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SYLLABUS:

UNIT I

Three Hinged Arches: Elastic theory of arches — Eddy’s theorem -—
Determination of horizontal thrust, bending moment, normal thrust and radial
shear — effect of temperature.

Two Hinged Arches:Determination of horizontal thrust, bending moment,
normal thrust and radial shear — Rib shortening and temperature stresses, tied
arches — fixed arches — ( No analytical question).

UNIT-1I
Lateral Load Analysis Using Approximate Methods: application to
building frames. (i) Portal method (ii) Cantilever method.

UNIT -1

Cable Structures And Suspension Bridges: Introduction, characteristics of
cable, analysis of cables subjected to concentrated and uniformly distributed
loads, anchor cable, temperature stresses, analysis of simple suspension bridge,
three hinged and two hinged stiffening girder suspension bridges.

UNIT - IV

Moment Distribution Method: Stiffness and carry over factors — Distribution
factors — Analysis of continuous beams with and without sinking of supports —
Portal frames — including Sway-Substitute frame analysis by two cycle.

UNIT -V

Kani’s Method: Analysis.of. continuous beams — including settlement of
supports and single bay portal frames with and without side sway.

UNI - VI
Introduction to Matrix Methods:

Flexibility methods: Introduction, application to continuous beams
(maximum of two unknowns) including support settlements.

Stiffness method: Introduction, application to continuous beams
(maximum of two unknowns) including support settlements

www.FirstRanker.com
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UNIT-6
FLEXIBILITY MATRIX METHOD

The systematic development of consistent deformation method in the matrix form has
lead to flexibility matrix method. The method is also called force method. Since the basic
unknowns are the redundant forces in the structure.

This method is exactly opposite to stiffness matrix method.

The flexibility matrix equation is given by

[PIIFI={[ 1-[ W)
PI=[FI"( 1-1 o)

Where,

[P] = Redundant in matrix form
[F] = Flexibility matrix

[ ] = Displacement at supports
[ L]= Displacement due to load

1. Analyse the continuous beam shown in the figure by flexibility matrix method, draw
BMD

- S0N/m 100
@\J\f\/\f\f\f\/\m/\“ er C
§ T T.5m [.5m ‘|‘

Static Indeterminacy SI = 2 (M4 and Mp)
M, and Mp are the redundant
Let us remove the redundant to get primary determinate structure

60kN/m 100kN
v '
A B B C
4m 1.5m 1.5m I

www.FirstRanker.com
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IL
[ )=

2

.= Rotation at A = SF at A’

=" (23 X4X 2
El
L=

5. = Rotation at A = SF at B’

=Va' + Vg

120

75
21_:11"! [ZI3X4XF]+V3[”2 X3XE

21625
L= El

160

1

[ L]=E

216.25

www.FirstRanker.com

Note: The rotation due to sagging is taken as positive. The moments producing due to

sagging are also taken as positive.

To get Flexibility Matrix
Apply unit moment to joint A

lkN-?D

T .

www.FirstRanker.com
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M -6EI  6EI  EI

Apply unit moment to joint A

1kN-m q\ /D IkN-m c
|

i o

—— ——— =

. ii+ii=lel+1xa_ 233
= 3El 3EI 3EIl El El
Tl 12 1.33 0.67
1
[F] = =5
21 n 067 133
Apply the flexibility equation
P1=[FI"{[ 1-[ ]}
0
[ 1=
0
-1 (
1.33  0.67 0
_ < 1
[P] = EI T
0.67 1.33 0
"
Mas -86.00
[P] = = kN-m
Mga -68.08

www.FirstRanker.com
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. .

120

BMD

2. Analyse the continuous beam shown in the figure by flexibility matrix method, draw
BMD

Static Indeterminacy SI = 2 (Mg and M¢)
Mg and M are the redundant
Let us remove the redundant to get primary determinate structure

40kN/m 120kN
7 1
A B B C
I12m I 4m 8m I

www.FirstRanker.com
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20kN/m
re
C D
I2Zm
360/El
C D’

I
[ U=

i.= Rotation at B = SF at B’

=Vp'+ V'

__ 3946.67
IL= El

.= Rotationat C=SF at C’

=t V(_‘] ' + Vl'z.
2293.33
L= El
3946.6
[ d=m
Y Er
2293.33

www.FirstRanker.com
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o xibili rix
Apply unit moment to joint A

A ”‘N‘m(}\ B B /D i C
T T TS !

ml ! _1X12 1X12_ 8
+o—= +—=

“3E 3R 3Fl IF1 FI

Apply unit moment to joint A

i lkN-mq\ c c /leN-m 5
T 4 !

m| 1X12 i

— =

6EI 6E} El

12=

l ! _1X12 1X12_8
m L om_ + _

2=3E1 3B 3EI El  El

[F] = ==
Apply the flexibility equation
[P1=(FI'([ 1-[ u])

0
[ 1=

www.FirstRanker.com
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1 )
8 2 0 3946
_ <)L >
[P]=EI .
2 8 0 2293
L J
Mas -4499
[P]= = kN-m
Mga -174.2
120

SINKING OF SUPPORT

1. Analyse the continuous beam by flexibility method, support B sinks by 5Smm. Sketch
the BMD and EC given EI = 15 X 10" kN-m’

30kN/m 120
MM\B ml c

§ 6m, 21 T 2Zm 1 2m '|‘

NOTE: In this case of example with sinking of supports, the redundant should be selected as

the vertical reaction.
Static indeterminacy is equal to 2. Let Vg and V¢ be the redundant, remove the redundant to

get the primary structure,

o
T

www.FirstRanker.com
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A’ B’ C

270/E1

IL

[ U=

i.= Displacement at B in prirrary determinate structure = BM at B' in conjugate beam

120
El

270

w=[3X6XZX (23X 6)]+(6X "X 62)+ [ X6 XX (34X 6))

8910

L ===

B!
2= Displacement at C in primary determinate structure = BM a' C’ in conjugate beam

120
El

270

a=[3X6XTX@BX6+4)]+(6X 2 X62+4)~[X6XZ2X (34X 6+4)]

19070
b —_—
=g

8910

[L]=E

19070

To get Flexibility Matrix
Apply unit Load at B

A S p c
§ 6m Tlm 4m

3/El

www.FirstRanker.com
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n=-ixex X(mxm-—af

-72
1 --XGX X(2."3X6*4)“-—

Apply unit load at C
A S B c
§ 6m T 4m
IkN
5/El
4/EI
2EI
A B’ C

-7
n=-3X6XZX@3X6)-[6XEX®2)] ==

-177.33
El

1 3 2 1 4
1;_-;XﬁXEX(Z,’BXﬁ*d}—[ﬁX;X[ﬁQ+4)]-;X4XEX(2.’3X4)=

1" 12 =36 -T2
[F] = ==
21 n =72 -177.33

Apply the flexibility equation
[P1=[FI'{[ 1-[ o]}

0.005
[ 1=

www.FirstRanker.com
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-1 )
-36 -72 0.005 8910
_ 3 L >
[P] = El T
272 -177.33 0 19070
" J
Vs 161.43
[P] = = kN-m
Ve 41.98
Support Reaction
/ 120kN
ﬁ 5? 1A ¢
Va Vi Va2 Ve

Va=96.64kN, Vg, =83.36kN, Vu,=78.07kN, V¢ =4198kN

VB = V|1.|+ V31= 161 .43kN

Mu 112.48
kN-m

]

Mz 72.28

135

120
7228

BMD

www.FirstRanker.com
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STIFFNESS MATRIX METHOD

The systematic development of slope deflection method in the matrix form has lead to
Stiffness matrix method. The method is also called Displacement method. Since the basic
unknowns are the displacement at the joint.

The stiffness matrix equation is given by

[ 1(K]=([P]-[Pd]}

[ 1=[KI"{[P]-[Pd]}

Where,

[P] = Redundant in matrix form

[F] = Stiffness matrix

[P] = Final force at the joints in matrix form

[P]= force at the joints due to applied load in matrix form

1. Analyse the continuous beam by Stiffness method Sketch the BMD

20kN/m 120
P ”’1 c
§ 6m T 3m 3m

Kinematic Indeterminacy KI =1 ( g)

T

re

20kN/m 120k
Z C

6m 3m 3m

T

[PL] = Mrga ' Mgnc

wi? wl, 20X6% 120X6&
SETIMA Y e T
[PL] =-30kN-m

Apply unit displacement at joint B.

w c
S E\\,/E

[lq—‘—"—"E EE_E, ———133131 ( =1)

r 6

www.FirstRanker.com
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By condition of equilibrium at joint B
[P]=0
[ 1=[K["'([P]-[P.])
== {(P)-[Pu])
K

_ 1
T 13381

Slope deflection equation

zE1

Mag = Mgag + T(-?-BA - 'BB}

0
2 E| 225
=60+ 22 gk +52)

Mag = -52.5kN-m

251

=60 + %(1x3§+ﬁﬂ

Mga = 75.04kN-m
Mac = Mgc + 'ETB('?BH +0¢)
=90+ 22X 22 +0)
Mg = -75kN-m
Mca = Mpcp ~ %2&' + On)
225

ri:l
=90+ ?(04'?)

Mcep = 97.52kN-m

0] - [-30]} =

22.56
El

www.FirstRanker.com

(A =0 due to fixity at support A)
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2. Analyse the continuous beam by Stiffness method Sketch the BMD

@V\/\ ﬁt}kam muk}l )
§ T I.5m I.5m T

Kinematic Indeterminacy KI=2( g & ¢)

e

60kN/m 100k
2 C

4m 1.5m 1.5m

T

[PiL] = Meaa + Mesc

wi? wi  60X4® 100X:

:-?4'(- ﬂ] 13 =425kN'm
[Pa] = Mpcp = wl_100X3 _ 37 5kN-m
P 42.5
[P.] = kN-m
Pa 375

Apply unit displacement at joint B.

Apply unit displacement at joint B.

K|z= E%E "ai 0.67EI
_AEI0 4B
Ko == 5 = 1.33El

www.FirstRanker.com



:l » FirstRanker.com

A Firstranker's choice ) .
w
By condition of equilibrium at joint B
[P1=0
[ 1=[KI"([P]-[Pu])

233  0.67 0 42.5
1
[ =2 -
0.67 133 0 37.5
H -11.88
=1
"Bl
c -22.19
Slope deflection equation
Mag = Mpag + z_?{‘?BA + 6g)
0
=-80+ %{2 A—%) ( A =0 due to fixity at support A)

Mg = -85.94kN-m

Mga = Mpga + z—f?(zﬁﬂ +04)

2E! -11.88
=80+ —r{lx o /fan)

Ma,\ = 68.12kN-m

Mgc = Mge + ?TEIQBH + 0¢)

_ 281 -11.88 _ -229
=315+ —=QX——+t—7)

Mgc = -68.6kN-m

Mcs =0

120
75

BMD

www.FirstRanker.com
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Sinking of support

1. Analyse the continuous beam shown in figure by stiffness method. Support B sinks by
300/EI units and support C sinks by 200/EI units

I S T S

§ am am am am T

Kinematic Indeterminacy KI=2( g & ¢)

b —f Lot

[P,L] = Miga + Minc - Eﬁ!ﬁ - &f‘:a
100X8 60X8 6X300  6X100
T8 8 @ T 21.25kN-m
6EI5 60XB 6X100
[P:'J_] = Mm- 7 = - + = "69‘3BKN-m
Pi 21.25
[PL] = kN'm
P 69.3

Apply unit displacement at joint B.

AEI8 _AEIS _4El _4EI
Kn==*+="-53 5 “E (0=1)

§“ ?/\é

=~
e

1
-|

]
.,|..,
l

www.FirstRanker.com
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By condition of eqmllbrium al joint B
[P] =
[ 1=[KI"([P]-[Pd]}
1

| 0.25 0 21.2
1
[1=5 -
0.25 0.50 0 69.3
B 15.36
=1
T El
c -146.44

Slope deflection equation

Map = Miag + {205 + 0y — 2522
0

=-100+ 22 .?_?‘ R ( a =0 due to fixity at support A)
Mag = -124.29kN-m
Mga = Mgga + ﬂ"ﬁ.\ +0y - —)

0
2 51 15 36 _3EI(300/E1)
=100+ 2& u}t 2X ey

Mga = 79.55kN-m
Mapc = Mpe + #‘(2911 +0¢ - ::—dl

- 60 + Eﬂ 2 X 1536 | 14644 IEI(-100/81),

Bl 5
Mgc = -79.55kN-m
Mcg =0
200
120
+
s
124.3] - » 0
BMD

www.FirstRanker.com
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Analysis of frames
1. Analyse the frame by stiffness method

00kN 30kN /
~H n
2m

§ I 3m I 3m

3m| I

Dt

Kinematic Indeterminacy KI=2( g & ¢)
100kN |r/ 30kN /m

2m I 3m I, 3m

3m

o
§ - \\\E\\\

AT

[Pi] = Mgga = Meac — Mecn

_100x2x3* 30x3?

= -—51—'— 12 = 255“-1’1’!
2
[Pa] = Mg = 30123 = 22.5kN-m
P 25.5
(Py] - kN-m
Pa 22.5

www.FirstRanker.com
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Apply unit displacement at joint B.

CE

S Z
7
K= 458 8 RIS 26 (1)
Ky =22 =22 <0671

Apply unit displacement at joint C.

S m

S ° N
Yl
K = 228 _ 28 _0.67EI

By condition of equilibrium at joint B
[P]=0

[ 1=[KI"([P]-[Pu])

www.FirstRanker.com
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~|
4,267 0.67 0 25.5
1
[ =5 -
0.67 1.33 0 225
./‘
~
B -3.604
1
T EI
C -15.01 p,
Slope deflection equation
Mas = Mgag + -%291\ + 0p)
0
=724 2228 (;bh + 200 ({4 = 0 due to fixity at support A)

Mag = -74.88kN-m

Mga = Miaa +${294 + Oy)
0

_ 2 X 261 -3.604
=12+ 2l 2x

Maga = 42.23kN-m
28
Mg = Mg + 'T(?Bu +8¢)

r1:1) -3.604  -15.1

=-22.5+ T(ZX 5 +?}

Mpgc = -37.37kN-m

Mpp = Mpan + sz(Z'B'n +6p)

2El —=3.604

=0+ -3—(21’ o +0)

Mnn = -4 81kN-m

261

Mps = Msps + T(ZBD +Oy)

2El =3.604
=0+ -3—(2 X0 + o

)
MDB = -2.402kN-m

M =0

www.FirstRanker.com



