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Course Objectives:

e To demonstrate analytical methods for determining strength & stiffness and assess stability
of structural members.

e To enable the student analyze indeterminate trusses

e To make the student to understand the analysis procedures for analyzing fixed and
Continuous beams.

e  To enable the student to undergo analysis procedure using slope deflection method and
moment distribution method.

e To enable the student to analyze the two hinged and three hinged arches

Course Outcomes (CO):

. Determine deflection at any point on a beam under simple and combined loads

Apply energy theorems for analysis of indeterminate structures

Analyze indeterminate structures with yielding of supports

Analyze beams and portal frames using slope deflection and moment distribution methods
Analyze bending moment, normal thrust and radial shear m the arches

UNIT -1 | Basic Analysis of Indeterminate Structures

Introduction-Strain energy in linear elastic system, expression of strain energy due to axial load,
bending moment and shear force — Castigliano’s first theorem - Deflections of simple beams and pin
jomted trusses - Indeterminate Structural Analysis — Determunation of static and kinematic
indeterminacies — Solution of trusses up to two degrees of internal and external indeterminacy —
Castigliano’s second theorem.

UNIT -1I | Fixed Beams & Continuous Beams

Introduction to statically indeterminate beams- theorem of three moments-uniformly distributed load,
central point load, eccentric point load, number of point loads, uniformly varying load, couple and
combination of loads — Shear force and Bending moment diagrams —effect of sinking of support,
effect of rotation of a support.

UNIT - 111 | Slope-Deflection Method

Introduction- derivation of slope deflection equation- application to continuous beams with and
without settlement of supports- Analysis of single bay, single storey, portal frame including side
sway.

UNIT -1V | Moment Distribution Method

Introduction to moment distribution method- application to continuous beams with and without
settlement of supports. Analysis of single storey ,portal frames — including Sway

UNIT -V | Arches

Introduction- hinges-transfer of load to arches-linear arch-hinges in the arch-arch action-Horizontal
force — three hinged arches — circular arches — springs at different level-Two hinged arches- two
hinged circular arches — fixed arches (only theory) - Temperature stresses in arches.




Textbooks:

1. C.S.Reddy, “Basic Structural Analysis”, Tata McGraw Hill
2. S. Ramamurtham, “Theory of Structures”, Dhanpat Rai1 Publishing Company (p) Ltd, 2009

Reference Books:

1. Timoshenko & Young, “Theory of Structures”, Tata McGraw Hill

2. S.S. Bhavikatti, “Structural analysis”, Volume 1 and 2. Vikas publishing house pvt. Ltd.

3. Dr.Vaidyanathan, Dr P Perumal, “Comprehensive structural analysis”, Vol-II, Laxmi
Publications (P) Ltd.

4. Junarkar S. B.. “Structural Mechanics”, Vol I & II, Charotar Publishers
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Example 3.11 A simply supported beam of span L, camries a concentrated load P at a distance
a from left hand side support as shown in Figure 3.22. Using castigliano’s theorem determine the
deflection under the load. Assume uniform flexural rigidity.

e
=
1o

B
=

=
=

Figure 3.22 Example 3.11

Solution Reaction at 4,

Pb
Ryi= ——
&
and Reaction at B,
Pa
Ry o e
i 7
Table 3.9 Calculation table for Example 3.11
Portion AC CR
Origin A B
Limit 0-a 0-h
M E’Z.\‘ fi’-x
L L
Flexural Rigidity El El

Therefore, Shear Energy of the beam

L ' 2E] L
szz 1 “3 i £ Pza’ % 1 1’3
> 6EI | > 6EIl

P'v’a’  Pa’h’
6EIL’ 6EIL"

P2a2b2
6EIL* (#+5)

PR
6E]L . oDINce., a

U _ Pa’b’
Ac= 5P = 3EIL




Example 3.12 Determine the vertical deflection at the free end and rotation at 4 in the
overhanging beam shown in Figure 3.23(a). Assume constant £/. Use Castigliano’s method.

A lz kN
v 45 |

* 6m I 2m 1

1 kN
Figure 3.23(a) Example 3.12

Solution (1) Deflection at C: Taking 3 kN force as p,

Rg x6=Px8
4
Ri= 2pT
= X
P
R.= —
A 3¢

il
' Tas

Figure 3.23(b) Reaction if 3 kN load is taken as ?

Bending moment expressions are noted, in the tabular form.

Table 3.10 Calculation table for Example 3.12

Portion AB BC
Origin A C
Limit 0-6 0-2
M i X — Py
3 e
Flexural Rigidity El £l

{

" 6 5 ]
P | X o Px’
I8EI| 3 |, 6 El

4P> 4 p°

ElI 3 EI

5.333P°
El

dU 10.667P
dP  EI

AC=

Substituting P = 3 kN, we get



for fotaiDn oka, ofply a dummy momsnk ab A

Mé’_ l 'ZEN
T &m &f2»
Re
2%‘:0 =) Bx6 —t-tb =0
6t

‘r& FPoatibn AR I ]

OT'-’& ) A c
Ui b or

3 (""‘%«M 2%
crey U= | (0 44 (g

g g(@’e">*" bf] (’9&") &,&de L

g
2

D

605 JG (4')(erde
o e J C‘* -{-X) A X

WM




Calcidake iy
. 0 f :
Ceonto) Ar,( le € ¢ & 8(()[*(' af ends Q{ LSP Fo'r'ul’i;\) ubL 9 por

Qe
\’«QQ!{J“\ U\er {he tohole S[’(,\n,

sol~
A

P
&o vSlj:P ‘2&'; “9‘[:_
w,w?

due o Spmmet T BT Pe” Ta

eedynx—X = 69,.———"‘*())1 ""'.9—9—-7?"
2— 2

5
;Jﬂ-—-’ dAX

@u\o(hz.j WM""‘K

Totz] Ltooin emsrj»j Sbved

ﬂj (e
f’[(mw)‘,ggjﬂ

=2 g - 5
. L[ -é)f,‘ﬁ £
’@["E’Q 8@
s Mﬁ___wﬁ’
’@»[‘?37 @ﬂ
Acg‘p’"




1 %ﬂo‘ avwtalon aqf‘g‘, a{;}p&y dw\f womeant- ok~ (A'. @ |

9

Zvz0 D BARe= 194 —0

DOV =0 5 —Gl+1hd = i
2-
b eoi-Ry

2 X

e
2~
Gt s




o d 0’
() by Debkermine  the werhed & (no'ﬁgonlJ Aigpoo\aeme««p @(,eu,,g é’,y Om@

y y 4 Feover~-
¢ Cxxﬁﬁﬁm"\w (?Va’ﬂ g

w {h‘? (?TN"’! . fore €0« l(\} uﬂdf"lm
20N |m \GSOM ™

KN c 5 c.
w8 ser 1f 5 lm.
5 : L
| S
oy AN Y
"FT ame totth dummy ‘@me":"av
verteel lo~d 9*9 clowmn oA‘P‘J’.’D'
Wie ) PO"(‘HOV) O‘T‘la\m l’-i(i,’l[-/i’:t_ﬁ,—t-———
Ee & |
eo | D L_’_f_:_;):../—”f/ ‘

p4-0-40+SP C_ﬁ&f_‘f_@dwo
stroin Envgf U? & 268

?CU\JP + )%o\'l + #P" i ‘
,re T

EZ Lo-x Y
G~ (2410 N-mw” = %E; 12510’ kv A= 0.052m
s - A= 5233 )

TESSIEEITETDTY v VAT INETR TV F TR AT YTIT P Sy s we i




Yosigontd _ deflecom™

T T YS \
O N (fonS ¥ -
s

il | f[a@:'x) 240+ 59%)

R - [zs;.umﬂ

J Caufx) +2<,;o+svﬁ j (29 —HF'Q’

Sdoin EM:‘” Ue

2U. = Ficabf"()'\‘l‘?"* 5"3"), AN, ; 2641503)
& /a'é - j — (2—¢ "

peg )" 5ee }ﬂ
&@/
_gu}o"ﬂm %/3 "
= S WTJ 307— rd.( +0
Bon &g @2

° >
i > T god”
= yf(‘\"“" —R pox —How ~Son o Z:; AL

J (tfso/lcfo«zrsoma JD >

(/Cp‘&ote-upol ,s'o'ﬁiJ + ,_, gﬂ

;'é—{ [(p%ow —-l@of{—-sor,g} J ,g—f./[c[})

6
= ,J_.Cl"]q,of-llwf-g,__’f -+ é;

.32 )
o Ry wE e ST
= €2 T oyp?

A = 0.603Y
DY ™
-A on 2 2ellmm




— A L L

L""’_y__ - Llét(aj L'Mq‘gﬂ@a(/\ld_g F—F(‘M‘ 41‘\&0‘“4«4, o,{wm,\& tte Jw c;@: -
e " TN
o} dhe ouzwfz\w&j‘i(g end B B the becuwn looded a8 ghoios in 'ﬂ‘{? ®

Y e C
Cﬁaﬁ:&j‘zf——ﬁ “‘j

Sl For e Aeflechvn b
 witel Sege
a

CM A L .
?ﬂ& e

TU=0 =) By tR.tP=0 —0

zf=0 9 ptd) + gL tM=o

R L= 01— P(Zig:')

L k44 L <

pames® o= (5440 Moyt |
from eq(D H gcv_; ‘_.F,_RE
=P+ (34 (1 4£)1

A\
- © a2

w~
Ok Ton £ 20,1 [ 1y D0t Lty g 10,28
@ epT tan g, T BW

N T = e

v, = -8R0, %ﬂ
=9

205
ot
ot Porin CB, gm0 ot me Lot O
M = RX = -—(%—*2)%.
2% _ X
-




Qu&hkﬂw@ qb’b\lﬂ Ynlnes

S cc,,_J { pat PO A“'PT;'ELJ (%—t,&)j(l)ou
| Lk -
b | (a2 P22

56 (?d*”ﬂ
5 («—@J v 5[0 et e

(P

Ll g
ek

| fuze =) Bt Be=e 7

| =8 1

| | 2o RLZN D R T

Mo > tn—kr

fome© Ro=—R = ’"’ =L Cla)

| ¢ t (,.——-o('t
oWl Rotefnel B, A,-g%f fj*&/”"“f éLJ L

Do PO AT, abB7tzo, ab 8 o> Ys -
t{;("mzag,%”.\’

2ol PN CL (Aczo, a8, Ak
fQ(f‘“Rcfl"”«x _ﬁl—

SwﬁMzg agupndned I tae @.’V
6,7 &;JH eon a4z | @"W‘ )

b ot
- M (A
’ﬁ(z*@gzy() 3&‘1 Z@i

(@ (Clocewise)

% et A S VR o S e AT TR AR S VN AT T n o e mm—




Casti glThenmrens s

The theorem of | east work derives from what is known as C
state the two theorems of Carlo Alberto Castigliano (1847-1884) who was an lItalian railroad engineer.

In 1879, Castigliano published two theorems.

Cast i glfiisatheorém

The first partial derivative of the total internal energy (strain energy) in a structure with respect to any particular deflection
component at a point is equal to the force applied at that point and in the direction corresponding to that deflection
component.

This first theorem is applicable to linearly or nonlinearly elastic structures in which the temperature is constant and the
supports are unyielding.

The first partial derivative of the total internal energy in a structure with respect to the force applied at any point is equal to
the deflection at the point of application of that force in the direction of its line of action.

The second theorem of Castigliano is applicable to linearly elastic (Hookean material) structures with constant temperature
and unyielding supports.

Note that in the above statements, force may mean point force or couple (moment) and displacement
may mean translation or angular rotation. Proofs of Casti
document.

Without further due, here is the theorem of least work, a.k.a. Ca st i g |thearanodf kast work:

The redundant reaction components of a statically indeterminate structure are such that they make the internal work (strain
energy) a minimum.
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