5 Statica My Indeterminate Beams
ancl Frames

5.1 Advantages and Disad vantages :
5! ¥

5.1.1 Advantages
yLess design bending moment.
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2) Less Material Required.‘

Since Design BM. IS
is also less.

3) Less Deflection:

less so réequi rement af seckron
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4) Multiple foad paths are possible so Failure of Few
members doesn't affect overall stability af g Shruekueg .
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indeterminacy increales Sbabil;‘iy of Structure
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* Note:
rnereases Skability of Skructre

Stakc indeterminacy
but it deesnt mean that all statically /ndeterminate

shuchyres are stable.

\ Ds1 >0
unstagble.

\ but still




532 Disadvanfages:
1) ConstrucHon / Fabricatian of joints IS COSHH.

9 Internal Stresses due to support sekHlement .
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Internal Stress No Stress.
3) Internal stress Aue to temperature charge.
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5.2 Difficulty vn Analysis .
Equaltions oF equilibrikm are Not sufficient to analyze
Lhe structure so extra €quations from COn‘JpaHbi}i?y
condHons are formulated. This makes analysss of
statrcally indeterminate shtuckure relatively difticul t.

53 Methods of Analysis:
Analysris aof indeterminate Structure (Stabrc ancl
kinemalic bokb) is done by Following methads:
1) Force M e{—hod/CompaHbi!iby Method / Flexibllity Methad

2) Displac erment Methad | Eq ullibritm Mef’hod/SHHn-e.S‘j Mef‘bac[.

5.4 Difference between

Farce Method ; Displacement Methed.
) Forces are taken as unknown,} iy Displacements are taken Qs
ol " : Unknown.
iy Compatibility conditions are i ) Equilibrium conditions arc
used ko calculate unknown used ko calculate unknown
forces. : d r'sp1ac*8m€ﬂt§‘.
iy IF D8I < KT bhen force Pii) TR KI< DSI then displacement
method s preferable. mekhod is preferable.
V) Methods: -f.'v) Mebhods:
«Mebhad of cansistent : . Slope De Flectron Method
Deformaltion - ,
« Strain Energy Method . Moment DistributHon
. 3-Moment Method/ Mekthod
Clapeyron's Method. ; . SHfEness Makrix Methad
e F“fl’ib”l‘i‘y Maltix Methaod. k . kC}l’)l"'S MEH')Od.

. Celumn Analogy Method



5.5 Principle of Superposition:

For linearly elastic structure, resu
stress, strain etc dueto multiple loadings
sum of effect due to individual loading.
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A= S,+6,

Itant BM, SF, DefFleckion,
is khe a[gebrafc
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t Deformation .

Lilever subjected to ud? as given

5.6 Method of Consisten
Considen'nga propped can

below,
A B
L —3)

Stepl: Calculate DSI.
DT

SteplIl: Tdentify Re
sheuld be S€
redu dant strdc

dunda
Jected in SU ch awdy

Lyre must re

stable.

Redundants and make primary structure.

StepIIl: Remave all




Step1v: Apply redundants an primary structyre (without Loading).oNc

al a time.
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StepV: Write compatibility

M
(M

equations cotvesponding to €ach redundant.

Ag=0 Ap=0 Ga =0
= —A|+DQ_: 0 = '—A1 +&2~:0 = 8‘!+82=O
3
_NLQ_\_ F%gL3 =6 No standard P?ff”“ja = Wk % Mal _p
8EI 3Er for A, ¢ A, so itis R4RE, dH
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- 3 o Nlis =
= Rgs ENL consider Rp as A &8

redundant .
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equations of equilibrium,



Step ViI: Drow BMD: g

I
Ma woo
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for maximum BM:=
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* Note: e ok = =
rocedure, after writing compatibility equations,
e to caleulation of displacéments of a

; ted ’n
problem is conver by any one of the following methads,

Structure This is done
1) Double IntegraHan Method.

2) Moment ATEAd Method

2) Cory'uga}e gearn Method
3) Strain Erergy Method.

5) Unit load Metbhod.

First three mekthods are applicable for bearms ony and
remaining two mekhods can be applied to any type of structure.

Exx. o
A:’j B J‘C Calculate forcern Spring.
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Stepl: PSIz=
redundant .

Steprr: Assuming force of spring as
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StepIII'.
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Bae. What is the reaction on the hinge C Por a bearmn as shewn inthe

figure ?
vy kNImM
5 Jeoorrerm, te
3 B1 C er | Z
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> DsT=1 Por verkical toadring,

Assuming SF at hinge as redundant
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5.6.1 How to make ’Primary Structure ?

4
3 2

nel= 2
Totad number of reackions = =
1=
10

Nurmber of possible primary struecty re = ORI —
l -2

@ Vva.Ha

® Vva.Ma

@ Vva, VB

@ Va, Hg

(® Ha, Ma

® Ha,Vg

@ Ha. g

Ma ., VB

@ Mgy, Hg

(9 vg.Hg

(@ Not possible 6 # P\

S 3




Ex. 2.

A A #3 %c.‘

PSIr=92
Total no.of reactians = Y

No-of possible Jon'mary skucture =

® Va.Ha @ |

@ VA ' MB

@ Va. Ve (@ HNot possible
&) Has V8
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@ Ha.Ve

® vg.M @’J l
o b

"F
T
i

@ Not possible

)
}







A % \%\12
Ac=?

So this problerm is Solved us/

tary elast'c bod_y Subj‘ec{edf@ P forc

ng Virtual work prineiples
: system
Considering an arb! e Sy
as givep below

can not be used to calculate A because

rdone CompriSeS A.
unik virtual foad s applied an the
FA.

Work energy Fhe reom
ne term of external wai

To solve this problem.
Orbi'fary body in Hhe direct/on ©

1 tvirtyal)

Nowo apply F Force systen o orbitary loody whreh IS

already subject@dm unit vittued load.

From principle of virtual work .
Externad virtuad — Internal virtual workdone
workdone
J_rca-b 1
[ |
t 1.4 = 2ubdl l
}

|
virtuold



s CaseI: Sl-al—l'ca.”_y Stkable Elaskie Body.‘

External virtual warkdone = Internal Virtyal Workdone,
sCaserr: Statically stable Rigid Body:
External virtual werkdone = Inkernal virtual workdone = 0

*Case It1: Statically Unstable Elastic ] Rigid Body !
External workdone # Interoal Workdon .

57.2 Principle of Virtua) Wotk for Truss -
W, W,

r ?A:? B
& :

Member force= P

7 !
1 cvittual)
Member force =k

'From pn'nCl'p’f‘ of virtual work.
= 11a=2udbL

1-Acz PL
= = k& AE

= s szL

Considering effect of temperature change and fabricabkiorn

defect also.

A= 3 kPL k’ft} + S k(LeT) +3k.8

T= +ve if temep. increases

S= tve If member 15 too ﬂo”j.



Procedure:
Step1: Calculate force in each member due to applred Loading
Steplr. Apply unit load 00 the truss (without applied toading)
inthe directian of drsplacerment need to be calculated and
calculate force in €ach member (k).

Steplir: Arrange all caleulated values ©n tabllar format as Given
below.

Member| PkN)| Kekn) | Lem)| AE CkN) LZZLJ k(LaT) | K6

z=% | Bl | E=F

Steprv. Calculate defleckion using expression glven below.

KPL
A= Z Fg TE k(LtT) 4 = kS

ga. Calculate verticad deflection of joint 8. A= 300 Mm%, E = 206 kNImof
X = 1Qx1c§€/°c, member AC js 5Mim too short, rncrease rn ffmp.or

AB is 40°c.
10kN
4m
A 4
¥r—Aa4m ——a9m
= Stepr: Colculation af P
10 kN Eug= 17 SN

Fge= -7.07 kN

Ra Fea = B¥N

ey

Ri



Stepi1r: Calculation of k-
FAB: ~0.707 kN
Fac=- 0.70% kN

PCA: o5 kN .

StepIrr:
ABCKN) | KPL K(LAT) k-8
Member | PCEN) k (kN Lem) AL (AT k
-4 3
DX | -1.9we
AB 307 |-o070% | 442 - &
’Q -4
3 _0-70 a2 >3 4.3x10 o 0
B¢ 3.07 o0-707 (;‘
i
> = 2.33x6% -).qrxné“BQqudjj
kPL

A= Z—A—E— + > k(lxT) 4+ Z k'S

- -3 -3
- x 33x10 - 19110 - 2.5%10

= -4.0'7x10—3m

LA: —4.0% mmJ

-=ve yalue shows deflecHob bpp@.sil:e o the QPP’I‘CQ’
unit foad.It means upward.



Come TIL

I | yolation :% member L +o he
Caleulated dton ana T o e i vided
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M:— I relatve Mouvement between +oo
Jmn\"s Y)thﬁ +O bf:. QQ\QHIQ}:(O‘ .'H\tn qb‘;‘d
urmit Ooad ot bhodk Joinks .{_Datm.

FDT cX WH'&) Coleulate 'b‘e-\qlr(m‘_ N sUTment

f% Joint AB in Ho direchon CSE)PFG-
g5 B @

( ((

APblying o tivhial (sad as folloeas T
Calculafe fosar in mewmber (1) .

Y

b ‘mt‘m\)ﬁn Emu (k)

- £



Galeulation cf% %e[;‘aclﬁcm gl)'H’uss bm’
Aifboent Canes:

ComE = Ib e[onaqﬁcm % membeny cbp_o to
a\o\oh'ec\ (pcxcﬂjr\a L ciiztcjrl(j al'utn-

0 (+3mm c

(+2 mm) E'(.T Smm)
/ /e

Calenlate veorkical deplechon at E.

P;bb\a wit sad o} E omd Colalate fove in
Sach e ber (k)

/ \/\ et oo (k]

T
\J’ 4 (vivhual) *&

s & k(_%%

Thig e\oﬂgq\%m M\C\ CGT“‘\ ﬂ) Yﬂcm\af_q
st o C‘th\i\'iC\ Loads r\(j _




57.3 Principle of V/rtuald Woark for Bearns and Frames

- xl ¢

aox

1 (virtual)
i g 4

L T

d

1M = Momeni at
any section

~dx .
_ de

dgz= =

& g d_@_
R x

M. E
T R
M - 46
el E(Glz
5 de- M da
EI

£vorn ;orincmo}e of w'rtual wark *~
1.A= Zu-éL

A= jm""dﬂj




For Rotation :-

mMdx
YS“ EI

= Moment at any section due to unijt foree | moment

M= Moament ab any secHon due to applied foad:‘o'y,

méM= +ve if clockwise | $a99 ing/comp. on ref face,

Ex.Calculate Qg and €g

P
Lo " L /2 i A %

" e et

For ¢8 ;-
M= Pz (+ve beCOZ clockwrse)

for BA:- |
M= P (L) (rve becozClockwise)
& 2

mM dax
A = EI
L)
uzfmmdx 3 n Md x
- A w—
i j‘ Er Er

1
Bl £
>t e
For CH L~
M =0
For BA -

(.2 (+ve becoz
clockwise)

T

&W._/ Oq_/-\B/——/"
CH A
Lz Lz L
= f o (Px)dz " J‘ oe[p( -2—+39J dx
® Er o =

fos JHELY
Y-T1







58 Betti's Law:

Virtual workdone by P fBree systern 0 gaing throug b

de formation of Q force System I's equal to virtual workdone
by @ force systerm in Going

H')rougb determation of P foice
System.

l l : Q - syskem

fromm Betts Law.- ’
&
’PlAr'l'Pn_Az: LR X AR

= SPA= @S

A= @rsp!acemer)t by @ systermn eorre.spond ng to P-system

§= Drsplacerment by P-systern corresponding o @'Syé‘tem‘
Ex. The beam GiveD helor produces de tlecHon of 8rr;’m at Z
To produce deflection of 8mm and SZm at © and Y
respech’velj, lead r€qu:'red al zWod be

0kN .
a) 20k N k) 40kN c) S5kN d) 8
30kN 40kN
'XJ', TZJ,Y P-system
: (gMmm g

from Betti's Law -

(PIA| -‘_plA’z - @'5,

30xQ + 40x G5 = Wx8
= W-=55kN.



5.9 Marwell’s Reciprocal Theorem.-
1t is the special case of Bettis
moment in  P- force system and a single force] moment i'n
a magnitude are present.

lapw where a Single force/

Q- Force syskem of €qu

L‘Skﬂ
o P-8Sgstem Fromm Betti's law -
- P1A1:@181
5 ; = 5xAz 5x8
; ' SRNM
W e % SRR

5.1o Theorem of Least Work | Strain Energy Method.
In any statically indeterminate struckure bhe redundant
should be suchas total ibternal energy of @ Structyre 18 MINIMUM.

U _
T it

M x

U

i R = j\QEL

U?. U =460
3 OR

U, 35 minimum.
wm 2M
S J R dx
In case of settlement of support .-
QU - A

—— —

oR

oM

'_———-—-—__:A

EI
M= +ve If cloeck wise /Sagg,'ng/ comp on ret face

=0

o
El

A= +veif alongRr.



Ex. Anolyze the giveD frome using Strain energy methacl .
Horizontal settle ment of supporé D js 10 FY TR SPLIEEES
7 towards r:\9h}_.

2
> 120kN

A

£
S = Th zm 1
Step1: Calculate DST.
DSIz=|

Step11: Identify redundants.
In thjs case, redundant must be in the direction of

SeHHement of support to consider the edffect of settlement
so considering harizontal reacHan alt D as redundant.

e \E—+IQOkN
&
0%
A %P-—? H D

step i1 Calculate other support reacHons

C
— 120kN

ZFhxz=0
= 91+HD+120+5ﬂsin&:o
=> Ry=~Hp-160 --<i)



EP:,::D
= R4+ R3-50c0s8=0
M, 20

= ZMp 0

= 50*%-\- noxd ~ Ryx6 ---Ci)

frorp @ g" W) ,Gi) andGiD
~ -70.83 knN
Ra= -~ Hp-160
Rz- 100.83 kN
StepIV: Make strain energy of struyctyre "™Minimum

H—z—lc For DCI-
i >120kN M= —Hp=x (-ve becoz
r ankrclo ckwise)
e By - -x
;I D, BHp
—
: =or 8-
R P = -RQ'I“HDXA'
_ _ .100.83 ¢ - Hpx 4
B
OHp 4
f:Or AB'—-.
™M

- R, x cosf -R2 xsip 6 - wx (+V

e it clockwise)
2

2
= -70.83 »x x g. BT R AT T I B RO | <

—

5 2

~ 85.51x - 57°40.8 Hpx

M _
3Hp

U
‘a—*:AD

P E \a 2M 5 & yye bCOZ
j\ ™2 J’ aﬂodx jMW dot 10 (
-+ + Er
° E
= (o]

= 4.8%

©

%1;

b3



4

-Hp¥) (-x)dx
— J’C g 4- f(-;oo‘gsx-4HD)c—4de
[e]

o
5
e J (85.51x -52%2+0.8 Hpx ) (0.8x) dx = 10

0

Step V: BMD -
Draw BMD as discussed in Section 1.16.
5344
\'59"
1679
O]
16%3.9
S

511. Three-Moment Equaktion.
This methad is used to analyse fixed and continuous

beams

>
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>

— e w —

1

|

i
O Y
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l“-‘
s
N

A e~ -

b ey
' ; 10
=h 6Eh
L L Lo\ _ =6Aa1 _ 6Aa10. 6Ehy c
Ma (§)+ams (L) aome(32) = - LR L TG
! L

These qre BM SO +ve Ifsagging

Ma,Mr, M¢ = :
e f vertically upward w.r.k.middle support.

ha and he = ¥ve |
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For AB and BC:
L Ly 4 Ly M (53) m6Ac _ 6Aaa.
Ma { ?:-) ¥ QMB(T I_z) i Y LI Lal,

) -6XxX432x7%
=¥ o(gl>+ﬁ B(_+ \OI))r ‘°T

@ x 31
/ 6x2304%x6 +£§L“f_°__"j
( 12 x0T V2 R raT

S 6.4Mgt 12Me=15552 Rt L

PROBLEM CONT oM NEXT PG.



C.G. of unsymmetricel
Alt

for 8C & CD '~
s _\._6A,01 = 6ALC 2
MB( )'?"?-Mc( +—*)+ MD( = LT EY A
6§ X2 304%6
- i = +
7 Mg ; )‘}' QMC( lot )+( 6)( 9_1:) ( 2x101
" Ex 1440 X6
12X 1ol
— 6x288%10/3
6X21
MD:*BGKNW) ' :}
_ve betoz hogging
—_ 1-QM3+8'4 Mc:—l4q5.9_»——Gi)

from eqg” () and GY)
Mg = ~-2\5.39 ENm
Mcz —147%. 22 kNm |
—ve 5]‘90 indicates }')Cigghﬂg B M.



Ao j‘q B‘ C )
% -“""—’a @ ji!smm P @D 3

1

|
B

pr——

DSI= 3 |
so three €quations are required o analyze

v
5
Lo

AN

the Structure

For ®,A and AB'- Eh .
8 6
: = Ae &
Ma (L' F R (_Ur_)JrMB( = e
€ F(-0.015)
X0
™ oM (Lo+_£‘!, +M8(__Q_ _ € i
— MAO( G § A ao 314_ 3]: Les 6
=2 2My +Mg= - 600 K1)
F d BC
or AB aT . ) (LQ GEh e
! oM & ) =
MA(E)+ B(I ) N
6 \ 12 12) 6 £ (0015), GE( 015)
. MA(8)+QMB( Jrlor) +MC(B—I . & 2
3 2Mp+ 0.6 Mg = 400 P
> Mpr327e
ror BC and €D 6Eh8 GEhD
o e (0 ) o (1) SB2- 48

e 6 " _ GE(—O;O\‘S) ,_f’_Eii
5 () some [+ Mo (£)= SEEROD 5T

e 0.6 Mg +4.2Me =-300 )



from equabion ) ,Gi) and (i)
WA = 53%-% LN M
Mgz 495.4 kNm

Me= -13839.349 kNm,

g /_\

\;ﬂ



