| In engineering,
g@atruss is a structure
that "consists of
two-force members only,
Where the members are
organized so that the
assemblage as a whole

behaves as a single
object"”.
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X-Braced Truss

DI = (n + r)-2%j
Here,

n = number of members >
R = number of reactions

J = number of joints
DI = (16+3)-2*%8 = 3°
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Method - 1 : (Assumptions)

- Diagonal members in panel can carry tension
only, no compression

- Full panel shear is carried by diagonal
members, carries tension

Method - 2 : (Assumptions)

- Diagonal members in the panel can carry both
tension and compression

- Full panel shear is equally carried by both
diagonal members
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Determine the forces of different members of this truss

~3m
G H
20 kN
Method |: | : " 3m
As there is no compression force in diagonals, | S
FGF=FED=FcB=0 20kN B F
| ' 3m
Part |: | |
G H 20 kN © D
- ' 3m
20kN \ | | |
I
FGF=0 FHE A2 B2
FGE FHF
> H=0
=>20-FHE*% =0 At point G,
=>FHE=28.28 kN (T) > V=0
At H, 3 V=FHF+28.28%~ = 0 FGE=0

=>FHF=-20 kip (C)




Panel 2: . <, H
SH=0 > V=0
=>2o+2o-FFc>%=o =>FEc+FFD+4o*\/2>% ~ 0
20N €
=>FFc=40v/2 kN (T) = > =>Frp=-60 kN (C)
vFEC Feo Fe ‘ Feo
At point E, cs0 e s292¢ kN 20 kN e 3m o
> H=0 L —
- %1 — > | 3m
>20+FEF+28.28 7 0 wme CFe 20kN G
=>FeF=-40 kN (C) ficis : |
v | ' 3m
ZV:O FEC R {C Dl
=>FEC=28.28 *—
=>FEC=2828 "7 20kN |
=>Fec=20 kN (T) A | B|
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Panel 3:
G, H
FCAE =20 FcF=40v2 20 kN '
E
C _ & -
> > 20 kN
20 kip Feo
! 20 kN \ /
Fca
v FCB Fpav
Free body at point C: Fea FDB

Y H=0=20 +FcD+40V2*~
=>FcD=-60 kN (C)

ZV=20+40\/2*%-FCA=0
=>FcA=60 kN (T)
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From panel 3:
ZH=20+20+20-FDA*%=_
=>Fpa=60 \2 (kN) (T) £

20 kN
S V=FoB+FCA+60 V2 =0
=>FpB=-120 kN (C) C
D

-n

v FcB ,

FcA FoA ‘FDB
>V=0 FaC |
=>VA+60+60 V20 " Fap
=>VA=-120 kN 60 /
=>Ha=60 kN( ) —

A AB

VA
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G H
20 kN
0 2012 -20
>
20 kN :
20 402 -60
> D
20 kN |©
60 60V2 -120
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%




Structural Analysis & Design |

o 40kN 4m

From AOCF and AODE,
h _h+3 »
4 5

=>h=12m

A)=3A) + A) =
CN+2.5 m, CM=2.5+(4/2)=4.5m CEN2=3"2 + 4.512= 5.41

CDA2=372+0.5"2=3.04=EF
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40 kN 4m

Assumptions (Method 1)
According to assumption

FBH =FCG =FDF =0

s/
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@)
II\
Panel-1: ;N\
—_A()% % 45 % 3 %9 — FAA
+3> Mo=-40* 2+FEC vl 12 + Fec v 2 =0 ; \

=>Fec=43.28 kN (T)

2 MD=43. 28* *4+FEF* T 0a *4=0
=>FEF=-24. 32 kN (©)
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1+ve, > V= -FDC*ﬁ -

43.28%(3/5.41)+24.32*%(3/3.04)=0
=>Fpc=0

D Foe 2H=0
=>FDE=-40 kN (C)
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Panel 2: O\
£)> Mo=-40%12-40*| 5-+FFa*(5.5/6.26)* | 5+Fr*(3/6.26)%2.5=0,
=>FFB=75.12 kN (T) :

1) SMc=40%3+75.12%(3/6.26)*5+
FFG*(3/3.04)*5=0
FFG=-60.8 kN (C)

+) XMF=0
=>40*3-FBC*(3/3.04)*5=0
=>FBC=24.32 kN(T)
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Free body of point C:

ZFX=O
=>FcF+40+43.28%(4.5/5.41)-24.32*(.5/3.04)=0
=>FcF=-72 kN (C)

f/ \-
Ho Dy .
—— B X =
/ > ‘\
/ \ “\\
4o C e =
N\ 2 \
30¥Ns D %/’b 5 0K
Y e O o CN
A
F((“ FF & Fre
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e

O

aPanel-& A

| 2 Mo=-40%*(12+15+18) +FAG*(3/7.16)*3+ r o\
FAG*(6.5/7.16)*18=0

=>FAG=102.28 kN(T)

+ 3 T MG=40*(6+3)-FAB*(3/3.04)6=0
=>FAB=60.8 kN(T)

+ ) S MB=40%(6+3)+102.28%(3/7.16)*6+
FGH*(3/3.04)%6=0
=>FGH=-104.23 (kN) (C )




R
. ..‘K\ g .'. ‘ \
AT
ol a™

3 -‘-_.___’-

Structural Analysis & Design |

S Fx=-FaG-102.28%(6.5/7.16)+
60.8%(.5/3.04)-104.23%(.5/3.04)=0
=>FBG=-99.99kN(C) -

-104.23
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T +ve SV=VA+60.8%(3/3.04)+102.28%(3/7.16)=0

=>VA=102.85 kN (C) 102.28

S H=FAH+102.29%(6.5/7.16)+ 120
60.8%(.5/3.04)-120=0 :
=>FAH=17.13 kN (T)
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- Evaluate approximately forces in the truss members shown in Fig. 35.2a,
- assuming that the| diagonals are to be designed such that they are equally
~ capable of carrying compressive and tensile forces.

1 A | |
b y ° W c
: : : T
I | I
| 1
: | |
: : : 3m
| |
| : 1
o | i LB
| i i Ly
A " |20kn' B lzvsoku 1
7 7
" Ry

3 panels @ 3m
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Solution:
The given frame is externally determinate and internally indeterminate to order 3.
Hence reactions can be evaluated by equations of statics only. Thus,

R =2333 kN (1)
R, =26.67 kN (’l“) (1)

Now it is required to make three independent assumptions to evaluate all bar
forces. Based on the given information. it is assumed that, panel shear is equally
resisted by both the diagonals. Hence, compressive and tensile forces in
diagonals of each panel are numerically equal. Now consider the equilibrium of
free body diagram of the truss shown left of 4 — 4. This is shown in Fig. 35.2b.

Uo «— Uy,

\ UoLy v

23.33 kKN
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For the first panel, the panel shearis23.33 kN . Now in this panel, we have
FL'-'[ILI = FlﬂL'l = F {2)

Considering the vertical equilibrium of forces, yields

2Fsm@=12333 51'116-'=%
F=222 21650 kN ()
. Uo < F‘-’ou|
Thus,
\‘ ULy lv
Fy, =160 kN (Tension) « By
Fin }=16.50 kN (Compression | il .
Lolq
23.33 kN
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Considering the jointL,,

Loto
16.50kN
Y Sloty
N =
23.33kN
> F, =0 = —FLGUQ—16.SOsin45+23.33=O
Fpy, =11.67 KN(Comp.) (5)
D> F,=0=  -16.50c0s45+F ; =0
F;; =11.67 KN(Tension) (6)

Similarly, F,; =11.67 KN(comp.)
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INn this panel, the shear Is3 .33 kN . Considering the vertical equlilibrium of the free
body diagram.,

SF, =0 = ~Fpp, sin 485 — Fp, 0 sin45 4+ 23.33 -20=0 (7)
Itis given that =, ., = F,,, = F
2Fsmné& =3.33

3.33

JE

F = = 2.36 kN

Thus,

PUIﬂ =236 kN (Tension)
| - —
F&D’: =236 kN (Campressian] A

Taking moment about U, of all the forces,

N

gl
—F%x3+z.36(7)x3+23.33x3=0 e

F

11, =25 KN(Tension) Ly

_ L1 20kn e
Taking moment about L, of all the forces,

7

Fyy, =125 kN(Comp.) 23.33 kN Fig.35.2d
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Considering the joint equilibrium of L,

YE=02 By +1630s045-236si045-20=0 \ W4 20k
F, =10 kN{Teso) /)

11.67kIE

Consider the equilibrium of right side of the section B-B(ref. Fig. 35.2f) the
forces inthe 3" panel are evaluated. 20kN
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Considler the equiliorium of right sice of the section B-B(ref. Fig. 35.2f) the
~forces in the 3" panel are evaluated. i

Bl / Us
d
s,
|
We know that, F,, =F;,, =F L

Fig.35.2f 5
YF,=0=  —Fpp, sin45+F,, sind5+26.67=0 .
26.67
F= f/g =18.86 kN

F,,; =1886 KN (Comp.)
F,, =1886 kN (Tension)

Considering the joint equilibrium of L, (ref. Fig. 35.2g), yields
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e

Considering the joint equilibrium of L, (ref. Fig. 35.2g), yields

18.86kN

YE =02 -1886c0s45+F,; =0 \
F,, =13.34 KN(Tension) : \ "

ZE =0 > F;, =13.33 KN(Comp)

F
L
U,

26.67kN
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The bar forces in all the members of the truss are shown in Fig. 35.2h. Also in
the diagram, bar forces obtained by exact method are shown in brackets.

Uo _ .1167 _  Yq 25 u, 43.33 _ Us
(-11.22) (-27.64) (-13.23) kY
t ! |
9 ® o
2/
~|§ A = e XS -
e N N ol O 0 o el P
- v - i~ T \ ] P 3m
v|E 7 25 s b
< o . 4 PO
s Zs Y GoNe ﬁ”Q"
'06) £ | QO |
<
_  11.67 25 . 1333 ¥
(12.11) (22.35) (13.43) L
20 L 20N Lp| 30kN A
s v
23.33kN 26.67kN
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