11. Structural Dynamics.

11.1 Introduction!
Tt f5 Performed on a Structyre £ load varies with
Lme (eqri—hquake foad, wina load etc) . Thrs analysrs
becmes Important for Flexrble anel important stryctures.

1.2 Damping -
The process by which Free vibration ( without any Permanenf
Qoadfﬂg) 's stazed after Some time rs called dampf'ng__rr)
ackued structyre, ™Many mechanism contributes ko damping.

1) Frickion at <O nnéecHons
2) Closing and cpening of mnrcro-cracks in concrete

3) Eriction between structural element etc.

difficult to establish any matéematical

m. As a result, damping jn actual
ideal rsed ™Tanner.

Tt is very
equakion for this rmechan!s
structure Is usuaffff repre&cnfﬂd in very
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11.3 Generalised Equation of Motion of Single Degree of
freedom (SDOR) system =

4 , ;
y '. s gk
/ e '
7 i ;
5 "
/] l :
7 . , ;
A AL
Z WoTE m |->Pw> | v
/ r 1
;,//////’,{,,,//7,//{/,l;?ffff’f/f/f/////u,:rc/’_/_’
(
FED af t=t $rorn Newton's Second Law -
ZzF=2=ma
Cx 3 ”
Kx _ve becoz
OPP t,xn

== m;t.-\'C':E-*k’I: I ’

11.4 Types afF Yt bration !-
A) Free Vibration:-
1) Undammed

2) Dampred.
8) Forced Vibration:-
1) Unclampned

9) Da mped.




114.) Undamped Free Vibration:.
Equation of amotion :

mMX +lex =0

5 ™ %f_?z-\r Kkx=0

solution of this equation ~
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A ¢S are calculated from roitial condition:-
aseI:- AF tz=o
X (4) = Lo
3‘:" (é): (@]
Case II - At k=0
Z(t) =0
Xek) = X,
Case IIT.- At t=0
2Ly s Xy

Xy = X,
Con_crden‘ng cage ITT-
xet)= A sin(wWnt+8)

At t=o0
=2 A = Asin (Wex0 +S5)

=2 A = ASINS ----- - ()
Now,
X)= AwWn COS(Wnt+d)
Al t=o

= %, = AWy €05 (Wpx0 +S8)

x, = AWn CoSS - ---0D



from equation ) and @y A and & are caleulated

Xy = A sin(wept +68)

Time Period

Wnt = 21
= ba 25
n
- Freguency -
£z

L
t
= f= :?r: (chle/sec)
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X(E) = A Wp cos (wnlt+s)

Xmax = A Wo
« Maximurn Aceeleration
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11.4.2 Damped Free Vibration:-
Equation of Mokon -
mz + Cx +kx=0
Cn’H&aj Dampr'ng CCC,) b
™Minftmum damPln3 of any system fOffeSPO”‘ﬂmﬁ
bo which there Is just no vibrfion,

o W Bei = \ibratkion (Under damped)

C =y CCr - T No Vibraf;bn CCrr'[‘!‘CcL“_lj damped)

: damped)
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where,
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, system VS represented I'D
Now ,damping il e of that system.

terms of erlbread damping
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11.4.3 Undamped Fo
E quation of T0otIoN-

™mX + kx = Pct)

aer) ‘ =(tat o
consider’ng harmanic € N
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Solution of above equakion 15 .-

o) =

— ——

-_— o - -

xZ(t)
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- Responge foctor:-

It s the ratio of
maeEimum static responST.

maxmuim dynamfc response to

1

Respange factor (R) =
- (&)

= gxu») fmax -, 1

Babon |1- (2]

(Pﬂlk <Bc_0z (Ist)max = ‘E‘j’_)

SRR *lh 23]

W= %rc:‘ng angular Frequency.
wn= Natural angular Freguency



For w=wp Response Factor = oo (Resopance)
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11.4.4 Damped Forced V/bration:
equation of motion :-
™x + Cax+ kx = Pct)
Considering harman)c excitation
x4+ C% +kx = Pesincot
Solutfon of t+his equaton Js:-
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11.5 Qther equations of Motion -
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« Note.
17 weight of system is balanced by Stiffness of system

tnen vibration starts abouwt eguilibridim posi kron, Ik means.
W(:‘l‘gln-kof: sy Sterrn can be removed frorm FBD while WTI'HQ?

eq uation of motion,
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gx. Calculate undamped natural frEQUency.‘—
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Ex. Wha} ¢ e honzonkal &‘Sb[qumcﬂ-‘- 5?) B due
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Q@.1. A plane Structure shown in Fl‘gure is

@) Stable and determinate
b) stable and i ndeterminate

() unstable and determinate

@

Mot &

aydnstable and indeterminate.

hr o )

[1992: 1 Mark]

Solution:

e+3-3=a 6333 g0 ¢ Seq. ABCC'DHEFE

4 it H——o—H T 3
3-3:=0 A % T n PSP ETs0 9 Determinate

¢
B (1+0)-3:=-2

b F
A 7T 2

GE+3)-3-3

o

After remova
position so stable.

| of load, structure will be back to its initial

Ans: @) Stable and de terminate.



'®.2. The plane frame Shown in Figure Is.

—

Soluhon:

l’ :

After removal of foad Structure will be back
position so stable.

Ans: a) Stable and stah'ca”_y determinate.

@y stnbleand statical ly determinate
byunstable and stata‘call_nl determinate
o) skable and statreally indeterminate

&) unstable and statical ly indeterminate

[1993: 1 Mark]

DS1= 0 DPeterminate.

Stml‘ght

to its initral

Q3.The kinematic ;‘ndeterm?'nacy of the plane frame shown 'n

Fg

&

Solution:

ure is (d ;‘sregardmg the axial deformation of the members) .

T b) 5

6 d) 4

[19493 : IMark]

Ki= 4 (63.95. Dxg,6¢g,

Axc= Axg
.:BCD e———
Bep= Bp= Dxc - L8
L &
\/v\/*_,\,\_'_\__‘
straight

Behaves as qxn’al membE€Er



Q.5. What i's the ratio of the forces in the mermbers AR, BE and At
of tne pin -J‘oa‘nked fruss shown in Hhe F;‘gu re given below ?

g = D ] R Al R b) 4:3. 5
zm Iy . r None of these
o(D:(3):(3) ®
< 3 5
AR B ﬁrc - 20605
e g [ESE : 20

consider’ng AABE,

from Lam)"s theorem,

E

0% Fas = FBE . T ok
57 | sin(aog3 SnE  sindo
6 - - =, ik,

r iy Fag =kcosB= & k
sinf= 3/5 e = é‘_k
cosB: 45 "
Fap = k

4: 2.5



a.6.A cantilever bruss carries
in the ﬁgure belaw :

6=tan'(3/a)

@

o«

Ly

a concentrated Lload P as shown

What areé the magnl'budes ofF axral forces in the members I,

11 and 111, respectively ?

a) 1.00P ,1.33P and 1.67P
b) 1-67P,133P and 1.00P
o) 1.33 P, 0.75P and 0.60P

d) 0.60P, 0.75P and 1-00P

Solution:
Joint B p
'\F\ ZFHZO
9 F‘l Sin@-'P:O
-1 = B B e L
™ P 3in® 3/5
EFQ-"—'O
FQ_: —F1 COSB: -
Toint &
TFS ZFSZO
F3+ R1: O
Ra
—P » Fy Fg= -Ry =

From@) ,Gi) ard (1D
Ans:b) 1.67P ,1.33P, .00 P
LF‘\ ? Pz_ rs ":3)

B- tan (3/4) >1tan 6= 3.3' => 3in B:g; cosp= &

[ ESE: 2006]

.. (3,4,5 = pythagorean triple)

-y Bl LETP o= ()
P o, ai88P0)
tang B
N [T



R 7 The force in member BC iS?
P .

‘P L

VoE b) Zero

o 2P P33

3 =

60° 60°
7nr . [ ESE: 2013]
Solubon:
No elongaticn in 8C so no FOrCe.

Q8. The pinjointed 2D truss is loaded with a horizontal force
of 15kN at joint S and another 15kN vertical foree at joint U
as shown in figure. cind the force in member RS Cin kN)?nd
report your answer taking tension ds e and Cemproasion

as -ve.
i s e Ry AT
: & --.,:R : A :15'kNi.
v U T
¥ 5
15kN
4N
Selution:
=M+ =0
S
R :c;, = 15 kN = 15x4-15x4+RXB:o
o
h FO = R=0
QL 4 v U Tt Ra
o |
%= 0 ,15!‘“ R’
=0 \p

o, ]
collinear! R

0w zero



@q.Alhich one af the fol)owr‘rg Is the correct stalements regarding

the force and deflecHan at point B in trysses 1and I shown in
the figure?

@

a) @ will have less member force and less deflection at B
compared to @ | 5
k) @will have lesdmember force and more deflection af

compared kol ‘
) @wrﬁ) have more member force and deflection al B compared koD

d)@wn) have Tore Member force and less defleckion at B cornpared

to @ [1A5: 2005]
a P
. /l\m%. F2
i . L/_?_@l:.
RO
: P
QF'ISH'\Q: p FQ: QSTD 9}2
13

H Py Eoe—

28'NB

If Fo>f , then S2



2.10. AB, RC, BC, CD and 8D are pin-connected rods. Foint 8 I's

attached to point Fb:j Q SPT"Dj whase unstre tched lengthﬁs
1m and whagose Spnng constant” (s 4N/ - Assume member

are nextensible and neglect theweight ofall ‘the bars and
Hhe s‘pﬂ'ng.'n')e magnftude of the load Wl applied at D thal-
makes ¢p horizental is___ N.

Selubon -
k(Z-1) SMpzO
B 4:5\ = Wx2-k2-1)sin45"°x1 =0
DN=0.585 &N
=N-585N -

Vi



QA bearn PQRS is 18 mlong and fs s'mply suppoited at pointsQ

ard R tom apart. Qverhangs PA and RS qré 3magnod sm
Tespe ctively A trarn of two pornt loads of 1560 kn and 100 kN,

S, apart, crosses this beam From leflto right wWith 16akp

foad lead!'ﬂg-

Y The maximum sagq9rng Mmoement under the 150 N Ldad
anywhere 1's
Q) 500kNm b) 450 KNmMm c) 400 kNM d) 395 kENm
[2003 : 2Marky]
D) During the passage of the leads, the maximum and
e minimum reactions at Support R, in kN are respectively.
Q) 300 and -30 b) 300 and -25

D 225 and -30 d) 225 apd -25 [20073 1 2 Mgics]

D The maxrrmum hdgg!’ng mommenk (N the LearM anywhen—,s

a) 300k N-mM b)450kN-m <) S0kN-mM  DF50 kNMm
[2063:.2 Mark)

Q@ R
s L

3mM 10m 5mM

D ILDof reaction at R

‘O-SM 150 Gt
150
! [100 ’ l

VR, min = 150 %0+ 100 (-0-3)
2 -30kN = 300N




Quphat is the area of influence fine diagram for the
reaction at the bmge& end ob-unifoerm propped cqny lever
beamof span L? a) 'él:‘ b) '?—‘ oL 3L

4
A% 3 B SLESE.'QOOGD

Not origin 2 parabola

?

Assuming bea m

ey

S
—

ILD of Rg

is subjected to ud £

TRB:_g.vuL
) |

LD of Ry
wxArea 0 FILDoF Rg= Rg

Wik = 3l
8

(2= &)

Q.13




QM When a single point load W travels over a Simply support<d
bearn, what rs shape of the graph for ™aximum positive or

negative shear force? [IAS : 2006]
x ]W L
oy g

e

S B

Maximum +ve SF = Ra

W (L-x)
L

Al”!:olspmqt: w

e N"RA

fI_:L. gmeQ:O

Trn'angfe wiiHh max Ui
ordrnate AJ at a support.

' Stoar

&

=2

11D of SFmax

of inFluence line diagram for the aximum
cospeckaF & svmply s-upporbecfr beam?

ay Rectangular p) Trrangulav

o) Pa rabol)¢

@sWhat 15 the shape
kending morment M

L d) Crreular

[55];:2005]

A 4

i

1\&& | '
\' Maximum M= A
f
( L-x
( == )X
;BMmO.”JL (L

\ :PQYQbO”C

BMD



QUAN applied couple ™' is mov,'ng ona sirply supported be
of span L as shown in given Fiquré. The absSolut® maximey oy
m

N )
] b‘endmg moment developed
e - ‘n the beam 1s?
“m B exMlg By M @ti2 S)em
[ &SE:.200€]

BMD
ss absolute maximum 1S M

Ql9For Hhe propped cantilever shown in the P"QUI'E’, the InFluence

lime for reaction &t the propped end 1sgiven By y,= fex),
The influence fine ordinat€ (yy, for moment at A isgiven by
he equaon __ [ESE :0002]

4——7——&11
T % My 1= Raxl

IRB: :F(r) ':’J‘---FC:(D sl




Shppent Brind uniform section is carrying a point load ak
its mid span- IF Hhe mnament of 'mertia of Hhe vaddle half
length s how reduced o half its predous value, then the

Pixed end moments will

a) 'ncrease by decrease «¢) remain const. d)Change thelr
fo}’fff/'ans
[ESE: 199 7]
2 l‘P
Jﬂ_ 7 :
A - i
A2 p®
. [~ p
Ma WMa
. 2 Mz
Vi T LMy 2 f‘ljD 6
‘\(I : A Pé:?g ) L
A FAAT S ,4 |
2 e E P v / = ==
2 2 2

MA_. — 1 p 7

M1>M,_,_

o e is higher .
Sinfke M,>Mo so Mp of 2° structur

der Hnhe portad fram € shown D the
Figure, with both lower ends binged-
which one of the following represents
the equillbrium equation amang

Q.9 B—/—/‘\C Cons!

10kN) AT 3
hoyizontal Foyces z & B i
LTD a) MBC+ Meg =40 kNm b) Mpct Meg
A i &) Mpg+Mep=20kNm DM ga=Mep=4OkNM
[1As: 2010]
8 = s Faz0
i Vag +Vpc ¥ 10x4=0 ik
£
:Z,_ For VAB‘.-—
- Ve Men
- ZVMg -0
- BT — Ve B
o 10 kN1 ———’!VAB:MBA“'lO"AX_z

4

Vag



VCD"“C“[:'\ Mep

SM.=¢g
M o
=% M = e
= De Py
from €qY (i) -
Dl— Vpe
Mgpa-80+Mep +160 =0
MBA H\/\CD:-8O
~Mgec —MgcB = -80
Mpc+ Mceg= 80
Q. 20. B l c
3m
4m
D
A
-
MBe
B "C =Fx=0
- v = HatHp=0O R &
[P : For A
n_-:-.v,HD /
i VBA
HC AW =
A Jj" : g EMgse
A : — A0 . 10N
. FHy= 5
!
1
|
V. |
C{-\'M : AL >HA
L“D "IN
M \ From eq“() : HD- -10
ForMep = oo e
DL, Ao = Mep= -30 kNm .
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- Qaulre propped cantilever AR ca
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exurad 119 r'd:‘z‘rj of the beam BC

Q.27
PH/3ET 14 the fl
. of the porfai Frame Shown ID +Hhe
; 31V€‘n P:gu re /s assumed to bec zero,
/ then the hay Izontal dISPla(’fmenfoF
h / Fhe beam would b€
’ 3
[ ay _Pb b) Ph3
777 i C) fph Ph
. l2€7 3 CET
IiAS’:o_oocﬂ

Fixed at both endS and carries aQ un!"comﬂf_y
of rntensit per unit length run overiis
’ | SR Hond defects  +he <nd R

ced toa simple
S
ment &b

Q&A bearm AB 'S
‘buted loa
S Due to some constrac

rire gengbb -
e is now redd ta
The pPEreen g

W V\ﬁLl gUPPOH’ ] .
'\L@‘_’ ‘nereds e N behdfng ™07

=
U—W—f 2
o A s
a) 05 b) 50 ey F5 d>100
I wlt [IAS :1999]
Y
o -
O A
"4
T TR
N /
10) hown 9
. 's +he woment at joint A for Hhe begm s .
s e &) ~42KkNM dl)-S2kNmMm
saky  11A8: 20097

ad) -32kNM p) - 22KNM
2 AN | M
= j D‘lﬂk%\n’)

- 1
/\-———4m———d"‘1m7" s

Mg=»48+6 e
e 4 e
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RPThe absolute mazimum bending maoment due to a single
rolling load in a three -hi'nged parabo”C arch , span L'and
central nse ‘h’ having one of its hinges at the crown,
accurs ab @ distance’x’ From ejther support  Thepalue of ‘2>

e alven by:
f"i’i q 4 a)—'-—y- AP T O T
213 4 i VY arp [1astzoo]

Me =0 (LHS)

> Vprk - (L) —Hah=o

) _"E_g_t.:'—xlx%_ p(—l‘?:'..'x)—-H;.]-h:o

for absolute maximum BM.

4 BMmax)
=0
dx

-_—_>L’x.: o.anT_]

Q31 What i's the KI of agqiven structure ?

Cncm_ A]-_B o A—‘ZD

=

Axc § Aye= £ Azg # Dxp)

wi=5 ( Axgs fg» Dapr 6, 6c)

A i

~

~
3
Y






QA bearn Fixed at the ends and Subjected to Jateral L oads
only is statically indeterminate and the degree of

‘ndetermipacy is
a) One by Two <) Three d) Four- L1994 - QMarqu]

o s,
—-— ¢ gjmgg

El 2
Ds1=z, for generalised loading Dsy=2 for vertical
loading
3 T;Rf R
z R 5
3 % l N R,=0
R, 2 T
R

gince R,=0 so DSI= 2

Q% The degree of stakic i« ndetetminacy of a ngily jointed Frame
in a horizantod plane and subjected to

& . l vertical foading ,as Shawn vn Prguyre below,
Y4 7 2 prsupport B
Fx:O MT#O
‘:3# o) My:o
¥ R i Mg 30

so, PST=3



e CONCEPT -

ﬁwwv*;.’ﬂ::‘:a@%f
&5

T}Q\ Tp" TQB
= Pyl
-7 0O =z0 e )
ZP&:D
5> R ARtRg- WL=O T G
EVB':O
= WAZO
s ~Rpxlk - Rgxl¥ L
Cince =Fx=0 18 useless equatlion g BEEEL,
Qse. P The beam supported bY 3 Links and
\ — loaded as shown 'n the Hgure IS
QRN .
a) Stable and oleterminate
by Unstable
¢) Stable and i ndeterm rnale.
= E_‘Z,A’ ———334&7 ) unstable but determinate,
{ 1991 ! 1 mari)
Te e, b L

B Ra Rs

D51 =1

and stable for vertical toading



@3*+A symmetrical portal frame with the horizontal beam
' very stiff compared to coluron elements s

element ‘ .
loadcd as showon - What 1's the horizontal reactlfan at Supportp.

2 3 Ak b) 30 kN
) 40knN ) 30 LTAS - Gt
. A
; & —1 3 g c
r 1 - ////f///ﬂ////rf//
N1))
€6kN
———>
y 7T
A D
Z¥pz0
12 ETS sy Y
Q 6O—HA Lg i G '
Taking member AB:-
, 2FETA e
Hﬂ: %+ e : (”)

44.44
fromegq " () and @)

2ETA per .

{
{
: = 66 - -
‘ A
? 44.44
|
. VIRTHA - &
L3 .98

From eq” (i)

Ha = 20 +20 =50
44.44+7.78 = 52.22kV\,.



Q3_Congsider the Follow,'ng statemenis.

For the N-girder shown in the given frigure, ILD for force in the
mernber L.l, by 1S oblainedby

0 Multrplying the ordinate of ILD For shear in the pgnel Lols by €O

2 d)‘vidf'r)g the ordinate of ILD for moment at Ly, by cos6x Ll

3 dividing the ovd/nakc of TLD foy moment at L, , by LU,

[1AS: 1995]
Vs Vs ——-*US ILD of FL:)U b
!

/' FLOU'
iC4 1 q0-©
L1 o,

Lo L
iy Ly Lo L3 # T
1
RL
. TR =0

=%
B P ® =

cosP

@) 1L.D of shear in Pane‘ Lol = Ry,

2 L
@ 1P of roiment. et Lis Ry, * Lot

Ans.- Ot and 2 gre correct.



