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1. Basic Concepls

1.1 T ntroduction:

Structural Enyineen‘ng.
]

v ! “
Analysis Desian
SOM, SA) (RCC ,PSC, STEEL)
Equilibrium L, Safely N
Compatibility s Serviceabilily
Energy » Durability
» Economy
> Aesthetic

1.2 What s a Structure ?
Any arrangement of members that can transter load

acking upon it to the Supports safely can be termed as
Structure.

1.3 Meaning of Structura/ Analysrs:
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iédpport __, BMDg¢ j—-—*, Deflechion and Rokation
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1.4 Tdeatrsation of Structure.
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‘1.5 Planar and 3D Structure:

If 2-axes are Sufficient to defrne eometry and

loading af a struckure then that skructure is called
2D stracture/ planar struckure.

If 3-axes are required to define 9eomelry and loading
of a structure then that struckure is called 3D structure

Yy I," ;
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. y_i/ 8
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2D : 3D
1.6 Sigr) Convention:
Positive
xX-Qx1S "
y-azis T
. y
Z axis Txy j_‘x
Z
Rotation Clock wise
Forces A(ong axis
Moment Clockwise
BM




1.7 Types of Support :
Any arrangemenl tha b can restrict mmoverment of any

point of a structure is called as support.

Reqctiop at suppart is always duée to restrictron of
movement so direction of reackion is always in OppoSIiLtE
direction to ("x,)(;(f[ed movement

Movement Representation Reaction Rema rks.

Restricted
<:T Fixed

x,y.rotatign

PiD /Hihgﬁ

/
y,rotat-,‘or) #ﬁ% Cf Guided Roller

—

x, rotation Guided Roller

%

% ?} > | Roller

Koller

%\»mk / Inclihed Roller.




* Note:

Inclined roller support and h:'ngc Support boeth don’t
provide anymovement in X andy direckion but we
get one reackion for inclined roller and two reactions
for hinge support.

. ‘
Rx
51 . pq :
R
y pr
Rx= RSIng
Ry= RcosB
R
4e K0
Two unknowns are Unknown 1S oniﬁ R
either (Rx andRy) becayse B rs knhown.

or (Rand 6 )

1.8 Types of Structural Member:
D Axial Membeér,

Unknown member forces= 1
(Axral Tension or Compressior))

2y Bearn / Frame Member,

)

. Unknoewn Member forceS =3
:_——-'— I,)' (Ax/al Tension or Compressian,

| Shear , Maoment)

3) Cable :
: Unknown Membeér Forces= 1

Srrrrrrd— P
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1.9 Equih'brium and Static Equi)ibn'um;

*Equ ()ibritm:
If net Force (forceé and rmoment) acting on a body IS

zero 'n all directions then body is in equ:’libn'um_
For €9. Bodi€s in Space . vehicle moving with censtant Speeq

For 2D (x-y plane)

For 3D :- .
SFyTO

ZF1:O §M1:O
§FZ:O ZMZTC)

EMZ:O
ij:o

OSl(lf}'C' EC]UHH_) e . '
IP net Force acting on a lbody s zé€ro Q”d‘blod&' IS 1n
rest | static stale then only body canbe classified under

stabre equilibrium cond tion.
for €9. Buildings. Bridges ele.

1110 Compatibility:
The continuity or 9ood-ﬁ't of material or membeér Or
components while bel'ng deforrmed under fLoading ''s

called compatibility of structure.

1.10.1 Compatibility of Member.
JP
1

NN I* 361
) is not maintained due to frackture (‘n

Compatibility

A\

™MEMmber
i 1 ;

is not Mmarntarned becauseé af sudden

Compoh’bih'[y
ChOnge in slop€ at 8.



| :
A Sudden change in slope at A

Smooth Curve.

1.10. 2 Compat'i‘b//’i’z‘géf Support :

4 |

3 ~<i#o

~
-

N

N
Compatibility
zero slope at frx

s not maintained be€cause of nNon-
ed support.

A l B _— .

ComPal-/‘b:'//fy ’'s Nol mmaintained becayuse of NON 210
Vertical deflection at C.

1.10.3 Compolibi)i'(y of Joinl:
P

r - Y

Compatibility is not Maintained because af change
in angle between membeérs at rigid joints B ¢ C



Compatibility Is not maintained

pecause all 3 membeérs
ntact at O!

are not

Ve
I

1.11 Free Body D:agram;
It is a 9raph;‘ca1 representation of body with all forces
(nternal and external) acting dpon It

1 11.] sz,cauy Determinale Structure:
Step 1: Make body free from all Loads and reackians.

Stepi1: Apply all Loads and support reactions.

Stepliir: Apply all internal forces at cut seckion to satisfy
conditions of equilibrium,
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1.11.2 Statically Tndeterminate Structure:
Stepl: Make body free From all foads and reactions.
Steplr: Apply all external Loads and all possible support
reaclions. (because suppart réactions arc not kpown) |

Stepiin: Apply all possible internal Forces atcut sectHon
(because mernber forces are not known)

2 y YCD?
FBD of XBY ¢ E o} :
Rs !

\
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-

iyl st~

L
"

A N/R3

EBD of xCYZY




1.12 Static Inde-termir)acy: ‘
If available €quations Fromn conditions of equilrbritm
cient o analyse the structure completely theb

are not suffi Ly
such ty pe of structure is called statically indetermrnate

Structyre.

112.1 Degree of Siatic Indeterminacy:
T “ignl-emal forces and

Total number of unknowns ¢ ‘ &
Support reackionNsS) — Total number of qm;:able eﬁ\uahom
From conditions of equilibrium is called degree

Stabc !'ndeterml'nafy.

112.2 Meaning of Dsr

C "
U L} 8
Y o T B
< Iy
Rug L Rf«' §§_4 Rai
Rg /; | Rs RSJ g f«t+R2 le oL _
% ( " i 1) | : 1\
\Re o ', “‘; Re |
Rq ! l \ ) Q1
o Observation :
(RitoR)

mber af unknown are 10

»wln apbove FBD, bokal nu
HonS From conditiont

ii» Toka] number of available equa

of skatic equilibriurm arc q for 3 portHons (3Ix3=9)
« Conclusion: ) "
From above FBD, it is clear that only 1 unknown kg
|1 other

vwon to @lculate A

is required to be kno | |
; 3y so degree of static indefermi-

unknowns (R, to Ryqg
-nacy is 1,
I'm er)era) minimuynnm n umMmber of unknerwon

| ' mber FOT(‘G’S) a re
orce Support reqclon or mMme |
f:@CZU f?’&()’ bopfe known to caleulate all okher Unknown

forces ( support reackions and Mmembper Preces) of a



struckare 15 Dsi ok that sbruckure.

1.12.3 "Procedure:

stepi: Identify Skart joint .
Stepii+ Caleylate Total DUMHDES
and support react’'ons)

Stepll: Caleulate to
( mcludr'ng

Steprv: Caleulate
atl thal joint. IE May
e mark OD each me¢

J'omt.

of unknowns C rmember fore.

at that joint.
vallable E’quaH‘ons_

tal numbe€r of a
due lo release) at Hhat

extra eguations

Steplt ~ Step 11t . This IS skakic rndeterming
be positive ©

mber meeting Qa

Slepv: Mak e
Stepvr: Re peat stepll ko SkepV al all jornks.
. .
Stepvil: Add UP values obtarned fram stepiv for ol Jornks
B Thris IS Dsy of entire structure.
)
X Note: |
Free end of overhong portjon should also be considera
as jomh
Bx.1.
R+
y -3{0
qu&% 333@ s
2 =g - M c
Seq = ABCD
T T D31I= 3+0104+0
R4
%P g e RESBEQ
ATT ™ (3+3)-3=
Rs '\l/
Reactions Member

forces



'()"3':@
H s 6*3:0

seq - CABD
DSI = 343-340

| 2

(3+3)-3 :@
Ex.q
3_3.—@ =% :@
11 D
i T Seq. ABCDEF G
. 6-3:@
6-3(3p " et 03D

e NERPRNS
D3I = 2+34+»3--3--1 - @)

Ex.3.

92-2=
& 29

AAR- 2
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truss. e

Fa
— EMA: 0
(useless)
}QZ_A —>F, = 0 =0
R,

€z.4.

!@)

320 3-2

Al
AL

P a+1)-2=0@
+ 3 Y E @ %_
- 2 B

(2+2)-2 0-2=C9 kOVerap eNa it
@
Sec Ate F
Seq.
Dsr= 2+14140-1-2 = (D)



o

6-3=() 8 = b= Fe-3=0
= 0-(3+Q)=@ 1
& {~3=
G+3)-3=(3) rér ®)
geq. A toH
DS1c 192-7=
* " r
e is connecled H)rougb hinge

1f axlally Jooded member

‘ r hinge.
then that does not provide any extra eququon @ 9

4 A B c

R, T ——R, No extra eguation
— >°<::

Beam

One extra €quator).

5€q - ABCD

D3l :@

i

(2+3)-3=(2)




At joInt C:

nge doesn’t
cp is axial (cable)

provide any extta Couation because

At joint D~
S M,=0 coesn’t provide any equation because
all forces ctre concurrent at D.

R
|o

Pamndi
k3
Ea 2-0—
Ex. 2. 2-2=@)
c@p\& -
/ L
(?‘3)-3 f.gﬂ) Cy‘y pe1=@
@
Al joiniC:
Hinge doesn't provide any ex tor €quakbn because CE IS
axial (cable)
At joint E.—
| ZM, =0 doesn't provide any equatfon becausc all
e
forcese arc concurrent at E.
R2



3-3:©)C . D
| =] 2R art v 2
. \ IR 051 =(0)
7 B.|~5’:
(G+3)-3=03)
1.19.5 External and Internal Static Indekerminacy .
DT
y ¥
External Internod
e For 2D Structure:
DSle = TotalNo.ck _3 3 1551
X s 331 :
Req ckions Dgr; = P 7erad :
e For 3D Shructure
Dela = Total No.Cf = &
Reactions
o 6"5:@ 3~( -
*=3:0) C - D m bk “@
J‘r Seq. AtoT
i, :L & DSITOI’&Q =
_ Total NO
p 4 DSIG - OOL\ , -7
6-3=(3) B ' y F 6-3G3) reactions
= ~&-3:3
9
- 5-3 =2
A | ﬂ# 1 &
C3+3’)-3:7§’/ 77 # 1‘3:@
7



1.12.6 Conce y of Link: ‘
L:‘npk is a structural member connected through hinges

at both ends anrd &ubjected to ho loading in eluzers
FHhep it has azxial Force °0y.

Axial Tember,

Ex.1
(543)-5-0)
: S Segp tok
A
®SITOtal:®
Link T
ot D _ AJE
| doimei
ss-@ B A 230
G+1)-3=(1)

Hinges af B and C don't provide A@Ny extra equaticen

gc I awial (lLink) .

be causé
Ex. 2. 5__3:@ 4‘3:®
.5.3.- D b - pa—
{é} §7— J_ﬂﬁ E e PR30 seq A toh
s — DSITOH:L‘: 5
8 4..-5:@ G 3"3:@
—t
A 7 7777 H 5"'3:@
(5+3)-3;@

. "
Hinges of £,D,t andl dont provide any extra egualkion
g . g
kecawse gD and B¢ are azidd | nk)



12~ (6+6) Q)
C - D 12 ~6=
12 -€ = 8 <3 t [ pr | -
Fe-6- DSt ,@
P 623 =5 I
47{77 7Jﬂ 6—6:@
6-—6:@
A mL' H .
(6+6)-6 J*/ 3-6=(3
©

{.19.8. Formula for DSI

DST = Total No.of
Unknoyuns

e For 2D~

«Beams & Frames:
Ds1= (3m+r) — (3j + Exbra eq

o TrUSS -

Tokal No. of avallable
equations

Ng cdueto retea_oe)

DST = tm+r) - (2)D

e For 3D ;-

s BeamS ¢ Frames -

DSI= (6m+r) — (6j+ Extra €9

* Truss -~

ns due to release)

DSt = (m+r — (3))



113 Stability of a Structure:
1.13.1 Difference between Movement an

|

g
ks '
o -
c

\\
-~ P
S S e e

d Deformation:

Deformatian

/A, ' fal
Movement
o ,4;\\____-@:,:’9,

De Pormation + Movement .

% Note: | - o il
Structure s considered Aas stable if ther

ST )
movement due to app!rcation af load

113.2 Stability Check:
Step1: Calculate DST of a Structure ©

Steplr: If DSL <O then structure 15 UNS

: s
If DSI =0 then struckure rs” un
a>'AN reactions Are parellel

table.
table if

by All reactiens arc concurrent.

¢} By visual inspection.

Erd.Check Stability of 31V truss.

E_\zf u 4“’@ By g St

"""’"T’” "‘I!
a T so unstable.




Ex.2. (©)

DPSI= 2 >0

Unstable because all reacHons
are parelle].

DSI =0

Unstable because all reactions
are concurrent

pDSI=0

Unstable by visual
Inspection.

Re ctangular panel of Fruss makes truss unstable,



25529
Unstable by visua) Tnspection.

PSIzo

pr— -

SFy30 = Unstable.

SFyz=0 = Stable

e Note: Three collinear hinges makes structure unstable.

Ex.7.

DSI= O

Unstable because supportinj

forces of jnternal triangle

are comncurrent.
‘o




DSI=0H
Stable.

hr »
e Note:
¢« Externally Unstable — Car without EaREs
« Internally Unstable — SWing.
1.12.3 Deficient Truss:
ol 4 m=12j-3 (Perfect Truss)

m<2j-3 (Deficient Truss)
/ Unstable

™ >27-3 (Redundant)

p Freedom.-

{s of a)) joints of a

1.14 Krnematic Indetermmacg/ Degree ©
sum of all Independent drsplacemen

shructure is called k1/DOF eof structure.

For visualisation © nly

R1g il — Stoné€

Tnextensible— -’Reinj-’orc/nj Bqr

A bar of rubber.

Extensible —



Ex.19If members are Extensible

4\ A
B el .
%2> ” kr= 7 (Axg- Qvg: Os.
AIC’ AYC) Gc:
GD)

A-c/‘n-n %

E~x.1.b) IF members are Tnextensible.

N o A o |
8 L e~ K1=4 CA’EB"BB':_A_:X_C-—-’:S-B—;
Z P
8., Bp)
Df
A /;47 49
Ex. 2. .
o) Extensible
A
b (m i A ] 98"
o " k1= 15 ( B4, Bz > T Y8

Dye >Dve . Beo
J A AZD’AYD,GDJ

B’E’*—"’_’CQE—’ Drps Dye» Oe,

A'zp’ SF)




Ex. 2.
o Inextensible.

KI:q (GA’ AqB,GB,QIC’eQ

Axp= d2e > Op>
_———T
A-xez-A-xB 4 SEJ
V\A/—*/N—\-——‘l

Axe . Op

EA

AN 5

Ex.3 a) Extensible.
4 e Bl Wk I
7o Y T A
B8

KI= 11 (6g.0xg, Oxcs O¥C - Pep s Beg Bxp .0,

by Inextensible.

AL D CL ' % el

Ave » BcB Gcp» G0, AvE - QE)

kI: 2 (96,

kr=7 (Dxp.AvB.

AIC > AYC')
AIDJ A’-TE’ AYE)




e Formula for KI -

e For 2D~
s Bearns and Frames:-

KI= (3J s extrq - displacements | — (T + No.of inextensi ble
duye to release rmembers

e Truss .-

4 - (2_]) = ( r+ No.of inextensible members



1.15 Elastic Curve
1.15.1. Difference between elastic curve and deFlected shape-

224171/

—

’Def-)ecled Shape Elastiec Curve

All elastic curves are deflected shape but all deflected
Shapes are not elastic curve.

1.15.2 How to Draw Elastic Curve ?
Stepl: By visual ‘nspechion.
Stepr1lI: By sah‘s,(y;‘ng compah‘bfh‘ly condibions.
Steplrr: By making BMD and elasHc curve consistent.

*®Note.;
In al] coming exgmples., a)] members aQre assumed ko b

axially in extensible.

¢ Statically Determ) Nate Beams :

Ez.1.

] 4

Z| <

¥Note: _ : ;
Member always deflecks 1 _L’q’dl'rec}-loo to 1ts Longitu-.

dinal length provided member S inexkensible 40’/3}7}‘7(5”7)("0/
- . L B IS small.



Ex.92. o

AL -l e
U

/GN
BMD.
Ex.3 L
R
.
BMD
xNote : Member never bends witho

Ex.4.
%@M

o |

ut bend ,‘r)‘y moment:




-
w o

1.16 BMD for Frames:

Stepr: Select reference face. |
StepIl Write Bending Moment at any SE€ction by considering

moment produc’ng compression on reference face as

posi h've
Stepm : Pos'tive Bendi
sde and negah’ve

i
o I o B

Moment /s plotted on reference Face
8M on opposite reference 7ace

R : C C
b
77Jﬂ R ,‘\A
" R3\‘_/
R,
Z Fyeq
= Ro=0 ---- (D) ¥ = |P
- . R
= Ry=P ----Gv !
]
zMz:O JH‘:V L
\
= 3Ma=0 :tI :K
\
= R3+PL=O \iflypl_
= R3=-PL )

erence face
Considering outer face as re f _

For CB:-

reference face)
BM, = —Px (~V€ becoz tensiononr

Al‘ X =0s BM:O
at =L, grv]=-PL



For AB :-
BM,= —PL (-ve becoz tension on veference face)

At— =0, BM:"pL
a'.:).; BM:“pL

e

BMD -

PLL—"|
©

Ex.0 -
.
F8D $

[ R N

| >

A

Lig

Ra L2




P
1\
» A
2 \
i;lm
“/7"/7','I(7
L
L
? 2
JRN S W
7 1p
o
BMD:-
© |
Pl
PL
2.

Congidering outer face as
reference face.

For CB:-

" becoz
BM~ = —Px (-ve
. rension on ref

face)
AL x=0, BM=0
_ _PL
For ARB-

8M = —P.x (-ve becoz tensior
2

en ref. face
Atxzo, Br=o 2)

x=L , BM= -PL
2



Truss

i : ‘ L Nt
?Ptfactp'ca[/ alleI'f)tS of trusSsS are rr'g/’d g0 rotation OPJOlr)f
produces 8W in members. Since Tnembers of krussqre very

slender so BM dee to ratabion of joints is very Less . That is
why this BM is neglected I'n analysis.

ryg

/"/
i

- 7

3.3 Sigr) Convention:

. Tension (+ve)

G D

= D

Force is always away from cross-section.

¢ comp (-ve) '
a 9

\

: .

Force is always towards cross -section.



QTHPC’S’ OF TrussS.-
1) Simple Truss -
IP bwo members
J‘oint in simple tr»’angular
classi fied as simple truss.

are required to mate the additional
LrusS then such truss is

2 Compound Truss~=
a) TP 2 $/mple trusSses are joined by a cormmon joint

and @ coMmimon n ermbper.

cormmMmon jo.‘n {

{ cONMMmMom mmermberdll

u&ed to j‘o;’r) two sf‘mp)e trussSes .

) If three members ar€

Three rmembers




c¢) If any membker o€ simple truss s replaced by secnda;
simple bruss - ~

secondary simple truss.

<>

3 Complex truss:-
Trusses that canhnot be classiFied as simple and

compound TS called complex truss.

overlap

Commplex Truss.



3.4 Types of Truss:

7$%7

Scissor Tru
SS Pratt Building Twss

h 3 A

Pratt Bridge Truss warren Truss.

3.5 Methods of Analys’s.
1) Method of Juint

2 Method of Section
3) Graphical Method
4) Tension Coefficient Methed .

¥Note: |
Willot Mohrs method 1S a raphical method whieh 15 used
Eruss.

for caleulation of deflection of



3.51 Method of Joints:

Stepi: Calculate Ssupport reactions using everall equilibrium @

- of Fruss.

Step 11: Tdentify joint of sart in such a way that number of
unknowns Qat Hhal Jfornt should not be more than2.

Steplir: Apply equations of equilibrium at jo'ntof steprr
(SFxz0 and =FR,=0) and calculate unknoron forces

at that joint.

2 ynknowns qre )areser)i.

Stepv: Repeat Step 111 and SteplV H) forcein all members

are known.

Stepvi: Represent mernber force in tabular formate,

Ex.1
B8 {okN 'T
4m
{
A Cx
H D Y
W oo Ay = mles = dYyy —
=
8 16N
R, A &
D
R 193
I

S Fez=0
=S R 10O =0 ----- ()
Ra=-10
= R1“\'Q3: 0 =g -(t\)
Emzto
? EMA:O
s 10x4-R3x8=0D
Rg=5kN ---.. Gid)

from equationGi)
R1'.: = SkT\‘

Steprv: Mave to another joint where again notmoare than



Joint A:
2 Ry3+ Fag0S45+Fpo
Ra F \
— AD 1 = g =={iv)
= = x F
T = ~10 + Fag 5 + Fao
R ,
‘ <’P\?) EF\J:O
/ |
> Ri1+FfgsSinds =0
R. #A )
Sty 45 — Fap > -54 FAB"%:O""'CV)
1 2
R From eq"(We®)
Joint B:

EPIZO
8

lS. 45—'

Fgo
21:3:0
= _cBA COSA’S.-F:BD“ pBCCO$45 =0
- "3 — (-5d2) =L =p
= (SE)XB—FBD ( ) 5
= Fgp =0
Joint C
\ch =fk=0 '
~Fep— Feg SIN45=0
45
«— C
Fon S -Fep- (-578)xL =0

R, >



BD —— o
8¢ — -513
Ch =% &

®— Tension

x Note.
IF bridae truss is subjécted to downward foading then
J ; pjected to

tope chord and bottom chord members are SU
ession and tension respectively.,

C AN

n‘r; T \[ - l T B

compr

Top chord — compreSSion

BoHom chord = Tension.

]25\(?\\ ‘onﬂ
C a4 D am = 217 £ am
2m -
B
el " b ATV
n am
A i




® ® " ® ¢ 006000 060009

Ra
R,

3-5.2 Some Tricks:

Trck1: IF bwo non colline€ar members are
and subjected to no exernal
both members have zero force

o e

Trick o If three members are
two are collinear and _jo!D
external force or reéackon the

member has zero force and collinear

equal force.
/o
b =4 gl
B = Pl

Trick 3: IF three members ar
two are collinear and ?ext

along Non-collinear rnern ber
rnermber has force equal to applic

reackan.

force or reaction

meeting at A Jjoint out of
} /s subjected to MO
n non-collrneéar

e meeh‘r)j at a joa'nr
ernal force or
Fhen non-colliméar

Bquatis Ns:
ZPDC': (o]
ZP:’ :O
=M5=0
N‘E:O LQHS)

mQE[ir)g at C!J‘Ol\f),

then

which

members have

out of which
reackion 15

d loading ©T



=f
P
F Fl: Fl
— /Q 1 —F
p
™ C_ 5 10kN _o
B FBC = T
Frp=0
2m e
A —AP
10kN
Fap= 7
e 0
]D
8 D—-—-»QOkN




Q. How many members have zero fo
rce 9
- Nelte:

Zero force member
is provided to
reduce effective
ler)gfh ofF other
members.

3.5.3 Method of Section
Procedure:
Stepr: Calculate support reactions
StepI1: Decide cut section
Step I11: Use equations of equih‘bn‘u m
member.

if required.

to calculate force N desired

Guidelines to deude cut Section: ‘ “
iy Section should pass throug or in which force S

to be calculated.
umberof reembers—to

W Secton - showld < L rmiplmoun ?
caculate force—0- desrreg2=

ny numbeér ©
by Fhat force in desired member

er of Following equafions.
and Z Mgz z O.

h the roemb

i Section may cut A £ members.
iiiy Section should be suc
can be caleulared using eith
b~ ; L ZFj:o,



A )45'
A H

pb—om—k ofp—} om—J}-1M—}

= ‘\%

/7
\
|
!
i\ F
Ra l\ -
R,
ZM,=0
_—5 EMA =

EMZ:O
= = Ma=o

= 2Px44+ Px6-2Px3
"Q:Crs sin45°)x4=0

= Feg= /5
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2m 50kN S0kN 50N
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G
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T
\
\
FFA\
\
: D
\ ~ E l
‘ }sokn $ 50kN SOkN
/l
ZMZ 20
> EMC:O
- BOX2 4+ 50X2 + FFA x2J2=0
FFA:O
20k N
Ex.3. ’EJT— a2 D M g
10kN r«’
~
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20N
10k N S M, =0
S 3 Me=0
=N =G O%d Y 10\(2-—\:8,(1(4—’-’0
F FBA: -15kN
e Y
Eo.
Vv "L
20 kN 2 0kN
g__|
| ZFJ::O
«
b c0s45°=0
2m - S Fond
A d—t2 Fgy= 2092 kN
no
¥ Note:

o forces of FBD are paralle| extept a Force

« If all unknow
leulated then either Efyz0 o7 ZFy=0

which needs to be <@

is used.
. If al) unknown forces of FB8D are cancurrent ak any polnt

exrcept a Force which need to be ecalculated Fhen = Mz>p

s used.



Q4In a redundant joint model, three bar members are pin connected
alt Q@ as shown in the F;‘gure.Under some foad placedat @, the
elongaﬁon of members M@ and 0Q are found to be 48 mm and 35mm
respeckively. Then the horizontal drisplacerment <u* and the
verkical displacement v’ of Hne node @, 'n mm, will be ré€spectively

M N O
’ MNZ 400mm Q) -6.64 and 56.14
NO = 560mm b) 6.64 and 56-14
NQ = 500mm c) 0.0 and 59.4!
Q o X 4) 59.41 ard 06
i [ 2003 : 2 marks]

Taking components of uand

along ™ernbers,
ucose +vsine=48 --- <)
—U CO5458° ¥ V¥Sin4s'= 35 ---(i)

From@® and @)
w= 6.65mm

VvV 5614mMm.

d400%t 5002

Si NG = 500
1400%+500*




4 ITnfluemn @TI:%_E})@ Diagrain.

4.1. Need of ILD.
ILD is used for analysz's of g strucetyre

position over the structure.

i load C}‘)anggs Jts

4.9 What s ILD?
It )5 a graphical representa
shear force, bendrng moment,
due o d.'/lferef)f poSTHONS of

tior of variabien of reaction.
axial force, deflecHan etc.
moving unit point load

over span.
4.3 Derjvation of ILD:
Considering o simply Su;opmfed bearmn of span L.
For Rp:
1kN
Ar_x’_i
7 g
RA; 1 B
zMg=0
:? QAXL—' 1("-’1):0
ax
= RA: 1- T
at £=0, Rp=1
x=L RA:O
1 3 =
LY
1Lp of Ra
For RB
i
A \—x——-i ZMAZO
A ?8
= -RgrL +1*X=0
I
k8 Roz= X
B L
CIEL ’ atx=0o, Rg= 0
b b2
x=L , RB:I




SF, =

SPC = RA

-—
—

L -X
“ep 1-Z
atxzg, SFe= 7

x=L, SFe.z O

BMez Rpxz - 1(2~x)

(-

- D (L-2)
| 2
at x= 0, 'BMC;O
z(L-2)_ab

"z 2, BMc=—"—"L L

M= RarZ
-(L—T)Z
= '
_ Q-2)Z
at x= 7z, BMc——‘l:"‘”

xr=-\L, BM.z=O



eNote:
D' fference between SFD and ILD of SF atC,

I+ is the variation of shear force along a Spaae
due o Particular position of load.

° ILD OPSF:"
I+ /s the varfatio
secklor due to di Frerent

r of shear force at parkicular
position of toad along span.

4.4 MNMuller Breslau's principle:
Tt skates that ILD of any stress Function (Reackion.SF.

BM) is Hhe deflected shape of a structure afker removing Q

stress FunctiaD Frorn the structure and appy'N9 untt
displacernent C deflection OF rokqtion) rnthe posiHVed

of stress funcHon.

rreckton

eNote:

e T} s valid for all +9pe5 of statically determinate and
Linearly elastic indeterminate structure ¢ Lruss , archs frame,
cable otructure ekd

. It is not valid for mMoving unit point rmoement.

rinciple is by virtual work methed.

. Proof of HIS P
jon IS nok plotted by Muller Breslau's

. 1LD of deflect
principle.



4.5. Application of ILD:

I\.D of BMC

BM,= Py, +Payat Psda F S (wdz) Yz

4+ Pgy, + X Z Yxdx

- ?131 —\-02_-31
Ee. Calculate SFand BM at C.
40 il o
.2 .
A 3 s 7%8



40
‘ C 10kNIm l l g

A
o ' ' ‘ .
o la2mn , 2y oM ¢ 9m x 4™
o v : - .

>

A= 9/!7

SF. = 40(';}) +60(%)+ao(%> 4 1ox-‘%-x.2(-l7— Q?}

542
£ 10% gt @ (5’+ 7)

SF. = 51.42kN

frormy ILD of BMci-
= 0,+ 6,=1

= _é-,_\._é_. =1 :>A:20/7

4 16

aQ N
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T2
BMc- 40| 1.3°->-+ 60 (-5-) +80(—§—> +10%1 x2 (3;9 +"’?0)

16

1
+1o0x 5 x2 (Q_°+
2 7 3

BM¢ =345.7kNm

4.6 Effect of Moving Load.:
4.6.1 S;‘ngle point foad:

/@\
s placed just righ
Maz™ +ve SFe= Load 's f

110 of BM¢
F toC

‘ te C.
_ve SF.=z Load 5 placed just Left

Max™

Moqm Sagging BMC e

Fhan sSpan:
4.6.2 UDL lenyr-h Longer P
Head

Toil / &£
- > Ay »

L>L

I of SFe —3]

11D of 8M, /CN




Max™ +ve SFc =Tail IS placed jusk right © C.

Max™ -ve SFc = Heao 'S placed just Left toc.

Load s placed over €ntire sSpan.

Max™ Sagg’ng B M=

46.5 UDL length shorter than Span.

g —z—
e

I I

TILD ofF SF
G w

r':c'ﬁ i—::—y

TLD of BM¢ A:m&\ Yi= Y2

e Loz ——

Tail 's plaeced just right toC

Head s placed jusk left to C,

Max ! 2991n9 BMc= Load is placed (D such away thed
seckian Shoul divide foad length

and span N equed ratio.
Z

Maz™ $ve SFc =

Max™ -ve SR. =

X o=
1-x L-2Z
X g-=x
R F=E L-zZ
WX -
= . w (-2
< L-~Z

5 Avg. load on Left side _ AVY- Load on Right
of the secHon

side of the seetion.

@ ® & O
® O 0000 00000 000 00090 0 0 0000 0 0 0 0



® 00 06000060000 000 ° 000 90 00 00 00 0 0 o

fm—m

4.6.4 Series of Point Load!

P P, Ps3

L

#n

TLD ofSFe

~<

/@\
LD of BMc¢

Ma
Max ™ —ve SFc =

Maz™ sagging BMe

Dol

M +ve SFe= By Tudls

By Trials
_ It can be achieved by plqclng equal

avg . loaol an e/ ther side of. sechon .
but this capnot be done D the caseo
series of point lood S© (—rtriaolsaczrfo‘n
perf-"ormed co rrespondinNg PP

y de ofF
; ad an elther 81
equal @vg lo B st oo -

echon. Inall ‘
fo;Ho\ must be placed emac{:’y at section



Ex. Asimply supported beam is subjected to serjes of psint
Ré):d moving from Tight ko fe ft as shown jn Pig
lculate maximum +ve SF and mazimum sa ¥

at 1om pProm {eft support. i3ty LM

AkN Ak
1 kN N
A c 3
i .y L—L—J‘
k—10m—N%€ 30m > F—-SmM—-—5m-
1-Z ~ 0695 0.625
® 6-5
WI : ‘
0'125: _z‘_.o.7_$- \
Al ‘
- kN Ik“ Hend
Cas1 ; 'Y L
iku ANk
Casell . :l J'
4kN 4N

1kN
CaseIr L l l’

.Case I: 1N is J‘usb r;'ghb to C .

SF.= 1x(0-75)+ 4 x(0-625)+ 4:€0-5) = 5-25kN
« Case It: Middle 4kN is just ngh} do O

SFe = 1x(=0:125) + 4x(0.95) + 4x(0.625) = 5.375 kN

. Cage ITT: Rear 4 kN s J'ust r{g"’f to C.

SF.z 1x(0) +

4x(-0.125) + 4 x(0-95) = 2-S5kN

so maximum +ve SFcis 5.375kN corresponding to ¢asc Il

By yisual inspection,we can say that caseIt will give

marimum sagging 8Me.



.
—

o
ﬁ——wm-*‘——g—%m.._—mr_a
av .
‘ L S
3.;4{ :: 6.05
inay  AEN AkN
Case It i B
Case 1. ™iddle 4 kN is just right toC
BMc= 105350 + 4 (#5 ) 4+ 4(6.25) =58-F5kN

47 Absolute Maximurn Ban
It series of point {oad

then absolute mazimMurm

Sueh g way that resyltant o

d be ab equid

leaq shoul _
s obtarned just below o ad|

L

d!‘09 Moment:
is Snoving over Simply supported beam

ed by placin load 1D

centre of span and

iskance from \
‘acent Load considere

P2
| )"

rg r ; ' ) ’%
- \secHon of maximum BM.

e—Lla

CaseI: IF resultant coincrd
is placed at centre o
is at centre of spah.

Case II: Tf
On?y hea

Case 111: IF
done cOfrf’SPO”d‘IQ?

e

resultant ’s closer
yier Lood is conNs|

resultant 1S closer

e L)jg—

s with any point load then resultant
f span and absolute maximum BM

to heavier adjustent load then,
dered as adjucent load.

to lighter load ther caledation 1s
‘to both adjucent loads.



F£x. Determine absolute mazimurm BM for bear given Rbelow.

2kN | 5.5kN
i 1kN
A PN <
b 38 —— iom sM
S
Rz 24+ 1.5%x1= 4.5k\N
Pogi tion of R from P, 4+ Paat Pox,
QkN - pl+Pﬁ.+p3
- 200)+ 1.5x(100+ 1%15
4.5
- 6.66mM
Case I. Constdering 1-5kN aS adjucent foad.
2k R
N
i 1.5k 1 &N
P ol
A : ' =. .
¢ 1'6‘1 1‘6;1’
l"——"i‘jhf) > :‘ 1559"——’|
‘ l ab { (15+41.67)(15-16%) 4 4

: L, 30

BMmqa = 2¢2:96) + 1:5(7-4) +1(462)

21.64 kNm

1



Case 11:

Consfden'r)g 2 kN as adjuwent Lloagd |

30,

2N ® 8%

e

e\ 5™

\ e
\ 3 \ \_

L . P
3‘%3 333 \\
e Jsro i:—-»\

9;5-%\\%33 AsxR.3) - A%




Statically indeterminate structure

5.2 D»’FF;‘cu)ty yr Analysis.
Equations oFf equilibridm are Not sufficient to analyze
Lhe structure so extra €quations from Compah‘bimy
condiHons are formulated. This makes analygss of
statically indeterminate stuckure relatively difficult.

5.3 Methods oF Analysis:

Analysis of indeterminate Structure (static ancl
kinemalkic bokh) is done by Pollowing methads:

1) Force M efhod/CompaHbi”by Method ] Flezibility Methad
2) Displacerment Methad | Equilibrium Method [Stiffness Methaq

5.4 Difference bétween

Farce Method ; Displacement Method .
Y Fareds are bakenas ynknawn. f b Displaternents are taken Qs
g unknown.
iy Compatibi ity conditons are : i Equilibrium conditions are
used to calculate unknoewn used to calculate unknown
forces. drsplacemen <
i) TP DSI < KT khen Force Wiy 19 KI< DsI Hhen displacement
methed is preferable. . melhod is preferable.
V) Methods: ' 1) Mebhods:
-Methad of cansistent ' . Slope De flecton Method
Deformaktion ) .
. Strain Energy Method . Moment Distribution
. 3-Moment Method/ Mhethad
Clapeyron's Method. : . SHffness Matrix Methad

. Flexibility Makrix Metbod.
. Colump Analogy Method

. kKani’s Method.



5.5 Principle of Superposition:
For linearly elastic structure, resultant 8M, SF, DeFlectian,

stress, strain etc dueto multiple loadings is the algebraic
sum of effect due to individual loading.
P le

. LT I 4 A4 |
'ﬁ = \56' {\‘\’81

W

AN

A= 5,46,

t Deformatiof .

Hlever subjected lo udt as given

5.6 Method of Consisten
Considering a propped can

below,
A B
L !

Skepl: Calculate DSI.
Psr=1

Fure. Redundar)t
c;uzgcj”i)rgssSFch af after removal of
e

rare mMust

StepIr: TIdentify Re
should be S€
redu dant struc

stable.

pirr: Remave all Redundants and make primary shucture.

Ste



Step1v: Apply redundants on primary s tructure (without Loading),oN<
al a time.

Z| /?A, AEH P\MAG
TR w

8

StepV:Write compalibility equations cotvesponding to €ach redundant.

AB:O ;AA:O GA =0
= "A““AQ_ZO T—?'A1+A1:O = 9'_‘_82:0
3
_NL‘*+ RgL3 =5 No standard P?'f”“ja o WL | Mal_,
8EX SET for A, ¢ A, so rtis 24Fr IET
nol pre ferable to T
= D My= -
= Res ENL consider Rj as A 8
redundant .

StepVvr: Calculate other reattions usIng equa,H‘ons of equillibrium.

Ma
HA CM
-
Ry RB...BTML
S Fx=0
= HA:O"‘"C’)

= RA-\'QB— wl =0

= Ra+ 3 L-wlL=0
8
= QA: -§-V\’L Sa—D)

ZMz':O
= 3SMa=0
L Lo
> Mpx W’”L*‘i Rex



Step VaI: Draw BMD:

1
Ma no
HA o ’T ;"xk—————JQ "
»®
Ra

M-
for maximum B
dCBMz _




5.% Principle of Virtual Work.

5.7.1 Derivation:
From Work~Ene;:9y Theorem
«External Workdone = Internal Workdone

« External Work done = Strain Energy.

Ex. Caleulate Ag

|
External workdone = EXP"AB Pl - =-e work done€.
k§:_,
a

Apg

r

Skrain Energy

Form  Straln Encrgy Method -
External Workdone = Stral'n Energy

23

L.pag = i ¥

2 6ET
= A:ﬂ?
| 78" 3E1

Above procedure canbe wsed 1§ deflection s Need to be
calculated in the drrection of applied force It means,
following example cannol be solved by above proceduyre



A% \%\—lz
Ac=?

So this problerm Is Solved using virtual work principle —
to P force systen

Considering an arbitary elastic body subjected

as gy‘ven below

m cannot be used ko caleulate A because

no term of external waikdone cornprises 4.
un’t virtual foad /s applied on the

FA.

Work energy Hhereo

To solve HhIS problem,
arbl'[‘ary body in Hhe direction o

1¢ Vl'fl‘aal)

Now apply P Force system o orbitary lody whirch IS

already subjecfed#o unit vittued load.
ple of virtual work .

From princi
Internal virtual woirkdone

Externad virtuad _
workdone
Lcow
p—

T
l T
1. A = 2ubdlL

—

Lo

|



» CaseI: Statically Stable Elastic Body.

External virtual warkdone = Internal Virtual Workdone.

sCaseIr: Statically stable Rigid Body:
External virtual morkdone:ln&ernaj virtual workdone: 0

*Case I1: Statically Unstable Elastic | Rigid Body
External werkdone F Intereal Workdon.

5.9.2 Princ/ple of Virtual Woetk for Truss =
W, W,

hr {A:? .
" t

Member force= P

7 l
1 cvittual)
Member force =k

’From pn‘ncv‘p/e of virtual work.
= 1A= 2 u-SL

= 1-A4z5k -
2 E

kPL |

:é F Z—A—E’

Considering effect of temperature change and fabricakion

defect also.

A= zkp’- ¥ S kitet) +Zk&

T= +ve if temp. increases

S=+ve if In:»cmber )5 too 1009_



Procedure:
Step1: Calculate force in each member due to applied €0adingd

ad on the truss (without applied foading)
o of drsplacement need to be calculated and

Steprr. Apply unit lo
inthe directia
calculate force in each member. (k) .

Steplu: Arrange all calculated values 1o tabllar format as given

below.
| k-6
Member 'PLkN)) Kckn) | Lem)[ AE ckN)L);F;L / K(LAT)

Z=? | ==7 |==7

Steprv. Calculate defleckon using expression glven below.

L
R ] % + > k(L&T) + =k8

£x Calculate vertical defleckion of joint B. A= 300 mm?, E =206 NI
X = 12x16%/%, member ACis 5MmM koo short, rncrease I'n temp. of

AB is 40°C.
= J0kN
4m
A C
A
= Stepr: Colculation of P
10 kN Fag= 7-07 kN

Fge= -7.07 kN

Ra FCA': 5knN

e

R,



Stepir: Calculation of K.

FAB: ~0.707 kN

Fac=- 0.90% kN

£ C FC.,A = 05 k'\l "
R TP3
StepImr:
CkN) | KkPL o« 5
Mermber | PCEN) | k(kN | Lem) | ABCKN) = K(LAT)| k
=7 3
-0 al2 _O3xe 9w O
AR J.07 0-707% ;\ i
BC .07 |-0707 | 42 ,\9 43x10 o o
Q.
3.33x\67| o p-Stooay
& 05 8 ‘
] CA
2= 3-391\54 -).Qy<|53 p,mxo‘jJ
A= SEPE 4+ 5 clam) 4+ T kS
AE
- -3 _,3
= 5.33x104- 1.91%x10 - 2-5%X10
:-4.0'7x’o-3m

\LA: —4.0% mmj

-ve value shows deflecHon opposite fo the applied
unit foad.It means upward.



LLLLLLLLLLLLOVLUVLOVLLVLVLVOVLVLOVUVOVGELVOLOL VCEE

Coumt T !- T} ¥otakon ©f membes o T D™
Caleulated dten O,H:»\ umit Load i vided
by leng i 0, mtm‘w‘ berbendiculon o
member ax %&uﬁ&e\ giuen be. oo -
) Cadenladien

Ca\c»\chR: 7yo¥olﬁcm gl mem\au AR
A

| ——

A 3

/// //l

wa;j\ Y[\/J Lw(r\ Lnf\c\ Lms W\ﬁ‘.m\')tﬂ Emu- (k)

b4
A -
\ memben l;mu (K) ‘
B @
/ 7 1/ 7
4
Lag




LOLLLLLLLLLLLLLLLLETLVIVETTTLTeTeT

M?- I relative Mouvement between +oo0
Jmnh Y)Ct& +0 be. QQ\C—HlQI‘?Cl .ﬂgn q_bi:)‘a
Fo’( eX O/m\p\t, Co\ou\q'k ?e\qlrluc Ynmrcmnd

& Joink AB in dts disechion &) AB.
D B B

777

M‘\’\gjind and Givtual (sad an foll os o

Calculafe fower in mewmber (1) .

LN
R memben Emu (k)
) N
~

N
X




LOLLLLLTLLOLLLOTLLo e e bUdTvTTeeeee7

CQ]C.K&IO‘l’iOW’\ O‘b %ebl&chcm % T uss b’D‘(
difboent Cames-

Com I ‘- I() elonachm 52) membens &u.o o
Q\D\ob'ec\ (,oo&jn(j 5 c\iktcjr\a 5\'chn-

0 (4*37\”'\3 C

= ™
&‘§ /%- g "‘Z.mmB
N 2 \jf
AN <
~ D

A -
Loz mny E(wmm)%‘
Calenlate Ventical dtb‘tckm at E.
Qb\'—’\a it bad at E amd Calclate 60‘70 A

€ach nember- (k)

/ \/\ meinboh s (1

P \L 1 (vivhal) 7%‘

Ax & K(%%

—T\:CS;, W elcmaq\%on ond Cm\) 5}) Yﬂcm\;frl

st o &b\)\iﬁc\ Loadli n (j .




5.7.3 Principle of V/rtual Work for Bearns and Frames.

B v \v c

adx

Aye= T

1 (virtual)
e ¢+ |

[

d

TN = Moment at
any sectlon .

K
v

principle of wrtual waork =
- &= Su-6L

= dAc Jm.qg

r e Sde;
—J EI

from




For Rotatlion :-

mMdx
Y&‘ eI

= Moment at any seckion due to unit foree lmoment

M= Moment at any sechon due to applied loading .

méM= +ve if clockwise | Sa99 ing/comp. on ref face

Ex.Calculate Qg and 6pg

P 11
ﬁ Lla _ L /2 l A j B o
A 8 ' T g e

=i
™ for CB ' —
For ¢8 - i
M= Pz (+ve becoz clockwise)
] For BA -
N 4+ ve becoz
] m= 1-2 (
M= P (5 +1) (xve becozclockwise) P
mM dx
S =
Lin
L,Q'mM dx n Md x
" . o
B j Br =
\?,—\_/—\,—./ OQ/\/____/"
CcB BA
L2 L2 L
= [ (Px)dz J‘fz[p( 5 +%)] dx
© £ o ET







58 Betti’'s Law:

Virtual workdone by P farce systerm 0 going through

de formation of Q force System 1s equal to v)rtu\a! wc;:'kaIOOC
by @ force system in Going through deformation o foice
System.

P
v v 18 T P-system

\
\
\

¥ \
[ \
. |
‘@,
\
\

F

fromm Bettis Law.- s
PyA, + P82 = Q8 T ¥Cx

\
\
\
\

Q - systemn

> SPA= =QS8

A= ’Dfsplacemer)t by ststem oorrcSpond 'ng to P-system

§= Displacement by P-system corresponding to Q-system

A f 8mm at Z
i o produces de flecHon ©
The bearmn gIveD be ”
Em'ropyodute %eHecH'oD of &§mm an;oslr:n;of x and Y
! u €
respectively, load r8qu:red al e
a) 20kN b) 40kN c) S5kN

30kN 4okM

P-system
i 4 v

Q system.

from Betti's Law -
rplA| +p1A2 = Qlé)
30x 8 + 40x G = Wx8



5.9 Mgzwell’s Reciprocal Theorem.- |
1t s the special case of Betti's law where a Single force/
moment in P-force system and @ single force/ moment in
Q- force system of equal magnitude are present.

pP-system From Bettis law -

P1A1:@18|
=y X A= SxB

ik A=06

5.1 Theorem of Lleast Work | Strain Energy Method .

In any statically indeterminate struckture the reduno'anl*‘ |
should be suchas tokal internal energy of a Structyre /s minimuym,

Ui

M*d x
R ol j
Uy U3 P )

U, 1:) minimurmnm .

oR = 1)
E1
In case of settlement of support -
2u .
dR
M
Mg ™=

\_:A

EI

M= +ve If clock wise /$agging/ cemmp on ref. face
A = +vef alonar



Fx. Analyze the given frame using Strain energy methodl -
Horizontal settle ment of support D is 10 wj’y ds i h
= wards 19 t.

C
> 120kN

AM

T T Im 1
Step1: Caleulate DST.
DS1=1

Step11: Identify redundants.
In thss case, redundant must be in the direcHon of

sekHement of support to consider the effeck of settlement
so considering horizontal reactHon at D as redundant.

B X 5120 kN
54
0
A ﬁE—’HD

step 1111 Coleulate other support reactons

C
— 120kN

ZFx=0
= Rao4h +120+5Rsing=o0
= Ry= -Hp-160 --i)



ZPJZD

= R1+ R3 - 50¢c0s88=0

2IM; =0
= ZMA =0
2 l2oxd ~ Rax6 ---Gm)
= 50"2-\-

from eq” ) 0D andGii)
R,= -70.83 kN
Re=-Hp-160
R3- 100.83 kN
StepIV: Make gsltrain energy of skrycture ™Minimum.

t-&——‘lx For DCI-
: e >120kN M= —Hpx (-ve becoz
‘ ankticlockw)ise)
0¥ _ -
o R
1k, o
iy
1 . “or ¢B'-
R3 ™M = ~R3"Z"HD’<4

:-\00-83“' = H?D“‘“
™M

o/

— =--4
Ho
For AB '~
M= R, xcosf -Rp Xxsin6- wx? yve if clockwise)
- 2
< 4 10 %
= -90.83x% x 2~ (-Hp-160) X * =~ =
- 85.51x- 57x240.8 Hpx
ot = 4.8
3Ho
U
== A
oHp -~ D
b€z
4 L, OM 3 M 5., oM §ilh (we )
j’ MTH-DdX " J’ MaHDd-’K + J’MBHDC"X = —E-E q,ong HD
) EX 2 EY



4
-Hp¥) (-x
- J‘C pd L )dx+ f(-;oo~83::c-4HD) (- 4)dx

0
5
4 j (85.5{x -52%2+0.8 Hpx) (0.8x) dz = 10
0
= HD: "4 198 k)\]
Step V. BMD -
Draw BMD as discussed in section 1.16.
&
Sy
167.9
©
16 +.
o 9

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

beams

e e

T
~—
s >
N

I
]

5

L L 2 _ ‘GA\al = GAia‘L GEHA_ GEHC
My (-—)'\-QMB(‘_-L-‘-_’; +MC(I)~ v A

Il IQ_ B

Ma, Mg, Mc = These are BM so +ve ifsagging

I =



80kN 32 kN Ty

l

v@‘c @D ﬁg@lg
‘ , X sm——}—amHm-—k:sm
‘ ? f |

psi=a2 so Two equations are required
. . ] \

to analyze the stkruckure,

1
(
|
!
|

For AB and BC:

L\_‘_— ) GA,C{| “ GALQ‘,
MA >+ QMB( +MC< L,I, Lol,
LA L. M 1&>_'6X432x3
= O('BI>+Q B( +\o:t T C( 01/ ~ @ x 31
_ £ 6x2864%6  6x1440%
( |2 x10T 2 x| 0T
iE8E.4 =~ ==L

> 64Mg+12Mce=




C.G. of unsymmetrice
Alt

for 8C & (D '~
—-6A, 0 __GA.LC!L

L, L §
mg (22)+ame (H+ 2 )+ Mp(£)="1 g, =
6 X2 304%6

7 Mg rox>+ QM‘( o1 >+ 36)( ir)ﬁ —( l@iﬁ&;x;
12X 10X

— 6x288%10/3

6EX2T
Mp = -36 kNM }
_ve becoz hogg'ng

b 1.2Myg + 8-4 Me = - 14952 ---CGD

From egn () and Gi)
Mg = -215.39 &Nm
Mc= =147, 22 kNm
—ve 5{90 indicates hc:ggmg B WM.



° A
B

%
o | C )
%”” ﬂ Go Ki:smm % @ 2

f— ]

g ———

DSIz= 3
so three €quations are reqd

V.
A
D

ired o Cmalyzc the Structure

For R,A and AB'~
6EhA° , 6Ebp

'MA< +2MA(;'+_>+MB( ) 2

= 2My +Mg= - 600 o< i)

For nd BC
AB a GEH .

MA( >+QMB(L' Lz>+M( ) =

6 y 12 12 6 E(0015) 6 E(0©0I5)
= MA( )+2MB( ' tox) +MC<\_5_L> - 3 12
EN MA+3.QMB-L 0.6 M¢ = Go0O P
ki s > eaha , 8Ebp
MB(%"‘)’*QMC( +MD T 0,
_ GE (-0.015)  £EXO
7 M8(1013 + g (‘OI+—- F ( 2t/ 1 AT

= 0.6 Mg +4.2Me =-300 -~ (W)



from equation ) ,Gi) and (i)
Mp= - 53%7.YkENM
Mgz 495.4 kNm

Me = -139.349 kNm,

éw



8.1 Introduction: Arch
er which s predominant

Arches are Sstructural memb )
Subjected te amal compreSsive Porce and reskricted for‘raferod

movement at supports.

Extrado3 crown

Introdos / ,
Soffrt central rise
Spn'ng {ine
5.2 Reasons to construct Arch: \
which aré€ gkrong rn compression
ominantly

. Better use of materials .
and weak 1p tension becquse arches are Pre
subjected to axial compression.

. For Large span.
- For better aestheliC.
« For caltural representat/‘on.
8.3 Classification of Arch:
A) Based on Architectural Point of View :-
1) Parabolic
2) Circular
2) glliptreal
4) Any other Shape.
g) Based on Struckural Design Point of View -
D 3-hmged Arch.
2 2-hinged Arch.
3) Fixed Arch

874 hinge

DS1=0 DET= 2 —_



8.4 Bending Moment in Arch

v junit

BMG"CH: %MSS -Hj

For being an

*Conclusion -
reactrons are mandaror_y
t at any

It means lateral ’
arch because It reduces Nt bending momen

Section.

Beam curved 0 Arch.
Flevaltion
8:5 Analysis of 3-Hinged Arch:
D FOhges Romiliaite Fegtn Equation of pawabolic profrle
_ 4h x(L-%)
H a Lg_

«Origin s ot deft support

h . Y-qxis s upward.
. L-vs span of equal de e/

Supports.




thrust at supports and BM at any section

lculate horizontal
Fip Sarel ,'nged parabelic arch S’ub]eared to udl on

in a symmé‘z‘rk‘ao( 3’b
horizontal span

N a s aaansas e
4
h
A B
> S —F
ZP =0
= Ha-HB=0 beeerhl
= Zth
> VpAVg-wx- =0
ZM,c
= ZMpuo0 .
- -=3i1Y)
= wxlrk - vgrlL =0 *
—o (LHS)
i -€v)

S Vax £ -Wx35 73

from €a" @ toGiv)
wl
Va=Vg= —37

2
w L
HA:HB: Bh

BM at any section

2
BMy= Vg ’I’*-VBE‘ HH
_ wl wxt  Wh _4_’35(1.—30}
2 Tz T 8h | I&



- 852 Normal / Axicd Thrust and Radral Shear:

Method 1+
p RS
AT By using ZFx=0 and ZFy=0. AT and RS
‘QM can be calculated.
Ra,
Ry
Method II-

AT= HacoS6% Vx SIDG

RS — Hxs8iNB- Vx€036

Net horizontal force 0N Segment

towards right

Ve= Net Vertical force on segment
upward,

Ha <

yust at support, Axial thrusb and Rad raf

€x.Calculate horjzontal th
20 kyt 2 SkN /1M Sheqr af S™ from .
support A. Arch rs paraboliC,

= ZFx=0
Hp-Hg= O -~ -L1)

ZFy=0
V4 4Vg—20-30- 25x10 = 0 --Ci)



=M_=0
‘—‘) EMA:O

> o6X3H+IOXTA2SX10* 15 -vgx20 =0 -- W

= -VpX10 + Hg X5 +25x10%S =0 -G

fromm €@Quation < to Gv)

sl

Ha= Hg= 152%xN
Va= Qq ¥
Vg= 201 \.

For RS and AT:—

LQ.
20 kN - <
: = dY_ 4h (L-22
A':E R
at x= S
A
Ha - tanB=z ——— (26-2x5)
1 2 6%
Va =0-5

S\NnB=0-45

Now), =Fx -0
HA_ATcose- RSsing =90
= |52 - AT x0.89 - RS x0-45:-0 -
SFy =0
va -20 - ATsinB 4 Rs cos® =0
> qq-20 - AT x0:45% Rsx0.8q= ¢ -- )

from €90 ) andvi)

AT= 171.98 kN
RS= -2.68 kN.




" Ex Caleulate horizontal tmust for paraboalic arch given bélowns.
sokN/mM Hinge is at crown.

SoRN 1™ = F2=0
Y Y Y Y Y Y Y Y Y Y Y Y YY YY)D ‘
r - = Hp-Hg=0 =4
4]; ¢ i ZFy=o
= VA-\-VB-—SOX4O:O"'GD
WA l
— M. % M, O
’ - =My =0
Va = AZ
=
b <—Hp
4pmM vB

In above 4 €qualkions, sunknowns € Ha,Va-HB:V8 and z)

s 3 . th .
are preséent so ©N€ more GQua,Hon js required. 5th equaltion

capbe formuloted using equokion of parabolq

N % x (LX)

= y= 4X4 x(L-2)
L')-

At ’I.::O,g:o
' oz A% ,ox(L-0)
L

QPR | =




At z=zL ,y=494m
5

_ 4x4 L iy
= 4= T "i(L T)

= & sd (useless)

At x=40,y=- -5m

Ax4 . a0 (L -40)
L?.

= -S=

= L=32m

So z= L _ 32 _
2= T oulbg =W

frormnd) to(v)
Hp= Hg= 1600 &N
Va = 800 kN
VB = 1200 kN |

Alternatively:-

1 y¥
)mzﬁ !
hy fa
= la- =

q 40-2



8.5.3 Circular 3-Hinged Arch:
Property of circlé:

Ex. What (s the

radius 2so m 4anb

o

Ule

o)

8o
2

£x. A 3-hinged symme

udl “Won hori
t and gM al any Ssec

= 'ip'_t:o

suppor

=0 (LHS)
" from €q”

2

8o -
xS =

ADXxDB = CD XDE

2 Lgrbe= h x (2R-h)

central rist of a ngmen-ta{ eireular arch of

d span 8om.

- hx (2R-h)

hxC 2% 250~ 1)

h=322M
rch is subjected tO

Id emiclrcdlar @
R S te) Hyyuskat

aleulate horrzop

zontal span. ¢
Han .

@)
> Ha-Hg =0
- 1)

VA—\—VB—W (QR') =0

2MZ:O
5> wi@R)*R- Vg x(2R)=©0 = -Giy)
o) to (W

R
Yp < Hg= -—""‘?’

2.
WR*_ 5 .. .Gv)
VA:



* Note:

Erpression -of H of 3-Hrnged parabolic arch subjected fo
zpr :
upL. it
e
‘PUH'“"IB L= 2R B &h=FR
- WR
= 3
ntal fh)’ust OF g'b"ng-ed arch dOeS‘nol;

I+ means horizo .
depend on shape of arcM
LWW

BMat any sectionN: =

R(1-¢0S0) 8

BMO: VngC1-COSQ)‘HA'QQiDB N
—w {R1-cos6)) s
2

- - "'-\23): sind
=WAR (1-c0SO) > R

— WRA({_2cas8+c0s™)

2
= wR?- wgZess6 - WR%ing
2

- WR- L wg’ 056—“-’19?9203“8

ey
= WRSrsin%-sin®

for maxrmum BM -
dCBM@)_O
a6
= WR? (251G c0sd ~ cosBd = o
b 28
cos@(2sThf-10=0

=
Now, 25inB-1=0 => sing=V,y = 6=30"§ 50"



At 6’:30° andlsoo BM__

perature of 3-Hinged Arch:-

C'C": BCOCT
- The+ ez - T

C'Cll
sS1n6

_ ﬁ‘-»c Lg)y T
o B VAN T .

hrl b+ (L2

85.4 Effectof Tem

Ah: CL'=

o”zonta.! expansion = LXT

h
hoT

\ertrcod expansion =

;b af span 20M and central TIS€ Am 1S
dt 25 gN/m . This aqreh 1S also Subjecf-ed to

at s the change ity
remperature ¢

Ex. A 3'-hin99da
subjectedfo u
rise 1D chpcrafu
horzontad thirus
«=12x16%/C.

= ' :.V\_’l_'f
8b
_9'_”_-__\1\)_},2 > dH:-_V\_’lfdh___WL" (ah™12) AT
ah ~ 8h* 8h* an Ah

~ - 1.08kN.
; wirhinerease 10 h’

Bl alsl



855 ILD of S—Hir)geq' Arch .-

1
- i For Va-
C 2M8 =0

= VpaxL- 1x(L-xXD)=0

A B H S Va= L-x
H L
TVA TVB At x=D , Vp=1
L ) 8 i VA:O

For H*-
CaseI- 0515%

MQ:O (LHS)

3 VaxLb_ Hxh- 1x(L-X) =g
2 2

¢
‘
{
¢
|
t
i
!
1
r
L
\
1
|

L-x\ L _ o f i 5 L-x) L e —
= (T)E Hxh (E ’1) 0 i><1_ "z‘H h=o
-

_L-X
M AT
At =0 , H=D | At x-L :.4%7
2
’El.:l_:,H:—l:
13 4h x=L »H=0




?Qr \l\s)',—
x 1s Plotied oy voetned oF

IV e erx PQS‘\h\ ot
%V\ q\.(\\'; %M S \%\3
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9. Cable Structure

9.1 Assumptions -
1) Cables are axrally rnextensible,
perfectly flexrble so shear Force and bending

2) Cables are g o

moment 15 zero €V

Q.2 Stab/h’ty of Cable Structure -

/)

SkN
SkN
Ds1=0, Stable .
PST 2 -1
5kN.
10kN

alse bé stable for

Cable Structure s with DSI<0 Ty of) structyre

oad combination. IF loadrng pattern

calar | | )
B n shape of ctructure also changes. Thrs makes

changes the
styucture un stable.

93 Two -Hinged and Three H/'nged St Ffned Suspension 'Br/‘dye.-

M A

Deck
Suspensron
brr’dge_

7 o cable stayed bvidge.



[ 1
e

= Calculate l’f’)S‘ (o] / P = e
&x‘ : 7 i) m each S%?l?)@ﬂt ['a] a,bl Qnd J‘/ert I\CCQ,Q ng

2 - = o
L . L R - oW

ZFI_’:O
D-Ha+Hp=0 - --G)

ZP:’:@

Va+Vp-3-8 = o -- (i)

SN\zto

ZMA:O

-V _

2*6 ~Hpx8§ +3x2 X+ Qx4 = 0 ---Gy

M. =0 (R\—\S)

\‘\DXQ_— Vpx2 =0 -. V)



from eqf G) to Gv)

Vo = 6-25kN
Np= 4.95 kN |

! . _ I ~
Tag= W Tep= J \'p t+ Hp

= {4.76%+ 4.795%

16257+ 4.952

I

B A

= 6.972kN

N

7.85kN '

Joint C -

\QB /TCD ZFp =0

- —6>-T£4-5‘ = "TCB COSG+T¢0COS45° = O -V

eg SINB + TepSiN457=0 --Gi)
-8

from &) and @)

For vertical Sag atB.
MB:O CLHS)

= \IAXQ ’Hﬁi‘hato

= hpg= 2.63™M




210 of 273

Erorm equatton @) to Qv)

Ha=Hg = 4kN
Yaz 2kN
Ve =1 kN
for hg :-
MB=° (L.H.S)

= Vax2 — Haxhg=o

hg=2.63M

=
Q.4 Cable subjected to udl:~

parabolic

QOO Y Y Y Y Ny Y Y0

UpL on horizontal span
(Bridge)

e Note - .
ey are€ considered as same

*pardbOHC and Cafe(na;y Pmp’
for prach'caj puUrPOSES.

Considering a cable Subjected to d ownward UDLon
horizontal spah and supported at unegual Level as given

b eloy.
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LLLLLLUTTLTTTLUBL LUV UUYI e e e e d 8

Iy

g g\imW\clm(‘n[ - \ln r{ cwich ( P“”“‘""l‘) fLAb“’”
QU § Cenhyal mpe )m Ceovuen /Mf“ le ventico
boint  Load Q) jo-lon « Locate. e i‘msﬂnrn SL Load an
el n ovde dhat Jio bendi ne ynoment b Lt at
Acckion g l)xo‘m e l\ }\m} . Fox dWig, Y,Oc,%, B0 (()) Lz_,r;r\
calelate dhe h(h&ma moment  od e o (wad -

TLn &, BMp
Eyom TLD, L © Cleon dhat boad P

Me 26 ( LAS)
= Vp)(_\E <~ HRA5 —P(%_-u) =0 -

awd of E will

\l

> Ha =97

)




AL CETTTTTTITTTIVUTTeT97T 77

BMp = O
= Vyxg — HpXx3d,=0

> lo(24%) yq _ ?L\xg .
T_M Ha o 3 (24 3)1 i

= 3 = ||0:29m.

N o

BHE = \/HX'JC — Hﬁ LAK

| o k5 [o-29(2y-
= 10(21-\0'22)( l0-29 HH %% ® S@:-ﬁ)
L‘

= EE-Q kNm.



G.6. A cantilever Fruss carries a concentrated load P as shown
in the Fn‘gure belovu :

e=tan'(3/a)

el @ lp

What are the "magnitutles of axial forces in the members 1,
11 and 11, respectively ?

a) 1.00P, 1.33P and 1.67P
b) 1:67P,133P and 1.00P
¢ 1.33 P, 0.75P and 0.60P
d) 0.60P, 0.75P and 3-00P

[ ESE: 2006]
Solution: 8= tar'(%/a) >tan6= 3 => sine: 2; cose: -4
... (3,4 ,5 = pybthagorean ¢tripl
Joint B: o ple)
\\ ZFS:O
e F1 SinG-'P:O
«— B8
Fim B = Lo - 1.67P .—----(1)
Fa P "7 Sing 55 7 T
ZF:I:O
—Fz-’F, cosB=20
o P - vl
= B - P - - . F,=1383P 1)
FQ_ Fq cosb tang 3/4"’) 2
Toint &
L F3+ Riz o
Ra
e > Py S

1;1: P |

FromQ) ,Gi) ard (1D
Ang:b) 1.67P ,1.33P, 1.00 P
LF‘\ 9I F:Q_I IL “:5)



Q2 What 1s the area of influence fine d"djram for the
reackion at the hinged end ef-yniferm propped cantilever

bea span L? a) L b)-lZ A L
mof span -7 = = )4

B

Aéf L »%Rg

Not on‘gﬂbo)cx/*

La
ILD ofF Rg

1

o -

Assuming beam S subjected to ud £

fpommmenennny)

)IRg :.SB_VUL

0

LD of R3

w xArea 0 FILD of Rg= Rg

wrA = 3l
8

dySb
%E SE:2009)



