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| STRUCTURAL ANALYSIS (15~ 20m) 67/
B -Sai kumar . :

Az -ciul) ONIT - T

o BAsIc CONCEPTS AND STATIC INDETERMINACY
L e S e P g PR e e R

( .
Definabon of stucture: -
\ When any clostic body is sSublected “to external
Ioa\dmca System  displacement  wiy  pe developed and intemal
o osistonee Wil be setup 4o vesist against Hhe displacement- T
: Ype of eluste body s Knhown ag ébnicmre~
Exi—

N

A}ié

Mechanigm: -

T N0 resictonce | |
. resistance g S&ﬁ_{P agalnst -the d:‘sp(qcemeﬁt

m m . Y \ <
o Oves  has .a  vigid body. Tt is knowh as  mechaniem- |
Yo ﬁg the Sufficient no. of tnfgmgj ‘ hilges sSegment of the
Stucture will votete  infinctely  about  internal hinges
Ext- -

: 4“3.0’:;?:\
' e IO
WARN oy R e 6\ ““Pj:;?pgg
7 X o = (\\aeﬁ' Bk\\‘sﬁ@?%\efv
~ - e~ : Cats
. O ~ f}?\’o ‘,‘O ;;?sﬂrgﬁ gj)v‘g A
[ . e PR .\}ﬁ ’-‘6\ (,)'\_}\" :
ClascHicadion of structue: - ‘ 5 e TS 00% »
- -\e-
.- E\;O“O\/
structure
Skeleat (1= \L 015 ; J/
Keles (1-p) Surface (2-D) <old (3-D)

Skeletad shucture: -

Sbucture  which c@n  be

idealize -into A sevies ofF ¢
Sﬁmghf‘ e and curved ' : ' :

ines -
EXt~ Roof -busses, buildfng ~frames

T
Roof  sitrose .
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Surrfdce Shucture -~ A
Shucture which can be dealise  imto  plane (o)
. o
curved surfoces | L o
<« che | ded plades (Hhin conomical clements) -
cx:- Slahs, shells, and —folde: P ( | ” = o
Solid  apucture: - G
S‘Eﬂ.lC‘EUTG which can  be neither  a ske(ejon nor o
’SLLT’FQQ?_ stucture - | 'S

-. Exi- Massive —undation, huge ffbuhdcﬁl‘ens; ' Machine ’FoUhél‘ﬁ‘O"S &
(Gos -turbines, stream —turbines. et | A
: | (-

Skeletnl sStucture

| _

b _  Rigid Jointed stucture
pin jointed Stuchwre ' 1 ~,
_ J - .
L ' | _ J : plane Tigid Space rigid
. . i i . { | . I - ) .}Ot‘frfcd-
plane pin joirted | Space pid Jounted Tbuﬂzzd R

pin Jointed Stuckire:- : . -
| Membevrs it ' be connected bxj ’“P«‘n (ov) hinge Jolnt
sach o way that all members witl undergo  Arial ~forces oDy
(c:ompressmn cory “tenston) when the toed act at Joinkk - Members
are assumed o be stalght: Members wil not undergo any
.Momerﬂ:- Members wottl SuPPON.— bH '-ex{@mdj -force b&) d@_ue(olgma
-the oxial foraces-
. plane PR, Jom*fed Sthucturer-
qune Pln Jointed S’cmdur@s deggn —R)rce (or) cndoJ

—Forc_e only «

Space  pin Jointed gtuctures - .
Design —fovce Cor) axial force only ( same as plan pin
sointed  ekucture) -
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S & S— B
Tension compression -

Exi- Spcxce truss

Rt‘?t‘d Joint structures: -~

Joint of a vgld  Joimed  stuctures are assumed 4
be g ' "
c Yigid and -the Qngte between -the members m@.e-h‘na ottt -
joint  vemains un-change. ;

'Rkaz'd Joimted  structures it Support the  @xternal
loads by developing  axial —oree, chear “orce, 8'M and the
—{—w‘zsﬁng moment i A Member.

plane Y‘fcai’d Jointed sHuckures: -

At a rigld  Jolnt <same rotation and ditferent displ-
acement devetops-

e,
B J, c 3
i T A |
) Z ( Muky , ,
. > s-f-orexj) ‘ ‘ 1
| A b b

TF ' N | i
| F a pane  of loading  and plane of a stucture |
are same, design —forces ane  axal “force, shear —force and &~

h " ' ”J77 ~ . liml

Single base single storey (s8bs) (s8TS) (oass) (Dap:
(s8ss) : *

TR TR T T e e

SPQCG Yiqi‘d JONt Stucture: ~ _ [

an this plane  of (ocxda‘ng ond  plane of Shucture

can be different-

A-F=F
SF = 50
B-M= MM

Twishng _ gy
Mament- :




Decian forces. 6 DOVINLG/ADED, FRM i, SAlERIA cOm
o D ._&_)LE _ _ r
= A4 Es ©

¢ c N -
Lt sje— 2t — (2
3 3 , .

Frec bodﬂ d?marom:

<
p % JE PE=&F% &M Pc = Axial foree and &M ()
q‘;f)a

>
\\
:p‘b
b
®

‘J\ ! M . k/
(5 ) T4
)t f Wﬂq( .

R‘;tl\\ Rg -
(
Sv =0
RA+RB =0 :
(o
SMA e=¥e] N
v
RA =0
RB Ee) (-
i
EXx: -~ N
< Jlgc.» X N
. H
A o |
(‘ Vit A
{
<& L —S Ry, -
(O
Ryt Rg ball 6] . L
=M= (._
—M+2M — RgkL =O )
Re= M_ ., Raz= M
T T AT — (
i



RS
DOWNLOADED FROM www. C|V|IEnggF3rAII com |
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ey Py

on bc = SF g &M
€y X Oﬂ CB = Aoxlal —fprce i‘
B L J’
O z | °
oh BA = S-F, 8'M, Tuish |
e mome '
o i
@
O !
('} X
e =
e SF g 8'M
A 9 DS R e
’4 JZPO. ‘Ig . . T@\L

R _
/,/c - ,\:B S'F, B'M anal T-M
Py

2p
A j— , L/; EB Photo Copy By Jain’s 0370029117
N . SN L
(P+2p)
=3 Po.

Stadic iﬁd@‘t&vm\lf)O\CLj $ -
S‘tozb"cqug deteminant Stucture : -

Tt s the —otl no. of the veachue Tforces (support
Yeactions  are < stdic equilibrium equadion ® is colled o stakcolly
determinate stucture) .

Ex:~ cantilever  beam, S‘“‘P"j S“PPOM beam, Overhang beam, "Fhwae

hinaed arches,
| SUSpPension captes and Compound  seowm
f—t=o
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Stahcally indeterminate  Shucture @
I -total NHo- of- unknown suPpoHr reachons are <3reql®r

“than —the eccuthbﬂum cs,q/uczhon Wt is called o Stohcally mdd-evmmcde
Adlditio nhal ectuochons veloshue —to comf;om-t-qbctrhd Coﬂd"hons ccm_

SsSkucture .
be we t© calculxte —the eEXcess UNKNOWNS . " )
Exi- Al ch |

. ‘id ointed
Exed beam, conbauous beam, PYOPPG’,d beam, Rigid Jot

’GFOJY\Q,S, Recdundant -tHusses-
s #%9— &,

Fig: P-= propped beqm ( Temporary oddm@ﬂq[ Support O reduce

Aefiecton ond BM) .

Exomp'l&s: oft Redundant :-

MS 8T -3 ( Redundont +russ)

M< 2T -3 (Deficaent truss)

Difference  between  statically Aetorminade  ond  indeterminate

shucture
Stccﬁ'cgjlﬂ Determinate Statically -
L ) \ .
. Tnsuffcient odddtianal com,:scuo.b( h
cquation are used o Analyse for”

exaess  UNKROWINS -

Tndeterminade .

~N
- Equitibrium eq/ucrﬁons are  sudHi-
clent to analyse

AR M and S E ip o membey are - D IS de)mnderr% '

independent of Flexural ﬁg.‘d?«w R ———3<—-L2-_—-3
iﬁ 2
of the Member (e type of o A N -
Mmembey  and variable cvoss sechon c >
I

M |
‘ Ly Photo Copy By Jain’s 03700291147
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3 NO stiesses will be d@ue(oP 3. Stresses due o —tem’)ercrﬁﬂe :

due to ‘EQmPch:lure chcmaes chonges and (ack of -F+ wil k
and lack of At - Cauged -

: A —
ExXi- (:__/ ol E\:_ __t

- :

- N

AL xT

Stiain = AL

L

Support  Yeactions(r): -

Free support “_f R=0
Q- Rotler SU,DPO"'L' F—l R=1t (N (ov) v) (Noymal (ov) verticay’

3- Hc‘ng@, Support (ov) Pin suﬂmvt;
/r\—]' R=23 (v, H) 772” I ,

4 - Fixed Support

t——a%L t R= 3 ( H, v, Moment) |
> A 7277

5- torizontal shear h‘,mj@

EL— R=2 (v, M) _GOL

70077
6- vevhcle sheay \(moﬁe o _ |
: 8 R=2 ( H
= , M
© B—— (r, ™) [I g |

T+ Elastic SPT‘mg

—
r

R=1 (V) Thoto Coﬁﬁ gg Jainls 09700241147

g- Flot SFWQ‘ st'ma

R=2 (v, M)

“fovy verhcie loa&na
R=3 (v, M, T)
~“or qencval ooding
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F‘iﬂ: - vevticle |6cad t‘n<3 ~

ps® ¢ W

. 5 |
/ ; . Pcosd
/

Pfg:-— Geneval lood(‘na

NoOte & -
1+ when beam 1€ Sublected 1o vevthaal toqdfn-a . honzontal
SuPFoﬂ- ‘should be neatact Ibecause beams aAYe FYQQIOM!/\(I{'Q. o

toke Verticdle —forces ( Tvansverse —force)
Equilibrium  @quafions (¥) < -
. Stiucttre s & whole
(@) For plane stuctuwre, r=3 (E£Xx=o0, £4Y=0, £M=0)

(b) Eor sPoch‘oJ stuctwre, v=6 (£x=0, £Y=0, £2=0, IM=C
| | £My=0, £My=0)

Q- For a Joints
@) Each Pin joint of a Pm Jointed  plane —Game (busses)

y=2 (£X=0, £4=0)

EX L~ ! é R

/(07 ) ) 7
= ’ \ ~N

tb) Fov cuery Joint of a pin loinked space frame, v=3 (EX=C, .
£Yz0, £z =0)
(c) For eveyy rigid Joint of a vigid  Jointed Srame
T=2 (gx=0, £§y=0, £M=0)
(d) Fov every  Joidt eof o every rigid Joint spae frame
Y=6 (€x=0, €4=z0, £2T0, LMx=0, E£My30, i“zzg)
w3y
M IVH" kb _
NOote ¢ - LZFV * fy=0,
< . ) ot Y':?J M=
For oo beam Sublected 4o verficke loading ne: of eqdifibrium eq, (

R
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Bonus cqpation. gglégerAll.com
t- Internal hinge O pin Or  Moment hi‘nae o -
eMe™
A§f | = i@%;’c
2L —e by _/é;_
Tt

S a mechanicalt Aevice P'rou?déd‘ gmj wheee (e
bcom kae any on Of  the esign —force

\ _‘:s 2evro -« At Hxe
postion ot Triernal hinae and  adoitonal e

quitibrium eq uatio n
EM=0 s auallable. 3 g Capable of 'b‘Q"SP‘”i"fl thee unchancc
UE N
crtde ~fovees v ope port to -the other pavt of a hu‘nge.

LW Lo,

D
Rg =W _ ﬁc:g_ -
atTTa =y f F ) |

LA VL

Note: —

L« ¢ ‘N’ members  are meeting o A intevnal  hinge No
of relcasces cqual to  (n-1) | |

EXL-

)\ ’
}/’ No:  of relecases = o

N

NO. of relcoses - 3 N

R« FE o internal himje 'S provided . tangentall - the
Membey,

must  be e odked as s:‘ng!@ mCeMmbey omy-
of yeoleases =

ACS8
Hence no: }

A . 7’; B

5 Photo Copy By Jains 09700291147
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a. i.\"\,
C "
(“
A % gX=G M=o -
7 8

Link s a Staight  bar  with  pinned  @nds - Tt S
,iﬁc&{?db\e oF btransfering —the horizontal ~foraes and Moments fom
Ofe Sice 1o the other aide of o Knk- Therefore —wo additonad
copations  Ex=0 and £M =0 Ore Guaitable of a Posrhon of 1Ak,

T link IS Pmuuded (N A beam sublected 4o g@'\em
toading  no of ryeleases = 20 ( €X=0, £M=0) |

TF link s provided 0 & beam subicecked 4o Uerh‘c(e‘

loo,d;"ma N of vyeleages = | (EM=06)

3. Horizontal sheor ryelecase:~

Reams }—— 4—’{ NO- ‘OF reledses = i (gxco)

1l
Sl
Frames l_

Ih + vertictle shear relcase: -

N ' | | N

No: of \"Qleq&es = | (7&%20) (
Frames ‘ :

[ =N
-

De.grée of Stohc i\ﬁdﬁ’cerminqcyzh

Ds = DSQ. "*_' DSf - RQ'@JSQS* ) ;o
Dee = cexternal indéfele’ﬁo\o:’ = (R-Y) ‘ ¢

= Tt Js with respective suppoTt reactang .
Photo Copy By Jains 09700291147
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s relkded o

D, = anternal _'Dﬂde:tefmmqu ( Tt
Con*ﬁguYO:HOﬂ of Memberg) Q
D = 0, “or beams
D; = m- CQ—J‘B)‘ ~for pin Joirted plane frames
= M- (3 -8) for pin Jointed Space frames -
= 3¢ , —for Y‘iﬁ‘ld JOinteed plane “frames
= 6&c¢, —for rigid Jointed Spac  frames _
M = no: of members :
i = 0No eF Joinks
c = no of cuts veguived —ip open the Cogﬁgu«roj-non
of Qtruc—hmg (no- of closed -fiqures)
ExXi-
A 32- _ kzs_ -Degree ot stothc equfl?bﬁum of
a. fixed beam-
se = H~-2 = 2
Dg; = O
De = pge + D_, —Releases

= 4 N
X N
Dse =6-3 =3
Dsi 2 o | h
O, = 3

Dge = H4~3 =
(3 - (2x7-3) =2 Protd

DS = it =3



g_q e =~ —!
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S¢&

.

Dg; = M= (& -3)

~

[.

= 20 —(axa~3)

= 5

DD

>
+

DSC =3-3 =20
DSE =1q - (QXRit—=3)

k : =0

DL =0

Ex-)
Coe = 4 -3 =21
Doy = 9 - (axe -3)
2P0

s = 1

Ex) D .= 6-3=23

Dgi = 3¢

= 3Xx2 =6

4 D_S: 3—{—6:0‘

N

Exi- iNhat s the degree ot Stci:ﬁc\ \'ﬂC‘i@*@“me‘Gi of 25,
AN

I ’ Dse: In — 2 =9 1
st:3C‘_
T 3% (3) =9
Dg = 9+4a =18
Vol 77077 Hm 7707 S
2 2 2 3
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Note : -

i« B D x0 then H s a Sb:h‘cqffy rAdleterminade
R TF D >0 then H* is a st;od—?cqttj P-';‘Qdetefmiane
3. BF Dy =0, then it & a exﬂeénoilg thdeterminate

4e BE Dge >0, then IS a g externatly incketerminae

S+ Bf Dgi =0, then # & a Itemnatly  determinate
& B Dy >0, then H is o Trrternauy indete rminace

S?mPlFﬁed —formula for frames ( whthout consideri nq the releases)

LoD, = (MER)-2i for pPin Jointed plane frames
Q- Dg = (M+R) -3 —For P?n Jointed Sche rames
2- Dg = (3M+R)-35 for vigid Joirted plane frames
4+ Dg = (EM+R) -3 —for rigid Jointed space frames
pPin  Joirrted plane  -frame :
Dg = Dge + Pg
= (R=3) + [M=(a5-3)]

Ds = (M+R) -2

ExXy- 2. ) t (vertcal)
il
Ay K
) C-1)
3 releases . yeleaseg 2 (General?d
(verheal ’
: Shear) .
Grencrald vertical loading
S _ —_— ey
D = €~-3 =3 ’
R - -2
cleages = Releases = =2
i —
-— N 0
cv Dg =1 . s v\oﬂ”’\t:}ue“*‘ée
e " Bs=o
> i -0) e ¢ ’Ze - 2
Ext- -0
B AV ok
777 Horizondal -%7 =1 3
= i shear
velcase {
'&D) ' - Wertide (C)odt‘rg
. N \ !
Genera 'Oadlﬂs Dge = E-2. =y
DS@_ = q -3 =& Q&\&S@S = =1
Raoteares = ~2 Oc = 3

D = v

Photo Copy By Jain§s 05700291147
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ExX: ~— e
Do = -3 =3 C
Dei = 33Xy = 12 O
Relecases = —-R O
L O
<« Dg = 7] 'S
G
ERL- e
_ _ _ {"
Dee = -3 =6 _,
C.d) Dg; = 3X2= 4 b
ning reachion e
« SP™Y Releases = -2
" _
17 | Dg = 10
-
3 2. 3
Stobt‘h;hj of sbuctures:- ¢ A\ ) "
have o A cxtemn constral
If o stuctue do not had as \ ({
ond imtemal constraints = witl have o Yigd body moten . When
external load s applied:
General  principles —for  coplanar  unstable etructures @ -
(I vr\o- of Suppovk' veochons ove tese than -the G_cv_lt(tbﬂklm
‘cond\‘—tions a ostoactive can be unstable -
R=3
TN )
LS. RLY | ]
N e shucture can  be unstoble: - N

R A sSttuctuwre con be uwunstable

reactions are

g i

cONcurrent -

Even W nor of

gveo:lnr thon  -the ecbu‘th‘brium eq/uatﬁons-

- - — - =

vyeactons Qe
SLLPPO\*{- Q! {

i

Stable < tacture

e tine of octions ot Suppoﬂ-—:

Photo Copy By Jain’s 09700291147
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— "j
4 .

L A stucture mMay  be locally
in one member c)hlxj of o stuchure .

Appla'ed —_

Horvizorntalt

Yeleascs Plctced

S8 AT D

7777 77777

I
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T support yeachons are pardtiel 0 cach other. A stuckare

have rigid body transiation when a  horizontal ~fore s
opptied: such shucture are colied As Geomedically UN-Stable.

Unstable -

yAY

7777/

£

Unstable

unctable # more no- of

Unstable

%ﬁ Dg =2

5 7NRIN L

Stoble

Py
<<

= (

(]

Ds’:
9.
—
TR
R=23
Y= 3+loy
Rcy

Onstable .

/

Hhoto Copy By Jain’s 2970029147

1)
4



DOWNLO%DED FROM www. C|V|IEQg%|i:grAll.com

TeF 2 } aeneral
C‘) 2 I?’,l DSG = y4-3= DSQ-: -2 =
3 i
1
, Py | ' ¢
(it) a——"_’__’_'—lg& Pge=5-3= Dye = 372 -~
3 - : _
(vertcle Dg =2 Dg =1
Shear
reachon)
(i) ?T : 2 224
! = S5~ = - — =
" 4 é é D.SG_ S-3=2 Dsc H -
(@]
7t/ / 7007 D = ) =
3 2 | 2 1 S S

)
) gf =i /\ Dge = 4-3=1 Dge = 23-2=
o] . -
3 1) 7ere7 Release = -t Relcases = —I

——

O
(o) —

——

b5 P9 NO—-9

+ = 3 = 3 Dsy = M~ (v ~-3)

= 10~ (axs-23)

-
Ds
N
3 Dse = Kk-3 =
Doy = 1a—~(ax1 -3)
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ONIT - 2
KINEMATIC ITNDETERMINACY

Tt deals with a motion of a body - ot s aAlso
as Degrec of -freedom. Degree ot  kinemahe r‘nde-f'ermt‘no.cy (Dy -

S equal to the —total nNnumber oF ?ndapendeﬁt- Jolot dlis.placem -
indatermingde € Ae No- C -

1. A stucture can be kfnemoth‘ccu{g
N A, structure ane gveater than the nc

unknown displace ments

Oof compadtibilely  @guations -
2+ Additional  equahens veelothed! +to Qq/m‘fibn‘um condttions can be ;

used —to coMpletely  analyse a  kinematic  indetermincde strack

Degrec  Of freedom —fpr suPPov*ts s~

Type of support D,
I« Fixed Support o '
- Himaed - Support ' 1 (6)
3 Roller'suPPoy«t | & (8x, 8) (ﬁuns_hﬁon, rotahon)
3 (8%, 8y, 8)

K- l:'ree_ Suppor‘b

S- Honzontal shear hinae ‘ I (6x)
G- Verticle shear hi’hge [ (&y) }; (o) 'ﬁ

Dezaree Oof ffecdom —for *—»‘:ﬂpfcaf Joints -

- Rigid Joint Tﬁﬁ—i 3(5x, 8y, 8)

Q- - : ,
Ij{)——(;—j Nk (R8s, 8%, 8y)
v |
2.
%-__l 5 (30’'s, 8, 89)

v Trtevnal hinge is -tangential o the Member
A /C) B i (xe's, 8x, 89)
S+ Internal hinge in beams
fe——0——  h(as’s, 51, 6y)
Photo Copy By Jain§ 09700291147
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&. Homzontal shear reicase )—[-—j B (adx, 54,8)
53
< e — "("
7. Vertide sShear relecase j——i——ﬂ——lj——:( u (R8Y, 5 ©)
' ' | | "
Degree of freedom —for frames i~ o
oo
I+ For cach Joint of a Pin Jointed  plane frames, De=x
(&%, 89) o
soint=3.

Qe Fov an Jointed sSpace ~frames D-0-F —for each

(&%, &y, &2)
3. For eoch Joint of a n‘<3;‘d
DOF =3 (8 8y, 0)
k. For each joint of a
(8%, 8y, 82, By, By, .9 :

Jotrted Plcme frames .

rigid Jointed space frame DOFE=4

NGO ‘ )
- At o vyouer suPpO\“f‘ of a Pin Jointed Plcl_n& ‘frames
DOF =t (8x) |
&. LAY
At o posttion of the  hinge support in @ pin Jo:med

Stiuctures  DO'F = zero (since no votaflon s Qltowed)

SmelFﬁ‘ed —formula. —for  the D~0\F of ames : -
D, = NT -C

<

wheve
N = NO of pD-OoF ot a OII\'b

> for pin Joint of a pin Jointed Pl&f’@’ﬁ‘&"@s

3 —for pin Joint of a [D(ﬂ JOUNtA Space ‘rames -

N = 3 ~for h‘%«“d Joint of w‘q\,td S0Uted plane frames

& ~for Ti‘caid Joint of a “fn}az‘d Sointed <pace frames

N =

T = NO: ©oF soinks

C = NO ofF reachon components . _.
{

C = R(cons‘:d@_ving +he axial deformationsi te., Members

' are cextensible)
C= M+R ((neglecting  axial deformadions} ie, members

are inextensible or cme‘quﬂ Piqid)
Photo Copy By Jain’s 03700291147
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Ky — — =
E a__ ) D, = 3 p_=0
s

a N D, =0 D, ="~2=2
O &)
DKZG DS = 6-3=3
/S 77777
.T-,N,\SS
DK =13
3 3
3 3 3 ) DOy =20 ( By Considering  anal Setormation
) D, =220-4 = . e
J _ K ¥ =16 (Beams are Qxially viyid -
A3 |

- cotoums ;

3 = [N [ '
) Dk = Q0-6€ = 1y (Egolumns ar omcmj rigic i

(Ht;v“i‘zm'h-l
Shear) i) D= 20 -10 = 1o (Structure g axialty vigld,

2 -\.\55 *
('ﬁ' b ) .
e
&

") DK = 26
D D= 36 —9 =27 (Beams ar axially 7gld)
3) D= 36~¢6 = 30 (columns are C\?Q}Q_LQ:’ Tigld)

W D 236 —~is = 21 (stuchwe is axiauy "iqid)

Photo Copy By Jainls 09700291147



D, = 28 (considering)
D =28 —1 nealechin
= }g{
~

Deqree of- stahic indeterminacy

Dse = € -3 =3

D

si = 3C = 3(2) =6
V Og = K \
De‘ reéec $ v e » B
3 OF kinemat'e  indeterminacy
P = 2y -1 = «3 :

D, = & (considering)

D

—_—

K & -3 =3 (ne.a(ec:ﬁ‘nca)

2 &~ pin jointed truss

Dy =13

_ . - >
O (Hinged) 1é(&o(lev)

Closcwork = ~

Dy= 6-3=3 (ﬂeglec“h‘ng).

A

Photo Copy By Jain’s 03700291147
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"’x,,_ .

3. 3 (f
© \Q
3 3
) "DK = RS~ g
® ® =i
@ & @)
3 = 3 3
© ® ® -
o 7777 s ¢
! 2

le 3 e
Oge =Pg 24-3 =
77
e o
2
3 2 ;
Dkzlg
3 2 3
77777 da
o o o
=Exu-
Dy = 19
TN N\
UNIT - 111

~N

Analysies Of Determinake  trusses: -
Need : - '

i+ When -the Span of the shucture (s large, heavy fJoads Qre
coming on o the shucture and depth of the stuctue is alk ':
Mmore beom connpt be odvuliced -0 veslet -
Q- Stecl HhusseS N wWhich Members can be s’rem‘%h-b bars, channcls
con be uvsed for the obove purpose -
Photo Copy By Jain’s 03700291147
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2. Trusses will be subiectd  arther
compress (on | | ,
k. Members OF +he use will Not be subiected o moment -
<
Pin Jointed  Frame ( TYussSes) c

perfect frame , IMperfect frame M
(M=2aj-3) (M F= &5 —3) o
) J
Redunarnt fame Defclet Fame
(M>25-3) (M<aj-3)

_ fj@"-(—éc{: frame

m=3
25-3 = &(3)-3
- m:&J-—3

A

Ext— :I:mPeV‘Fec{’ fame

- Pew—“ect— fame

m= il

Q-3 = 2(6) -3 =09

S M> 25 -3 (Redunant frame)

Y X i m= i1

[«
RI-3 = 2(8)~3 =13
oM< al -3 ( Deficdet Huss)
77777
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Trusses

I | J

Sim Ple “‘russ com plex Huss

EXG.mP\eS ot SlmP(G. tuss i~

v e =~

E)COJY)P(QS of comP(ex +Huss: —

Assumpﬁohs Made (n the analysis OF Hussesi-

(- Hinge (o0 pin joint ot which members are connected are

assumed to  be ffichonless (B8:M=o)

- Members  oOf -the ~buss are shaight, not curved .
External load Should oct onhj ot ~the Joirk.
Members of a -buss Wiy be <Subiected o e%er axlaf
compresg ion or -tensien-

. seH weight of the tuss™ ig ignhored -

—g B —0 D
Tencsion ' Compres<ian

cov) (ov)

Tie Stut

ExL—

sts® Strt

Photo Copy By Jain§ 03700291147
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Ruleg —for de—te‘rmmlf\g the Mmembers  CArTy

~ \ form O Joint the -Bree in
. Since o Slﬂgle Mmember cannot

“+Hhot membef ' iS QJ\})QHS 2T

)
A c
¢ ‘ ..77

a- Bf o members are  meetng ot o Joint -this —two members.

ave nNon  collinear —he —fovee 1N both the Mmembers AR zexq E
W there Is no extemal free act At that Joint-

250 B8

O
A4

e are 0 same Lne are
Zerp c mMembers

called coliheay-
Non cotllinear

=t there s Ocﬁﬂra q external load on Po:‘n{— A then

no —force at Po.‘n{— g and < Is zero (0.

10 KN 8
A
C .8
Fag =~ F
210 ' -
zEero

ZEro

Fac =0

3. T thvee membpers \ are me,cft?ng at a Joint s of them

are colinear -the —force N thivd  member ONYy z2ero(o) 3

there. 1€ No external ~fovce oct abF thoat Soint-

g AR and BC ar colttnear
C
" and 'B8D is not colihear, the
(zero) N
—force. 1IN BD = 0 (=erd)
b +ve
D ¢ ‘ve
& = -
D , J, e 4, . Fao e
’ -\
(zere) - ‘ . Fan = Fec
A —O— ¢
A 2 < Exzo ok B

P ’:BC - FBA —a

Photo Copy By Jain’s 097002311%7
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Methods —for analysis ;-
I+ Method of Joink

Q. Method of sectons (method of members)

3. Gwophical mMmethod
4. Tension cocffictent Mcthod

~, BN
i
N

1+ Method of Joints @ -
It Is opplicable t# there ane +wo  unkhown ~forces —
in the members of o, -busc o o Joint-

pfoc@.d wre ¢ ~

. Calculate “the Support Yeactions due o QF,D(t‘Qd farces b
| us‘mca EX=0, s9=0, €M=0 (These -three awr —for eantire |
Stucture) (ZBF hecessary )

R Select o Joint ot which there are —tusxe  Unknouw —fora
in the members and dvaw ™Hhe Hee ‘body dtugrcxm Of ﬂ’xﬂ
Joint.

3- By stumfna ‘@ach » Nember Q&Y‘rﬂ' CL tensile —Q)rce, Reey
the. Jjoint in cquiltbrium oy OPPWMSI SX=0, g£Y=0.

4 - Corj‘tinue “the. Step-2 and 3 o -And  but the forass M
all the members of o -tuss. |
Note: - _ L

TF there e ‘N’ no. of Joink N A bues Cf\")JO‘mté
are  sufficent 10 Keep H In equitibrium  —n Cq('cmm “the

—forces  in Al the members of o +russ -

\ N

Q- Method of sections (Method of membersdi=
- Caleulate the support reaction of o Huss due o -
Applied ~forces. H  ne aessary -

6 kKN - SOKN  SOKN SO KN

8 E
M, J%%H-MQH‘;&—QMT—)G‘HM —9;/57% F Photo 60/@3 gy Jﬂ/hff 09700291147
T\,A:aoo KN _i“dFO“‘r TVF = e KN
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A sechion through o choosen Membey aml Alsa

through other twoe  Mmembers Such au  way that the o#c»m

members should mect at- A common Joint -~ T make the

moment due —to other -twe

sM=0 c:onccPtv It

e

. N the hovizontal members-
n- DoMt cut mMovre -than ~three

three cut MNMembers

~100x & +S50X8 +SOXY —F XY =0
o

—

PDC

Sub rY\_G‘l'hDd 2
6 Poss A sechon
other o members

UEEEr section .
£H=0
TP — Fgg =0

Feg = Fge = P

Ev=0 c:or\cepf

pass o section

choosen mMembers

Nnot hove o \vev*t(‘cl& component—v

P
B < =
F
£Y=0
~f- R =0
FCP = vP»I
SX =a
Fee = Foo

sH=0 concht

-thv‘ouca h

£
Members to be Z2er0- A
can be uUsed to —fnd oul*#ﬁe*&ms
Mmembers at a tme . Al

not m‘eet— at o same ot .

should
50:\4!\\‘ igo KN <o K
c ¥4 p
S0 kn oo
[t 4 m
1 /-' l
1 7
Bl )
H

UM e ym S

o, choesen member ( Honzontal) XA

‘e Member

which <o Not have o horizontal componen,
P —<y D
<Y
\\
[ e e
AN
AN
N
\\
Al =
7 7T
-*thfoucah verhcle mMmembey which 18 &
which do

onad also other

Photo Copy By Jain’s 097002311%7
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G’:'rcxphicoj method & -

I+ Tt (s used —to calculate Hhe ABraes In the members of
o C_omPliccs:'red trosses  grophicalty- '

2 Mobvs graphical method is  popular  in calculating the force: |
iIN the members H more than —four meet ot o Joint- -

3. Fit‘nvk truss or French vyoef +Huss  can @_&sifﬂ be mﬂ_g@d _:
by caro.Ph?cd method - P

B Bows nNotaxhon s wsed to noame ]/
a. Mmember by +wo alphabets

& Total no: of members ore

Cavry r‘na a zevo —force

tves) 7 members .

Tension coefhcient methed: ~
I- Tension coefficient is- defined as  Force per unft- length

e L
L

T = Tenslon ~force
L = Lencaﬂ\ of- a. member .
vntks = N/mm
&- It Is most suitable —for analysis  of spatial tusses

. Mcethod of <sechons e suttable —for CC\lculcxh\nca e Alimita :
number  of Nntevnal  Mmembers- N

R Method of sections i useful o -nd out the ~forces i
thvee unknown members ot o Hme by cutlng -the coctor
‘(’h\fough ‘these mMembere - ,

Z. The —force in the member DE of a +yuss shown in _ﬁ% e

L )
-pP c

Fag = —P

Photo Copy By Jains 09700291147
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4. Force in ~the MmMember ‘B0 ~for the Fame <hown nAfiq-

inys® S
N L3 ’
IS W 231 [ ™,
F o= WCOsvs' ©
ap = —W C
< % _
Hp ~
T\ 7007 -
V”‘ /I:; 'S
5- Force id a - member AR O a GQame showp in “he 'ﬁ\af
s -p’
c (
R . < .
LF*‘B _ ’“j TS A
)
EX =0 P
— Fpg ~ Fac COSHS. =0
pHB = —FAC
S
£Y =0
P + FpoSius’ =0
T Fag @ PR = P (&)
! v

.-41 ,:AB = y P
P-3 NO— Q-

3- 5"43 =0

< :
—HAXS + 10X 15 =0

Ha = 30t
- SH=0
Hy = 1000 1000 c 1600 KN
= 2600 KN '
' M D4_,..--——- joco KN
SV =0
. s
-~ QST KN
.VA+V3 Q (@) A Z = ‘ 8
. H p 4&/ R J/ é,
g\ N 550
U, 2000
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¥ let

SYy=o

P' —tg = O

F, = 16t (Tensle

ff
]
-

7
h

J
-
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é:Me =0
IEVa — 1R (2000) — ¢ (550) — a (1000) — Y:$ (1e00) = a
6V = 24000 4+ 2300 +9000 +4s0o

T

S

re(ea

let 7+t
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16 < M, =0

B €
M — F
~BHg + UoxE =0 O
Hg = 80 KN (eompressive) - O
S C
P9 MNoi-22 - €
| R
i £X=0 |
- -F_ _CoSYS = < '
Far ar © o, Q
p <
Y=o \L
Fap = Fpq = —F Ctompvessfue)
e Redts
£ Mg =0

— Faa— ax4 =0

HFBA = -8t

Fap = —2% v(com pressive) v

L. o kN, SkN, zero

é'MD:Q

Up X2 + W cos US® X2 — W Sin 45° X2 =0

Vg =0 = Fap =zero
Fap = Wcocys® = w
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S ——s
Ec ok
_ %)
*‘Ac =0

8 ' S kN
S~ 3M Sje— am —)

Four ’t‘jPES of COP(CLDCLF —force sSystem: -
- Colithear —force system

Al ~orces should e n <ame [(fhe of action

F o< o > B

~N

'Pom# :

All force chould ™Meet ond stort ot oo sSoMe

3. powliel force system -
J, ‘L \[/ L J/ Line paraliel

=
,r T T 1\ \'/ Untke qucme I

'+ Non concuvrent  Non quqtt@.l —force system
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BASIC METHODS OF STRUCTURAL ANALYSIS

Two methods ave ovatlable N stuctural amlysis “to

analyse +he indeterminate  Stuctures. | (
|- Compatability method  (ov) Flexibiliyy method (o) Fores methoad

(iompo:mb?tr‘{-j Mmethod : — |
1. TNh -this method redundont —forces ave uN kNOUINS -

-3

a. Addrhonal eq/ucxh“ons ore obtained by Const‘deﬁhca the geo~
metrical  conditons lesosed on <the -formations of the

Stucture -
2 Flexibility s an amount  of dt‘sP(QCQMQM— caused due

+to untt force - . .
LS. F= ——A——— (/ﬂ y .
7 ; NN TV f
My A

[
A (LG P, P, — Redundant
~forces

4- The  number of equedions  in Flexibility  mMethod equal o
the deqree of stotic fmd@"t@vm\‘nqcﬂ . Since the vedundasts
Are  support Teochons.

- These method IS used —for analysis eof Stahc indetermi-
Nnote skoucture With (esser degrec of  Stahc indeterminacy -

Ui

<. Dg < Dy
€- Various metheds camuped under  -thic G’:@aow are
Q- consistent deformation mMethod:

b- Cloypevons -theoveny of -—three moments N

C. colamn analogy method

d: Slashc centte method

C- Moxwell—= Mobrs Qq,uo:h‘csn

+. castiqiond's  -theorem eof  minimum  stain cnerqy.
Equili brium  method  (or) displ&c&meﬂh o) sStitfhess methadi~
i« Tn -thie method dfsplo.cenn@n+ ot the Joints awr Aaken as

LNKNOWNS -
Q. gocmlc‘bﬁum equaﬁ\ons are e}(PY@gS@d in Herms  of Moments
votations “o get dhe actuat joint dispiacements -
Photo Copy By Jains 09700291147
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3. gbffness is an  amount of force  veguired to cause
unit dc‘sPchcamen{-

: - £
. K= )

(P} = {ky fa]

ke The product of stiffness and ~F(exibit&5’ s unity:

5« The numbevr of cqguations  in  sStffness . method equals o
degree of -freedom (D) as displacements are -token as
uNknowns - '

6 These mMethod s uced —for Qnalysls  of Stohealtly indeter -
Mincde stuctures Dy <D

T Various methods grouped  under this codeqory  are
a- Moment- distribution  method
b - SloPe deflechion Method

o kanE  method -

Ex:-1 v
Sttthess mcethod

WY
>

Ex:-a2

_4;/ % % Elexi biltty method

Photo Copy By Jains 09700291147
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¢

ENERGY PRINCIPLES N
. S

\

Energy  prindples are  cxtensively used —for determining
e disP(chme.n'l's tN  sStructures - @
C

™ i an amount of workdone by an intemal Tesistonce

against -the aeformartion . S

pL
P
I a—— A, E"—Jr—%P 1\
« L >
SL = _PL :
AE . — 8L

Reslstange Vs deformation

>

m
Cc
]
]’-
-
oo
r

= &€ x AL

QRE
= &> X volame.
2.
~N o ~N
=) & x £ X volume .
2 e

{—ZJ = ‘Ie‘ xexvolumij

Pryooft Residlience: -
) '€f‘h‘ v
™t s o skaln enerqy  Stored by AN clastic body wxhih

——

-the Propor—ti’oncxl nmit - e, Z‘;‘ xvolume .

Modulus of Resilience: -
T+ S o Pmo»(— Resiltence per untt  volume

== Photo Copy By Jains 09700291147
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Stain cnergy cde to Rendin moment . -
ke J

X
i = £ /‘dv:dA °
T Y /'
(S\}: G"L d
Il A\ d&
s
0= I s> (dA oy
o =B L >
RV
= . R I N
()
4
2
= ! M g (YdA)
2 2.
L
O = 1 M
Moy dx
L
O = __ IML-dL
2ET
(e}
IN  general ~form  shain energy, U= —— My . ot
2EL
Straun @ﬂevzaﬂ due 40 shear streccg:-
\ L L
Stain energy due to 5. = T xvolume = j-l-—-d\’
o= QG
T = shear ciresc
Strain enengﬂ cdue 4 Torsion : -
. . L 2 5
sStain energy due o Torsion = f T xdx = Y

G = modulus of Tgldity
T = Twisting moment

< L= length of o membex
J = polar moment of inertia:

EX= stradn cnergy Stored 0 the —fellowing  pin joirted  truss Showt

N fiq-
A AE = axial Yta(drhj —for all +the membef
E Mg =0

lHA:PI

Photo Copy By Jain’s 09700291147
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o,

€9y =0 |
S in us® O
Eyg SIPUS” —p =0
C
Fpg = PJ2 ]
Dg
Membcer P L Ace o™ ~
2AE
AD -P L AE L 3
=AE .
D& PV VaL AE (26%) (VZL)
2AE

—-——

U= P /i3
2AE ,@)

Stain energy due <o  Bending of beams:-
case i
4! ; ted
Cantilever  beam of Span Y cublected to conceftra
toad ofF ‘W'

' W
v —

A é' ; 3 5 ET = constant
)

U= ezl (B (1D ~vecroany
My = — W (‘
L

U= &;:—I { (W)™ dnt

Y +ve (segqing)

PR

)

- i [WQ.)L}'JL
2. & >

0= W

N s ET| - N

cose @ 2
Contilever beam oOf Span Y4 sublected tO Oneformly distri~

buted \ovad- & | ; WS/
i
A MM 8
& I
< e >

N

———

2. 2
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The velation
load

distibuted

Case £ 3

u=
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me [ (85 o

Yo Eex

[UZ ngl

between -the concenitaded (oad and Witkerml

[w:us‘L

A simp(3 Supported  beam with concentasted oad

cose: i
Case: 5

case: ¢

s

<

JIN
%

L —m

NEVE |
@G e

e
vAY A / <
<& L. - >
O = _gsi
YO E T
L
& L —
= M>L
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&

PY

WL
- = 6ET
QYo ET *

X
6ET WS

= '—fO
C;asﬁgh‘cmo’s Eivet theorem:i-~
i+ Tt g used ~for an(sjsl‘s

ctures -

Xa

L —

Beam -2

Photo Copy By Jains 03700291147

ot S-t&h‘ccdty adeterminae Stru-

- T+t I opplicable Hfor the shuctures H- principle  of super

posi’ﬁon s valfd

ot =\ o S (8c=5t5,)

(= 7
\l/ A
C 8‘
) w.
VAN

The deflection ot o.n\j Pofn{— due +to cexternal ~forvces

is -the Po:r-h‘o! denivative of stain encrgy stored by a_ foree

ot o Same Po‘m-t-

_ 9u
b= S

N

The vyototion at any po?nt due —('o app((‘ed moment 1S
the Pou-h\al aderivatiive of shkaln energy <stored ustHh ’Y‘es,:ed—'fo the

Some  moment o same PO\‘M—

5= 22
oM

m
s
j

ng”g'FofAI |.com

]
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A i \e :
2 M
S L -
6, = du_
o oM
U= ™M*L
2ET
68 = ML
ET

INn case of tapered  sections ( variable Cvose section)
deflecton S = du  _

—_ t D\,
(N SN (QEI J.Mi d’L)

Tex jaMx ( g:’li)dl

jMx ( &Mx)dx

—— [ My m,cdx
EL
whevre

My = B-M at gcechon-+ due -o o.pptéed load
m,(::. .

B'M ot section-x due “to unit —force applied at-a poir
where deflecton

s desired.

EXL-—_D,)

aéb——-‘——L )
H
e ~->

Mx: _NX

N ~
AMy —x
dw
(Sv)y =
oz [ w0 0 dy
= IML3
3T

Onit {0oad method

W
L '______=>
A4 L,' J/

: d 1€S— X —>

| = Photo Copy By Jains 09700291147
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\ M
L ‘ -
= -_'——J (~wWx) (=0 dye 'S
ET
o | -
(Su)s = W3 -

IETL

Note -

e TF there is no load O‘Cﬁnﬂ at o Potm_ wch@.v@ lofle ("
ction s desired, applied o dummy (oad or ~fctifious lead
at- a point jn the desired directiony and calculate the
Stoin energy  stored Sue to oLPph‘ed looals inctuqfnﬁ dummy

lood-
a- The deflection ot o Pom{— where —the dummy
is the partally derivative of shain enerqy and

(oad v‘si

O.PPlfe_d \
make dummy  load = zero before intearochnq +o get the
deflecton. This s called as DumMMy l;nd method -
. | P(dummy load)
Ext . Ll : & |
A/ { 4V (8\’)8 - ?
(<———‘>L _—_
M= = P — ™
ML - —x
QP
___| - : QMK
<5u)8 = = J M.x< ad« _
0 -
L 70
= ——l—)' (—PK—M) (=%)-dn
ET 2 ,
AN y N
— {
= —= ( ™M-A-du
=3
(éu) = ML=
8 S ET
Ex:—
(é")c = ?
(aH)c = ?

\
Lo
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D

Verticle dEgPlgcemeL at c:-
portion cB (o< x< L) portion 8A (0 << h)

! ),

. , BU .

B v
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SLOPE DERLECTION METHOD

————

I It is proposed by G-A- Manie 0 fqis -

@ Tt s implimented by

3 It s used —for the amlysis of indeterminate  beams and
Frames

R Tt Is tedious when cOmpare to moment distribution and
Kanis method -

5. Tt is a displacement  (or) Ciq,mflbnum (of) Stffhess cOeflicient
method -

W,

P A Y
kﬁi E)F :

Mag Mea

Qerege 4 EI B,
L L
“ L T
Q- AWEB
qe:f:@ ‘ 2ETOA
L - 4

fe—" —_—
i Akg

>M
>6‘€:]:A

N

Nglope  de-flection cquations : -

For SPQn AR -
+ HEIBA + RETO, _ EEIA

- &
MRB = M AR
L L L=

F . N -
= M + QRED : — 2A
he T S (8eres T 3%

I A sevies Of  Simultaneous cquations cach eXxpressing  the

Yelation between e moments Clt'tmg ot the ends o the MeMmber -
o Wwvten  In 4erms Of slope and defHechon - :
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2. The defiection due o shear ~force i about- 1t /- o za/‘{_,.‘
4he deficction due -o bending  moment and  hence +he

Aeflecton. equcrb‘ons- s
3 slope deflection eq(uq-h‘ons opve the rvetaton between o
bending moment  votation  and Seflection  only- PO

k- In +4he analysis of Slope and deflection  method the no of

i

the degrec of flecdom. 8y neglecﬁna e oxial de_-pmmojn“on:_ )

condition cquations such as ectu‘m‘br{um eqvucrh‘ors. equal 4o

5+ No- of éc},‘-‘“‘\b‘”"um cquationds  in  slope deflection method o
be solved S equal 4o the -otad Aumber oF Joint displace~ -
ments  In the stucture:-

Euaiuvation of Joinf dt‘sPlchQmefH— .-

" 4 %\J’_/mc Omj oW \eg’

Equt Lbrium eqlucd—i on

Mea+ Mge =0 ' :

Q.
~N
3.
Mae =©
Man +Mae =0 Photo Copy By Jain’s 03700291147
Mce =0

UnKnowns o Ba’ g O,
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A
c .
e
A =
7777 MCB =0
Unknowns ae Oer OS¢

~N
Mga T Mac =°
Meca -+ MCD =0
MDC =0 .

Eu =0 (sheor cquation)

gB{GC’GD' ﬂ -
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NOte: -
I Evaluatke  +he ‘ ol °
total  NoY of Joink displacement- of a qiven
structure -
R Treadn ' '
T A Such span s a  fixed beam.  calcuwiode the ' Fixed
! ,X
end moments” cue —+o Applied J1oad. .
3 vt : r‘
e the sloPe deflecton e%ucrhb/\ —for  cach span trterms -
of end m N :
oments, -Rxed cnd moments, votxrtions ang displaae ‘f
k- Formuwode tibri o
mﬂ the equilibrium @,cbucth‘ons ~or the INdividuag ‘c:t“n*fs':
and  uey ‘the  npumber of (o - i |
e o Cquilibrium eq/ua:h‘ons Should be
i [ NS ot ot d‘@ﬁlqcemenf- |
* Calcw ' Y
‘»( :&G—- the rototions and displacement -fiom the abo
uiltbnamn i o
g \ _ Cauctiong ang resubstitute N <f ope. deflech
e_q/ucrhons —+ ae‘t‘ -Fnal MO Mefirtg . ”

Ex:- SH =0

EMg =0 ( column 8A)

Ha = Mag +Mgq
h

£Mc =0 (column cp) Photo Copy By Jainls 09700241147

a\/\,\-’_
— Hpxb + Mg + Moy <O

| 4 |

- (MAB+M3A (M'+M |
o o , —+ ) Dc + = .
\- -~
Ty« () < e
——— : Cqutation.

EXi-2) gh=0 = Hoa *Hy =P =0

éMe:Q:,_

—HaXh,~ Ph + Mpag +Mapy =0

Ha =  Mag +Mga —Ph
: 06 T eA Th

gMc:—O t - hl

Hey = Mcp — :
R e . ( Mae TMgp =F
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]

P-9 NOov- 52
M = O+ oaET '
= o) +0 - 38
2 (26, +0 T)

= Q€T - .
S== (28, E;.é)

P-9 NO:- 53

SPSE R
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h pa= 0O
O =®/o
Span &A:-
Mga = zf'i (264t @4 ~ 3—[_8)
TEE (D re -2 (2-8)
= 3ETL§

LD..

. - muF QAET
5 M =M +T(aes+ec—§i)

8¢ ec L
F - - 2
Mac = SX8 " = —aokn-m
|
MBC = - Qn + 25{ [QGB*— ec -O) =0 beam
= 0-aSel (a96+ec) - R0
7. 6 . Moment ( 3o ker =
= _— R
Q R\ of Joint 3N A
qm
® QQ = 30 ' @
. _ P
;ii_i_k 3er. . _ N\ 7
BQ = 5
=Y

8. Slope  ceflechon cq/uo:h‘on ‘or RQ

Or

—& =
2 2Ea
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Kanis method : - |

It s PYOPOS@d b\:] Dr- G"OSPGV‘ kGij N 1ayl- Tt 1< LASQA(.“}:
—for analysis of indeteminate  structure and rigid sointed fromves - Tt~
method - No- of eguahons o ~

s

is an extension of slope deflecton

be Solved js Nt ‘_
Tt s On effident method duc o simplichy of moment distribuhier,
3 \ ' the
- comtribution  of  votahion moments  witt be distiputed wh
desire degrec of- occuvocy is achieved -

M. = u + YETOA 4 RETBg 6ET %
A = Mag — QT L L
Mag = Mpg T+
mL, = R2EILBy My, = 25T Cs — Rotexhiod  coptribution
> L L '
MmS,y, = 6EIS > Displacement contibution:

LD_

= ' ' =
+ &M ba + XMob m 8,

Mga .= Magp
o= = Kae  _5 potation —factor
bob 2 < K
' = = Ka E ' m
™ ab = £ [EMA3+£mba+€ Sﬂb]
&k
Rotohon —factor = —_l_( KA&)
> £«
Note L~

o , -
cun  OF 4he vototon —actor  of ol the members mesthng ad-one

joine Wil be equal ‘o (-

T any one of the end suppowr
that sSupport is zero and  the votahon contsibution
3-F any end of the MeMmber is hfn%ed or pinned s convinteat

4o oscume as -fred and ke  Yelahive otrtfhess as %-_’{_
aL

i fixad Hake the votadtion ot

Q_.
(S also be zem_

Y. The displace menrt- —factor <or o column  of equal  heiqhts

6= ~2 Kas 6 ¢
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EX:) Displqcemef‘rt— “factor —for only B <o 2
sm
columng not beams
Q@ @
5= —2 Kas |
> gK A D
7777 77777
S -3 T/x
A ™ am T T =
, fe + 3%y
San = =1 :
AR e
8cD = =i
EX:~- Calclate -the -final moments ot o suppors of a conrtinuwou
becam shown 0 --{i‘%-
K6 €M
20 kN y 20 kN[ J/ .
A4 'm 2am B 1IN 3m ED
. T o
1 = —é— é
777 77 N
i 5] 6 —k—n —> 3
Q)
N
A- ~ - -~ 2 i Q
-MAB = BOXIX 3™ _ _y¢ = Mg S
> Q
S - 2 ~
Maa = BOX 3x1 = =t M;:DC .g\ :
[ Y
S ; S
Mige = -aoxe™ - _geo s :
F - _ (D)
Mcg = +6&o R-F S
Member K Ri g K S :
2- &K =
Joint g T
BA /v —03 7
™ N s Assume, firstdri
Joint ¢ c8 ot t‘-\,elcfo are
cp So i+ s zero. |
; & v S, HIS —60 = ~Yys
A;L;HS‘ 15 ——60 +60 —ys = + 1S
)
O ] 13 .
: ‘ mbo., = R-E [EME -i-szCL
) +13+507 +9.00 ~y.g ! =720 8 ta
:L : ) ST triad Mo )
‘ TN-9g' + .96 — 9% 7. us ! '—a~3[-_"‘{5‘+mj
‘ .qq. ' [ (A) (o)
, +t4-99, +9.99 — 499, L5 .yq . = 13esg )
o 499’ +q .aq |
-9 —4eaq' — 7. ‘
‘} — / Lf%| 7-49 G :—0'1[+q~0+t5‘+0]
-} ! !
Take. +his values ko Gral F:,SF,HA ’ \ = Y48 ép)

- (=45 to + (=
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Y
!

(—4S+o +o) % (—0-3) =

1

m' = (—-4Ys+o+0) (-6:2)

-

€
C
e

= (15+9:0+0) (~6-2)

fi

I
)

Meg = (l$‘+q’-o+o)(—0'3)'

Final @nd moments :- . _

- ' '
Mpeg = M;B + &Mgy + Mpa
-~ —ys +2(0)+ 14-99

- 30-00

1

[=

t v
M8A+ mea+mq

b
= +is + 2 (14-99) + O
= us

+i1s P

+60S —us

—ys +1s B -co

A — - _
2X0 QARINY 2X 49 a(-4af) 74D axo
O —499 Q-qq) o -7-49

LYo

—> F.E-M

—ys ‘ &o
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ONIT- R
{:—L ‘k*‘
c * PLASTIC THEQGRY
e «GL —
T R =y
.
G EE Z S - z
((\-. (+) ——————— ] -
(" </s N s Stress  variaton —@r plasic analysis
. stess varicton
- —“for elastc o.nqbdsn‘s
(__,
[ l ?
T : Pldsh‘c"
alqsﬁd Teel‘m'
wregionj, '
; -
stress — stain curve Idealised Stress -stain
Mila sieel curve -for mild stheel-

e As per  Elaste ‘thG-ONJ the stesses Wit be nsidered upte
proportional  limit and hookes (@w is  valid - The Stress uartedion
along the cross gection is Iinear and also shown in -Ag- |

8- Even H any Ohe of the -ibve veaches +the moaximum stess the
beam ig Said —to hove —falled but intack e  inner fibres

are. under Stesced  i.e., Mmaterial s Aot uttiised econom“ccuf3~

IB-In plastic theory  yvedistibution of sﬂessag —t©  inper fbres is
- considered  due —p Plhsﬁc zone of mMmaderials ke s«hrﬁ’d—urqf
steel and mid ctec|. Hence  the Mmateria]

i ublllsed cconomicay -
k- pPlastc C\ﬂodmjsts of- shuctwes i 7

based on the uHinae (oad
whereas  elastic ‘ff\eovﬂ i bascd on wb’rku‘ng loads .

Britte Material did  nat have o plastic zone-

Ductile Matenals hove mow plastc deformations (s much large
thon the clastic deformation af  Stuctures before facture. |
7. FOr —the purpose Plosh‘c design of steel Shuctures the elashc
Ll‘miﬁ— ond the lower yeld point  may -b@, assumMed  Nunercally
equal- Photo Copy By Jain's 09700231147
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g- The swain ot +the -Afirst yleld point of a stuctural steel
is 0 the yange of 1073 to. T‘E s | f

9. Plastic zone Means sHain  increases  without l‘ncreosin% ﬂ
the stess: Therefore once extreme —fibres yeaches maximum /
stress  ylelding contipues e, Staln goes On ‘”C‘A@CLS‘”S} ‘3"@’5 .....
¥ inner Rbres have same Maximum Stess: |

0. When e sStesses are redistributed e, Al ARbres Yeach
Hheir mox- Shess the variation of a cotess ie a Yed@\a
wlar stress distribution - Plastic hinge s assumed -0 ~formed
ot infintte votohion ond  then stuctures ~failed -

Validity of plastic theory: -
b« T is valdd for ductile Mat—aw‘qls' bt not —for  brittHe mMakerials
& stuctuwres  subjected 1o impacted  vibratons shali not be desion
—for Plostt‘c_ ‘l‘heowtr
3-IN R.Cc-C- plastc theory can be applied with partial moditcation
c:omFoured o  Steel structures .
k- It connNot be used —for  byass and Plor‘n concrate Maderals -
'---5«3;1- is  not valid —for decp beams :
&-In plastc m“j stength  is e main coriera. and con also
be checked —for deflection.

Plastic bending: -

al orea
(equ d o o | V
-7 T T &

6 < & o) N
9 postic
CElastic -theory) ( theory)

plastic hinge s an imaginary bhinge developed when au the
Rbres veached “‘Hhelr Mmoximum  shess -
Q- eendfng momet- ot~ a p(qs*h‘c h?nge is Not zZero IS QL,P(CLS‘“"O

MOMENE™ (M) Photo Copy By Jain’s 03700291147
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3. At the locahon of plastc

/s plastic bending ~  Strain vawriedion

5K

Stress variatieng

Note: - -
analysts OP :
I+ Both elaste and plastc  methods of p Indeterminate Stkuctu -
Should .satisfy -the eguilibriam  conditon .
Plostic Modulus (2p): -
- Tt is the -Airst moment of an arca above and below e@qua -

area. oXis

plastic

Neutal axiss — — —

pPlost’c mMmoment

. Plastic  modulus =

- Me |
it . =
|

various  Cross- sechion: ~

Yleld stress

qus—tic: modulus —fovr

1. Solid Circular secton : - :
ol N » _, N

Photo Copy By Jain’s 23700291147




-—

=" Sc:[,uava sechon of Side ‘a

ke Rhombus (or)

5"013& 'ﬁbe < -

diamond <Scction = —
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A AT N EREST

-

2 o [ G -
"

(xon by -
bh &

Tt is the rato of -ty plastic moment- of a_section

SP‘OFQ Hfoctor (S) = %&
2z = sechon modul@.

K= ho.Pe foctors —for vanous Cross secﬁgns: ~

Ie Rectc:\ncauto.r section s —
bh
s= Zf = (T>

R (_bﬁ)
: &

R Square sechion:-

IS.:_I'S"

3- sold circular asechon: -

(&%)
e
=)

L =

J.f5_ i~ &9
& o o]

L+ Diamond section i~
ro [ 0]

12—

S—=
T = bh3

Ze
2.

b —3)
i |

e F R R T e A A SRR A e WD e B

"k
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_ T - bh Q
== 7 %% T Ay ”j
h/j_
s = Zr = b‘h&x >4 = o
2 2 th
S =2 .

6- Tubular section:-

S=1.27

7. Haliow circular secton:-

< = "7[1—-K3
I — k4
S, k= Y2

i

Y, = inner yadius

N N
T = Oouter vadius
-« Thin vectc\n(julor sectich ~ ’LS\\\X/\
- o0
(b+5) e
s 12 9
(b+ 1) g ¥
3 Kol
S 2 4eng Q\I\O}Q
Q.- I -sechapn: -~
S = .12, obout Strenq axis (xx)

S = 1-5% obout weak axis (YY)




Qe M - sechon!i-—

&

s = -5 o

T NOte - -
. Genevally —for rollgd Steel  sections Shape “factor ranges O
between  (-is to 1-a7 ¢
'—Q’Yj"ﬁ'\ of Plash‘c zone (Lkp)i- ' 8

Tt & the length  of the beam in which redistribuhon
Of stecses oOccured cirther Poa-tf\j or ~Fuluj 2

.
MP
\
From +he similar triangles
Lo = L Mj
P >

L = v fr—-__ . o
N ' F s N . : N\

cantilever  beam subliected o concentated  load ot end

pmeizmes
RN
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Note : -

f@\/\@@[rl?ADED FROM www.CivilEnggForAll.com :
)_ N

¢

t- ™ the cross section of simPhj supported  beam woith centa -

concentvated  locod is vectangle length of the plosh‘c Zone

R
LP.._

3

X TF Cross cecton ot o sfmphj suppoﬁmd beam waith UDL s :

wredzlngle —the length of the P(asﬁc zone

L:_*L
A

L bad factor « —

Ratio Of collapse load (Hfallure (oad) to working load -

IS o |oad —factor

Load —factor, @ = E_: Me L Zp- €y
P M s &

S (&

Lood "F&C‘L‘OT = (I:QdOY O‘F‘S&F@"ﬂ) Cghq,;@ factor) :

< | for gravity lad (B-1¥, -
. Fs X shape factor
Lood ~factor = , for wind loads
I + </, of additional shesses }
Note: ~

- Load Hactor ~for stuctures  withour wind loads as per

IS 800: 2007 equals Neo) beY

e

R For stuctures  wih wind  (oads,  Load fackor = -2

S ——
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Plastic CcOlopser-— 5
l- TF sSuffcdent no- OF plastic binges are —formed s’uucmr%ﬁ_:_
imo -a  mechanism ond then stuchure falls.

i be converted
redandency  of the sthuchwre

Lot

q- Plastic coliopse depends  on ‘
3- B¢ no. of plastic hfncacss, N <(p +) it is a partal colfo.pse,
l*..

TF NO- OF P(as'h‘c h?nges, N = Dg+1, it is a ~fully collapse:
s T 00 of Plcsh‘c h}ma@s, N > (Dg+Y, T is a Over comple

COHCLFSQ-

Conditions in Plasﬁc anl\dsfs:~
1. Equi Itbytu™M condrtion
Q- Yield crrherion

3. Mechanism condition-

Locations  of qush‘c' hfnaes o be formed N the stuctires::

At the Po?nl— of maximum b@ndf‘ncj momenht:

r.
in su,opoﬂed spans butb not ad—the frec

. LUnNder the PO?D{- load

end -

2. At rvigd Joints and —fixed supports -

k- At o point where the cross section chonges -

5. At o poit where  material changes -

6. Tf cross sectional area changes fiom One side o other
Side qush‘c -hfnge Wit be formed ot A Weaker Side that
2 Where cross sectonal arca s less and H there i a
Variable yalue of qusﬁc Momert where -the orass < echanal
areo. d‘c‘n‘ﬂes less@r  value of Pla-sh‘c‘ moment sttt have <to
be considercd .

Exe-n) N

D, =0
N = O+ 1
N =

Photo Copy By Jain’s 03700291147
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Mechanism 2 - %
sublected to system ot loads -and

.. When oo stucture is
Nno: of Piosh‘c hintaes ar formed o transfer all

D

Suffaent
the moment o he possibie hinges, the Seqment of o
beam between -the plastic hinges are able to move with
iNcvease of- the load such a system  of arrangement IS caued

5 A

-

as Mechanism:-

Q. varous -faillre Modes are also called as Mechanisms. _

Mechanism 5

|
L ) !

\ ] chanism .
Inde_Penderﬂ— mMmechanism combincd me “

1- Beam mechanism
8 Sway mechanism
3. Gable mechanism
le.

Joint Mmechantsm

Beam mechanism: -

c D
p
A B
77777 27777 s
P —
~N

-

Sway mecfhani’sm L -
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Guable mechaniem:—

!
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()

Joitt  mechaniam : - | =

c D €

E Joint 8-
8 F /<< ‘

Basic -theorems —for P(o,st{c Cmc\k\,s(‘s;-

. G
r7rr 77777
H

I- Static method ( Lower bound theorem): ~
1. It sotisfies  -the e_qyuih‘br‘:um condtbion -
B W W, ond M } Mp Qlways |

W= u:sorkr“na load W, = collapse (oad

3 >t g PTOPosed by I\Kis{—”-
k. Design is sofe cde

R kinematic  method ' (or) Upper bound -theorem @) Virtual work
'lm\eﬂ\od C?T) Mechgnism me"H\Od <~ o
i. It sabisfics the @_q/uj(t‘briu\m cﬁ‘—terion e s déQQIOPGd ’0'3

GVODZER, C\REE:N,_,JBERG\ & PRAGER-

Pﬁndple ot -k&::-r\emdﬁcs s  used

W>/wC) M<MP

S—

Design is  unsake

u F W oo

principte of Virtual work e, external workdone = internsal
workdone  is 'O.th‘ecb

e = Wi Photo Copy By Jain's 09700251147
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procecdure —to caleliate Collopse  Load:-

I+ Calculste  -the Posstble no- of plastic hinges for a. qiven -
Structure _ (\
2- calculake the no- Of Independent mMechanisms asing -
nENTos . =
where .
N = possible no- of plastic hinges r
Dg = Degree of Redendancy: _
N = Dt
= a+!
=% 3
N= N-< Dg ;
= 4-2 :
= 2

3- Colodlate  -the collapse load —for cach meachanism by
QFP‘*"\“% ’ We = Wj

B EVENn H it s vequired  go —for combined mMechanism and
olso caleculeste the Co(lc:.Pge load - |

S- Finalise the collopse load by +toking the lesser valueg of
obove caolculceted colapse (oad.

Stanchrd cases -
I Static method @ -
) T
{WC = & MP
S S

Kinemodie  method i~
We = Wi
W.-A = MpO +Mpb

WQ' (—;;'6) = ZMPQ

We = hMp
L
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statc methed: - \Jij :

We X = am,
- i

N = B8Mp

L

Kinematic method: -

We' =0 = wMp0

>

Kirematic method « -

We = wi;
AZCL’G;b'G,

o, = a

t b@
WC-A: MP'G"‘"Mpei
W. (@) = M + ’
e (26) p(®+38)
W_. = M, /@+b)6
c P — :

(9222°)

X8

W, = 2MpL |
Qb
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5. Y% = Mp o
8 ES
us. = 8Mp >
> -
(oY) -
i
L
, W funt
c. g . .
AM wcL _ 2"19
L > 8 . ’
w, = 16 Mg Cov) \]/d = leMp .
w L= =
c
T4 > J L/m7\
. = 6Hp)
2 57577 & L
WC
8 4?0' L = W= Me(LtR)f
‘% ab
7/
e L 7
q. ws funit - - {1-656 M
, W = l1-65éMp (or) |08 = P
/ < e 2
4 L L
77777
Ex:-)Colculocte the coliapse 10ad —foc  the beam showh 10 fig-
aw
AN
5
Au, A = S MO N
S
W, = O-75 Mp %
7 S
<
X
N
3>
&Wc_v A= MP~G S
SQ
. s
LW (’3:6): Mf‘e §
o, = RHp
L

TORRRTR I T T i) coron
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Exi- 2) Phen .

CQase

we: (UL
A= L = _Z._L‘_
3= T %
o, = L6
2
case:t WCA::.Q_MP6+9_MP6+ E
W /L _ -
e (£0)= 4M, B +3M8
cCase:s =hM, B t3M, (3'_‘6 “
Wc = i8-5M,
L
cCase
A =/ \é\
R WV
t L_/3 2 /@Q
Q
2= 5] N
/SW\
We = w; Qig% )
W_ - @Q |
MRV QM(,6+ MPG'Q‘ MP(O'(:‘G) %@ :
a8 |
W, = 1S M
L
. collopse load, [w. = IS Mp
Ex-) N W .

‘_—_-—a\L<——_'—_-——> < 2-_1-_-—>\L<—— L/3~—>(
A P 2 2 s =Y ;‘(’ -
WAL AN
o 777 e
Eirst assume interiory meMbey, B Is  fixed

L W
= |

pi=
77

N
AN,




8 L/’— N l—‘/J'— C‘

w=eser, g Ma | T o

L

USC: iH-6s6 Mp w
L A L

<. COllapse (oad, W, = &My

F rames : -

Ny

Pe (LB)= 1t M8

Po.= tMe
L

Exi-2) Pladtc moment —for the ~fame shown in fgr is.

=3 C
km

um (M)

1O KR ———>
3Im

S
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= ; {

&
WA = 2M Bt 2M, B,
o (48) = amp (e +%e)

o6 = am, ( 7?9)

Mp = 12 kKn-m

Ex!-
) "
w B8 L, J/ Ha ¢
< 7
PR 2M,
L L
M M,
A
A 7

A Beam mechaniem: ~

WD = Mp® +M Bt M. (B+0)

We (fe): 6 MO

Swo.ﬂ mechoms‘rﬁ Ll

We'A = MyB+M 8 41,0

WQ (L@) = 3"‘1(9@

WC’A + W A, = Mp(0+B)+ %
2Mp (O +e)+MPe

We (50)+ We (Lo) = 7MP

7M’,
L‘ Photo Copy By Jain’s 03700291147




1

e e ~ DOWNLOADED FROM www.CivilEnggForAll.cem

- Equal orea. owls :

ToP flange : -

A = YOO RIOO = Yooo0O0 mm>=

wWeb. — ‘
A = SOOKICO = sO060 mm™ :
— 100 k— -
ot avreo. = Y0000 + SO0O00 . ' 7
A = qooeo G
A - ysoso '
l. [ 3
ks qwﬁ% | \[ugfun}t— 7
[e) ”f;' /%/ 7 o
(We), 1656 Mp
= N 28K )
(W) o S
( ’8Mr>
Lh
P
55- e
N=N-—Dg¢
NeS ()

Os =e-3=3

N—=—5-3= 2.

3=
Moment Resistance = ( MOment of

an oreo. about MN-A) XFFH

—

Moment of an ara cbout NA =

_ bxh x (9, ‘
= &[( *3) (‘:f,)-l—(-;x%:&%, (Z)\\
(2] o
— s -g; \(D
(B () ()] o
- a _Ebf B> ‘ -
(5 =] @@Q%
= 2 (1abW+ Bbh™ QY
(==
:g_giph"‘ . _,
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v} _ A 31 + q)-:jz_

from —to Plastic
‘ P a, +a,_ NA &

\d}—
= (Ioox:_o)(lo) + (1oox20) (7o) f - _
(100%20) + (1o 0R20)
= YO mm

S. Difference -

Z-P = SXIO-L‘ m3 S=o)e2

P
g = Mp _ llC’)XIOG
g (5 %1070
= Qyo N/mm’-
A
S =1t 45 . §
N ‘6\/
@Q

L, = -t '

PEL(' ) ‘\\s

= L ( f - ..'_> /S\}
e
O
- L ( Pej2 — 1) @B
t-12 )
Q
L = 3L ¥
P E = 0"'07L @\\§
= L
&
Lood factor (@) = .PQdUI\OF Sockety x shape ~actor <
b+ /. addifional shecses
bl oS Xtyy
\
| +0~2
= Iy
\[Us/ufﬁt-

2 E WC = *GLMP >____> plastia Qnalﬂs.'s

(] !

\ > '

; wt At the clasfic imit, clastc mement (s

-+ of the end moment
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fy
£
X
s
N
}

3
= M (shope factor » -

1 (Sheype ) o
= _4 (15) . S=1'S or rectangle o
3 -

= 2
CO(lo.Pse, wc = 2 W
= axlo KkN/m

We (£8) = kSMp

L =

W, = Mp (alL+b)
ab
= Mp (Lt .L)
(3
= &M
L
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oK L ) L/Q_
A B /> c
7 T 7
< L —
IN
) N p
4 > A
7|
Pc = SHP
L
Totad=
1. \L YN l I S
N —
7> H 2 no of Foi?;}i
; - DS - 6*3:3 L./ P(Mﬁ >
o Ha n = N—Dg
- -—7,3 :5_ﬁ =3 = 2
Min no- ot hinges possible 4o convert a stud
e mechan

Beom mechaatam: -

L

SWay  mechanism: ~

We (58) = ym,0 .

N
c

—

&M,
L

L% CO([QPSQ (oad, !wc = HHPJ
. . . L

P9 NOI-75

Lls.

777
05:6-3_":3
OS', = 3Kl =3
D, = 343 =6

No: of possible. plastic hinges=9
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MATRIX METHOD.

¢
e Matrix method are used o onalyse the si—cxh‘cauj -
indeterminate  stuctures of higher C
8- In stobically indeterminade  structures  unknown  con be cither (O
vedundant —forces or Joint displacements . Therefore -these redund -
ants can casily be caledlated by Hobix  method a

~
Flexibilty (09 Force (0OY) compatnbiiity  Method = -

- T these method “the ryedundant  are support reactions
(fovces  or couples) e

- L‘(ex?bth“—txj iS an amount of dEsP(ot.cemeM* wreqvuhred +ocausé
o uhtt —force-

2. Flexibilty cocfficient (& an amount of dLQ,Pchcemcf\{- developed

N the divecton Of yedundant —forcee due <o unit Yedendent
—force- |
v y %
k- Displacement developed o= i oot due o unie force
cxPPlied ot ™ hroat

Feo = f'—”lexib?lej c Oc-tRcient -

J

LA A,

Ftl. = F_l‘

Lad=(2 =le]l <

tliborin method: ~
Chiftnces method (of) Displacment G0 cquilibrium
1. Th thie mMethod  WDKNOWNS are Jolnt alisplacement (deflechions
oY  Yotations)

2. Stiffress IS on  omouwnt of —force  vequired o cause Nt |
dnglqcemeﬂf . o |
k= 5 Photo Copy By Jains 03700291147
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3+ Stffness  coefficient is an  amount of —force developec ’

0 the divection of vedundent displacement due - a. wunit

edundent | t“sPchceiY\en't .

K.. = Stffness cCcocfficient

L}

(P11 = (kI [a]

IR . ;

-—

r::_ = Koy
Note 1~
Sthffness 1 an iNberse of Flexibility | therefore the
product of stffness and flexibiity  is cqual o 1

I+ Axial deformobkion: —

E = [; g T > () —>> ®
— L = ’ -
A= PL 3
b3 AE
a-Axial ~flexibiidy s -
LR T
A
b-Axial shffness -~
Ky = AE
L
Q- Transuveyse c:lispiqcemeryf c -
A2_
3
'-AX: PlL o _ \,j
3ET L,
O Tvansuerse  -fLlexibi u“—hj .~ ' 2
: A= LU for cantiley -
_ 3 3ET .
Fop = L v
SEL cETL
i .
b+ Transuerse StEness - eTh 1 -
Kyy = 12ET wshen Hfar end 6 ~fixed (‘ Y
L3 /% J'S '
. < _ 5
Koo = 3EL \ when far onal g ht,«,ee& L ’l\
3 .
L ' _{2ETA
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2. Flexual displqc@_ﬂB@fﬁ— 2

Ay =

o Flexurad v—F(exibilii—-j s~

b- Elexual stfftness -

M, L
-

EXT

M3 - HEIA;;
L
kaz = 2EL (shen
L
k33 = SEJ:
L

Je— 1L —_

3y
\

Ms

—far end s fixed

when oy end is hingcd

- Torsional displacement :~

' ©

= TL
GNY

a- Torsional —'Ft@xib‘m“rwj >

ar

b- Torsional

Ky

F Iexib\i‘riwj methoa

~
stuctuwe

- L

QT

SHefmess L ~

= 7
L

Calculate -the degrec ot Ted&hdd.hccj

R Apply ‘the untt —force
and  calculade  the displacements  developed in the divectiong

of choosen

cocftficients

cooradinates -

Eormulate the -Fl@»dbi(x‘-t-j

")T ocedure t ~

Removue —the «cxcess vedendents and Show A Adeterminate

N

Assign the coordinates —for —Fhe  Yedendants LR3,~-~D

n -the directions of coordinates | %I
madrix by Calewahing  flexibittty
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“for o caiveh steucture (O5)
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G Note: -

€« T C:leza rec of Stodic |‘ndefermfnogj of- oo shucture is
¢ “hen sSize of —Flexfbl‘h‘-{-:’ matrix s nxn-

&

Ext— Ocwelop ~the -F(exfbftﬂ1j Matrix  —for a  fiked  beam O‘f-\SPC:
¢ ‘L by choosihﬂ the redendance ot any one of the -faed :
¢ su.PPoH:-
c
- A ,j - —Ee Dg = 2 =

Relcased stucture

31_@45

ANANN
.

p( =1 1] Pl = ()
— 3
Fu - L
IET
~ 2
Pl' - *‘——*L = Fl)_
2€X
3 2
A= 0t 6= Bt For
3EXT . 2E3
cantilever bea |
N
Fzz_ = L
Ex
7 L | |
M - 2
d {) O = ML A= Mt
ET 2ET
LFJ = [F" ':“«} = [ Yhe &
PD_I Eyy 2€ET
"L}‘
ser L
(S
00291 1%7
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Stffnese mothod  procedures ™ &
of o CJIUQ“ stucture by 'S

1- colewl
Neglecting  axial deformations (Dg) c

- choose -the vedundent  displacements and assign coordinades

l,&r3l”“"ﬂ ‘ l .
2. Remove ail fnde/:eﬂde(ﬂ' disp‘&&m&mtg to obtain the Yes-

s
L

Hained  shucture. A 4
ApP'Y unit dLsFchcemG_’Dt' at all the choosen coordinades

and calculate the —forces or moments deuetoped _ (-
Formulate -the Stftness Maxctrix b&‘ Qoicu(cd—mg e S‘hthesS.._

5.
cocfficients -
Note: -
TF the value of D, Is ‘n, the size of sShfmess
Mmodtix 1S __::__

‘ ; [T A
EX:- Develop shffness madrix —for a  cantilever beam ot spon't

Aﬁé_._——-L_ _ > B8
N oY 4

HJor the choosen displacements  shown in -

A< L ———— g ‘ A, A, are ~the choosen
2 - L'Cy d isplacements
&
l -
Restralned stucture
\
™ e L —— R .
A NG
D =t A, =0 -~ b Koo -
EF Iﬂ'll K, 3
Z\ N Kll = ISR SN - K‘J_
L /]\ L=
12T A
L3
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!

NS

DA, =1 A, =0+
T Koo = 2L
a ~& L
< L ——>
l”fr = Koo
JACE =
'Y SOXV\['\DACOY.:
[K] = Ko K e e
K et
2.4 Kay e st e CO
’ sBP ury alc.)‘fX‘J&'A \ 7
- g LIRS C AN
= ( 12ET/ 3 SEL/> a1 AT
S ET /La_ L EI/L

EX- Develop  the stffness Mmalix  of +he beam showd 0
“'ﬁ'a~ .
Aj y 8 ) C
77777
< It —>i< Im———
A- _
A 2 hm EB 3m ' Ec ( Restained structur
Al = { , Ag_:O C -
ﬁ m Ky = REX
] 3 2
S 4m —— / 29
Kll — lE:C iy K\J_
ZEL YET 2
3 2
N N N
A, =1, A, zo:-
LEL/ i z
A Lo 'A - K,, = ET + 4€EZX i
29 = 5 3
77777 = = yer
‘ ——
< Y RS 3 3




Exi— What -he -Flexibility RAUNLOARED FROM ey £ivikaggayAll-com |

(F) = (k17
=) h
(F] = g—'gj;_ [:]L _k]

EX:- otiffress cocfficient Kk, 1s [ &),

a) 2ET b) HET ) IET d) JET
L L L L

- 4Qer W -
K L 2(2ET) _ YET = Ky

4t (RET) . =
L

EXlI— The size of -Flexbiltty motix  —for the “ffame shown
fique is  [d]

o) 3X3 by WX4 Q) sxs . Q) 2X2
A -
Dg=s-3=2
< QX_L
e N N

Exi— Develop the sti-fﬁ’\ess Mmadrix  for the beam shouwn N 'ﬁi:]-

A _ 2{ 8] ch _4ED Restained Styucture
A am c
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Ky = BET + 4YEL = z3e1

A AR B < E\ b A I
N et
77 K = ET = K
UEI KL : 2ET 2 T 12
. hex Tk
2 J—

AN

P23

O-ser 2ot i

(k] = (_351 oeserj

- BT 2 oS
O-5 Vi
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25 ONIT '

AND TNFLOENCE LINES
——— ————— T T

‘ROUWING LOADS N
Tnfluence line: - | e
Tt shows -the variahon of parometers like support -

Yeactions, Bend:‘nca moment, Shear —fovae, and slope actlections -
ot o Poin{- of o beam when unie load Moves  OVer the
syuchare -

Thfluence  Lince df"oarqms —for suPpov-t reach'ons -

)e sn‘mPILJ Suppovted' beam

=1 : [
‘L when untt load at A

8
N 55 -

T 7 X ]

when untt load ot ‘8’

R _ Re
A
: RA:G
{
t
Ra '(\
| +) 4
< .T_'L.D ,{
1

CDnCQ.P’t:" v \L
e (L=%) ’—éé%

7/7;;—1——-).4 L £
2

= LK Rp = X
Ra L | 6 =2

At A =0, RA:‘

A =L, RA 50

R’ wheh untt load ot B8

L _—

Wwileed ,
TRB Wheh unt (oad at A

Photo Copg By Jain'’s 09700291147




- What s Ry and RBOWUEQQDEQIE(BQ%W&’W&M'@Q@M'-'ﬁ»%@“

20 KN 50 RN

=Xy

Ry = W&XHR + Sox . = 36 kN
[ G

Rg = 20X 2 + SO0X M. = no kN
A 7S

EXI- What s Ry and Rg using |
\& 10 KM/
A CANV NV VD

&
by, UM 3m osm Ly
77777
| (
|

i
! I
i

| %

{
l
(
|

o

l
{
[
i
i

= JLox R+ S = .
Ra fo[ . 3x(a_+_6‘_)] Q- 67 kN

Rg = 10 ["5*3’((#*%—)] - 833 kn
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Tnéluencs  line diagram ~for shear force @ sechon -%: -

i

™

when unit load ot ‘A’

=1 ("

J/ D & .

A/\ — ) -
/(A

RI:I TZ{ \L

LVK =t = :0] [
wWwhen load moves@X _, J/[T

Aé———'k—’—3

A %(—(L—’L)———_b% -

- E =L
RA: L-X 8 L
<L) - L-A g |
s-F @ X Vo= (5)
= AR * S
L
Vy = X
i

When load crosses -the sechon-%X. ot & -
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+)

Q
8
&

X
L
< L >
Influences tne diagvam

=X~ Calculate  —the

EXi— CCLLCLUCﬂ'C “the

Force ot -scech ODtX'iSi’)OLon

Shear
10 KN
A/{ A M /\L ;
R t ;\
77777 —L lom — BB
; ‘ .' 7T
(
f——— 12m ;
1 : 1 1
( ! i , 1
[ ' : )
L U { \
) t I {
'. 6 3
: s ‘
o . ) :
[§
]

Uy = .o(:%
!

12/a
) = —9- 44 kN

sechan

S F ot

- %,

in ‘ﬁ‘ca .

(n ~fg-

shown
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Tnfluence  Iine cliagram ~for  B-M AlpE ;&Q.I\éwiw_gmlEnggForA”-

LR

»

_’K
L &
Untt load at A M =0 O
Onit 1oad ak X -
(=) ﬂ
{
Onit load at g ; Mx=0
iOKN 20 kN
. B ] /\
T o - 5 #7577
S 3ml“"ﬁfx { 1
{ t q ;{
t ' | ( (
) ‘ ! f :
‘l ' ' ' 2 — 3 g
] ( ( 2
: N ' LM — [
? 3%3 =2 3
: QN Y
{ d t
* o ; { { j (0 H
N Hu( — loex! 4+ 20X1 = 30 KNXM .
EX'~ cCcalculadte <the aM ot Scchon —X ¢
-SO\CN/m "
}
A e 2Mm —> : e 2M—> g
Le—— 8m > 4 §
{ S viiaa
g i 5 y — ) ! v
f My } X : :
f ( } i !
{ ' | : '
! f f t
) { i |
{ ( ‘ |
( |
{ i
{ §
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[(éXLX [%+_'§]) -+ (*)%XQX[%+%])]X§O

<
»
I

= sS00 kN—MN.

Note: -
b« LD OYvdinades —for rvreaction and SE as NO unts

- TLDp ordinates for BHM as Lihear unit

Over hanﬂinﬂ Beams © -

I

ar
A 8 , ~L
A 74N f ]
rrrrsy -Tom )
A T~ | :
Rai RT ! Assume uwnit load
{ 8 3 - )
i ' ) ot free end
! j ‘
Ra &) | .' Mg =0
; ‘ : Ra = —a
X ! ; L. ‘ "
i i ~ i
( |
J n
(
L+ 3
=)
R ,
2 o
1 ’ { :
( ‘ ¢
Exi- calculote ~+the S ot section — X
AN . - , N - N
X L
A A ]e— (L) —B &c—a —>
AN 7\ »
i
7 ' 55
< L > |
| f ) 1
‘} , (i I
f ! ; ’
t { .
! i
t ¢ ,'
| ) ! [
v ' ‘ [
i 1
NS
/
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beams o©h both

b

£
€
<
|-
o
LL
(@))
c
L
>
O
2
N ®)
@
. W
e
C <L
)
|
=
=
O]
WD

)

L+b

(

A . N @ Q

S
r.\U
o~
S
™
>
S
p
S
K
2
A

—_~ -

over hcmg(‘ma

- ——~

for

Be—oA —>'e— x> C

line  diagram

a
+)

.
X
L

(v

~
I

M
Influence
Sides
T
e
A

A
R

\
-«

=X
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Cantileuwer beam: —
b4
Sy e () —
AT | . 8
‘ /
e L -
: : ‘
| / 1
\ { §
. : ,
{
{
Ra ' ) '
{
e ' .
{ §
) '
Yy Z ' +)
o —
{ |
! ]
I' ‘- R
i ol r
6] ) : i
My ' ( =
5 ' R
|
f 1]
Ex:-
B8 B C
Y1) -
2, A B
1 X : :
| Em ———D1e——3am ! &—3Mm
. i 1 (
: -' ; ‘
{ ' > 'l
) ! [ .
t { 1
t { .
i { 1
R ) {
A 0! h Iy
! l ) :
1 ( { {
! { Y o-S [
i ( ] !
] \ | ‘ ((
1 ( { \
| i
‘ [ JeS :
t ¢ !
i
RB ]
t
]
{
: ' :
RC ) - ! H
\ 0. o
I A | 1
i ! ! '
i . ! :
a ; © n " o
| 14
( , > !
. { . .
( : K
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Te, 1

R
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Rp ==t
&3V © Z

T

A 6—%5

when it load s :
KGP‘(’ in Rp =}
A:( -
'*'SMG =0
GRA + 3 =0
Rp = ~0's  kept

‘H'ns under the CLFP‘(G’d

Joaa -
Rg = 1tos=1t-§
when keep unt load ad

C, Re =i +hen R'M at

7

8=0
u)hen load kep+ at D=
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RN X
EXs ) Ne— it A =] c 8 .
e &M — I LM , T\ r O
l' ! t | Rc RB ,«»\
{ 1 ; { 4‘4——— am ._HL RC -
|' ‘ ! a : M
{
' . ' ' S,
‘ R = | =0 S
RB ‘ t l'o : - B + RC {_ S
\ [
T t | . ) )-\
| ; " ! when load kept ot < Then'
! ' '( : o
\ ¢ R = { =1
: | . A » Re
! i
RA |' ! ' I\
ot '
5 I ;
' i | '
{ ) . (
\ f X {
\ /} ;
V ! { : |
. 1,- /'G_)\'
! ) ) :
i
f
M | i : 1o when unit iood ot ‘e,’ they -
b f T 2 ) I M ot A =0
( ! : Baram
f :
‘ : .' f when unit (ocad at ¢ he
‘ ' 7 Ma= -6
! )
Mo ‘( ; When unit toad a+ A then
! (‘ |
| q MA =0
: ~ l‘ (Where unit load is P(aced,
that Poa‘n—t— onl.j ¢ calculated
value " g “taken )
Qolli‘ma Loads: -
I Maximum  endN shear: - N
a- sldstem of wWwheel loads:-
W, W, W3 W,
< !
N/
le—a & b—c—C
Wy, b, Ws Wy
A \L \IL \L J/ (2] (-RA)' > (Rﬁ)a_ |
ﬂ/7>f & ‘R > Sum of Yemainig
. load Roltlled off toads
e L — ’r .
- R_g Sucgedg‘ng -SFCU)
Ra whee( toods
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(Ra), = support reaction ot A when w i placed ot A |

(Rp), = Support veacton ok A when w, is placed o= A
(W, is rvolied off)

b) UD-. shorker -than +the Span

® i

W /unit

oW

A NN R ,
L s VAN _
< L > -

C) O-D-L lontaev +than —the span

\[ wf untt

52NN

R- Maximum  shear —force ot a given  section: X
& System of wheel loads

W) wa wa Wy
. L 4l WENY) e
%

/\&e—— ——""X
f

S L > i
(Vx) > (\/,L);Z i Load Rolled off Sum of at leads
' s
Succeedfnca wheel st.n SFQ”
~N SN i
(V)L), = Sh&Ox "FOTCE. Oi’ SQCHO“’X, Wheh W, ic PICLCed at .SQCHO/\ .
(Vx).z =

Shear force ot secHon-x  when W; Is 'P(o\ced at
sechion-X ' '

b UDL Shovter -than span -

»

i« For maximum +ve shear ot SeC'h‘on-—x:~

X < Wuatt
N e

A.

VAU £
‘<—-')L >
I}

—
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t R

A ; B @1

{ é%
/é—-——« X *———9{ O
< L — O

than L -
c) VDL longer th the span -
\[ w/unit A
AN YNV, ,
77777/\ A
P >

3= MaxXimum R-M ot a secton—Xx i1~

o sﬂst‘em of Wheel loads *-

W, Wy Wy Wy
Tl in LT
N

e—a Db &—c

v X
ﬁe———o.—————”: 8
{
/N e b —
< D ?

be Auercxcae load  ON AD = Average load on 80D
e, Mox BM ot section occurs H avg: load on AD — Qvg ¢
load on 8D changes its Sign

~ N

& 16 20 12. <N

[ LT e
\% ' '

&— 2N D& 2M —I&—2M—

Z/T;J/J/J/-DL A%BF

— 8M —3i¢ eam —
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Load Rotiled ofF Aua3~ Load On 'O‘Vﬂ’ icad |
Q& KN SH _ (18tiet2s) 12,
g~ s e
QRO KN 24 _ (183+te) 32 _ 12420
8 K 6 &
6 kn 18 48
) e
Mox- BM ot +he sechon
'8 16 kN 20 )3
-— & — e—~2:—iié——2_——94r—2-—fL¢—— 12- >
A , - : B

8 D & — - 18
' .

|

]

AY

I

)

1

)

{

' D N .
/ ! ( : @)
' . )
&
l
]
{
\
f
f
!
[
|
|

(o)
MD = [8XWY + (16xS-833) + 20X4Y-66 —+ 12(3°99)
= 29R- 26 KN-Mm
(or)
& e 20 2 : AN
185 22 PR :
2 D < 3[< 3
e K —34, _
Rz (&6 +20%t0) =66 KN
;Z = '6)<2»+720XQ +~|2}~é —+ 12%X0
Gc6
T = 2a-78 m
Note: ~
which load is neorer 4o T Jhat Joad 18
Lo 16 kN
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g Xle

e T

Remarks
(fu)

11> i

-

~.

o< i

=5-33

Maxtmum foog
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L) opt shorter  than the spab

5"“

X wfantt
A NY‘\/V\(/‘\ e 3
— 4 e o

L b >
< a. —> :_4 "

ez —' C
& L - (*
] 2= b xb -
L {
"

C) oL Ionae\r +tan the chm'.~

éSé——& —Sle——— b —
/

>

&

- Maximum B-M  under a choosen load: - N

‘ | +he suMtant v
- Colculate -the mcLCJnH'lee and posrhon of o YC -
o %i‘uen whee] 1oading system .

yesUltant af ecqut distance cme
5. place the chooseh Jjoad apd] [5he K g

cither side of +the cente of the beam.

Orow Tl —for o BM under a <choosen load and clcukte

3.
e maximum M under A choosen load.

EX:- 182 kN {6 KN 20 kKN 12 kN

Ll

e D —3&— 2 —>&E—2 D

. e | ?
What is “+he mox- BM under & o0 kN load ?

78 Yo-el

,é._.,ua-—at i
2

¢ <« <«—9.39-

w4
N 1061 \ Vv (£
A 1e— 2.~
&> ; \
. am ) .—(GYD’

:
i2m _ J

!
e f2am &

l 18 1’6 oer| 20 KN

f
t
' .
'<——‘ the 29 M

-6t —— > 2

L
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~. e

12-61 X139
2y

=6

Q-61 — &

G 1A G| 106 ——> ?

M 2.5 G +12X5-65 6366 ‘
= . X 2KS- -y .
mox IRXU-65 + 16X g2q8 + 20 u__a_gc
343
= 359 KN—mMm g€l—y ?
-6 :
= 23337 KN—-M &Xe = o T
lzal )

Absolute max: BM -

I+ In -this method neither  sechon s guen  nor  choosen
load & menrton:
2 By fnspec-h‘on select the I(bad by ca(cutcth‘ng the resultas -
of the whee! (pad SYystem.
3 Take sechon wil be -the centre of ‘e beam —to calcla
absolute Maximum ag.mM
H. Draw influence [ine diagram under a choosen lead -togei
the absolste qu:mum B’-M
EXi- 18 kN 16 EN 2O0KN 2 kN
&— ‘78-—%‘
{0781
I'—'—>‘
vAS s R
039 161 .
{e——g_—><——g_——a, -
. - {
< :%— 2 ', >;e - IL\:—M’» >\(
(é—-— et —ﬁ_ﬂe____* (2 3‘?-———5
| {
i ! /
/ ; |
. ( | f l
| ’ ' !
| f
l
0 ] I ' : T 0
v \ -
/
el — e inazq—
Absolute Max BM = (8 XY Q5 + 16XE -+ 20RS-62 t 127Y.06

= OS2 KNemo g, Copy By Jain§ 09700291147
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Mulier 8\“@3(0&.13 Prfncfp(é;-’
both. c‘/ualiﬁxt\‘ue and

£
3

varleus functions
.

™t is o vewy mnw’m‘errt_ method ~for

le
TLD's —for

quantitative- Determination of
in a stucture: -~
2. Tt IS POSStble —+o sl«efch the shape of TLD's and thus
Actermine o_ccumltd —for design purposes the loading Pcnf*em

of +the shucture N Order -to Produce maximum ettect -

Stextement @~ | | g
T+ stodes that the ordinates of the intluence line .

n “ﬁbve
—for any —funchons such as fYeacton, sShear, BM, —torsion, |
in on element of Q. stuckue are Pmporhoncu

cayve drawsn oy the stuctire
corwesponds HJo thatclemend

n ds ]olcxce QL C@YYQSPOMG\:,

akecces Gtc
“4n those of -he cleflection
Obtain by m_s,mou«‘nc\:l the consbaints

from the stuctve  and inﬂodud‘n%
deformaton o P’Nmocrﬂ attucture  which remains -

AAPPlIcahons s -
drowmcj TLD's —for a dQ-kermmo:h

. T+ can be used ~for
- ke b@cxm.g, ames and

and  indeterminade  stuctures
articulated  Skuctuves  assuming that Shuctures “follouss

Heokes  law -
EKQmPies -

1. Fixed RBeams

A
>
- o -
+
=L
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Tnfluehce ine diagram “for the tusses :-

@ Us 7

. d mes
(UPPeY chor NS

( Lower chord mem -

To calcylate -the —force  in “*op chord member v, Uy -7
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gagForAll.@ﬁarn

e T

To calcwate the —force in botdom chord member L,

é—MU:_:C)

N '— . . R - {»’?:
'_'—::_Ls *h o+ RXLik, =0

Vertcle membersi-
FUlL. = F:L.l U'
when wnit Ioad 1S at UL
':L|U| = '(R.) ' .
: ' T \ Linear
‘When unit toadN is o v, vaniabon of  Fy,
between v, ond U,




€

U, L.
_ 3 b3

e

ff‘

c

{,\ R
P9 NOL- B6

o 6 - =1

Va
| .
{
Y 7 "N ’
+ g
7’ 16G KN B
— M —> z
A : —AB 5
4
1
: My = 160X 2- 4 = 3BY KN-m
(
: :
_ S B . N :
a- —_. :
m ¢ 2m _
<253 R:(6+5+t{+3) = 18 kN '

R=ig kn

18 AL = SR3 +YXE +3XE&

A = 3*SM

LN 44

Nearest valve 18 5t
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9. |
L=l ] — .
Mqu‘mum BM ot 26t posses +he sechon O
D
{3
. i
A 8 f c f D O
2 Rl el a e o
\ | P
, When untt load &+ A,
: RB:B !_\
When unit (oad o B,
C+ Re =i
Re 1 8
! When unit lood at-c,
when Wit foad at+ &
Tt S Rg =i-§
{ \|
't 1\2 \l ']\RD
= ¢
{
0
//’r‘ﬂ T -
{ LY
X TR : Re
! ) :
Yy
S
L
A VY be o
’ N A g 2 ) ']\ ' g
“— 2 —>le—2—<— 4 ———3’% m e Ry o
) N C Ran =~ Rg <—u— S
r ¢ I .
i { ] .
l( ( j when unit bad is ot D -
§ { . ) ' Ry =1 -
(o] ] f h . ' -
) { ( when untt joad e o ¢
when Wt (bad s ot 8
QD:~O!§
RA::I' RB:C)" Rp =0 ’*FXD_"‘ROK‘JQO

RD = ~0S
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N
¢

te ' 2t(m
| ¥
— um ——3',e——— m —_

t

t
'

'
t

'
\

'
{
1 )
!
!
1

! 3 :
: /N v,L:il(;__qu 3) ()

- -

t - 1 ',
M ' = &t
. ; l' N

MD :O‘LLf N‘L

80 €0 100 120 KN 0

bbbl

Bt -
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!

HOO X = (éox3) + (tooxe) + (120xq) +(q0ﬁl3—)

X = G-olm

A LD 8
%:sm—{e\— zsmg%
N S AN
OH (1) AD (i) BD (i) (iv)
Ho KN 260 yo Cit) > (i)
5 <5
120 kN 240 léo (@) >()
’ (s PXS
100 kN , Ho 266 Cli) <y
B i
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w/ uni

M SRS
St Sar] 7

O
P o 5 < b ) . : (\
'

Fa T
Rg

/ ( d] WX
( 18 \L /2 L L
;é—-—; —"9:&"3_—_5 ;é— A== &= L— { 4 r‘\ r’\
; : ! ; : S 7 N P Rp
‘ ! i ! N C- AN
: | ' / ; RA \\ Re .
‘ ‘ 1 l' ] \ F‘G‘D‘
] ' (
RC : ; ,) | .
‘ ] : | when untt lead ot A, R.=0

f, ’,w\ho when untt (oad of 8 R.=I'S
£MD =0
_:(xi‘*‘_k_ + R XL =0
2

R, = 3L = 1is

c = =L

when wnit toad ot € Re=)
~N N
£-9 Noi- 28 | when unit load ot b, R =0

SRR N MR NP LIS ST -5 00 ST N RTINS SRS A
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ARCHES

Arvch s a curved beam on which  horizostal movement
s Snly whouLJ or pcuthj Ccan be prevented hence horizontal thrus

N

witt be induced of -Hye su,opcsﬂs,

S Span —————

Rise = mMid hej‘ﬂh—k of +the arch fom crown to —the base of
the arch
(. Avch & cconomical —for tong  span  sihce the 8'M are very les
2 Avches are predominently cubjectesdd o axial -thrust oy artal
Bw—force (o) Nommal  thrust.
3 Gronite Material (s best cubted '——fbr arches

ARCHES

. J v
Semt circular pcﬁdbo*t‘c s@g\me
(od) (point load)

Clasaification ©f Arches: -
t. Fixed Avch:-
<

H‘mcae less axch

[—\ D$:6~3:3
77 R .

Qe anca(e hi’ncae arch -~




B
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Z- Twao hiﬂge avych: -

€
Do=H-3 =} ¢
O
O -
()
Ds: (4-3) -1 = o ~

{ %

remain 1‘03 arches -

*

This 1s sﬁxh‘cculg determinate and the
ae  stohically indleterminade - ' -

Q- SuPPOHS are ot the same |levei: -

I verticle Yeactons can be colcuicded by, trecding  this as
e s‘imPlcj Sur:,aow’red beam <sublected o 9:‘\)@_1) loth‘hg wahen
Su.PpovS are ot the same level- -
5. Horizonto) veactions ot the support should be same T
e subiected verticke lch{tng only - ' \
3+ After cqlcu\cr‘:ima +he verticle ryeachons Uy and Vg use

£M. =0 v calcyjode horizontal —thywust -

EXe— [6OEN ¥ m_KN./m‘
M
A Y G
—_— . ‘ ?
T B e am - Photo Copy By Jain’ 09700231147
Vﬂ ={€o | V8: ‘6o
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A Yy -leé—q -—GM &
'I\ c
& &M — Vg

VA
Uy tVYg = 160 + (20%x8) = 320 kv — (D

g_MA =0
I60XHY + 20X &XI2 — Vg Xte =0 —
VA = |60 KN
Vg = B0 kn
SMC =0 (it POJ‘L‘ ot H\‘nge_ ot C‘_)

—HXY + icox8& — 1860%xY =0

H = 1680 kN

sMﬁ =0
“VUg X6 + 20X H¥x2 =
N
Vg = 16 kv (1)
Va = =10 kn (L)
& M. =0 ( Right part of Hnge ot c)
+HGXH* — 1OXR =0
Hg = +20 kN

“‘(HA + H3>: - 80

Ha = +60 KN

rAl

l.com
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s—;\dmme'triccu three hmged Pcm%o NLOADER EROM 99 ”

SRR

Jw/und- ‘
£x-3 e t
1
| PN
B
{,______g__________“_--:8 H {
H— . <—
1 [
vt N
2
£ M, =0 ]
t L - - AL L) =
WQ_ X‘}f H%h (T)(q) °
H = LL
&h
EX:i-R)

S M. =0 (left Paﬂ— of Hinge at c)

—Hxh —M=0

- Three hinge ~ axch with supports ok dfferent cvels -

s arxch <annot
1. Since  the 5uPPofrts are ot the difterent  (euel

be beaded as A SiMply cupported beam - »
an avch subected —to @xternal [oading

S

Q- APPlﬂmg gy=0 —for

3. Take <the moments about internal  hinge  one dime +o the
left side ©OFf -he infernal  hinge and second -Hme ana -the
ﬁghf cide of -the hinge and make them equals Ho zero-
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&M =0

( left side)

~HgaX Q2 4y, x8 =0 — O

£ M. =0 (Right side)
HXH —VgXlz =0 -— €y
sove O© § &

- QH + 8y, =0 — O X2

HH ¥ 2y, =0

[

tGVA —t2Vg =0
HVa —3Vy =0

Lf

SVe Vg = W
" .

7U6 =W

.‘15) 12w
_—7 = A e
H IX M -
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Three binged Pgmbohb arches - - A

o O
8 . | O -

T< — L —)Tv . {‘;}

83
Va
- . 't‘ (AI (’\ .
= 0 - e y
L_q,ucrhon ot Pambola w-vt Suppo o
9= 2bh (-0

L

n J
W vt cyown C

’L_)\ = constant

(d ]
X o= constant
Iy~

EXL—

Ly — Lo _ _I:Lii-f:_ = —-L———'
S R (Jhy +dh;) (it )
L LV
(Vh+Vh)
L. = LJh_L
2.
(i +¥h,)
- L h
Up = Whe 4+ h TL _ N
2 | = —

A+ ™

—_ = Pt Copy By Jain's 06700291147
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|

m
>
(

(thmf
NOte : -~

I+ BM ot any sechon  of o Hhree arches s equal o zer -
when avch 1€ sublkected - UDL-

R- SF ot any section & alss zero-

3- Tt hos onlnj axial thrust.

Normal  thrust and  Radial shear in koo h{nged / three htrxae

ayrches : -

(1

Normal  thvust: ~
- Tt s a force ock on a directon of ‘tongent Q{—QPO'WPI f
& (Fn = H,C0s® + Uosingf |
R- Rockial shear: -
1. Tt s o -force ack along Perpendt‘cu(m 40 He direction OF

= j Photo Copy By Jains 3700291147

{S = Hy s'PB ~ v cos @
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T'emPemrtum cfect on three hifxaed ayches -

{”"‘2
(_\:
S
When & is ralsed by +tc, there s NO thermal stresces
ah = [
Dy - -—dh
H ) ﬁ
NOte: - .
. Tf *Eem,)e‘rcxture incCreases horeontal thrust decreases
1W effeet- ©f -tWO hinqed arch - |

P L'Lra)

e L
TVsA | 1\"8

o

t- Pt is o S"ECK‘HCCL“\j indeterminadte 1o |

Q- uer’u‘de veactions Up and Ve can be calculated by
-tqkmca mMmoments “about  cHher hmge_ e both ends ar at the
sSame level:

2. Hovrizontal yeackon can be calculated Hrom +the condition
+that -the horizogtal d‘rsPloxc@_menf OF cither h%ng_e Wt Othey
IS r A 16

My = M7 Hy
M= Beam moment
H'y = H moment

y- JMy-ds Photo Copy By Ja)h’J DITO02 31147
jodg | |




- " DOWNLOADED FROM www.CivilEngchér/(\jll.com :
Standard cases:- |

1. Semi Ccircular o - hn‘nged Arches .-

(2
H
-
g o -b!_ y
: " Photo Copy By Jain’s 03700291147
[ Note L~ -
tHovizomtal veaction  is c‘ndePendén% of e vadius of the -
avych.
(b)
H

(<)

S N

(D
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Do Two himged Poxqbola‘c orches -~

A W/unit
(o :

(b)

&e—— L

> .
H = QS WL N
128 h

TemPevcthure cffect on o hinged oxches: ~
indeterminate shuctdre Ahermal
of the h"nae

[« SiNCE ois o 5«tc:ﬁccuhj

cpuchwe will be procluce  due O gielding

SuPPoﬁs-
3. Mox 6&M due o

o ; <t Hemperakive  rise < = M
Max. Stess due pPe o

ralse of Jemperatwe M= H-h. thercfore
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1+ For two hi ned semi Ci CQQ{%&\J\LO&P{%? FSQMWdCi%Eng%:ﬁﬁ@légﬁme
rise %’ hovizontal veaction “y 6>
H = HEIXT
TR ,
&= For two hinged parabolic arches under “temperxture rvise
the horizontal yeacton

H= ISETXT -
8 h™
NOote - , :
- ITn —two hinggd arches “tempeature rices horizontal Teadio

‘"' Increases -

Lineay Arch (ov) -theovehcal arch (or) pressure line = -

- Lineor arch s the one which Yepresents the thrust Ine -

2 FOY @ system of poit (0ads it is a —funicular  polygon-

Funi cular ,90!3300 '

PR T

3 Linear arch —for a UDL s a Paxuboh‘c Sh&pe
B N .\ X .
- Eddys theovem " can be used —for calcwladhing  the BM in A
Stuctwe for o c\:fcuen loadi‘ng
Eddy's “theorem : -
i+ The M ot any  sectionh of an  arch g proportional toth
Odinate i.e., Intersect between ca?u@n arch aond Lincar orct

/7
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5

1« Three hf‘nged arch ¢

D
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P9 Noi-9as

K-

0-

UA+VB = -+ 4L

£M, =o
N EM. z=o (Left) : | \ |
2O va — 60 =0

—HXHY 410y, — 20 =0

8 Va =3 kp
VVa =
10 Vj 0 +YH Ug = 1 kN

.VA = 20-+++uH
io

= 30 =20 Ul

hHd =10

V) —&o iH :
/’{ % H =5 kN

1
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-,

o O

P
he

(™ F
(tooxs) i} — 4ovg =0 ' L

UB = 80 &N
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SHOP NO-103-105, 1* FLOOR, & BLOCK, SURYALOK COMPLEX,
ABIDS, HYDERABAD-500001

M.NO:- (+91) 970029 11 47

AVAILABLE

ALL BRANCHES CLASS NOTES FOR GATE, IES, GENCO, TRANSCO,
AEE & ALL PSU'S

ALL STATIONARY MATERIALS AVAILABLE HERE

INTERNET CAFE, SCANNING, COLOUR PRINT OUT, XEROX & LOT OF
MORE THAT U NEED

NO RETURN NO EXCANGE THANK YOU VISIT AGAIN

SHOP NO.37-38,GROUND FLOOR, SURYALOK COMPLEX,
GUNFOUNDRY, ABIDS, HYDERABAD-500 001

HoME DELEVERY ALSo AVAILABLE
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