SRI VI DYA COLLEGE OF ENG NEERI NG AND TECHNOLOGY COURSE FI LE ( QUESTI ON BANK)

QUESTION BANK
DEPARTMENT: CIVIL SEMESTER: V
SUBJECT CODE / Name: CE 2302 / STRUCTURAL ANALYSIS-I
UNIT 1- DEFLECTION OF DETERMINATE STRUCTURES

PART - A (2 marks)
1. State and explain the principle of virtual work.
(AUC Apr/May 2012 & 2011, Nov/Dec 2012 & 2013, May/June 2014)

The principle of virtual work is based on the conservation of energy for a structure which
implies that work done on a structure by external loads is equal to workdone on a structure by
internal loads.

2. Write down the Castigliano’s first theorem. (AUC Nov/Dec 2010)

The partial derivative of the total strain energy with respect to an applied force or moment gives
the displacement or rotation at the point of application of the force and in the direction of application
of the force.

3. What is the significance of unit load method? (AUC Apr/May 2012)

The external load is removed and the unit load is applied at the point, where the deflection or
rotation is to found.
4. State the basic unit load formula. (AUC Nov/Dec 2010)

i) Find the forces P1, P2, ....... in all the members due to external loads.

i) Remove the external loads and apply the unit vertical point load at the joint if the
vertical deflection is required and find the stress.

iif) Apply the equation for vertical and horizontal deflection.

5. Explain Mohr’s correction. (AUC Apr/May 2011)
The Williot diagram does not give the true deflection of the joints but the same can be modified

and correlated to the true deflection by applying certain correction is known as Mohr’s correction.
6. Differentiate perfect and imperfect frame. (AUC Nov/Dec 2012)

A structural frame that is stable under loads imposed upon it from any direction is known as
perfect frame.

A structural frame is unstable if one of its members were removed or one of its fixed ends
became hinged is known as imperfect frame.
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7. State Maxwell’s Reciprocal theorem?

This theorem states that ‘work done by the forces of the first state on the corresponding
displacements of the second state is equal to the work done by the forces of the second state on
the corresponding displacements of the first state’.

8. Determine the free end slope of a cantilever beam having length ‘L’ due to an applied
moment ‘M’ at free end using the principle of virtual work?

|
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9. Distinguish between pin jointed and rigidly jointed structures.
Pin jointed structures:

i)  The joints permit change of angle between connected members.

ii) The joints are incapable of transferring any moment to the connected members and
Vice versa.

iii) The pins transmit forces between connected members by developing shear.

Rigidly jointed structures:
i) The members connected at a rigid joint will maintain the angle between them even under
deformation due to loads.

ii) Members can transmit both forces and moments between themselves through the joint.
iii) Provision of rigid joints normally increases the redundancy of the structures.

10. What are the assumptions made in the analysis of pin jointed trusses?

i) All the members are pin jointed.

i) External loads are transmitted to the structure only at the joint.

iii) Pins do not transfer any moment to any of the connected members.

iv) Pins allow the connected members to change the angles between them.

11. Explain Williot’s diagram.
A graphical method used to determining the deflection of a framed structure under the load is
known as Williot's diagram.

12. Give the equation that is used for the determination of deflection at a given point in
truss and frames?

For truss, A = ——

|
For frames, A = Imdx
JEl
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13.

14.

15.

16.

17.

18.

19.

20.
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Find the static indeterminacy of below figure.

A ;I IQB
1 k
Static indeterminacy = No. of unknowns — No. of conditions
=6-3
=3

Define internally and externally indeterminate structures.

Internally indeterminate structures:

In a pin jointed frames redundancy caused by too many members is called internally
indeterminate structures or internal redundancy.
Externally indeterminate structures:

In a pin jointed frames redundancy caused by too many supports is called externally
indeterminate structures or external redundancy.
Define degree of freedom.

In a structure the number of independent joint displacement that the structures can undergo are
known as degree of freedom. It is also known as kinematic indeterminacy.
Write any two important assumptions made in the analysis of trusses?

i) All the members are pin jointed.
i) External loads are transmitted to the structure only at the joint.
State the difference between strain energy method and unit load method in the
determination of deflection of structures?
In the unit load method, one has to analyze the frame twice to find the load and deflection.

While in the strain energy method, only one analysis is needed to find the load and deflection.
Name any four methods used for computation of deflection in structures?

Double integration method, Macaulay’s method, Conjugate beam method, Moment area
method, Method of elastic weights, Virtual work method- Dummy unit load method, Strain energy
method and Williot Mohr diagram method.

Define static indeterminacy of structures. (AUC Nov/Dec 2013)

If the conditions of staticsi.e. YH =0, >V =0 and Y M = 0 alone are not sufficient to find either
external reactions or internal forces in a structure. The structure is called static indeterminacy of
structures.

Define static determinate structures. (AUC Nov/Dec 2013)

If the conditions of statics i.e. YH =0, YV =0 and M = 0 alone are sufficient to find either
external reactions or internal forces in a structure. The structure is called static determinacy of
structures.
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PART - B (16 marks)

in figure. Take E = 2x10° MPa and |, = 30x10® mm*.

COURSE FI LE ( QUESTI ON BANK)

10 kN
B 1.5 I1
10 kN e c
5 m I1 I1 5m
A D
7> o
Fig.
Solution:
step 1+ Virtual Moments (m) .-
i Xz
B ) &
[E W :i
Xz
— e pe— e W e —_———
X ! X X3
- &F z,
: r
Ha #ﬁ-‘r‘ 1\-——-‘7 | lead
Va Vo
= H=0
[ Ha = 1env |
=ZEv=0
2N @ D=0

1. Determine the horizontal displacement at the roller support of the rigid jointed frame shown
(AUC Apr/May 2012)

CE6501 STRUCTURAL ANALYSI S-1

PAGE 4 OF 39



SRl VI DYA COLLEGE OF ENG NEERI NG AND TECHNOLOGY

m = +%, Q-'mits ot s m)
M2 = Ix§ =5 Q.-mm o to 5m)
Mg = - 2y @mvh ot Sm)
S#L2: Real Moments (m):-
ZH=0 Xu ok
== '
”A 410 =0 [OKN = o N
= =10 KN Xz
‘ 10 kN | (&= PRI Er——
l:( ) X, T S
zVv A : %
" Ha=”

zZmM D=0

z
%

(VA x5)+ (Hax0) + (loxs) = o

DA = -IOKA]
up‘.‘- 20Kﬁj

M

, = lox, Q:m;t; ° to 5m)

Ma = (loxs) - 10%, G.imm ot 5m)
Mg

-

20'x © o)

(Umit.s ot 5m ")

Step3: Yirtual Work Eguation: ~

('.dﬂ)h f mm of%

‘._

Ex

= L

== flox"d,( + — f@sa Sox )dx +0

m'x-? 1

=
250% - Spx*
r-SEI‘ 2

o

COURSE FI LE ( QUESTI ON BANK)

x(_pox; dx, *=(| ) s(s0-lox)dx, + == fo(—w;)dw_‘
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1]

46.67 , 625
ET ISET

833 .34
Ex

833.34

2x10% v 30x 1074

W

@D)h = 0.00139 m

)—@D)h = 139 vory

 The Hovizental deflection at D is 1-39 mm

2. Determine the vertical deflection of point C in the truss shown in figure. The cross sectional
area of members AD and DE are 1500 mm? while those of other members are 1000 mm?.
Take E = 200 GPa. (AUC Apr/May 2012)

W
3
mas LSy WP

Fig 30 kN
Solution:
step it Vivtual forees (i):-
A
3m

gl
A_'Jg_ 'J'C?_l_';‘l:;ﬁ s -
Eyzo |

| + Keg SO 5° = o
Kep = = 1414 kn (tomy)
Keg = 1+ 414 kN CTens:'k)
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COURSE FI LE ( QUESTI ON BANK)

=
™
V)
H

Keg €08 48° — _ 144 Losks®

]

1
™~
Z
[

1
A

Kng
= V=0
— . Keg
EFap = Kep 8in45 ¥
ap

= 44 x Mngs®
]TCBD = 1 kw fﬂom@
Y=o
r—

Kea = Ken tos4ys”®

]

Idib ¥ tos §s5°

! ke (Tpn,;ib)_]

]

Kan

—

At Toint D:-
-

—
ZEV=o

Kpg
Kap + kpp Sings’ =0 *Bp

I + ¥pgy Sin4g®=¢

Kpa = = 1 hih kn { Comp)
Eﬁﬂ = iy kw (Tansihk)
zh=0
KDe +Kpe = Kkpp Cosys?®
Fpe +1 = - h)pxtosys®
Kpe =

~1 =1 =z <2kN{7onsil)

Kpg = 2 kn (lomp)
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s‘i:i!_:z: Raal Fovcee (F:-
A 8
?
o
&
E 3m D 3, |
20 KN

Since. there Is np othey externa) loads
except +he point ¢ . So, +4he extrrnal load s 30Ky
So, we multlply Hhe virtual
roernbeys Hforces rlo 3o times we get  Yeal forces,

is applied at ¢,

Fems = 144 % 30 = 42442 kw7
Fer = 1 x 36 = 3ppn(€)
FBp = 1+ x 30 = 3o0kwN {e)
FRaA = 1x 30 = 30kN {T)
Foa = kélx3e = 4242 (T)
FoE = 2 x3 = bokw L
Liew) () (ien-m)
| Be F4ly | d242 | 4,24 254 .32
2.| enp -1 _|-=30 3 90
3.| Bp -1 =30 3 90
4. BA I 30 3 %0
5. Dp by | B2h2 [ 42y 254,32
&.| DE -2 -60 3 260
! 'SKFI 11328 by
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stéep_3: viytual work Equation :-

(dﬁ)u = EKFL

AE
For AD and DE membeys = 1500mm?
Fovy Othey membeys = /000 mm?
(ac), = ZKkFL

AE

1]

254,92 é . .
(2543 +360)xraj ; fw# 324 90190+ gy

{500 X :—X!Gﬁ looo X ZK]OE

C&‘-)y = 467

The vevdical d?spféwmm't at ¢ = 4.67mm

3. Determine the vertical and horizontal displacements of the point C of the pin jointed frame
shown in figure. The cross sectional area of AB is 125 square mm and of AC and BC are 175
square mm each. E = 2 x 10° N per square mm. (AUC Nov/Dec 2012 & 2013)

F—e&m—|—&m—
A B
e
l

4

Il

6 kN

Solution:
step ): Veytiea! Virtual force (Ku):-

Ha — v L b g

<
I
I
[
|
|

I

I erd

Vo +Vvg = g
Tal“-iﬂa mloment aboult A4,
~Vaxilz + (Ixs) =0
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COURSE FI LE ( QUESTI ON BANK)

Kap

!
c'ey A =
tan @ = L 05 kN
L k

he

= 33°49'

- WwE D
. I
0.6 + KpeSin B3°49') =o
Kae = = © 89 N le-omp_)

I_Kﬁc

—
—_—

049 K:] (Tensila)

S H=EO

T ——r

W

Kas

Kae cos (33°239')
-0-89 x cos(33°49'D
-0-74 kn (Tensile)

—
=

]_ Kna

=

o. 74 kn | comp)

At TJoint 8 :. |

s2v=0
p—

0.5 + kg S0 (33°49) =0

Kee

-
-

- 0.89 kN (tomp)

ijg(_ = 0-89 kﬁ]{,ﬁnﬁ&)
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Step2: HQrizontal virlual Forcee (ki) :-

Vﬁ Vﬁ
c len
ZH =0
—
Hy +1 =0
Ha = -1kN (—)
D*A = kN @)
EZ v=o
——

-mp‘n? moment about A,

M = - 033 k|

V4 = 0:33 mj

__“fﬂ'oi A

L —J
EVzO [ kN
—d
0:33 + ky, Sin(33°%49")z 0
KAL = =0:'59EKN Cc‘lﬂmp_)

rKM = ©0.59 N (Tensils)
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KAB = | + Kye sln(33°4~9')
= ;.@.55’; x Sin (33* 49°))

!T_:& = 0.b7 gil CTQ?‘?I”&)

t Joint B:-

p_— TS oy

Z Vv=o

Kge Sim(33'49') = 0:33
}—T:M = o-ﬁq@ ( comp)
Step3: Raal Foreas (F):-

Qirea theve (s no H --p'q bm ,"" bm B
other external loads

acﬁng exupt the point c.
S0, we woultiply the Virtual
member fovees into 6 times, 6 kn
we get veal Joreas,

Fae = 0.89x 6 = 5.34kn LTensile)

1

Fas = 074 x 6

n

beodely kN (Lomp)

Fae = 089 x6b 534 kn (Tensile)

1]

S:Ng| Membey Ky K, F L | ZKFL | ZkyFL
ten)|  (m)

t+1 AB =074 | 0:67 |~4ety| 12 39.42 | =35.469
2.1 Ac 089 | 059 | 5.34 | T2/ 34.26 | 227/

3.| Bc 0:89 [-0:59| 5:34 | T2y | B34-26(-2227

Step 4 ¢ Vivtual Work Eguation : -

(Ao, = ZkFL
AE
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COURSE FI LE ( QUESTI ON BANK)

= [39:42 xi10® | (34-26+ 34020 x10°
126 x 2x10%

175 x 2x105

} @OV: 3.53 mm

AE

- 85,69 x)0% + @2171-.‘22.701006
125 x 2x10% 175 x 2 x105
,V@“')h: - 143 mrn?

verhal olisphcement atc = 3.53 mm (1)

= 1+43 mm (J,.)

4. The steel truss shown in figure is anchored at A and supported on rollers at B. if the truss is

so designed that, under the given loading, all tension members are stressed to 110 N per
square mm and all compression members to 85 N per square mm. Find the vertical
deflection of the point C. Take E = 2 x 10° N per square mm. (AUC Nov/Dec 2012)

30 kN 30 kN

—4m 4m

1

Hovizertal displacement ot ¢

4 m—]
A B

T

4 m

Solution:

Step:1 . Vivtual Fovees (k) :-

HA-——;‘A' 4m E  4en F 4w 2
45" 45" T
Vo Vg 4™
D o _sL
J
Sp=o len
H',q =0
ZEv=p
Vpa vy =)

Em@ﬁ:c’

“Vexil2z +1x8 =o

[Vo= oe7rn] [ = 0-33kn]
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AD = Ec =8Bc¢ = | 42447 = S65m
Zv=o Kae
#n

@33 + kap SiP 45"=0 0-33kn NEAD

Kap = — O b ey ﬁﬂamﬁ)
[ Kap = 0.46 kn|(Tensile)
ZH=0
— ]

Eag = Kpp Cos45°

= —0-46 xtosks®

= —0:32 N (Tensil)
"Kns= ©-32 KNJI’:@'DP_)

4 Tet 8 -
Ivz=o
©.67 + kp, SH5° =g
Kpe = = 0:9% kn( comp)
Kese = ©.94 Jﬁﬁ[(,'ﬁﬂm!{a)
I'H_.—._-la
KBp = Ksc o845 = _ 0.94xo34s®
= - O:-bbknN(Tensik)
rku:- = O-&&K‘N[ﬁ&mp)
At Joint D :-
- — E—
Zve o
Kpg = O+ 46x8m 45° Kog
0. N
[_ka = 032 kn[{ tomp) )
D k
ZH=o Pe
n—
Kpe = O-4bxtosés”®

F‘pc = o.32 j:ﬂ (Tensile)
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At Joint ¢ ;-

L —

Z2H =0
- - ——

o.32 = l"cgr Cﬂ-‘és‘.-f'o'q%méﬂ_i

Keg = -Q-#—E#NCﬂnmP)
O 48 kn | Tensiie)

“-—._|

[
™
m
11

kfF +1+ k:CE .5'31".’4&5' - "-'-"q‘f--‘tﬂniw"

Keg +1 = 0 48x simlg® = O QL XMLt

Kep = ©
'f‘ Tgﬂt £._ HELE F S b
ZHED - <
} FE = &66 jcny (“"mPJ %ﬂ

S\"Ega_.?.: ?._::z._i.l. Foﬁ.: {F):-

4 3ol 3oknN
A hld E_4m |F 4m o
— A
Ha 45 o’
4 v
Vs 8
D [
Zve=o
————
Vy + Vg = 6o
EM@ Azo,
—-vg x12 +(3ox8) + (Box4) =0
[Ve =30 En |
rVﬁ = 30 kﬁj_]
ZK=p.
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COURSE FI LE ( QUESTI ON BANK)

42 Tﬂm‘t ﬁ |-
A Kag
Zv=o 45"
30 + Kpp $iN45" =p 20 xn IN(A2
Kap = - 4242 kn (me)
Kap = 42 42FkN (Tensile)
ZH=o
Kag = KADLoS &5 = _ 40.40 X tosss®
= = 30 kn (,"."&ns”z_}
Kag = 3oxm[ Ctomp)

At Toiot Bi- _Ker
Z=V=0 ®
LA 4s"

Ko, 30N
Kac = =42-42 En{ tomp) >
| K8e = 4242 kn|(T)

ZH=o
Kerp = Kpe @348" = -42.42 xiospgr

= =830kn(TD

/Kg.p = 3o .EN!(!.om'p)

= 42.42 X8In4s°

&DE = 3o Kh?]({pm}

EH=z®e

Kpe = 4242 X (osds®

Lk,p,_ = 3o K;.{ ( Tensite)
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ont ¢ ;-
=

—

t

-

ZH=0o

T g

30 = K.p COS4S5" + 4242 X Lasrhe

[Kee = o]

2 V=Eo

ints
Ker + k’cz’rj': 42:42 xSin4s"
30

20 kﬂf&mnf)

Keg +0 =
| Ker

COURSE FI LE ( QUESTI ON BANK)

4 ey

)

Kpg +30 =0

Kre = ~30knw (7)
LKFC = Bokﬂ ( tomp)
Step 3 Virtual  wone Eqma tior, , -
Mambets | Length Ky F S EFL
(m) (en) | (ewm)

AD 5.65 or4b | 4242 l1o-25
AE 4 -0:32 |[-30 38. 4o
Be 565 094 4242 225.29
BF 4 - 0:bb - 30 79 20
De 4 o-32 20 38 40
DE 4 -0:32 |-30 38 40
CE 5.6 O 48 o o
CF 4 o -20 &
EF | 4 ~0:bb -30 79 20
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PAGE 17 OF 39



SRI VI DYA COLLEGE OF ENG NEERI NG AND TECHNOLOGY COURSE FI LE ( QUESTI ON BANK)

po, = TR

heve, Ava. ls
For all tensien mambers, A= Ho mm*

Fer all éornF'rurr'on membets A = 85 o™
Foy Tergioy) wemberr,

a.D, = {11025+ 225.29 + 38.40) X ;0% ]

oo x _2x;o.5-
(A, = 1699 mpm

For ﬂamlpras.s?on rrernbers

(4D, = | {3840+ F20+38.40 +7q-:c:-)xm‘j

25 x 2 x10%

!12:B3 rrve

C‘d‘)v
Yo (B, = 16.99 +3.83

E}"}V = 30:82 ma

L The wertial deflection (oy) displawment at ¢ = 30.82 mm CU

5. Determine the horizontal deflection of joint C as shown in figure. Take E = 200 kN/mm? and
A = 600 mm? for all the members. (AUC Apr/May 2011)

Solution:

stept:
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I A ADC s~
— ——a
tan 45° 2 6
AD
AD = bm
Sin4s® =_6
AC

IN 4 ABD
Cos45' = AB
: é
? AB = & ;;,,,mj
Sings® = BD
3
[5% = 534w
|Be = 4.24m
AL Tqiat 4:-
Sveoo
—

M@ p=o

Vax6 +1x6 =o

Yo =~1KN
r\/n = kM

I;LEO

Hatl =o

[Ha = -1kn )

IVz=o

i -}-H.dlm SiN 48" =p

Kag = =) 4) e~ (lomp)

Kas = I-4) kn/(T)

COURSE FI LE ( QUESTI ON BANK)
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EH=c0
—

| + Kpg (0s 45° = Kpp
i- I+ &l x Los §5° = Kap

! qu =0

Kpe +Kpg $In45° =) -0 Kpa
- o]
T H=o D
Kpa + Kpg Cos45° =4 | N
© + Kpg Cos45° =0

}Kﬁﬂ =o_.

© = ]K:oc = | kM]CCmnP)

At Toint ¢ :-
— r—

ZvV=o
e

Kep Sin4s" 4+ ) =0

Keg = -1 41 kN (Lomp)

E{CE = 14 Kﬂ(*r)

ZEH=0

—

| + Kap tos 45° = Kap
i- Ivdel X Los §8° = Kap
lkﬂp 7—"0.

At Toint .-
—_— —_—
=

—

V=o

Koe +Kkpg SIng5° =| —=®
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T H=e H
Kpa + Kpg Cos45° =4 | kN
© + Kpg Cos45° =0

leﬂ =0

©=> ]k:w.: =1 knN|( tomp)

At Joint c :-
—_— =

ZEV=0o
—

Kea Sin4s° 4 =0
K"-B = ~I 4} kN CU.‘)mPD

[ Ke = 141 k]

step 2 Real Forces (F): -

c

424

IEE' = 2 m

3m |

>
®
|
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Zveso
—_—
VA +Vp = 0.
Ev@r =0

Vaxb + 6ox3 =0

Vy =-30 KN

Vp — BDKN

EM=c

H'A +6p0 =0

[fr = 6o %]

At Teoi

—

ZEV=

]

t A:-

3

I

0

Fap Sin45° = 30
[ Fag = 4«2-41@](7'3

=eH =2

FAp + Fag tes 45° = éo
FAD + 4242108 45% = 4o
[ Fap = 3okn|(T)
At_Toint P:-

[ Foa = 4242 FN]( Comp)

=ve=oe
Fpe t Fog SN 45° =3¢
Fpe t+ 4242 x8irm 45°= 30

At Joint C -

Feg =0

Fas
AN4S"

LY

éokN

Fap
2okN

COURSE FI LE ( QUESTI ON BANK)

CE6501 STRUCTURAL ANALYSI S-1

PAGE 22 OF 39



SRI VI DYA COLLEGE OF ENG NEERI NG AND TECHNOLOGY COURSE FI LE ( QUESTI ON BANK)

Step 3. Vivtual .!/_J_g_tx E'qsga't:m L -

(&), = ELL

AE
Mmembers Lﬂ.rﬁ‘“‘l Kh F TKFL
() (e Cenm)

AB 424 |+ 4] 4242 253. 6
AD F_{ =) 30 o
DB 42l o 4242 o
De 4 -1 o o
cB 4‘24‘" [+ &) o o

Sum =| 2%3.6

I the above Table, QPP@’
all tompression, members ave nggqﬁ've.

all Tension wmembers are positive

' AE

253.6 x)oé

6oo x 2x/0%

, (Be)), = 2410 mm

.. The HoYizontal displacement = 2.11 mm (1)

6. Determine the vertical and horizontal deflection of free end E in the frame shown in figure.
Take EI = 20000 kNm?, (AUC Apr/May 2011)
80 kN
B 2 m‘L 4 m D
c

ot Fig.
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Solution:

SPI: Virtual Meomerrts (myy .
jxa X2
27 l4-m

B
I T r
J\‘Ir x’-'; L_ Ay
3 Xy

E
#
" HEN
m, = o ( limits o to 4)
™My = =AU, (Umits o to 4)
My = -1l44%) [limits 0 B 2)
My = -1{b)=-b Umits o t8)
step 2 1 Vivtual Morents {mh): -
¥ i
m; T =X Is : pal
H}z - -4_ E 1'1.—'% L)
o Xy woh
m -
3 = "f x" ""_"_xl., H; —'xl
My = 11 - At
{ ) I £ len
~ f
o X
A
3*!::1’&3 Raal mMoments (M):-
Xy 8o Kn
M, = o ] X2
B | J L
M = o JET S T
¥ ia Xy
MS:*QQI_‘ “ Kr_"—_" k‘,
X, T T ¥y HI
My = BOx2 - lio ' | c
o
A
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Sf-ﬂg & Vl;_"g&‘g’ bﬂ# Emﬁgn '

be), - |

(]

™M

x
ET

Nk ¢ 3 3
73 @ 0 dx + j of-u,)dx 'fj-“ﬂg)(&mf;)dz "'f ftée (-6) dﬂ
[+] ﬂ, o

= é[ﬁeazax-sax’)ﬁ + ff—"!éﬁ)d’x]

_ L [ -3202*_ gox3 s
= ET i T _...3—. +EJ} -q&a]']
[}
, ~—
= — | .g8851. - %8
7 |85 33] L

- _5653.33
EL

=_ 5653.133

20000
i = -©0:-28m
/(ﬂs)v= 80 rom ,
@E)hf f"ﬂum dx
o
4 4 5
- 2
.&{f o dx +f o dx +/(_#)Mﬂ)d,<_,.j£l—x) {fao)dx]
(<] o o
G .
= £ | -320x2 L[ t6ox- 1602275
i EI[ =z f*e:[ 0 -—_1—]
e [}
= -640 _ 1200 _ 1840 _ 1840 _
ET Er - Er —'zam - O-ﬂ'hm
!(‘aE)h = -‘?1rnm/

COURSE FI LE ( QUESTI ON BANK)
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7. Find the horizontal deflection of joint ‘B’ in the frame shown in figure. Take E = 2x10° MPa
and | = 3.5x10% mm*. (AUC Nov/Dec 2010)

B
50 kN
4 m ¢
4m 4 m
A D
P N
Fig.

Solution:

Step 1+ Virtual mMoments (h‘]h)g-
ZH=o0

— >
B
L e b
IV =p X2
x.| '——-xl .-.—..-x
m X
VatVp =0 "‘fI 4 3 3
A
=m @ =0 1] A > 1P
= —4 A T T
Vax 4 1l xX4) =o Va >
mo= X% (Umits ot 4.rr))
my = iy =) (limits 0t 4m)
My = 0o (limits 0t 4m)
Step 2 1 Real Mgments (m):-
Z H=0 b Y
— Sokn ' c
fHA = 50 Jc.u] )
I
=L=e x| ——T7 %1 ST~ "%
Wy 4 = o -Ix! ,
L] \b Ha ‘i 3 D
EZM@&Pr=o0p \;'r .‘T
A D

(VA X 4)+(Hax 0) +(50 X4) = o
LUA = -50 m—l
|Vo = s0 kn |
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M, = 50x, Ct:‘mitr a'to#*ﬂ)
My, = SOX 4 - sS0%, ( Umits otb 4m)
My = © ( levnits O®4m)

SER.3 ¢ Virtual work Eguation .
“Le)y = |
[#]
L +
Er [j X({Sox) dx +j(+ ~x) (200 -S0x)dy + _f 0 da]
o -]
y.

\

J 50%% dy 4+ J@oo -200Z -2001+502:}‘J

[{sox } B00x -200%*, 50X ¢
T2 3

o]

[(iobé b7 - o) -f—(szoa-moo +:o££»6?)]

=_1_ (3733.34
— ( )

2733.34
2x108x 3.8x 1074

(As)h:: 0.05333 m

—
-

{AB)h = 53.23mm

. The hovizonta| defloction atB is 53.33mm,

(AUC Nov/Dec 2010)

8. Determine the vertical deflection of joint E for the Warren truss shown in figure. Take A = 645

mm? and E = 200 kN/mm? for all the members.

2.5 m 2.5 m

3 kN
Fig.

CE6501 STRUCTURAL ANALYSI S-1
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Solution:

step | : Vivtual Forvees (Kg):-

B c

Ha Aheo” 6o 60" b0

T 2om B 2om ]

\u:q | KN VD

Uffng Sine yule, AABE

.2'5- - AB _ BE 5
60" Sinbe”  Singor  AABSGON

F’*B = 2.-5m

[Vo = o5 kn)

]Vﬁ = 0-5 K-'UI

Z2H =0

ITv=0 KAB

e

th Sinéo®= G5 A &0°
Khs = O-5BKN Cc,gmp) kﬁE

ZH=0©
—_—

Knge Kap COS 60°

W

= 058 xcos 60
‘, Kae = 0-29 HN_ICT‘)
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COURSE FI LE ( QUESTI ON BANK)

At Telot D:.
ZV=0 kpc
. . ' beo*
Kpe Sinbo” = 0.5 D
Kog
Kpe = 0-58 kﬂ(aw,) 0.5 KN
ZH=0

Kpe = Kpe Cos 60°
- = 0.58x Cos éo’
[ kpe = ©:29 kN|(T)

At Toint ¢: -
— —

Zv-o
—m—

Keg 3in 60" + 0-B8Sinbo = o

Keg = - 058 Kw Ctampj

Kﬂg = O:'5B KN CT’)

Keg = Keg tosbo’

- 0.58 x Cos &o°
= - .29 &y (T)

Kes = 0.29 H-’f[ (comp)

At Joint E ¢=-
— ]

I_y_-..:o o-85
| + Keg Sinbo® = 0-58x3in b0 “es
£ &‘ 6O.L
Keg = 0.5 - ©+29 Kn 629 kn
= -o0.5 KN (&) LN

[_K‘ES = Du":'@ ()
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Step a: ‘E’eﬂ Foreas (F):-

Stree theve Is no cthey external loads except
the point ¢. So, we multiply the virtual member
forees into 3 times, we get veal fovces.

Fog = ©58 X3 = 174 et (Comp)

Fae = ©:29 x 3 = 0-87kN(T)

Fpe = ©0.-58x3 = I'"74kN (Comp)
Fpe = 029 x3 = o0.87&v(T)
Fece = ©58x3 = .74kN (1)
Feg = 0:29x3 = 087 kn Lomp)

FEs = o.5x3 =I1.5ky (7

Step3: Vivtual work Egquation :-

A _ ZKyFL
(Be), = Z5FL
AE
All Lomprassion members avz mﬁqﬁve.
All Tension wmembers awe positive,
(AE)V = 2Kk, FL
AE
11.32 x/0®
645 xaxio®

[(Ge)y = 0087 mm]

o The Verlical displacernent ot £ = 0'037"‘"'11(?)

COURSE FI LE ( QUESTI ON BANK)
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Membexs | Length Ky E Tk, FL

(m) CkN) Lewm)

AB 2.5 -0:58 | =1' 7% 2.52
AE 2.5 c-29 081 063
De 2.5 [-0:58 | =1I'T% 2.52
DE 2-5 029 o:87 .63
CE 2-5 o558 |74 2.5
ca 25 - @.29 -0:87 o, 63
EB 2-5 ©-5 [ 5 I 87
ZkFL = 1132

9. Determine the horizontal displacement at the roller support of the rigid jointed frame shown
in figure. Take E = 2x10° MPa and I; = 30x10° mm®*.

15 kKN
LY
20 kN 5 m c
Im I1
I1 5 m
A
Fig 55[)
Solution:
step 1: Virfual mements(™,): -
X
ZHh=o 8 | c
x,_ Mo
} Hy = J'K:u7 ]
X I i
ZEv =0 b4 T
- H 4—-"‘ ! "Cﬁ. 3
Y A T
A +Vp =o ! o
W,

(= 5)-lisx 2) =0
‘5'1.@. -2 =p

/| Ya = 0.4 Kn |
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3
!

x| { Limits oto 3m)

My = 0:4%, 43 { Limmits o ‘bﬁ'm}

M3 = - Aq { Umits o to Sm)

Step a Eg_gi Mowments (M) :-

iz o s [* T
L0k 4
} H.q T 20N 'LJKL

Iv o ﬁ_P' ¥
x e
2

Va + Vp = 15 i x
v, D
ZM@ D=0 A T
@;, x5)- (Ha x.‘:‘.)—r@.oxs) =0 v,

5V, -@ox2) +Boxs) =0

m = -2 Kk

F"pr: erml

M, = 2ox, {Umits oo 3m)
My = Qoxz)-j2xn, (Umits ot sm)
My = o (Umits o & 5m)

3%2p3 : Virtual Worke Eguation:-

(Ap)h = Ef % d:l

UL

= L

- Ex

S

E

L}

Ol 0 —y

; i
2077 dx +515;fé* 48 % +180 -3bX )dx

o

COURSE FI LE ( QUESTI ON BANK)

xlaox)dx + —— E(:u_) f@ e 43)(bo- 12y, * EI o{-%3) dx
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"
9 l-

—
o
Wi
LTS ]

o

[ 2 5
+ [294: - 40-8% ]
AFET 2

9 [+]
- 180 + 50
ET .ZEI_
Ay = 435 |
(q Ii)}\ ETI:

heva,

E = 2x10%mpa

leasxmé,u/m:.
E = 2x 108 kw/m*

T = 30x10% mm#

"

30x108 xi0m12 4

I

1

30 x10% b

4 35

A
L”)h : = 0.00073m
2X10° x 3o X106

@‘p)h: ©:73 rﬂ;\

e hovizontal defleckon at 3 is 0. 73mm,

10. Find the vertical deflection of joint ‘B’ in the frame shown in figure. Take E = 2x10° MPa and
| = 3.5x10° mm*.

B
50 KN—}

Fig.
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Solution:

Zv =0 e T 7T = X, ES
A i xs
Vo + v = 0] oy — D

IN':-@'D - v,
A

Va % 4 = ix 4 =p

VA = ) len

[ = -ow

M, = o { Umits o to 4D
Ma = x-nzp { limits o ‘ta{.m)
M2 = © {limits o to 4m)

SE&J'- Beal Moments (M) -

_—

T}':D

A =50 Ea)

(Va x4) +(Ha x0) + (50x4) = o

E_q = —-“50!{.&]

M, = 501, [ lrits o to 4m)
My = 50x4 - 50%, ( Limits o to #m)
My = o ( limits 0 to 4m)
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4
(AB)U = fmm Ao
> EE

4 4 .
_r o( 5o Jdx +fo,[zoo-b"mf)c{x -}fad-J
° A )

W

The vertim| deflection at B8 is zerp,

11. Determine the deflection under the load point of the beam shown in figure below. Take
E = 200 x 10° kN/m®and | = 14 x 10°® m*. Use the principle of virtual work.
(AUC Nov/Dec 2013)

45 kN
A F2m _\L 4m | B
VAN D
¢ I 3m -@
f 6m |
Solution:
! mMd=x
We know 1.;3=L Bl
Virtual moment, m. Remove the external load. Apply unit vertical load at C.

1% TkN X
i I
I |

A C ! B

. 1 1 3

—2m—% 4Im ==
|

S &m { =

V,=2/3 | I Vp=1/3

i i

| I 1

['ITIH I
]x 1 'Y

- X: >

Fig. 1.26
Taking moments about B
2
Vﬁuﬁ-lxd-:[] VFLZEILN‘
1
Vg = Total load -V, Vg= 3 kN
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Considering sections xx in AC and CB as shown

2
my= g x, {Limits 0 to 2m)

2 .
3 x,— 1x, -~ 2) (Limits 2 to 6m)
Real moment, M. Using the above x co-ordinates, the internal moment {due to the given

loadng), M is obtained as

m:.2=

Rﬁ=g x 45 = 30kN

3
Ry= % » 45 = 15kIN (since there is only one concentrated
load of 45kN at C)
Ml =30 % x,

Virtual work equation :

dex m]M i’x szgdxz
L@)y=]; j |
. [g xl]iﬁﬁxli dx, [g xp = (xy = 2}} [(30x, — 45(x, — 2)] dx,
=], EI " E EI
~ Jz 20x,%dx, . J-E [20x,% — 30, (x, — 2) — 80x5(xy — 2) +45(x, — 2)°] dxy
~J EI 2 EI
- Jﬂ 20z, dx, . r [20x,% — 2 30, (x, — 2) + 45(x," — 4x, + 4)] dx,
o EI 2 EI
) jﬂ 20, dx, JE (20x,% - 60x,° + 120x, + 45x,° — 180x, + 180) dx,
o EI 2 El
= J'z Eﬂxlgdxl + jE {5-\723 -E[Ix_z_+ ].SU} de
o EI 2 EI

]

2 a 2
|:EE I‘} +-l|:5.%—50.%+180x2]

El' 3 | EI i

208, 1[ (6% - 23}-E{52—223+13n{6—2}}
T EI'3 EI 2
- —{53 33 + 346,67 — 960 +720] = 250
) 160
T200x10° x14x107°
Deflection under the load point = 57.1 mm.

=0.0571m (or) 57.1 mm
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12. Explain the steps involved in the determination of deflections of pin-jointed plane frames
and rigid plane frames. (AUC May/June 2014)
The displacement caused in simple pin jointed determinate frames can easily be deter-
mined by using the method of virtual forces, as described below in 3 steps.
F G

3
d
i
"
[l
1
1
'
|
|
i
1
|
|
'
|

3
'
'
i
i
i
1
i
'
!
1
!

-4

([T, E

_ ' D E

Aoy el WA \/ v AN
M M v
w, W, Ws

Fig. 1.1

Step 1. Stippose we want to determine the displacement at B of the truss in Fig. 1.1 due to
the load system W, W, W, = {W}. We have to first solve for the internal forces F,F,
F,....F, = (F} in the members due to (W}. This is a question of statics. We know that
every member will have an additional elongation (or shortening ) of F,//AE, F,I/AE,
FI/AE...... due to ¥, F, F,........... . These member displacements will increase from
0 to {FI/AE} as the internal forces increase from zero to {F}.

Step 2. Now apply only a unit load (virtual force) at B in the direction of the desired deflec-
tion A. Find the internal forces due to the unit load (B, k, ky ... = k). We will
forget about the external work done and internal energy stored due to the unit load
and proceed to the next step.

L e e Ehataia bt L L PP Ty
7 s i
4
: : ; X
2 NG N
’ A
/ s i a *
A Bj’r.’k 1 D E
== ' H H—
= ! . == /
__________ o

Undeflected iruss
Deflected shape due to unit load at B

Fig. 1.2

Step 3. Now apply the {W} system in addition to the unit load, which has been applied first.
Energy Equation :
We will now have the deflected truss, The deflections are due to the unit load plus {W) system

The external work done W, due to the imposition of {W} is in 2 parts .

W,, due to the unit load displacing through A at B.

W, due to the (W] system displacing progressively from zero to A, 4y, 8400
And the internal work done is also due to two causes,

W, due to the pre existing internal force system &) &y by ..o displacing through member
displacerments F VAE, FIAE (... caused by {W] system
W, due to the current force system F, F, F, ...... displacing progressively from 0 to F I/

AE.F,I/AE, FJ/IAE ...... ete.
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- “F]_"L: ) ]Vzl-_'\g
Wﬂ + “‘TEE. = We = LA 4 ———= -

2 2
. kFL  _ F°L
Wy +W,=W,=Z A T = AR
If "] system were alone applied on the structure without the unit load preceeding it we would
EFL
have got the relation W, =W, Therefore we can infer that 1.4 = 2 ok Thus, we get the

deflection A at B caused by the (W} system in terms of the internal forces (k) due to a unit load
st B and the internal forces {F] due to the (W} system.

Procedure for deflection of pin-jointed plane frames:

Sign convention : Assume that tensile forces are positive and compressive forces are
negative,

1. Virtual forces k. Remove all the real loads from the truss, Place a unit load on the
Lruss at the joint and in the direction of the desired displacement. Use the method of joints or
the method of sections and caleulate the internal forces & in each member of the truss.

2. Real forces F. These forces are caused only by the real loads acting on the truss. Use
the method of sections or the method of joints to determine the forces F in each member.

3. Virtual work equation. Apply the equation of virtual work, to determine the de-
sired displacement.
2FL
AR

Take proper care to retain the algebraic sign for each component 2 and F. ITA turns out
to be positive, then A is in the same direction of the unit load. If a negative value results, A is
opposite to the direction of the unit load .

Le. 1.4=Z

Procedure for deflection of rigid jointed plane frames:

1. Virtual moments (m):
Remove all external load and apply a unit load in the horizontal direction (direction of the
desired displacement) at D. the support reactions and internal virtual moments are
computed.

2. Real moments(M):
These moments are caused only by the real loads acting on the truss. Due to the given
loading, the support reactions and the real moments are computed.

3. Virtual work equation:
Apply the equation of virtual work to determine the desired deflection.

A= I'[de
El
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13. Explain the concepts involved in the Williot diagram and its applications.
(AUC May/June 2014)

A truss is made of several members which are in compression or in
tension. So from the initial configuration, a truss would take a deviated (or deflected) position
when loaded. This is due to the fact that compatible with the altered lengths of members due
Lo strains there would be a different resultant position for each node . The changes in lengths
nre very small (in the order of 1/1000). Hence a geometric construction taking into account the
changes in length, for example BB, and BB in Fig. 1.34 can give the changed position of B (B)
only approximately. Notice that in Fig. 1.35. BB, and BB_are shown greatly magnified and not
to the same scale as that used for the truss A B C,

Fig. 1.34. Displacement diagram.

Williot’s diagram takes only the displacements inits praphical construction and develops
the consequent displacements of the nodes. Hence for the truss in Fig. 1.34, the displacement

diagram would be as in Fig. 1.35.

In this diagram all points without displacement would be at the origin. 0 — B_ is a vector
showing the elongation of AB along AB. 0~ B, is a vector showing the moverment of B along BC due

to shortening of BC.a and ¢ are of course points fixed in position. Normals to 0 - B_at B, and

to 0 - B, at B, intersect al B' to give the displaced position of B fron. its original un-displaced position .

acb B
a
] 1
1
'
1
]
I
B I
B . [
Tt I
. I
% [
bt it
hN H
~ ]
S H
]
b "
-"\\ L]
[
"a\ 1
® i
~
i
. i
L
O |
B

Fig. 1.35. Williot's diagram

Fig. 1.24 and 1.35 differ only in minute details.
1. Fig. 1.34 relegates all un- isplaced points to theorigin. This would include the initial
positions of all nodes in a truss.

2. The distance from the origin of any newly plotted position of a node indicates its
vector displacement from its un-displaced position.

Example 1.11 will further amplify the plotting and interpretation of Williot's displace ment
diagram.
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