 5 if the area of all bars is 10 1n2,

Case 2: Repeat the analysis in Case 1, this time increas-
ing the area of member 4 to 20 in®> The area of all other
bars remains 10 in®.

Case 3: Repeat the analysis in Case 1, increasing the
area of member 5 to 20 in®. The area of all other bars
remains 10 in?.

What conclusions do you reach from the above study?

100 Xip$ e

5
5
H

Case |

Joint Label XM YK [
N1 -41.304 -75
N4 -58.696 75
Totals: -100 4}
Member Label | 5. Puxiallk] Shear{
1 34022 0 —=8:
2 -44.022 0 0
M2 1 41.304 il 1]
2 41.304 0 ]
M3 gl 30978 1] 0
2 30978 0 0
M4 1 -51.63 0 1]
2 -51.63 0 0
M5 1 73.37 o o
2 73.37 '] 0
Case 2
“Joint Labat XM YK _g
N1 -49.755 -75
N4 -50,245 75
Totais: -100 1]
Member Label | S... Axiall] Shearfk] Momen
M1 1 -37.684 0 0
2 -37.684 0 o
M2 1 48.755 a 0
2 49.755 0 0
M3 fl 37T N6 0 0
2 371.316 0 0
M4 1 -62.193 0 0
2 -82.183 0 0
M5 1 62807 0 0
2 £2.807 L] 0
Case 3
Joint Label XK YK iz
N1 -28.286 -75
Nd -70,704 75
Totals: -100 0 [
Member Label | S Atallk} Shearld | Momen
M1 1 -53.028 b 1}
2 -53.028 0 0
M2 1 29.296 0 0
2 29.296 0 i}
M3 1 21.972 0 0
2| 21872 0 0
M4 1 -36.62 a 0
2 -36.62 0 ]
M5 1] 88.38 0 0
2 88.38 0 0

P4,4% CONTINUED
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P4.48 CoNTINUED

Observations

Case 1: Cutting a horizontal section at the mid-height of the building, it can be shown
that the applied horizontal load (100 kips), which can be either a wind or earthquake load
in practical applications, has to be resisted (or be balanced) by the horizontal components
of two diagonal member forces. (Recall that two columns don’t resist horizontal load
because they are oriented in the vertical direction.) If the beam (Member 2) were stiff,
i.e., with a large cross sectional area such that it can not be shortened easily, joints 2 and
3 would deflect to the right by approximately the same amount, which would have
resulted in about the same axial forces in Members 4 and 5, except that Member 4 is in
compression and Member 5 is in tension. But the cross sectional area of the beam is of
the same order as the other members, the shortening of beam causes Joint 3 to deflect less
than Joint 2. As a consequence, the diagonal Member 4 is stretched less with a lower
axial force than Member 5.

Case 2 and 3: As a general rule, the stiffer part of the structure attracts (i.e., resists) more
forces. Since the applied load is to be resisted by the horizontal component of the two
diagonal member forces, increasing the cross sectional area (i.e., member stiffness) of
Member 4 (Case 2) or Member 5 (Case 3) would result in a higher axial force in that
member.

Note that the vertical reactions at supports 1 and 4 are not affected by the change of load
path. To prove that the vertical reaction at support 4 is always equal to 75 kips, simply
consider the whole structure as a freebody and take moment about support 1.

Page4-48 .




Practical Example

P4.49. Computer analysis of a truss with rigid joints.
The truss in Figure P4.49 is constructed of square

E steel tubes welded to form a structure with rigid
@~ joints. The top chord members 1, 2, 3, and 4 are

4 X 4 X !+ inch square tubes with A = 3.59 in?and ] =
8.22 in. All other members are 3 X 3 X Ya inch square
tubes with A = 2.59 in® and I = 3.16 in*. Use E =
29,000 kips/inZ.

P4.49

(@) Considering all joints as rigid, compute the
axial forces and moments in all bars and the deflection
at midspan when the three 24-kip design loads act at
joints 7, 8, and 9. (Ignore the 4-kip load.)

(b) If a hoist is also attached to the lower chord at
the midpoint of the end panel on the right (labeled
joint 6*) to raise a concentrated load of 4 kips, deter-
mine the forces and moments in the lower chord
(members 5 and 6). If the maximum stress is not to

exceed 25 kips/in?, can the lower chord support the
4-kip load safely in addition to the three 24-kip loads?
Compute the maximum stress, using the equation

F Mc
= — 4 —
A I

[eg

where ¢ = 1.5in (one-half the depth of the lower
chord).

*Note: If you wish to compute the forces or deflection at a particular point of a member, designate the point as a joint.

(@)

718

64.8

MM

. N\
I\\\ SR N S \:\\: N W33
R N
2 s
Axial Force (kips)
06

Moment (kip-ft)

Vertical deflection at midspan (Joint 8) = 0.892 in (downward)

P4.43 CONTINUED
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- P4,49 CoNTINUED

b
X B33 733 L 683

Q% § : N

A \ Nesall b
I T IR
-24 oo
Axial Forczeo'(-ldps)
04 g9 015

Moment (kip-ft)

Axial force in Members S and 6: F'= 57.04 kips '
Maximum moment (at Joint 6): M = 7.22 kip-ft =86.64 kip-in

Maximum stress: o :E + _1_1112: el + e ) =22.02+41.13=63.15ksi >25ksi (NG)

A PIm L1259 3.16

Observation: A truss is in general an efficient system if loads are applied at joints only.
Nevertheless, a truss in an industrial building may be damaged or fail if workers connect
hoists at or near the center of a panel.
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