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wer, Introduction

O There are essentially two ways 1n which structures can be analyzed
using matrix methods.

* The flexibility method — which 1s a force method of analysis can also be used
to analyze structures.

* The stiffness method — which 1s a displacement method of analysis.

O The Stiffness method 1s more popular for several reasons

* Analyze both statically determinate and indeterminate structures without
much modifications

* Yields the displacements and forces directly.
* It is generally easier
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<, Matrix Force Method-flexibility Method

O The method, which was introduced by James C. Maxwell 1n 1864

O The systematic development of consistent deformation method 1n
the matrix form has lead to flexibility matrix method.

O The method 1s also called force method. Since the basic unknowns
are the redundant forces in the structure.

O This method is exactly opposite to stiffness matrix method. The
flexibility matrix equation 1s given by

Where,
[P] [F]=1[A] - [AL]} P] = Redundant in matrix form
F] = Flexibility matrix
[P] = [F]l {[A] - [AL]} |A] = Displacement at supports

[Ar ]= Displacement due to load
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<, Matrix Force Method-flexibility Method

O Analyze the continuous beam shown in the figure by flexibility
matrix method, draw BMD

[ 60kN/m 100kN
A /\4/\/\/\/\[\/\]3 l C
m

§ T I.5m [.5m T

Static Indeterminacy SI =2 (M and M)
M and Mgy are the redundant

Mr. MWABA MSc, B.Eng., R.Eng., PEIZ, CEE 3222: THEORY OF STRUCTURES 5



<>, Matrix Force Method-flexibility Method

O Let us remove the redundant to get primary determinate structure

60kN/m 100kN
< I
A ANANANNANANANANN B B C
T 4m T [.5m [.5m T
11—~ 120/EI 75/El

N l\\ / LI

T !
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<>, Matrix Force Method-flexibility Method

A [A‘L } O Note: The rotation due to sagging is
At taken as positive. The moments
Au.= Rotation at A =F AbA" producing due to sagging are also taken
An=%[23 X 4 X 2 as positive.
A== To get Flexibility Matrix

A->; = Rotation at A = SF at B’ Ap ply unit moment to _]Olﬂt A

= Vg1’ + Vg’ lkN—w
120 A

A2L=‘/’z[2f3X4X-E]+‘/z[1/2X3XZ_—?] T k TB

160 B C
[AL] = % T T

216.25
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Matrix Force Method-flexibility Method

4 N Apply unit moment at joint B
611 512 LN 1N
-m -m
[F] - A Q\ B B CD C
Y T P, T '[ W
5 ml 1 X 4 067
127 ¢FI  6EI EI
5 — ml 1X4 1.33
) S ER
3EI  3FEl EI ml 1X4 1X3 233
022 = + el 5 =
3E] 3EI 3EI] El El
5 mL_1X4_ 067
21~ 6EI 6Bl  EI (8 5 (133 0.67)
1
[F]= ~%
KSQI 822) @67 133)
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», Matrix Force Method-flexibility Method
Apply the flexibility equation
[P] = [F]"{[A] - [Ac]} - 7
,0 N
[A] =
0
N -1 (5 r 5 ) o
1.33  0.67 0 160
[P] =EI 1 |5 e
0.67 1.33 L 0 kZlﬁ..?juJ
- ~ - ~N
Mas -86.00
[P]= = kN-m
Mga -68.08
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wv. Matrix Force Method-flexibility Method

O Analyze the continuous beam shown in the figure by flexibility
matrix method, draw BMD

Static Indeterminacy SI =2 (Mg and Mc)
Mgz and Mc are the redundant
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<z, Matrix Force Method-flexibility Method

O Let us remove the redundant to get primary determinate structure
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Matrix Force Method-flexibility Method

To get Flexibility Matrix  Apply unit moment at joint B

[AL] = A 1kN_m<}\ /i> 1kN-m
T TS T

A1 = Rotation at B = SF at B’

— MmN o O
A — 3946.67 [F1=
1L = El 521 62?.
A-r = Rotation at C = SF at C° ml ml 1X12 1X12 8
it e i —
3EI 3E! 3E] 3EI El
=Vci1’+ V2
ml 1X12 2
Aar — 2293.33 051 = = = —
2L El " 6EI 6EI EI
3946.6
[Ar] ——
N Er
2293.33
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wz, Matrix Force Method-flexibility Method

To get Flexibility Matrix ~ Apply unit moment at joint C|

B lkN‘mQ\ C C /leN_m D
T A I

ml _ 1X12

;]

O =Er = eEr  EI
5 ml oml_1X12 1X12_§
3EI  3EI  3EI EI  EI
N
/‘611 512\ (‘é 2
1
[F]= -
RS CE )
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wz, Matrix Force Method-flexibility Method

Apply the flexibility equation - ! . L D)
8 2 0 3946
) 1
[P] = [F]"{[A] - [AL]} [P] =EI 3 — >
() 2 8 0 2293
0 k ../ L\- \_ . \_ W, -)
[‘&] N 4 M - ~N
0 Mag -449.97
R [P]= = kN-m
Mga -174.22
120 - ../ - v

86
75
68

BMD
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<u2zv, Matrix Force Method-flexibility Method

SINKING OF SUPPORT

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

- 30kN/m 120kN
@r\/\/\/\/\/\/\/\r\f\B l C
§ 6m, 21 T dm 1 om T

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.
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vz, Matrix Force Method-flexibility Method

Mr. MWABA MSc, B.Eng., R.Eng., PEIZ,

A’ B’ C’ E
120/E é
240/EI
480/EI
A’ B
270/EI
s ™
A 1L
[AL] =
&EL
o
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v, Matrix Force Method-flexibility Method

A = Displacement at B in primary determinate structure = BM at B’ in conjugate beam

Ar=[5;X6XZ22X(23X6)]+(6X—X62)+[;X6X"X(3/4X6)]

A>r = Displacement at C in primary determinate structure = BM at C” in conjugate beam

An=[5;X6X X (23X6+4)]+(6X—X62+4)~[zX6X X (34X 6+4)]

8910

19070
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», Matrix Force Method-flexibility Method

To get Flexibility Matrix
Apply unit Load at B
§ 6m T 4m d11 d1>
1kN [F]=
31 On
3/EI K /
_ Axexs _ 38
511—-§X6XEX(2/3 X 6)= e
Ly ex 3 o
A B’ C’ 821--5; X6 X=X (23X 6+4)=—
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u» Matrix Force Method-flexibility Method

Apply unit load at C
A S B C
6m T 4m
1kN
5/EI Kﬁu 812\ C36 -72 R
1
4/E1 ] = -
2/E1 KSZI 822/ (72 -1 7739
A’ B’ C
5 —-2X6X =X (23X 6)-[6X2X (6/2)] =—
2 ~g £ - ( b=[on ) EI

-177.33

1 3 2 1 4
822=-§X6X5X(2/3X6+4)—[6XEX(6/2+4)]-EX4XEX(2/3X4)=
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wz, Matrix Force Method-flexibility Method

Apply the flexibility equation

[P] = [F1*{[A] - [AL]} - < (- N A
-~ N -36 72 0.005 8910
0.005 B < 1 >

[A] = [P]=EI T EI
0 72 -177.33 L0 L1907,
- _ .

- R r R
Vi 161.43
[P] = — kN-m
Ve 41.98
e vy e _/
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wzr, Matrix Force Method-flexibility Method

Support Reaction

{/ 120kN

P RANARAR, R T
™ 1 T 1
Va Vg1 \%:5 Ve

Va=96.64kN, Vp;=83.36kN, Vp,=78.07kN, V=41.98kN

135

VB = VB1+ VBZZ 161.43kN

- ~ 4 A

Ma 112.48
= kN-m

Mg 72.28

9 y - ..»

BMD
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