Chapter-3:. Moment Distribution
Method
By Prof. A.B.Harwalkar

PDA College of Engineering,
Gulbarga




VTU - EDUSAT PROGRAMME -7
Class. B.E. V _Sem (Civil Engineering) Sub: Structural Analysis — 11 (CV51)
Session on 18.09.2007
MOMENT DISTRIBUTION METHOD FOR ANALYSISOF
INDETERMINATE STRUCTURES:

BY A.B.HARWALKAR
P.D.A.COLLEGE OF ENGG GULBARGA

l. METHODSOF ANALYSIS:
Following requirements are to be satisfied when analyzing any indeterminate
structures.
() Equilibrium
(i) L oad-displacement
(iii)  Compatibility

Equilibrium requirements are satisfied when the active and reactive forces hold
the structure at rest and compatibility is satisfied, when the deformations (displacements
& rotations) maintain the continuity between various segments of the structures, which
should fit together without break or overlap. Force-displacement relations depend upon
the loading pattern and the way material responds. But in all our further study we assume

linear elastic response of the material.

Hence depending on the way to satisfy the above requirements we have got
basically two following methods of analysis.
1. Force method
2. Displacement method

For ce method: This method was originaly developed by James Clerk Maxwell in 1864
and latter refined by Otto and Muller Breslau.

Procedurefor analysis:

Following are the stepsinvolved in force method of analysis

(1) Determine the degree of static indeterminacy ‘n’. Then identify the ‘n” unknown
redundant forces or moments that must be removed from the structure in order to
make it statically determinate and stable.

(i) Using principle of superposition show that the given indeterminate structure as
equal to a sequence of corresponding statically determinate structures. The
primary structure supports the same external loads as the given indeterminate
structure and each of other structures added to the primary structure shows the
structure loaded with a separate redundant force or moment. Also sketch the



elastic cure on each structure and indicate symbolically the displacement or
rotation at the point of each redundant force or moment.

(i)  Write a compatibility equation for the displacement or rotation at each point
where there is redundant force or moment. These equation will be in terms of
redundant and flexibility coefficients, obtained from unit loads or moments that
are collinear with redundant force or moments.

Determine all the deflections and flexibility coefficients from load displacement
relations. And substitute into the above formulated compatibility equation.

Then solve for the redundant forces or moments.

(iv)  Then the remaining unknown reactions can be determined by applying
equilibrium equations to free body diagram of the structure.

EXx:
Consider a propped cantilever, which is statically indeterminate to degree one is shown in
figure 1 (@). In this case identify Rg as the redundant force. Fig. 1 (b) shows application
of principle superposition. Fig. 1 (c) depicts the definition of linear flexibility coefficient
fgg for unit load, the compatibility equation for the given caseis

-Ag + A' gg =0
i.e —Ag+Rg xfgg =0
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Redundant structure. Rg
applled A' g = Rg x fBB
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Using the load displacement relation, the value of Ag and flexibility coefficient fgg can be
evaluated. Hence solution for Rg is determined. Once Rg is determined, the reactions at
A can be determined from equations of equilibrium.

The choice of redundant is arbitrary. For example the above example can be
solved by identifying support moment at A as redundant. As shown in figure 2 b the
rotation at A caused by the load is 6, and the rotation at A caused by redundant M, is
0, .

GAA = MA OAA

where aaa isthe angular flexibility coefficient, which measures angular displacement per
unit couple moment. The compatibility equation for rotation at A therefore will be

(GA + MA OAA :O)

After applying load displacement relation to determine 65 and aaa the above equation
can be solved for Ma.
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Displacement method of analysis:
This method works the opposite way when compared with force method of

analysis. Thefollowing steps areinvolved in this method.

Steps:
(1) Label al the supports and joints (nodes) in order to identify the spans of the beam
or frame between the nodes. Then by drawing the deflected shape of the structure



(i)
(iii)

(iv)
(v)

it will be possibly to identity the degrees of freedom hence the unknown
displacements. Here each node can possibly have an angular displacement and
linear displacement.

Then these unknown displacements are written in terms of loads by using load
displacement relations.

Then write an equilibrium equation for each unknown degree of freedom for the
structure.

Then these equations are solved for the displacements.

Once the displacements are obtained, the unknown |oads are determined from the
compatibility equations, using load-displacement relations. Slope deflection
method of analysisis one of the examples for displacement method of analysis.
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. MOMENT DISTRIBUTION METHOQOD:
This method of analyzing beams and frames was developed by Hardy Crossin

1930. Moment distribution method is basically a displacement method of analysis. But
this method side steps the calculation of the displacement and instead makesit possible to

apply a series of converging corrections that allow direct calculation of the end moments.

This method of consists of solving slope deflection equations by successive
approximation that may be carried out to any desired degree of accuracy. Essentidly, the
method begins by assuming each joint of a structure is fixed. Then by unlocking and
locking each joint in succession, the internal moments at the joints are distributed and
balanced until the joints have rotated to their final or nearly final positions. This method
of analysis is both repetitive and easy to apply. Before explaining the moment
distribution method certain definitions and concepts must be understood.

Sign convention: In the moment distribution table clockwise moments will be treated
+ve and anti clockwise moments will be treated —ve. But for drawing BMD moments
causing concavity upwards (sagging) will be treated +ve and moments causing convexity
upwards (hogging) will be treated —ve.

Fixed end moments: The moments at the fixed joints of loaded member are called fixed
end moment. FEM for few standards cases are given below:
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Member stiffnessfactor:

a) Consider a beam fixed at one end and hinged at other as shown in figure 3 subjected
to aclockwise couple M at end B. The deflected shape is shown by dotted line

BM at any section xx at a distance x from ‘B’ is given by

2
El % = Rex-M

g,%__.:'/_ il ﬂ B @M
1 - mj‘z@



d_y_RBx2

Integrating El -Mx+Cy

dx
Using condition x = | d_y:O

dx

2

C]_: MI - RB'
2 2
= R ALY S VO YT 1)
dx 2

3 2 2
Integrating again El 'y = RB6X —M;( +£MI—RE‘2I ] X + Cy

Using conditionat x =0y =0

szo
Rgx®  Mx? R
S Ely= 2= — o Y 2
Y="5 5 ( ZJ (2)
Using at x =1 y = 0in the equation (2)
Re= M
°7
Substituting in equation (1)
El d—y:3—sz —Mx+MI .............. (3)
dx 4l 4

Substituting x = 0 in the equation (3)

Ml 4E|
Elg=— ~.M=|—|0
=)o

The term in parenthesis

{K = {?} For farend fixed ...................... 4)

is referred to as stiffness factor at B and can be defined as moment M required to rotate
end B of beam 65 = 1 radian.

b) Consider freely supported beam as shown in figure 4 subjected to a clockwise couple
M at B

ByusingX Mg =0
M
Ra = T (*L)

AndusingZV = 0 Rg =¥ @)
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BM at a section xx at distance x from ‘B’ is given by EI v = TX—M
X
2
Integrating El dy = Mx_ Mx + C,
dx | 2

3 2

Integrating again El y = ¥%— M;( +C,x+C,

Atx=0 y=0 ..Cx=0

Atx =1 y=0 .'.Clegl
2
. El d_y:M X _ x+MI
dx | 2 3
Substituting x = 0 in above equation
M
El 6g = —
°7 3
()
Theterm in parenthesis
[K :E} For far end hinged .................. (5)

istermed as stiffness factor at B when far end A is hinged.

Joint stiffnessfactor:

If severa members are connected to a joint, then by the principle of superposition the
total stiffness factor at the joint is the sum of the member stiffness factors at the joint i.e.,
kT =3k

Eg. For joint ‘0’ shown in fig 5

Kt =Koa + Kos + Koc + Kop
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Fig. 5

Distribution factors. If a moment ‘M’ is applied to a rigid joint ‘0’, as shown in figure
5, the connecting members will each supply a portion of the resisting moment necessary
to satisfy moment equilibrium at the joint. Distribution factor is that fraction which when
multiplied with applied moment ‘M’ gives resisting moment supplied by the members.

To obtain its value imagine the joint is rigid joint connected to different members.
If applied moment M cause the joint to rotate an amount ‘6’, Then each member rotates
by same amount.

From equilibrium requirement
M=M; +Mo+Mz+ ..o,
=Ki0+K0+K30+..........eeels

=0 2K
M, KB K
~DF = t=1— =1
MK DK
In general DF = L R (¢))

DK

Member relative stiffness factor: In majority of the cases continuous beams and frames
will be made from the same material so that their modulus of electricity E will be same
for all members.

It will be easier to determine member stiffness factor by removing term 4E & 3E
from equation (4) and (5) then will be called as relative stiffness factor.

K, = %for far end fixed



K= %for far end hinged,

Mlw
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Carry over factors: Consider the beam shown in figure

We have shown that M = ?E)A & Rg = ﬂ

2

2
BMatA=|El 3 {ﬂx—m}
dx* ). . 2 1

=M
2

+ve BM of E at A indicates clockwise moment of —

Z_X 4

at A. In other words the moment

‘M’ at the pin induces a moment of %at the fixed end. The carry over factor represents

the fraction of M that is carried over from hinge to fixed end. Hence the carry over factor

for the case of far end fixed is + % The plus sign indicates both moments are in the

same direction.

Moment distribution method for beams:
Procedure for anaysis.

(i) Fixed end moments for each loaded span are determined assuming both ends

fixed.
(i)  The stiffness factors for each span at the joint should be calculated. Using these
values the distribution factors can be determined from equation DF = ﬁ DF

for afixed end = 0 and DF = 1 for an end pin or roller support.



@iii)  Moment distribution process. Assume that al joints at which the moments in the
connecting spans must be determined are initialy locked.

Then determine the moment that is needed to put each joint in equilibrium.

Release or unlock the joints and distribute the counterbalancing moments into
connecting span at each joint using distribution factors.

Carry these moments in each span over to its other end by multiplying each
moment by carry over factor.

By repeating this cycle of locking and unlocking the joints, it will be found that
the moment corrections will diminish since the beam tends to achieve its final deflected
shape. When a small enough value for correction is obtained the process of cycling
should be stopped with carry over only to the end supports. Each column of FEMSs,
distributed moments and carry over moment should then be added to get the final
moments at the joints.

Then superimpose support moment diagram over free BMD (BMD of primary
structure) final BMD for the beam is obtained.
The above processisillustrated in following examples

Ex: 1 Analyse the beam shown in figure 6 (@) by moment distribution method and draw
the BMD. Assume El is constant

20 kNm 250 KNm
o ——r 5{ O e o U I oy 1
; ARNE e e~
D L e AN g b g, uw \?
Fig. 6 (a)
Solution:
(i) FEM calculation
Mrag = Mpga =0
Meggc = %:122 = —240kNm

Mgcg =+ 240 KNm



(i)

FFDC =+ 250 kNm

Calculation of distribution factors:

Relative DE = _
Jt. Member stiffness (K) SK
B BA /12 1/6 0.5
BC /12 0.5
C CB 1/12 51/24 0.4
CD 1/8 0.6
(iii)  The moment distribution is carried out in table below
J A D
Member AB BA | BC CB|CD o
D.F 05| 0.5 041 0.6 0
FEM 0 -240 +240 | -250 +250
Balance /120 +12 416 \
C.O 60 2 ><60 3
Balance / -1]-1 -24 -36\
C.O -0.5 -12><-0.5 -18
Balance +6 | +6 0.2 0.3\
co |3 — 0.1>< 3 0.15
Balance -0.05 -0.0"><—1.2 -1.8\
c.o -0.03/ 06 20.03 09
Balance /+O.3 +0.3 0.01 0.02\
C.O 0.15 0.01
62.62 125.25 | -125.25 281.48 | -281.48 234.26

Final
moments




After writing FEMs we can see that there is a unbalancing moment of —240 KNm
a B & -10 KNM at Jt.C. Hencein the next step balancing moment of +240 KNM & +10
KNM are applied at B & C Simultaneously and distributed in the connecting members
after multiply with D.F. In the next step distributed moments are carried over to the far
ends. This process is continued until the resulting moments are diminished an
appropriate amount. The final moments are obtained by summing up al the moment
valuesin each column. Drawing of BMD is shown below in figure 6 (b).

.

Fig.6(b)
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Ex 2: Analyse the continuous beam shown in fig 7 (a) by moment distribution method
and draw BMD & SFD (VTU July 2006 exam)

A 3KN/m 25kN 16 kN

C ;L 10 kN
SV VoV : D l
@ T )T

Fig. 7 (a)
Solution:
2
FEM: Mgag =- 3’1‘3 = —4kNm; M, =4kNm
3x8% 25x8 3x8% 25x8
M = — - =—-41 kNm Mgag=+ + =+41kNm
FBC 12 8 FAB 12
2
Mepe = %Hsmm Mpe = -10 X 1 = —10kNm
—16x1x3?
MFCD = T: -9 KNm
DF:
Relative DF = K
Jt. M ember stiffness (K) SK ZK
B BA Exﬂ _ 0.56 1.81l 0.31
4 4
BC 101/8 = 1.25I 0.69
C CB 101/8 = 1.25I 1.63I 0.77
D §Xa= 0.38I 0.23
4 4




Note: Since support ‘A’ is simply supported end the relative stiffness value of %% has
been taken and also since ‘D’ can be considered as simply supported with a definite

moment relative stiffness of CD has a so been calculated using the formula % + :

Moment distribution table:

J A B C D
Member AB BA | BC CB|CD DC | DE
D.F 1 0.31 | 0.69 0.77 | 0.23 1|01
FEM -4 41-41 +41 | -9 3-10
Release of +4\ +7
joint A and 2 35
adjusting
moment at
‘D1
Initial 0 6|-41 41| -55 +10| -10
moments
Balance 10.9 24.1><-27.3 -8.2
C.O -13.7 12.1
Balance 4.2 9.5><-9.3 -2.8
C.O -4.7 4.8
Balance 15|32 -3.7(-11
Cc.O -1.9 16
Balance 0.6 1.3><-1.2 -0.4
C.O -0.6 0.7
Balance 0.2 O.4><-O.5 -0.2
Cc.O -0.3 0.2
Baance 0.09 | 0.21 -0.15| -0.05
Final 0 23.49 | -23.49 18.25| -18.25 10| -10
moments




FBD of various spansis shown infig. 7 (b) and 7 (c) and BMD, SFD have been shown in
fig. 7 (d)
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Fig. 7 (c)
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Fig. 7 (d)



Ex 3: Analyse the continuos beam as shown in figure 8 (@) by moment distribution

method and draw the B.M. diagrams (VTU January 2005 exam)
= SOWN
2O VN (g L 'L(‘) VN7
oy CNNOCONTYCOTNYY e ﬂ“\"ﬁ-\m
ke &M EOP LM,
Fig. 8 (a)
Support B sinks by 10mm
E=2x10°N/mm?, |1=12x10"m’

Solution: Fixed End Moments:
Mgag = FEM dueto load
+ FEM due to sinking

_ —wl* [-6ElA
= +
12 |2
_ —20x6° 6x2x10°x1.2x10™* x10" x10
12 (6000 )* x10°
=-60-40
Mgag =-100 kKNm
Mesa = FEM dueto load + FEM dueto sinking
=+ 60 -40
Mgga = +20 KNm

Mesc = FEM dueto loading
+ FEM due to sinking

_ —Wab* 6ElA
ENEEEANE
_ —50x3x2° | 6x 2x10°1.2x107* x10" x10
52 (5000)° x 10°
=_24+576
Mgga =+ 33.6 KNm
Wa’b 6EIA

AT

Mgcg = +

2
= —50)(32 X2 . 576

Mecg = 93.6KNm

Mecp = duetoload only (-.- C & D areat some level)



—wl? —20x4?
M ecp= = =—26.67KNm
A 12

Mppc =+ 26.67 KNm

Relative DF = K
Jt. M ember stiffness (K) SK ZK
B BA 1/6 0.46
BC I/5 0.36l 0.54
C CB I/5 0.51
CD Exl: 0.19] 0.391 0.49
4 4
Jt A B D
Member AB BA | BC CB | CD DC
D.F 0.46 | 0.54 051 0.49
FEM -100 +20 | +33.6 +93.6 | -26.67 +26.67
Release |t. -26.67
‘D1
CO -13.34
Initial -100 +20 | +33.6 +93.6 | -40.01 0
moments
Balance -24.66 | -28. -27.33 | -26.26
/ 9?4
CcO -12.33 -13.6 --14.47
Balance +6.29 | +7. +7.38 | +7.09
/ 3><
CcO +3.15 +3.69 +3.69
Balance -1.7 | -1. -1.88 | -1.81
/ 99><
CcO -0.85 -0.94 -1
Balance +0.43 | +0.5 +0.51 | +0.49
/ ><
coO +0.22 +0.26 +0.26
Balance -0.12 | -0.14 -0.13 | -0.13
/




CcoO -0.06

Final -109.87 +0.24 | -0.24 +60.63 | -60.63

moments

Bending moment diagram is shown in fig. 8 (b)

109.87

2062/ 8 = 90 50x3x2/5 = 60 20x42/8 = 40KNM

KNM KNM

Fig. 8 (b)
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|. Moment distribution for frames. (No side sway)
The analysis of such aframe when the loading conditions and the geometry of the frameis such that thereis no joint
trandation or sway, is similar to that given for beams.

Ex 4: Analysis the frame shown in figure 9 (a) by moment distribution method and draw
BMD assume El is constant
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Solution:
(i) Calculation of FEM
Mrag = Mrea= Mrcp = Mrpc = Mce Mpec=0

2
5X6° _ 15kNm

Megc = -

Mpecg =+ 15 KNm

(i)  Calculation of distribution factors:

K
Jt. Member Relative stiffness (K) SK DF = ﬁ
B BA 1/5 11, 0.55
30

BC 1/6 0.45
C CB 1/6 =0.17 | 0.33

b %U52015| 05 03

“F Sxl-0191 037

4" 4




(iii)

The moment distribution processis shown below:

J A B C D E
Member AB BA | BC CB CD | CE DC EC
D.F 0 0.55| 0.45 0.33 0.3 0.37
FEM 0]-15 +15 00 0 0
Balance /8.25 6.75 -4.95 -4.5 | -5.55
C.O 4.13 -2.48 3.38
Balance /1.36 112 -1.12 -1.01(-1.25
C.O 0.68 0.56 0.56
Balance /0.31 0.25 -0.18 -0.17 | -0.21
C.O 0.16 -0.09 0.13
Balance /0.05 0.04 -0.04 -0.04 | -0.05
C.O 0.03
Final 5 9.97 | -9.97 12.78 -5.72 | -7.06 0 0
moments
By inspection the hinge a E will prevent the frame from side sway.
The BMD is shown below in fig. 9 (b)
A
; | S
N\ VLTS




Fig. 9 (b)



Ex 5: Analyse the frame shown in fig. 10 (a) by moment distribution method and draw

BMD and SFD (VTU Jan/Feb 2005 exam)
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Fig. 10 (@)
Solution:
2
FEM: Mpag = - 201’(25 = -41.67 KNM
Mgga = +41.67 KNM
Mrep = Mg =0
Mgeec=-50x 1 =-50 KNM
DF:
_ K
Jt. M ember K SK DF = ﬁ
BA 21/5=0.4I 0.62
B
BC 0 0.65I 0
BD 1/4=0.251 0.38
Moment Distribution table
J A B D
Member AB BA | BC BD DB
D.F 01 0620 0.38 0

FEM -41.67 41.67 | -50 0

Balance 5210 3.13
/ \




CcoO 2.6 16

Final -39.07 46.87 -50 | 3.13 16

moments

FBD of various spans are shown in fig. 10 (b) BMD isshowninfig. 10 (c) & SFD is
shown in Fig. 10 (d)
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Moment distribution method for frames with side sway:
Frames that are non symmetrical with reference to material property or geometry

(different lengths and | values of column) or support condition or subjected to non-

symmetrical loading have atendency to side sway. An example has been showninfig.

11 (a).
‘.)
i 2y l
ar— e Re - _cq
| :1'
/ !
] i =5l
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Ptrrrw nw[n% &
T T reen m‘ 0
Fig11 (a) _ 222
Fig 11 (b) )
Fig 11 (c)

Analysis of such frames will be carried out in following steps

Stepl: First frame is considered as prevented from side sway by applying on artificial
support at C as shown in figll (b). Then moment distribution is carried out for externa
loading similar to non-sway frames. Then by using statics restraining force R is
determined.

Step 2: The equal but opposite force ‘R’ is then applied to the frame as shown in figure
11 (c) and moments in the frame are calculated. One method for doing this requires first

assuming a numerical value for one of the internal moments, say M, . Using moment



distribution and statics the deflection A" and externa force R" corresponding to assumed
value of M, can then be determined. Since linear elastic determinations occur the force
R’ develops moments in the frame that are proportional to those developed by R. For
example if M, & R’ are known, the moment at B developed by R will bei.e.; My, for

R= Mj, (Rﬁj similarly moments dueto R at the different joints can be cal culated.
Addition of moments for both cases fig 11 (b) & fig 11(c) will yield the actuad
momentsin the frame. Application of thistechnique is shown in following examples.

Ex 6: Analyze the frame shown in figure 12 (a) by moment distribution method. Assume
El is constant.

\GwwN
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Fig 12 (a) Fig 12 (b) Fig 12 (c)

Solution: i) Non Sway Analysis:
First consider the frame held from side sway as shown in fig 12 (b)

FEM: Mrag = Mesa = Micp = Mppc =0

2
Mggc = - %= -10.24 KNm
2
Mepcg= 16X51—2X4= 2.56 KNm

Calculation of distribution factors:

Relative DF = K
Jt. Member tiffness K SK K
B BA 1/5=0.21 041 0.5
BC 1/5=0.21 0.5
C CB 1/5=0.2 0.4 0.5
CD 1/5=0.2I 0.5







Moment distribution table for non sway analysis:

Joint A B C D
Member AB BA | BC CB| CD DC
D.F 0 05105 05|05
FEM 0 -10.24 256 |0
Baance 5.12 | 5.12 -1.28 | -1.2
/ 8\
CO 2.56 -0.64>< 2.56 -0.64
Balance 0.32 1 0.32 -0.08 | -0.0
/ 8\
CO 0.16 -0.64><O.16 -0.64
Balance 0.32 (0.3 -0.08 | -0.0
c.O 0.16 -0.04 0.16 -0.04
Balance 0.02 | 0.02 -0.08 | -0.0
/ 8\
coO 0.01 -0.04
Final 2.89 5.78 | -5.78 2.72 | -2.72 -1.36
moments

FBD of columns:

A hy

i < ~ v
5.78 KNM 1.73 KN 272KNM |0.82KN
1.73KN
28KNM L3 L35 KNM 0.82KN
L/ = \p
I

By seeing of the FBD of columnsR = 1.73 - 0.82
(Using Y F, =0 for entireframe) = 0.91 KN («)

Now apply R = 0.91 kN acting opposite as shown in figure 2 (c) for the sway analysis.




i) Sway analysis: For this we will assume aforce R’ is applied at C causing the
frameto deflect A’ as shown in figure 12 (d).

1 1
A X &
B Vo - W
') X R
1
. .'
f !
{ ;J
] !
Y 1
1 f
! /
4 s
/ f
A!TZTT'ET« n\'r:_rEvr}

Figure 12 (d)

Since both ends are fixed, columns are of same length & | and assuming joints B

& C aretemporarily restrained from rotating and resulting fixed end moment are

6EI A’

|2

MIBA :MIAB:MICD:MIDC =

Assume M, =—100kNm
" Mys = My = M5 =-100 kNm

Moment distribution table for sway analysis:

Joint A B C D
Member AB BA | BC CB | CD DC

D.F 01 05]05 05]05 0

FEM -100 -100| 0 0|-100 -100
Balance 50 | 50 50|50

CcO 25 25 25 25
Balance /—12 5| -12. 12.5 —12.5\

CO -6.25 —-6.25 -6.25 —-6.25




Baance /3.125 31 3.125 3.125\
cO 1.56 1.56 1.56 1.56
Balance -0.78 | -0.78 -0.78 | -0.
/ 78\
c.O -0.39 -0.39 -0.39 0.39
Balance 0.195 | 0.195 0.195 0.19\
c.O 0.1 0.1
Final - 80 -60 | 60 60| - 60 - 80
moments
FBD of columns:
41 i
> 28 KN > 28 KN
60 KNM 60 KNM
80 KNM 80 KNM

\ﬁ—zs KN

Using Y F, = 0for the entire frame

28 + 28 =56 KN (—)

moments calculated for R = 0.91K N, as shown bel ow

28 KN

Hence R’ = 56K N creates the sway moments shown in above moment distribution
table. Corresponding moments caused by R = 0.91KN can be determined by proportion.

Thus final moments are calculated by adding non sway moments and sway




0.91

Mas =2.89+ - = (-80) = 1.59 kNm

0.91

MBA =578+ g ('60) =4.81 KNm

0.91

Mec = -5.78 + =~ (60) = -4.8LkNm

0.91

Mes =272+ =~ (60) = 3.7 kNm

0.91

Mep = -2.72+ = = (-60) =-3.7 kNm

0.91

Moc =136+ = = (-80) =-2.66 kNm

BMD for the frameis shown in figure 12 (e)

+
K?\ﬁ s 3.7 KNM
4N
KNM e L S
o 12.8 -
KNM

3.7 KNM



VTU - EDUSAT PROGRAMME -7
Class. B.E. V _Sem (Civil Engineering) Sub: Structural Analysis — 11 (CV51)
Session on 05.10.2007
MOMENT DISTRIBUTION METHOD FOR ANALYSISOF
INDETERMINATE STRUCTURES (CONTD.)

By A.B.Harwalkar
P.D.A.College of Engg Gulbarga

Example on moment distribution method for frameswith side sway:
Ex 7: Analysistherigid frame shown in figure 13 (a) by moment distribution method and
draw BMD (VTU July 2006 exam).

20 KN
F & b
[ B 2| C

5

wx

:
v,

Fig 13 (a) Fig 13 (b) Fig 13 (¢)

)] Non Sway Analysis:
First consider the frame held from side sway as shown in figure 13 (b).
FEM calculation:

2
Meag = - %z—Q.SKNM
2
Mrga = + 10X73—2X4=7.3KNM
Mese = - 224 10 KNM

Mgcg = + 10KNM
Mecp =Mrppc =0



Calculation of distribution factors:

Joint M ember ;ﬁﬁg\éek Sk DF = ﬁ
B BA gxl? — 011l 0.611 0.18
BC 21/4 = 0.5l 0.82
C CB 21/4=0.5I 0.72
CD %X%: 019 | 0.69 | 0.28
Moment distribution table for non sway analyss:
Joint A D
Member AB BA | BC CB|CD DC
D.F 1 0.18 | 0.82 0.72 { 0.28
FEM -9.8 7.3|-10 10|10 0
Releasejt. | +9.8
;Dy \
CO 49
Initial 0 12.2 | -10 10|10 0
moments
Balance -04 | -1.8 -7.2|-2.8
CO -3.6>< -0.9
Balance 0.65 | 2.95 0.65 | 0.25
C.O 0.33 1.48
Balance -0.06 | -0.2 -1.07 | -041
C.O -0.54 -0.14
Balance 01044 0.1 0.04
Final 0 12.49 | -12.49 2.92|-292 0
moments




FBD of columns: FBD of columns AB & CD for non-sway analysis is shown in fig. 13
(d) and fig. 13 (e)

12.49 KNI‘\/B{—— 6.07 KN dr;—m.?s KN e

2.92 KNN
41

10 KN‘—ra
3
A,\é 3.93KN CT(———- 0.73 KN L—

Applying ZF = 0 for frameas a
Whole, R =10-3.93-0.73
=5.34kN («)

Now apply R = 5.34KN acting opposite as shown in figure 13 (c) for sway analysis

i) Sway analysis: For this we will assume a force R’ is applied at C causing the
frame to deflect A’ as shown m figure 13 (f).




Fig. 13 (f)

Sinceends A & D are hinged and columns AB & CD are of different lengths
Mg, =- 3EIA’/L2,
M'CD = - 3E|A’/L22

My,  3EILAYIZ 15 4% 16

"ML, 3EIA/IZ 12 77 49
Assume M, = ~16kNm &M ,, =0
& Mg, =—49kNm & M .=0
Moment distribution table for sway analysis:

Joint A B C D
Member AB BA | BC CB|CD DC
D.F 1 0.18 | 0.82 0.72]0.28

FEM 0 -16 (0 0|-49 0
Baance 2.88 | 13.12 35.28 | 13.72

CO 17.64 6.56

Balance -3.18 -14.4><4.72 -1.84

CO -2.36 -7.23

Balance 0.42 1.94><5.21 2.02

C.O 2.61 0.97

Balance -0.47 | -2.1 -0.7 | -0.27

C.O O.354><-1.07

Baance 0.06 | 0.29 0.77]0.3

C.O 0.39 0.15

Balance -0.07 | -0.32 -0.11| -0.04

Final 0 -16.36 | 16.36 35.11 | -35.11 0
moments

FBD of columns AB & CD for sway analysis momentsis shown in fig. 13 (g)

C_\
> 2.34KN d\
16.36 8.78 KN

WM 35.11 KNM

A~——8.78 KN




Fig. 13 (g)



Using Zfy = O for the entire frame
R =11.12 kN (—)

Hence R’ = 11.12 kN creates the sway moments shown in the above moment distribution
table. Corresponding moments caused by R = 5.34 kN can be determined by proportion.

Thus final moments are calculated by adding non-sway moments and sway
moments determined for R = 5.34 KN as shown below.

MAB =0
Mga = 12.49 + 5.34
11.12

(-16.36) = 4.63kNm
5.34

Mgc = -12.49 + (16.36) = -4.63 KNM
11.12
Mep= 292+ 2 (35,11) = 10.78 kNm
11.12
Mep= 2,92+ > (-35.11) =-19.78 KNM
11.12
MDC =0
f 19.78
fl —TKNM

4.63 —

KNM |~ \

4.63 . ; '

_ »19.78

KNM z// KNM

20x4/4 = 20
KNM

+ Fig 13(h)

10x3x4/7 = 17.4 BMD
AN




