CHAPTER

Moment Distribution Method of Analysis

8.1 Introduction

Moment distribution method is a displacernent melhod of analysis of kinemalically indeterminate structure.
Itis based on sliffness approach. Moment dislribution method is nol an exacl methed bul a methad of successive
approximalion where any degree of accuracy can be obtained by repeated ilerauon. This method was suggested

by Prot. Hardy cross in early 1930. Il is also known as Hardy Cross method of successive approximalion,

8.2 Stiffness

Sliflness lor amember at a joint is the momant (force) required to produce unit rolation {displacement) at

that joint. Stifness at a jeinl depends upon end conditians and properlies of cross-sections.
Consider a proppad cantilever A8 as shown in figure.
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Fig.8.!
For above propped canlilever, it aniiclockwise moment is applied atend B, then ratalion &t 815 given by
ML
87 aEr
AE;
= M= -L—Oﬂ {momenLrequired to produce 0,
it 8, = unily, then mement required to produce unil rolation is known as stiffness.
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Now consider a simply supporied beam AB as shown in figure
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For above beam, if anliclockwise moment Mis applied at end B, Ihe rolation al & is given by b Koc =0 . (Farther end Cisiree)
p, = Mt Kop = &1 {Farther end Dis hinged)
87 37 ] L
= M= gf_'a& (moment required to produce ) A steel frame is shown In the given
figure.
it 8, = unity, then Ky = ?_fi [o0g= 1) If joint O of the frame is rigid, the rolalional stifiness of the

Therelore, il can be say that stiffness of a member when farther end is fixed is given by E and
L

slifiness of a member when larther end is hinged is given by STEI and sliffness of a member when

farther and is iree is zerg.
Consider a conlinuous beam shown below,
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Efis conslan,
Kga=0 {Farther end s Ireg)
. 3E7 ) .
Keg = — {Farther end Bis hinged)
£
K., = . ) {Farther end Dis lixad)
Consider a rigid jointed Irom shawn below, )
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Koy = —? (Ranther end Bis lixed)
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{Farther end 815 fixed)

frame at point Olis given by

. MEI 10E7)
@ = o) =7
8fc1 BE?
©) == o =
. Vi
Ans (a)
The rotalional stiliness is the momant required for unil rotalion at O. ".‘ L
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8.3 Carry over Factors
it is defined as the ratic of the moment at th fixed far end to the moment at the rolating near end.
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Flg.8.5
Mathematically:
Carry over moment at Farther end
lofr =
Carry Over Faclor Appiied A near end
i
coF=Ma
M
For above beamn,
Mixlrom 8) = Ryx + M
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g mem i)
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inlegrating (i), we get K
g2 - Ao~ +ih 1 C, i)




again integrating (i), we get

a 2
Ely= Rg%+%*+ﬂr+(}; i)
using end conditions, '
al x=0, y=0
0=040+0+C,
= % = 0 i
at r=L, y=0
£ m? !
0= Ag—+—+GL
2 + 2 +0 (i)
al x=¢, d_}‘ =0
dx
2
i ) Q= E-é—')'ML‘FG L)
From {iv) andi (v},
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A = =2
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On putiing valuz of A into (v}, we get
C = :—?}:
On putiing value of C, and Aginta (/). wa gel
gy _ -3M #° ML
El _—m e———— _—
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at x=0, & =04
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it B, = 1, them M = K {Stiflness) A :I e A
. - i
IM, =0 R
£ M+Rg ,+M, =0
y Fig.8.6
= M, = —
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Hence, ) carry over faclor = ﬁ:—;— = 51 :

The magnitude of the bending momant at the fixed support of the beam Is

Example8.2.
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The momenl at A will be, M, = -—21 =5

N Ex,ainhieé.s What is lhe carry-over [actor trom A 1o & while using moment distribution for
analysing beam as shown in the figure given below?
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Solution:
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Using area moment thearem,
Deltection at A = Moment of area of 2—4[ diagram belween Aang Sabout A
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1. LMy L) (Mu L SLJ [1 Mg L 5 ] i . 3E7.
oxexFEx | x| o ox 22 Stiffness of OC, K, = 3
(z"z"da"s 261 "2 4 )T \3 %2 *2 <5 " finess of OC, K, L
- 0. M ME ME M M Sl Slifiness of OD, K, = 3:_:; :
267 " 3Er 12 48 16 48 . . ?
Total stifiness of the joint, IK=K +I+ K, + K,
Sy = L ! AEl, 4El, 3E
= 16 o = 43 - _‘+.—l+..._i.:_'.+36_f”
, - L L L L
= My = —M : Siifiness of OAat O
18 . P e e S MO
o s DF for member QA aljoint O = Totdl siitiness al joint
Cor = =72 = K
M 15 - ‘ - (DR = =
8.4  Distribution Theorem ‘_ ; : Similarly, DF ol member OB al joint O = %
It a moment which is applied 1o 2 structural joint to produce ' ' ‘ ‘ - . Ky
rotation without (ranstalion gels distributed to he connecling members DF of member OB at joint O = K
atthe jointin the propartion of their sliliness or relative stiffness. DF ol member 08 atjoint O = X o
My My MMy M= SEiL 451y 353D AEL, 3,1, K
04 Mg Voo Mo e = I —L:_ L L I A] Applied moment M is dislributed in all members in the
proportions of Iheir slifiness, Let M,, M, M, and M, are the
. moment distribuion in the members OA, OB, OC, OO "‘"
‘g‘:l ? i is called the relalivo stiliness of a member whose respectively at joint 0. . by U

HOW 7 -
Know @ farther end is hinged, whore as T Is refalive stifiness
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of a member whose farther end is tixed,

8.5 Distribution Factor

Ky
Dislribution factor for a member ala joint is tha ratio of the stiliness {or refative sliiness) of the membor My = K a
to (he total stiflress (or total relalive stillness) of all the members mealing al thal joint : M Ky —,f
_ Slitiness of the member v = M 8
Tatal sliffness of the joint o Nole thal, M+ Mo Myos b = M Fig.8.9
_ Relative stifiness of the member e
o = Total stiffiness of (e joint Do you know? Dislribulion factors are the propenty of rigid joint, it is not the property of hinge joinl. So
Lt distribution facter of a hinge joint is glways zoro,
Remember: Summation of Distribution factors for all the o i
it -~ .
members al a joint is one. A 1] " ;) ™y .--<f c Example8.4 For the [rame shown baiow, 2 KNIm
Consider a rigid jointed Frame as shown in figure belov:; . ' A > the distribution factors for members BC and BA at joint 8 7 B > c
E = constant and joinit Q is rigic Lo are [ I
Siitness of 0A, K, = 260 (a) 0.4, 0.6 (b} 05,0.5 s it B
L o - (5) 0.6,04 {d) 07,03 1
Hiness o AET, ’ : [tES : 2002] g_L D 1
Slifiness of 08, Ky = ~_-1_ Fig.8.8
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Ans.(d]
OF = Stifiness of BC at joint B

Total stifiness at joint 8
4E(21)
8 E7 3
O = —b——=—= = 2206
AEQRI) A1 gy, 2g S
8 6 3

we Know summation of OF at joint is one

= (DFlg = 1-06=04

!

The given figure shows a trame 8

loaded with a single concentrated joad P, Ths lixed-end “T=

mamant developsd al support A will ba de
(a) % {b} %L“ Rigid Joint
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Distribute momentin DA, May = 5' * PL

o L 1
Since farther end is fixed, thus EM'_U will be transtaerred at ond A

[
M, = -{—L—
=35 .

Find tha value of 85 for the baam shown in figure below.
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20 kM-m

Distributed moments in BC = 8A = 0.5 x 20 = 10 kN-m
Consider member 8C separalely,

> t{em

S e T
8 :
QA"_/ 10 kN-m £
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” 87 4Es &
Hare, © M= 10kN-m, L=6m
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O, = e
8= 3E @
Hero, A= 10kiN-m. L =6m
10x6 16 i
g = ~——— =~ anliclock wise
aEf El
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8.6 Fixed End Moments

When both the ends of a bheam are ixed, the moments develop at 1he fixed ends.due to applied load are

known as fixed end moments,

Sign Canvention
*  Aliclockwise moments are positive.
+ . Allanticlockwise mamenis are negative




8.6.1

Standard Results of Fixed End Moments
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. svper unil kength wt?
3. A f:mmmaamal 8 Mg = 25
Mg HM w2
Mot = +5
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b 12— 17— Mor = —3g5+
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. et Mg = ~——ut’
e
M JjAn N fi‘,{s‘ - 4 ézsiosz

M _ Myb{3a-L)
8, Mo Mg = —5—1
SN A - o= T8
Mos _ Mya(3b-1)
Mo = =g —
The resultant sign depends on the calioof a: Land b: L
il a> % . then M5 = +ve (Clockwise)
il b > .;‘ . then Mg, = +ve (clockwisg)
il means that if mements acts in middle third sirip, then al both fixed ends, moment will be clockvise
il applied moment is clockwise and vice-versa.
M
8 - .
i —\ r' m = .;._Aio.
2 e Zoa 45 4
(3 5k . . "
{inthe direction applied moment)
p— 2 —— o (2 e}
10. | i support 8 setlles by a.
o ‘ BEIa
1 Le [ g = -2£2
G T s
= BEIa
i Fos = =~
B
\\_jl'»—f,u
NOTE: if setllemenl of suppost causos rolation of member in clockwise direction Ihen fixed ang
moment developed will be in anticlockwise in direction of vice-versa.
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A = T . 3E7A
- 8 = -2
C oo \ = i\ Ma = =7z
. - ' Mys = ©
=2f
- i
For the fixed beam as shown in the figure below, whal is the fixed end momont
al A for the given lpading? ) w
Wabz 2 Wa“’b | :
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Ans.{c)

Weost

Vertical componentolLoad = Wcost '
The (ixed end moment al A, q 3
. 4 —1°
B = P20 ‘ Fi Mam
-8 I =0 b ——
. Weospab®  wab®
Mg = — ~F £os@
- N ! D |
Example 8.8 The fixed beam ABhas a hings
Catmid span. A concentrated load Pis applied al C. What " e
is the fixed ead momeant M,? A lc 4
PL i Hingo b
{a) PL tb)‘ Y L T —y p—
PL PL
tey 7 W 3
[IES : 2008]
Ans.fc)
Since foading is symmetrical
M, = My=M 7
XMy =0 A 2 l w2 8
, c
= Raxi-FX <0 “ M
2 R, ) Re
- RA = --
Also, M.=0 {Fromieft)
= RByx g -M=0
L P L
ri= —= =X
= Rax3=3%3
= A= Ef:
4

SCU SO For the heam shown in

{igure supporls A and B settlas A, upward and 4,
downward then fixed end momenl developad at
supports will be
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M,w =f;fg,1 =M=(E)M

164, +(M}u—m vz
6EIA, 6EIA, |
M=t Ot
M = BE/(a,+4;)
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Ex'a,mp!'eva.u_'l

end momeant will be

If support A seltles by 4, and B settles by A, downward (4, > A,) then fixed
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Exampled, 11

by 4 then shear lorce in beam AB will ba

{8) Zera

126715

Ans, {d)

= A, x

A

-

Beam shown In figure fixed at both e;ds, Ii one of the support 8 seitle down
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6E/A GE/IA
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g, o L2EDS
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8 (xtrum A) = +R,




X 3 (constant}
L
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8.7 Bending Moment Diagram Using Stiffhess Approach

P
Step-1. Consider a lixed beam ABcarrying a pointivad P at mid I
span as shown in ligure. A _g B
Find tixed end momanl al ends A and B and than above beam bt 2y
can be considered as combined effsct of {ollowing loading separately, Fig.8.10
» 4
SR S R ;
) [ AN vz A L i
M KMo
(1) Samiply supported boam (11} Simply supported boom
subjodiad (0 ond momant only
Fig.8.171

Step-2. Draw BMD for simply supporled Beam (Free BMD) and fixed beam subjected to lixed end
mament {fixed BMD) separately

e

B v P
8 [
)
: N 1,
{Frea BMD) {Fixed BMD)
(1} (i}
Fig.8.12
e
Far lixed BMO, Hogging end moments are taken ]
Negative whle plotting BMD and vice-versa. A P
(- ]
Step-3. The resullant BMO is oblained by el
A I 8

superimpasing Free BMD and Fised BMD in such a way that
the common BMD area get canceled and resulting area
represenis tnal BMD for given loading

Rosulting BMD
Fig.B.13

Draw bending moment dlagram for following beam.
100 kN

S0 kN/m
A 8

H-Zm——L_&m—-—-l

Solution:
{7} Fixed end momants:
S Wi Pat®  50x&' 100x2x42
S e e = e - _238.8BKN-M
Mug 12 I 2 P 238.68
W2 Pa%b EOxB? 100x2 x4
= et s b — " 04, -
Mg, = T = P 194.44 kN-m { )
{#) Fixad end BMD:
235.88 kNm
184,44 kNm
]
Fixed BMD )
(i} Fres BMD:
100 kH
S0 kNm
A B
AN c &
f fe—2m—d 4m d
Let A, and A, the vertical reactions at simply supporied ends A and Brespaclively.
¥F,=0
= A4 g =100+ 50x6
L= A, + Ry =400
IMy=0
= A, x6-100x4-50x6x3=0
= A, = 216 67TkN(T)
Fromequation (i), Ry = 183.33kN(T)
Partion AC:
+
i Mxliroma) = Ry-x= W'-2—

M, = 216.67 x- 25 x* (Parabolic)
cal x=0, M,=0
al x=2, M. =33330kN-m
Porlion BC:

W, 2
MiviromB) = Rg-a~ _é"_

M, = 183.33x- 2527  {Parabolic)

O

R0

[osrsg

-

[oSes

21~

4]




al x=0, M,=0
at x=4, M;=333.34kN-m !

{Fizo BMD]}
(i) Resulling 8MD: Resuiting BMD can bie abtained by superimposing fixed BMD and free BMD.

108.28 kN-m

{Razuting HMO)

8.8 Procedure of Analysis by Moment Distribution Method

Step-1.Find Iixad and moment lor each membar considering each end to E_e fixed.
Sign convention for fixad end moment:
Clockwise moment = +ve
Anticlockwise moment = -ve .
Step-2.Find disiribulion faclors for all members meeting at a Joint. Each joint is considered rigid.

Step-3.Find unbalance moment al each joint. Distribule the batancing mormant at each jaint acecording lo
their distribution factor and transfer carry over moments Lo their farther ends if farther ends are fixed,
Step-4. Find final end moments at the ends when all joints are balanced.
Step-5. Draw BMD lor given loading by stiflness approach as discussed in pravious arlicle.
Sign convantions:
+ve momenl = sagging s
-ve moment = ogging

For the beam shawn in ligure analyse and draw Bending moment diagram
using moment disttibution method.

SOHN :
I 25 ki .
A | k 2 Bmwvn"vv\l c
| 4m am £ 4Am |~
£/ is consiant.
Solution:

Fixed end momant:
Consider each span as a lixed beam and find

carrespendmng lixed end momeats, 50 kN
-' PL_-50%8 I | i
M,;g = -AE‘ i = -H0 kN-m A f P P ] B

By = + 225028 oo kv
8 ]
_ we 25k
M = _..1..2__—-—1—2-+eﬂ3~3k33kN'm 25 kNim
Ireer ey
a ¢

—~ 2 2 I

E."_iy£_~+25><4 - +33.33KNm | am *

12 12

Distribution Factors

Joint. |"Membar Stfﬂ‘pbs_s ‘| Total Stitfnoss | D.E
8a a8 1
[}) . 3
8 12 €
8
ac A& 2
4 3
OR
i . Rolatlve | Total Retativa | D.F.
: ,
Joint | Momber Sttiness {  Siiffmess '
84 4 1
8 3
5 3
8
B8C 4 2
4 3
]
N ]1.‘3 2
c
FE, | -0 450 (3333 43333
Batancing
Inoaient ~556 |-11.11
& R _
C.OM. - \\\
-2.78 -5 655
Paerd | _s278 4444 |war s 427778

Atjoinl B resuilant moment is 16.67 kN-m which 1s unbalance. IHence a balancing momen! of
~16.67 kid-m is apphed at joint B in order to make nel moment at joint zare By the distibution
theorem batancing moment get drsteibuted inthe propartions of their DF



Since Farther ends A and B are fixed 50 a carry over moment Iransfer Irom joint 1o ends A angd C.

Carey over momental A = :.5_2§ =~2.78 kN-m
=11.11
Carry over moment al © = = -5.656 kN-m
1 Na/ Feo
bl )]
15278 44.43 4444 21775

(Fraa BMO)

Exarnple Analyse the continuous beam as shown in figure below by momanl
distribution methed. Draw the Bending moment and elaslic curve.

AOKN 50kN
A K 40 KN'm o l c lo
' ’ i AN
—am Ind dm 2 b Z M
£1is constanl.
Solulion:
Fixed End Momanis:
- wi®  dox4? )
Vg = ~—5 = ~——=- = -53.33kN-m
Mes = 35 F R

ﬂg;‘=

2 2
+-—M—'-=+50—:é'—4-=+53.33kN~m

12

= -3556 kN-m

= +71.11kN-m

2 2
e = + 220 _BOxdx2
2 6
Pa’b  8Ox4¥x2
s At ——
L& 2
: Mp =-50%2 =100 kNem
0.67
1 $.58F
37
BC = 0.33
ca £ 1
3
¢ 067
co 0 o
8 C
. (ol []s]
FEM 1-53.33 +51.33 |-35.56 0
+711] =100
Botancing
momant -1190 |-587  +2880
com. |-sos” 1448
Balanci
rnotne:? -9.69| ~4.76
et
=
COM. | -4845
Final End | _ _
ol End | 64,125 3174 {-31.74 100 ~100 0
B4.125 ¥N-m

S

=== 3

Efostic Curve



Example8.15

SFD.

Analyse the beam Icaded as shown in figure balow uslng moment distribution
method. Portion ABhas a second moment of area 1.5 1 and BC has this valie as 7. Oraw the BMD angd

24kN

A

PR

4y

Fe=1.5 meafoem 1.5 15 —=fa~ {5 ~so—1.5 sn—]

& A IJ

A0kN-m

Solution:
Fixed end maments;
Bg = +EXL_-2X3 oo
8 8
Mgy = +%=w=+9m-m , M _
8 Jdelnt | mombor: .. Suttnosa';] - Tetal Suffoss |- D. F,
M = Mo 20 +10kN-m 84 3E(1.50) o5
== )
s )
. M, _ 40 _ ) 2.83E1
fg = —2=—-=+10km 8¢ L 047
£ o
A ]n,sa mvi
EEw P2 -3 9| 410 “10
Bal. Moment| +9. -10.0?} -BS3
COM T~ 4.5 \—4-465
ﬂBaL Momant ~2,385| -2 ui
coM \-1.057
Fraend 1o LDIS[ 1085 a8 22765
BMD
For SFD:
24KN

A0 kN-m

1 15m

N
z.syT\'LSm

R, 1045 g Leas
Consider free body diagram of member A8,
IM,=0
= Ayx3+1045-24x15=0

*

2421541045
=5
= 12.34 k(M)

>, iD

Re

2R

g

R,

y

Ry

el

. | >
1.5m 1.5m 1,045 kN-m

Consider free bady diagram of member 8C, B ™ ¢
= Ryx 3440 +4.478-1045 = 0

15m 1.5m
Ry, | 1O45KEm  q0knm 4476 kN-m
4

-1.045+ 40+ 4,478
=Y o = T

3

= #1447 kN(T)
Take, IF,=0
= A+ Ag+ Ay = 24KkN
= o Ag=24-R.-R.
= Ag = 24-1234-14.47
= Ry = = 2,81kN(L)
Heaclion A can also be found as

Ag = Rg +HAg, . i}

Since, flg, = 24-12.34=11.66%N (T)and

- Fg, = ~Ry=-14.4T kKN (L)
Ry = 11,65~ 14.47 kN
= fig=-281kN

24 kN
A B N Lo
& &~ ) 1°
T l 0kN-m | T
PET 281k | TAT N
1 ‘ 1
12,34 KN} T ' ;
A I 83} B H
1168 KN =
14.47 WN 1447 kN
SFD
'Ex'afnple_s.i'[ﬁ B Analysethe continuous beam shownin figure by moment distribution method.
Also draw shear fcree and banding moment diagram.
20t o 18t of
3
A /VV@VENY\QJI\’YW\C l D l £
AN Ve 10 AN AN

f—12m—d=—12m—rf—12m 2 dmer s — B —ep- 3o

‘Solution:

Fixed End Momentis:
_‘,1‘13 = :3‘%('?1‘2: =36 l-m
- 23517
Mgy = > =+36 t-m




W = 3242 +(—20x24] doint | Mombor StiFfnass Tolol Stiffaoss | O.F
e =
12 8 B | axdeorss o
= 204 (-m B ppwv 2421 Sy
— X
% = +2041-m B8C 2 =1.67f 065
_ 1B A x & ax107
'Vh) - Bx 7>n<8 = 3omm cB 5 = 1.677 0.77
12° c - Py 2471 .
co -z (.
i “18xBx4” 5t T i b
e 5 T =+ -m o
127 oc w:o_ﬁﬂ v
e T D 0677 el
Mee Gx3=-18tm oF 0 0
8 ~C 0
A [0.31 0.69! ’0.77 0.23 ‘ 1 0 | E
FEM -35 +36 204 +204-~32 +16 | -18 0
Baland
mn:}:?g +36 +52.08 +11s%(;13z¢4 -39.56 +2
c.oM TNeiB 6622 45796 |1
Balancing .
+14.95 +33.27 -45.34 | 1357
moment e
C.OM =22.67 +16.64
Balancing
+703 +1564 <1281 | 303
COM 541 782
Balandng
+1.99 | +4,42 -6.02 | -1.82
momenl ><
C.OM =3.01 +2.21
Balanding
o 1093} 208 o170 | 051
v P
COM ~0.85 +1.04
Balancing
+0 25 +0.60, -0,80 | —0.24
momant S~ 4
C.oM -0.40 +0.30
Balancing
- 40,12 40,28\'/-—0.24 -0.06
C.OM 012" "oaa
Balanci
nmmn{'” +0.04 | +0,08 -0.41 | -0.03
Finol End
na "’I' +131.34| ~131.30 48061 | -50.64 +18 | 18 o

support Reactlons 3um
AN Y YO Y Y g

Span AB; 1
! IMy=0 R? zm 1B
3 4 B
= RAx12-3x212+131.34 =0
1f3x12?
= — ~131.3¢|=7.
= 12[ 3 3 34} 0551
Also, IM., =0
= Ay x12-131.34-3x%12x6 = 0
= Ry, x 12-13134-3x12x6=0
1
= Rp = 75131344312 6] = 28,9451
Span 8¢
IM =0 201
242 IVm
= g, x24-131.34 - 3% =5 - 20x 12+ 5061 =0 {si &
= Rﬂz = 47.6971 RBZ 131.34 90861 Rc’
So, A= RB\ +RE;
= 28.945 + 47,697 = 76,642 ((T)
Also, Ity =0
- 4
=g+ 20-9061-20x12- 222 4 13124 < 0
- 242
- Ag, = é%[so.enedmg“zﬁ—:a\.srz} = 44303
Span CO. . i’
Wﬂ:o G 4m 8m 18@
= Rp % 12-9061-18x8+18=0 AT S06! S
i B :: '
- Ao, = ?15[90.61 +18x8- 18] = 18,05
- A= Ag + Ry, = 44.303 + 1805 = 62353 1(1)
Also, XMC =0
= Ap, x12-18-18% 4+ %061 = 0
= Fp, = %[131» 72-9061] = -0.05¢{4}
Spa?n DE:
Aoy =617 T
( 1]
© Now RC‘ = PQ +RD; e TE
18

=-0.05+6=5951(T) A,
d



20t 18 Tt . 8 c

A 5 —Je A 051 | 049 I 05 | 05
= : =
é 418 E ; FEM -300 -300 | +211 21l a o
' s Pl | Batanci
w3 P ot +4539 (+4361 1065 |-1055
[ s 9051 P e el
: \\ COM  |+2270 5275 2180 5275
; b
+ . Balancing
; aMD a8 o momant 12691} +2584 \x’:”IO.Q ~10.9
i : P e ey "~
i ! b COM | -1245 5. : ™
47.697 ‘ ; t : ~5.45 +12.92 545
! 18.05 ! . Bolanc :
: i vos 5 s : ot 2784287 6.46 | -6.45
%\ B Nirgos "= ) ; : = S ™

Pl
7.055 = : coM |48 2325 s Taz
\] 8.303 ) Balancin
28945 9 +165+158_  -0.667| -0.667
SFD

moment - S e
v s ;
44303 , com | +na2f 228" Thaa 0,333
! .
Determine the supporl momenl il support B settles by 5 mm. Take ﬁ:ﬁ:ﬁ?g +0,17 | +0.183 -0.667] —0.395
E1 = 45000 kN-m? - = S S
} . ¢ [ C.OM +0.085 -0.1973  +0.081 -0.197
Al [#} .
. U zam | &% 25i4m 4r 2&4m | Eﬂﬂﬁ?g 40.099(+0098  -0395| -0.04
Final End
A { 2 s as _(f}_ { o Momen( | 26155 -223|+223 12296 -122.95 -61.56
A \’_j r‘."'w 261.55 kN-m
A
_ BE(2f}a -BEx2ix5x 107 123.96 kiN-m
Mg = = = ~300 kN-m
48 2 7 /H\
h-ffa.‘ = M,-,g = =3C0KN-mM \ w
_ 6E(2.51)a GEx%25/x5x107
Mo z pE = 211&N-m 6196 kn-m
5{:3 = Mg =211KN-m : : 220 kN-m
Jofat | Membor | Sliffness | Total SUffnoss O.F. - - e -
o 7 ot Example8.18 Draw bending moment diagram for the cantinucus beam shown in figure il
3 : the support B and C sink by 2 mm and 5 mm raspoclively 1,,= 1., =2 x 107 mm?4, /. = 4 x 107 mm4
8 1297 and £ ) 7 a8 = fep vdge
8e 2;‘51‘ 049 nd £ = 200 kN/mm
2.5¢ : ’ A ] 1254 c o
PR - N E 1.25¢ il ' ' - £ ‘ £
- 25 ' 05 21— A m fe— 2 m i
4




Solution:

Fixed end momenls:

Effect of sinking of support B,

Span AB;

Span BC;

Mg =

Mes

Eftect of sinking of suppont €.

Span Cox,

@\5@@%

W 6Elp4,

12 Lo
_12x2  6x200x2% 107 %2
12 2% %10°

4 =12= =16 kN-m

Wy 6618,
D D TAETE
EREN
+ 412 = -BkN-m

Mg

My

i

_whic 6Ela,
12 e
1247 Bx200x4x10°x2 5x200% 4 x107 x5
12 4% %107 4* x10°
~16+6~15= - 25 kN-m

e OBl X8 BElp x
e

416+ 16~ 15 =47 kN-m

, Wi B8l xAg 6Flpr X g

L - - ""., .
2 Lhe Loz

+ 16+ 16~ 15= + 7 kiN-m

‘_’{'L?co L Bty
12

-4+ 30 = 31 khN-m

Jalnt | -Mombor Stiffness | Total Stilfnoss D.F.
B 3.5E¢
8c 4E(27) 4
4 7
c pres 3.5E1 ] 3
: co 2 7
8
‘ 214 413
A 7 7 7 7
- -3
FEM -16 -8 |-25 +7 | +26 +34
End
Comrection | 16 8 -7 4
Cormecled =25 +7 | +9 o
FEM 01-%
Baibncing
moront 1072 | 14.28 ~_ 15585
- .
+ |[C.OM —4.575 +7.14
Balancing
momant +1.867 | +2.614 . —4.08 | -3.06
COM -2.04 = 1307
. |Balancing
moment +0.875 +1.165 /-0‘748 ~0.561
iy
com ~0.373 0.582
Balancing -
|moment 0,16 {+0.213 ~0.332]-0.25
COM 0166 7~ p106
Balancing
moment i +0.072 | +0.084 -0.060 { -0.045
I
COM -0.03 +0.047
Balancing
moment +3.013 | 0.017 —0.026 | ~0.021
Final End | +13801 | ~13801 +1.788 | —1.788 o
Momani .
N _J




162055

e \t7e8 5106
g '
8MD I
Analyse the Frame shown in 15kN
figure. Also draw BMD. ; .
Al @ s @y,
Solution: q am 1m
Fixed and moments-
t\‘d;‘g = -Vl‘m = 0
y @ |4m
&fg: = M\f‘g = 0
Mw ==-15%1=-+15
I\_ffm =0 c
Joint | Mombor | Stiffanss | Total Stiffnoss DR
1
BA L +
Pl 3
z 8c 2 3 2z i
4 4 3
¥
8D 0 0
8
A 1Tz ]
3 3 C 0 |
FEM o [s1 ¢] 1] -15 0
Bolancing
Comreclion +5| +10 ~ a
G.OM +2.5 \+5
Final End .
soments. | *25 .4‘5 +13 +5 -15 0

Support Reactions:
Consider (ree body diagram of member A8,

K, 2.5 kt-m
A

R01
;1
am ) Ha
5 xd-m

Ef =0 Hy
= H, = Hy i) KT—
IF, =0 n
A
= A= Ay i)
IMg = 0 8
=5 Ryxd+25+5 =0
. . —-Hp
10 kN-
R, = “.7:‘15 = -1.875. k(L) ™
Am
Considar free body diagram of member 8C,
. ) Mg = 0 5 kM-m
= 5+10-H,x4 = 0 u c
- ‘ H, = 375kN () ‘ l(1/
R
15KN
: 2.5hN-m
Consider frea body equillbrium of entire frame, A s _‘l
w0 e e
- Hy = 3.T5KN () s 15 kN-m
If, =0 1B7S HN m
= R.-1875-15 = 0 10 kN-m
- R. = 16875 KN(T)
15KN-m 5 kN-m
275 kN —- |C
e
-~
55> © e
. S}
-~
) 10 kN-im
*+}
25kN-m
hY
\
=¥\
—-——1‘ 5 kN-In




Example_s'-.zo .

Draw the bending momenl dlagram for the loaded frame shown In figure, £r

is gonstant.
8 /-‘- ¢ 12 kN/im 'lD
Zm\ ' 2m am I
100 kN-m
4m 4m
A E
Solutlon:
Fixed end moments: Rolalkve | Total Rolative
5 - Jolnt | Mombor Silfingss| Stifness D.F.
g = MB’\ = 0 BA 7 1
N - M, 100 4 u 2
Mm = Mca_-T-—T——ESHNIm 8 f 2 1
e 0 ac 1 z
Mg = Me =0 n ;
ca - -
_ 12x 42 v 4 3
Mg = ~—5—=-16kNn T 3 3
el g = 3
12x 42
A = - = ] 4
My = ~o5—=16kNm e N K
4 3
a & -
4 IT1 N ) £
2 2 3 3 NE
0 of -25 —25|-16 +16 0 0
+125) +12.5 +13.66|+13.66 +13.66
- N ~
+5.25" +6.83 +6.25 1683 +6.83
-3.415 | -3.415 . . -2,083|-2.083 -2.083
P B s, ~
e - Sl S -
-1.707 ~1.041 -1.707 ~1.041 —1.041
+0.520{ +0.520 +0.569] +0.569 0.569
et e P S
- e, - - TS
+0.25 40,284 40,26 +0.284 +0,284
-0.142| -0.142 ~0.086 |~0.086 -0.086
T Ty — e
o e = T
—0om1 T 00837 6071 0043 -0.043
+0,021 | +0.021 +0.023 | 40,023 +0.023
44732 +9.484 | -9.484 -B.185] -3.917  +22.03 +12,083  +6.030

Bending Moment Diagram:
Taking culer face as reference

2.484 KN'm

Q484 kH-m

)

11.0265 kN-m 2203 KN-m

-}

A

4,732 kKN

8030 kN-m

Example 8,21

Draw the BMD. The second moment of inertla ars indicated In the figurs,

100 kN

| e

100 kivim

I

2

T T,

[ - ¥

30m
F-2.0 mrvbe— 3.0 mm—mie—— 3.0 m—eq
Solution:
{(f) Distribution Faclors:
sonl | Wambors |~ Seetee T T [y
| BA gsi = 3501 0.41
8 BC % xé = %%” 56% 0.25
' 8O §= % ! 0.34

Analyse the frame shown in figure below by moment distribution melhod,

{IES ; 1998}




(i) Fixed End Momants: K 8.9 Sway Analysis
-100x2x 3 100x3x 22 : ’
= ————= }72 K n o—= .
My 2 HZkNm Mﬁ‘? 52 +48 Khm 8.9.1 Frames without Sway
2 2 2 2
My = Lo =— 100x3 = ~30 kNm Meg = w -J00x37 45 kNm (i) When Resullant horizontal force is zero and cofumns are at same #
_ 30 30 20 2 laval, £fis constan|
E‘Jw = Mw =0 i
8 a
14 0.41] 025 c 031 y ol ’ fig.8.14
-7 *4B | -30 N or (i) When IF =0 verlical loading is symmetrical, columns are at same level and sliftness of columns is
25 —45 constant,
-2 +48 | 525 0 [} 0 P
1.845 | 1,925 1.53 l
05225 7 N 0765 a
-710775 49.945 | 53625 [ 1.53 0.785 . ! n
{i#i) Bending moment diagram: .
Taking top face of the beam ABC as retarence face and left face of lfie column B as relerence
face. : . a
For simply supported span AB, ’
z Fig.8.75
Maximum momen) = '0';’;213 = 120 kN-m (Sagging)
ieldi 15 L beamn level, then the horizomal displacemenls are
For simply support ed span BC, (iif) Whan unyielding supports ara presents at beam level, p
* yooxa? i prevented,
: . wi X .
Maximum moment = =———=57.73 kNm({Sagging)
. 93 903 HmiSagging) P —— op
Mg OCEUI a1 3 distance = = 3 from B,
3
i
M i
Fig.8.16
i
T EAN
8.9.2 Frameswith Sway
(i} When resullant horizontal larce is nol zerg then the unbalance !
' lorce acts as sway force and sway will occurs in \he direction of
sway {orce.
I
i

Fig.8,17



() Wnen frame has symmetrical toading but column has different stiffness then frame will sway in that
direclion along which column has less sliffness.

Fig.8.18

(i) When columns are al different levels, then sway will lake
place along Ihal direction which columin has less stifiness.
£/ is constant.

(") When slillness is symmelrical bul ioading is eccentric Flg. 8.19
then sveay will take place.
LR S £ i‘
H l ;
: ; ' ¢
8 ; !C 8 ;

{a) 0]
Fig.820

8.9.3 Beam Sway (Joint Displacement)
() When properties of material (i.c £n changed ala poinl

(it} When internal hingss are providad within span.
F-

O Ot O

L,
£

! Flg.8.22

Example8.22
&l support A to end moments st support Dis

For the given trame as shown in ligurs shown balow, the ralio of end moments

A
(8) 1.5 (o) 2 >
{c) 1 {d) 05 q_
Ans.(d) § e
In above frame sway will take place in the direction of force P, f
Let 4 be the sway displacement in Ihe direction of sway, @ i
e Ay
Mag =Mg; = iz U fron i ci [
T o . - AOERDL_ 1261 - R
o= > = 2 - 12 ] P
& N
[ 8 _
o 12Ef z \{) Mg
. ’QA - 05§
A
The given figure shows a portal Pt C
frame with one end fixed and olher hinged. The retio ol 1he f o5 3;
lixed end moments Ma My due to side sway will be 7 ol 1

(a) 1.0 . by 2.0
(c)25 @ 40
LIES : 1995)




Ans.(a] My, Ay
Let A be the sway displacement in the + p—> AN < m -
direction of svay. REE ¥y |
' { ost| /S m
i 6E/A / o
M = R ot K al
‘BA M& Lz L ,{. D _l_
_ 305N '
Man= = 1
=M= "0 a7 /
!
5, H
_set & L ,.J.é.. .
Mar . 1 _;)
Mo _axo5er 2~
{0.5L)
For tha rigld (reme shown in tha figure batow, find lhe lorce required for

‘Example 8.24

moving the girder AB through a horizomal dispiacemant A,
[ S
F=m-

Solution:
A

Consider free body diagram ol mamber ADand BC separately:

®» : M, = 0
G6EFA  BEIA
= Hokf.—L—z——Lz—' =0
M= 12E£7a
a LJ

(i) LMy =0 ; 7N 120
Hoxp - JEla ‘ I
= c X T Hexl =0
3E1D
= -
fe 2 L
Alsc consider (ree body diagram ol whole frame,
§£D
/h v c €
)
{n
Ha
Ry
5,=0
= P-Hy-H.=0 i
= P= HO + HC :
_12Era 3Ela 15E1A X
TTE e T TE é

8.9.4 Frocedure of Sway Analysis

Case-1: When Swray (A) [s known
Then the effect of given loading is considered separately and ellect of sway (&) separately to compute
lixed end moment. The net fixed end momenis due to combined effect of sway and given loading are found and

antered in table and distributed.
Case-2; When Sway (A) is not known but It is observe to occur
Then the effect of given loading is considered separately and effect of sway (A) separately {o compute

fised end moment. The net fixed end moments due to combined eltect of sway and given loading are found and

enlered in table and distributed.
Step-1: Non Sway analysis
Neglect the effcct of sway (a). Calculale hixed end moments corresponding lo given loading. Entered
these fixed end moment into lable and distribule according to thar distribulion factors, At last tind the

carresponding final end momenls which ara called Mon Sway moments




Step-2:
Check XF, for Ihe portal [rama.
I £F, = 0 then there is no horizontal sway,
It EF, = 0 then lrame sway under Ihe resullant
sway force § = 1, 10 lind IF, \he transverse
reacrions (Horizontal reaclions) can be lound by
using Ireg body diagrams of vertical members
subjected o external loading and non sway
momenis,

IF, = Hy+ Hy+ P,
I IF, = 0, there is no sway
I ZF 0, then there is a sway and sway lorce
willbe § = EF,
Step-3:
To lind elfect of sway lorce. Remove alf extérnal
{he displacement caused by sway lorce,
Caleulate lixed end moments due to sway

Py

Fig.8.23

o

e,

loading and apply sway force Sal the panel. Let 4 be

M

i = BE1A

h“f/{ﬂ = ’ﬂ”ﬂd == L2

A’fm = ﬂ"f(ﬂ = 0

- 6E/A
where A is not known but it Is proportional io sway
force S.
Step-4:

Find the ratio of above sway tixing momenls:

5 A

-

[of

Fig.8.24

Mg Mga : Mo Meg s g - W+ = 1:21,0:0: —1: =1
Take any arbirary value of sway fixing moments inabova ratios, For example:

Mg - Man : Mpe : My 2 Mg M ==10:-10:0:0:-10;-10

Mg Mgy Mpe Mg Mep  Wle =~8:-8:0:0:-8:-8

Step-5:

The arbilrary values of sway lixing moments
assumed above entered in lable, which are
balance and distributed according to the
disinbulion lactors. This procedure 1s called
sway analysis.

Al the end of table \he momments oblain are not
aclual sway moment. because the assumed
liing moments are arbilrary values.

The moments obitain al the end of table n
column A are due to some sway lorce 5. Let
H., and Hp are the iransverse reaclions duc
o sway torce such that XF, = Oie.

ac

emeciceeeanann

Colurmn (a3)| - -

S+H, +Hy =0
The (ransverse reaclions can be found by free body diagrams civerticat members subjecied tomomenis
givenin column (a).
Thus the valus of 5” can be found by
8= - {Ha+ )
The momsnis given in column A are due (o some sway force 5°, Hence Actual sway momants will be

<

_ Column {g) xS

ASM 5

Step-6:

Final End moments = non sway momen! + Actual sway moments
FEM = NSM + ASM

The final reacticns can be found by the lree body diagrams of members subjacted to givan ipading and
final end moments.

Finally, BMD can be draw by supsrimposing finat end moments diagram and Irec BMD of each span,

Arigld portal frama ABCO has two unequal verlicalleg AB=4mand COD=6m
with mambers BC horizontal and 8 m long. The bases A and Dare fixad and all lhe membsrs have same
moment of Inertia 1. The member BC carries & UDL of 4 Ym end & harlzonlal lorce Hacts at C. Find tha
magniluds and ssnse of H such that the portal does nol sway under ths given loading. Draw the BM
diagram for the portal under the same loading conditions. Use lhe moment distribution methad,

Solution:
Non Sway Analysis: 4um c
Fixed End Moments: spm?maamga_, H
fp’,ag + 5!34 =0 :
4m
2 2
My = ~%~=—4%;-=-21.331-m &m
» ’ A
g = +1%= +2133m
: D
f“b’) = Mm =0 ’P.-'
; { Rolative Total Rolative
Jolt | Mambor | gitmoss | | Stiffcns O.F.
! 2
ac L 8 1
8 3
! 3
. ca | T 7 3
1 24 4
co __E 3




8 ¢ IF = 0
A 2|1 3| 4 2 = Hy+ H-Hy= 0
3 7 7 i
3 , = H= Hy~H,=368-6.69 =~ 3.011 ()
FEM 1 b -2.33 *2133 e 0 Tha farce required is 3.01 1 («) for which portal does not sway under tha given lnading.
Y
, t 7. -8.14|-12.18 -
Bal. Momer :/1422 ! 11>\ . Example8.28 For (he frame shown Infigure. Calculate and moments of the members. £/ is
coM +7.41° 457 Fass * 609 constant,
4 KN R
Bal. Moment +3.05 n‘s‘?\/: <1.52 —2.08\{\ / g 24 kNfm .
C.OM 2~ 076 %076 ~1.04 4m @
Bal, Momant +0,51 +0.25 -033 .0.4'3\
. Im
C.OM +0.25" 2016 * do2 ™ 022 1
Bal. Moment +40.10{ +0.06 -0.05~-0.07 .
‘ A
d
ooame |88 swgs-788  ysrz|-uzz e a
2 Solution:
. Distribution Factors
Suppeort Reactions: : FF:\] Hy _
Caonsider free body diagram of member A8, : - Relatlvo Total Refatfvo
’ M= 0 Mo = 17.88 Jalnt | Momber | o itross Stiffnoss D.F.
H,x4-17.88-888 =0 ' L4 4
= A ! P 8A 32 7 7
- H, = 1[17.08+8.88) = 6.691 (1) 8 sc | 1.3 12 3
4 4712 7
H, 0 M =088 1. Non Sway Analysis:
Fixad End Moments: E
Mo consider free body diagram of mamber CD, Ay ] Mpg = Mpa =0
W =0 v 2 2
< R . W 24x4°
= Hy%6-7.33-1472=0 ¢ My = =5 =5 = 32 Kkhm
1 1 2 2
= o= glra3+1472) H—g') Moo= 1472 Ry = ‘k% -4 2__41’;“ = +32Khm
= H, = 3.68t{¢-) v B :
) - ; 43
Now consider equilibrium of enire rame S A 7|7 c
B E L ' FEM 0 0 {-32 32 ol
o ol yMoc =73
N
im ‘ ' Efl. Mamont +18.285| +(3,715
6m Ry — <
C.OM +9.1425 +6.8575
H, —bi-—- .
:IN.S'M +9,1425 +18.285 | - 1B 285 13B.B575
—-«g. Q—HD i -




Consider free bady diagram of member AB,

My =0 Hyx3+ Mg+ M, = 0
Mag + Mgy

_(9.1425+1a.2as)

= A

= -9.7425kN or 9,1425 kN (—)

Check EF, tor whole frame

. I = Hile)
9.1425KN 0r 9.1425 kN (=)

Since BF, #0, Henca Resullant horizorial force is unbalance.
Hence aclual sway foree, .

8= IF, =9.1425kN (-5}

Sway Analysls

Remove the given loading and apply sway lorce along
as shown in tigure.

. . s —8 —-i g
. —_—
Let A be the (ransverse sway displacement as shown 8 !
above. Due lo sway force the fixing momant developed will be m
in anticlockeiise divaclion. /
. i 7
MAH = Mg = —-thz‘i R s
M |2 Wy
0 oo
0 oo
0 oo
-

Moy

Im
My
Hy 4—&‘0

n

Ry

: ER Il
Al 717 - c
I8 slo I3 ﬁ
+4.572 1 +3.428
—~
\
+2.286 +1.718
. Eol- {a} |-9.714 ~3.428 | +3.428 +1.714

Let'S’ be the'sway foree for which the momenis given in Col. (a)
Consider free body diagram of member AB
My =0 H; x3-5714-3428 = 0

' Hi = 30473KN{e)
For equilibrium of wholg frams

S+Hy+H, =0

e —kliy 3428 kN-m

5714 WN-m
A
hn‘j Ha

R,

S = -H, = -3.0473 kN or 3.0473 “N(—)

Thus tor a sway forc:é 3.0473 kN () the sway moments are as per Col. {a}. Hence for actual sway lorce

ol 8. 1425 kN the correspanding actual sway momenis will be

ASM= g xcol{a)

Mg Mg, Mae Meo
Col. {2} -5.714 -3.428 3.428 1.714
Actual Sway Momonts
3 =-17.44 -10.28 10.28 5.15
, = % Col, (8}
&
Non Sway Momant ~8,14 18.28 -18.28 38.85
Final End Momonts
[A.S.M+N.SM) -$ 8 s 44
i
Actual Reactions
Consider equilibrium of member AB, ﬁ 1'
. i Hy Bl
EMy = 0; oa
Hox3-M+ My, =0
' M + Mg, Jm
- { ezt
i,
. [ §+8 J 0 ¢ H
= 3 -



Now consider, equilibrium of entire frame

24 3m

EF,:D; R+A,=24x4=05
IM.=0;

Hyx3+R,xd+ Mg+ Mpp~14%4x2=0
- 0+4A,-8+44-192=0
R, =39kN(T)

From equalion (i), A, =96-38=57kN(T)
Bending Moment Dlagram:
Consider outer {ace as relerence,
22%Nm A5kNm
=)
8kNm
=
8 kNm
-1
BkNm BMD

Analyse the frame loadad as shown in
figure below and draw the BMD. The framae is fixad at A and hinged
at D. The relative second moment of the areas are also indicated
in the figure.

[tES : 1995]

Solution:

Non-Sway Analysis:

Fixed End Moments

e — 3|

- W 10x P
By = ¥ - = ~75kN-m
] 12
2
My = +%=+7.5kNm
Mep = My =0
Relotive | Total Relatlve
Joint | Membar Stiffncss StlRness D.F
/ 3
B o
; 12 .
8c 3 3
! 8
ca L 8
. 3 171 17
4
co | 3.4 2 3
a4 17
8 c
A 3] 4 8] 9l
7 7 7| 17
(FEM 0 T 0|-75 +7.5]0
Bal. Momenl +3.21| +4.29 ~ - -3.53|-397
coM w1608 wes 7 Th2uds
‘Bal. Moment | +0.756 | +1.009__ ~1.009 | -1.136
: = S —
C.OM +0378 -05057 30505
Bat. Marnent +0.216 | +0.289 -0.238 | -0.267
coMm +0.108 20118 7 Tho4s
Bal. Moment +0.051 | +0.068 0,068 ) ~0.077
C.OM +0,026 —0.034 +0.034 '
Bal. Momenl +0.015 | 40,018 ~0.016]-0.018
Non Sway )
Momert +2.117 *5.243 —4.248 ‘+5.4ea —5.4681




Consider Iree body equilibrium of member ABand CO Ry fe —
IMg = 0 {lor member AB) | i Fg = = -(! A _ -GEZM _ —eém
Mg+ Mg ~Hanl g=0 8 >_Hn cv}— He : - ‘ ¢
o= Mg + Ma, by, Meo o] My =10
" Lan _ . . - . - «f .
b o 2117+4.248 Mo ol Moo |o| Woe |o] Wy ol My |l
A 4 : : -6Es || -BElx |* 0 ¢ o * | -BEM
L —
Hy = 1.59kN (=) , 16 w1 ‘ N
Mg A : My o _1( . -1 . 5 . o v -1 .
IM, = O (formember CD) - Ha Hp‘—tT) . d . e . hd
‘e &
Mep+ Mpe=Hpx L= 0 . =10 || -0 |, o : 0 . -0 .
Hy = Moo *+ Mo &, Ro '
b
Lep ] [ 4 g c
; 314 & 8
Hy = ~5.468+0 7 7 171 17
4 S F.EM -10 -10j0 g |-10
tp =187k () & ‘ ¢ Bal. Momenl 4285 | +5.714
. Momen ; +3. . 2
| v al. Mo HAREE|4STI +AT06 |+5284
Now check £F, lor whols frame C.OM N w235 7 Sa857
IE = Hp=Hp(5)
- tag. 037 N Bal. Moment 1008 -1345 ~1.344 | -1515
o : ' s =
= 0:22kN (=) cCoM ~0.504 812" 067
Since; £F, =0, Hence Resullant horizenial force is unbalance. .
Hence actual sway force, A Bal. Moment +0.288 | +0.384 $0.317 | +0.356
= = Hy e O H,
S=IF =022kN(=) M T C.OM 0,144 10150 < w2
Sway Analysis: ,
y ¥ . : . Bal, Moment -0.068 | -0.091 -0.091 -0.101
g B < c
5= 0 RN — h C.OM —0.031 -0.045 -0.045
(\ i _ Bal. Momont +0.02 | +0.026 +0022
/ ! )
; Col. (a) +8.251 6,482 -6.482 +5.94|-594
/ b o Man+ M _ 8251~ 6.482
L X ' ’ i T Ly 4
: H, = 3.6B3KN (e}
Remove the given loading and apply sway torce alons as shavin above. Let A be the ransvierse sway ’
displacement. Due 1o sway force the lixing moment developed will be in anticlockwise direcrions, Hy = Mep + My _"5.84+0
: c 4
G m A 6EIa e | oo
B ETET T Ty 15 , H, = -4.485 ki
My = Mg =0 Hy = 1485KN (=)




Let 5’ be the sway force for which the moments given in Col. (a). For equilibrium of whola trame,

S+Hy+H. =0
S = ~{3.683 + 1,485)(«)
5 = 5.188kN ()

Thus for 8 sway force of 5.168 kN (—) the sway momaents are as per Col. (a). Hence fcr actual sway force

of 0.22 kN the corresponding actual sway moments will be

A8 = —g— xcol.(a)

M My, Mac Meg Mo Mep

Col. {a) ' ~B251 | -6982 | +6.482 | +594 | -§94 0
Actual Sway Maments

s -035 | D275 | +0.276 | +0.253 | -0.253 0o |

~— % Col. {a)

s .
Non Sway Moment | +2,177 | 4248 | -4.248 | +5468 | 5488 | ©
Final End Momants
(ASM + NSM} #1768 | -3.972 | -3.972 | +6721 | 5721 | o '

Actual Reactions;

Hp

Ry

EMy=0 ({for member AB)
Hyxd+ Mg+ Mg, =0

{Msg + Moa)
o= )
b, - (1768+3072)
Hy = 144KN (=)

Ry Re c }
Ha B ttae He ey

.

=-1.44 kN(«-)

E-=0 (tormember CD)

Hy x4+ Mgg = 0

Yyo=0 (formember BC)

H - -_M;’azii?_z') =1.43 6N ()

Ryx 8+ Mot Mzp-10x3x 15 =0

EF =0 (formember BC)
YF, =0 (for member AB)
EFy= 0 (formember CD)

Banding Moment Diagram;

3Ry = 45— My, - My,

f, - 5‘[45 ~(-3972)-5.721)

Ag = 14.42kM(T)

Ae = +10x3-14.42 = 15.58(T)
Ri= Ry= 1442 kNI(T)

Ay = A= 15358kN(T)

Now laking outer tace of the portal lrame as reference face.

0.4 XN-m
5.721 kEN-m
3.972 kN-m =)
]
2872 km 5.721 XN-m
) o)
WO | 766 kram

A - : m o

BMD :

s s

Example8.28 Analysa tha rigid frame shown in figure balow by memenl distribution mathod.

s —- 3 m——f

(IES : 2001]




Solution:
Distribulion Fagclors:

Consider iree body diagram of member AB,
IMg=0; Hyxd+ Mg+ My, =0

Similarly, for member CD,

M. =0;

i

~Hy x4+ Moo+ Mgy

Check XF, for enlire frama

Since £F =0,

1
Hy= -Z(MAE +Mys)

ir

—21(1‘922+3.86)

= 1.4457 kM (=) or 1.4457 kiN{—)

0

b= MootMyc _ (B3851-1922)
p; ;

=-1.4457 kN {«) or 1.4457 kN ()

EF, = 1.4457 + 1.4457 = 2.8914 kN (-}

Hence resullant horizemal force is unbalance.

Hence, actual sway force will be

(i) Sway Analysls:
The rigid lrame will now be analysed for a sway force of

S= IF = 2B314 kN ()

6.725 ki acting from left to right,

The initial moments for ABwill be negative while for CD,

they are positive,

| Relative | Total Relativo :
Jolnt | Mambor Stiffnoss Silfinass D.F.
I3 3
# 412 " 1
B i LS
2.8 12 8
& 3712 T
ca u y 8
3 12 11 1
C —
o L2 2 3
4 12 11
{f) Non sway analysis:
Fixed End Momenils,
Ef;g = MBA =0
_ 12x 32
= - = -G kNm
B 12
9
— 12x3°
My = =G kNm
B 12
Ma) = Mm =O
ala U
|1 ) 1M1
FEM 0 o -9 9o of
Bal. Maments P +2.46 (4654 - ~654|-248
coM j2s o 321+ Naazr Sz
Bal. Momunts 109 [+2.37 . =237 {-08
C.OM w85 * 11685~ = +1.185 -045
0al, Morrents S0 10881« -0.681 | 0374
oM 10,162+ ~0,430 7 10430 0,162
Bal, Moments JONB 40312 . 032 -018
oM 40,059 =0.156 40156 “_oo5e
Bal Moments JO0A3 140343 033 [-0043.
Tcom [0z .- ~0056  ~<0.05G "~ 0029
aal, Moments +0.076 |4qgu0 ~0.0:40 | -0.016
NSL V022 +3.860 [-3.860 43,860 | -2.660 -1.922

Letsbethe transverse sway displacement as above due
to sway forces,

dm

< ;s--a-q [} fod
- BEIA  GEIN  BEIA B g t=3=f
Mg = M&'& = G = PE = PP § VJ)
! Mm = Mm =0 é @
5 GEfa 6 i
M = M = +§-E—-- = 4 £ Nty
@ e {2 4t 16 !
. I L4 » . ] .
My . M . My . [z . Moy . e
~8Ca (" -8Efa |° 0 M o || 8B '] eEn
16 . 16 . . o] 16 . 16
~10 -10 0 0 10 10
[ * - - ' - -




8 ¢
ara 13

A HER] T ol
FEM ~10 -0 | © 0] +10 +10
B.M ‘273 w121 N, -127 | 273
COM 1,35 3,64 A ~136
BM y; 099 | 2ps ( ,-265 | 089 x
COM |40 " a3 7 N N ous ‘
8.4 +0.36 :

// 087 // 097 | 036

COM | 45187 48 7 Noas ~ -0.18
BM y; 40,13 | 4038 V-O.SS —0.13\ .
COM 008 7 018 “ N8 ~ 006
BM /4&05 212 ~ -0.13 | 005 ~
coM |0~ oo 007 ™~ 002
BM © +pp2 | 4005 -0.05 | -0.02
col.{a) | -788 572 | +5.72 572 | +5.72 +7.89

Let §"be the sway force for which the moments are given in Col. {a).
Horizonial reaction at A,

-7.89-572 '
M, = — =-3.4025 KN (=) = 3.4025 kN ()
Harizontal reactionat &,
, 572+789
Hpp=- (—-— 7] ] =~ 3.4025 kN {9) = 3.4029 kN ()
i
-~ Swaylorce, § = 3.4025 + 3.4025 = 6.B05 kN {=}

Thys for a sway force of 6.805 kN, the sway momenis are as per Col. (a). Hence for actual sway

force of 2.8914 kN, the corresponding sway moments will be -:— x Cal (a).

Myp Mas Mye Meg Mo My

Col. (a} ~788 | =572 | 572 | -572 | +572 | +7.89
Actual Sway Moments
%wm—'(a) -780 | -565 | +585 | -565 | +565 | +7.80

Nan Sway Momant +447 | +89% 898 | +898 | -8.98 | -4.47

Final End Moments
{ASM+N.SM) -333 | +333 | =333 | 4333 | 333 | +333

Actusal Reaclion:
Acwal horizontal reactionat A,
(MAB"'{V’BA) (—143+1 ]

= = =)
Ha ) 3

Actual horizontal reactionat 0,

Mep + Mpe  (-14341.43)
H".J: GDA = 2 =0

Consider equilibrium of member 8C,

1.43 kNI
EFyr-O; D4km

IM. =0
Mg + Mo + R x3-12%3x15=0
1,43+ 1.43+3R.-54=0
R. = 18kN(T)
From eq. {i) we gel, Ay = 1BKN(T)

143 KNm

Bending moment Diagram:
Taking right hand side face of columns as reference (ace

and top face of the heam as relerence face. A
- ) 12x3 [
Maximum simply suppoetted moment in BC = — 8 d
= 13.5kN-m (Sagging) AL
i : 1.43 kN

Analyse the porlal frame shown in ﬁgure'.

Exarnplé8.29

2N

£l is constant.




Solution: ' Similarly, consider free body diagram of member O, Re

Distribulion fectors: My = Hixd+Mop+ My =0
Rofative | Total Rolatlvo . Hyxd+Man+M,.=0 He fes
Jolnt | Momber Stifnoss SUffngss D.F ' (2] co (2 of . Moo
7 p A HD =0
A T i 7 Check £F, -
? 3/ 4 4 ] IF, = -3.375kN (<)
sr 4 1 ) . . ¥,
ge 43 4 2 Since £F, = 0, hence resultant horizontal force is unbalance. x o
, . H,
cs 0 o - Actuat sway force, §= 3.375kN (=) v E 45)
(o] 0 :
cD 0 0 Ry
(i) Sway Analysis: Remove given toading and apply sway [orce along member BC as shown n figure.
(1) Non Sway Analysis: ‘
Mg =gy = 0 s Bh—Aﬁ;E CF_,A_;"’
Mg = Mo =0 M I
32x3 ;.‘ K
MR: == g =-12 kMNm . / :'v
Mg = 32X3 _ o kNm
; / /
8 _.C / ;
K /
A 7|7 o o : -k A2
FEM 0 0 |-z vz | o PIAS
Ead comection ’ B w12 Letabelhe uansxferse sway di‘sp!acemenl as shown above, Due to sway lorce the fixing moment
- developed will be in anticlockwise direclion.
Comecled FEM | 0 0 |-18 0 )0 0 e 6t
_ — 8Eia 1A
= My sz
B.M , +9 | 49 Mus = Mas 4 16
coM a5 Fioe = Mg = Mgy = Wi = 0
M.SM +4.5 , 9 |-g 0|0 0
R" — - - . _ L3 - - _ - -
M Mo Hoe ey M.y e
Consider free body diagram ol meniher A8, ‘ . . . . .
.\.:A'fﬂ =0, ) Hb '—é g
Hyxda Moo+ M, : M -6E13 |*| —6Fm |° * * .
ax a4 Mg+ Mgy =0 - == =R 0 L [ o
16 . 1% . . . .
N
Hom =7 Map + My o . . . . .
-1 -1 0 0 0 0
’ * L] - . L]
= —-(4.5490) M !
B A - . . . - L]
Hy JL/ -8 -8 ] 0 < 0
= =J.375 kN . . - e . .

or 3.375 ki (=) A




111
A 7| Z e fo
-8 8| o o | o Pvas
4 +4
2
[coLia) | -6 4] 44 0 |0 0
Moment given in column (a} are due 1o scma sway lorce § such that,
S+ H ¢+ H =0 .
. ) 1 i
Horizantal reaclion at A, H, = —Z(M;m +Mpa Y<-) 5
= -3(-6-4) =25 kN(c)
1
Horizontal reaction at O, Hpy= —E(M‘” +Mpe)=0
v §'-25+0=0 Hy A;- H = ..L.’x
8’ = 25KN ()

Thus for 2 sway force 2.5 kN {—) the sway momenls are as per Col. (a).

Hence for actwal sway force of 3.375 kN tha corresponding actual sway moment will be

ASM= :S,;xCol‘(a)

M Mas My Mey Meo Moo

Col. {a) -8 -4 +4 0 0 0
Actual Sway Momants

S, Col. {a) -8.1 -5.4 +54 ] 0 0

&
Non Sway Moment +4.5 +9 -9 1] 0 0
Final End Momonts - . R
(A.SM+N.SM 3.6 3.6 3.6 2 0 0

36 KNm

]

BMD

3.6 kM

8.9.5 Sway Analysis of Non-prismatic Beamns

Exampleé.Bo Analyse the fixad beam shown in figure by using moment distribution method.

A8 KN

16 ki

l

Sofution:
Distribution Fagctor:
Consider the imaginary support at &.

(20 I———"

p——3m——f 1m — 2m —f— 2]

¢}

Joint | Momber gfl'lt?r‘x‘: : s . Total Stiftness o.F
2 2
ba 1 37 3
B —_
BC L 4 1
4 3
(I} Non sway analysls: i
Fixed end moments. !
© O 4Bxaxt 8 ;
MA’? = ———Z‘z-—'—‘: -9 kiNm g l :
A 3 3 c:
483 1% 37 FEM -9 “27| -8 +8 i
‘WBA = +——8—x2-zi = +27 kiNm
BM ~12,66{ -6.34
- 16%4 - Py - ~
Mgo = ——g—=-8kNm COM | -6337 a7
_ 16x4 ' '
Mg = + 6x1 18 km e B S
Consider tree body equilibrium of span A8 and 8C.
A8 kN 16 kN
My Mo l Mea
A g B
3Im ] fm Mas 2m 2m ¢
R Rﬂ, Rn: R.

IM,=0 (for span AB)
' RyxdaMp ey, -8x1=20



_ 48— (Mg + Mgy) 48-(-15.33+14,34)

# 4 P
A, = 12.2475kN(T)

n

EM,=0 {for span BC)
Aexde My + Mp41622=0

32+ (Mo + Mg} 32+(-14.34+ 483)
; =

A.=
¢ q

R, = 5,6225kN(T)
Check EF, (for whole beam)
YF, =48+16-R, - R,

=48 + 16 - 12,2475 -5.6225

= 46.13kN{{)
Sinca, ZF, 2 0. Hence here will be a svay. So the sway force will be

S=46.13kN (1)
(i) Sway Analysis;

Remove all external loading and apply sway torce al junclion where / changes. Let A be ihe
displacement due o sway lorce,

- - =6E(27)a A
ﬂ’qu = MM = LE_ ) S
_ 12614 _ <1261 e
42 16 . H
------- }
_ - 6E/A GElS GEIA
.= M B il (RO et
Mec co r 4° 16
HAn : HBA : 'Wn: : ﬁ”
CI2EM | -12Efp | *| BEls *| BEM
16 * 16 ‘e * 16
<12 o a2 | e |2 s
8
202
A 3 3 c
FEM -12 -12 | +6 +6
Bal. Moment Lo+ 2
e =
n"'—’/ \"-.
C.OM +2 +1
Col. (a) -10 -B | +8 +7

Momenls given in column (8} are due 10 some sway lorce S’

l
D
B Moy <
Re
For equilibrium of whole beam
, < §=R,+Fe A

R’,and R’ ccan be oblained by considering free body equilibrium of span ABand BC separalely.

M

Ra Rﬂ,
{a) ®)

EMy =0 (for span AB)

Ay %4+ Mg + by =0

(MM (~10-8)
f, = - Mo M) 0-8) _asuir)

EMy=0 (lorspan BC)
—Rpxd+ M+ ffpg =0

. {Mactig) (847 "
g, = ﬁﬁj}ﬁ-@—}—hs.?sm(;)

On substituting values of A, and A in {i), we gal

&'=45+375= 825kN{T}
Thus for a sway force of 8.23 kM () the sway moments are as per Col. {a). Hence for acal sway
force of 46.13 kM {1} Ihe corresponding aciust sway moments will be

&
ASM= = ucol{a)
N

My Mo Moc Mea

Col.{a} | -10 -B +3 +7
Actual Sway Moments

S cor 5581 ~44.73 +44.73 39.14

S ol

5 Col. {3}
Non Sway Moment -15.33 +14.34 -1434 4.83
g";';’:dNM;;‘f"[s {7124 | 43039 | #3038 4387

SM+NS, ! i




Final Reaclions:

Mg = 0 {for span AB)
- A ~{~71.24-70.
g, -2 W’:* Mga) _ 48-(-71 j“ 09 _ 47 s0754n (1)
ZMy = 0(for span BC)
a2 %) 2 .39+ 43,
Hc= +(M§;+ m)=3 +(30349+‘ 397) =26‘5QKN(T)ﬁ
Bending Moment Diagram: l
T124 kN-m
43.97 kN-m
38 kN-m
=) 16 kN-m

=
]
2]

3039 N-m

Draw Bending moment dlagram for ihe beam shown in ligure below,

16 kN
k| 8 {
o im 2m - 2m 1€ I
£l is constant.
Solution:
Non Sway Analysls:
Fixed end moments: For calcutation of fixed end momarts hinge join is considered as fixed joinl.
_ -PL  ~16x4 i
g = = ———— = -8 kN-m
Ma =573
- F
My = +—89 = 8 kNm
b = Mp=0-0
P e/inlumnl hinge
FEM -8 +8 |0
internal hinge i
Carraclion -8
COM -4~
Col. (= -12 ojo ]

Considur free body diagram of beam,

T6kN
. ! ; ¢
em 2m 2m
12
", Re
M.=0, {from lett)

Ax4-16x2-12=0

1
A= 7[16x2+12) 1148 ()

Also, M, =0 ‘ {from right)
Hc x2=0
RC =0
Check X F,/

XF, = 16-R,- A,
IF,=16-11-0=5kN ()
Sway Analysis:
Remave loading and apply sway forca at joint 8. Lel A be the displacement due 1o sway,
o . _3Ela  -OEIA  -BEJA

Mg = ~——=—o =220
F 2
{ 4 16 n am 8 2m ;
- A [
Mgy = 0 q f '
My = 0 A ’
Wiy = 18 _ 2OEL8
= ~—-—-L2 =—
Man Maa Mge My
~JEIA 0 0 ~3E!4
16 4
1 ‘ ‘ 1
-1—5- 0 0 )
-4 s} 3 +16
c
A | B
FEM ] 4 0 1 0 +16
L f
Col. (3} J -4 Q ] Q +16
! .



Let S” be the some sway force for which (he moments given in Col. {a) for equilibrium of whole beam

5
i P S
i 8
1‘ 4 %N.m 1GkN-m—L )
Ry R
EF,=0; B+ Re =& i
Mg=0 {from lef(y

R:, »4-4 =0
Ry = 1kN(T)
{Irom right)

MB=O
“Aex2+16=0.
A= BKN(T)

On puliing vatue of Ay and Ay in (i), we get

» ’ S'=1+8=09kN({) : '
Thus for a sway force of kN () 1he sway momenls are as per Col. {a). Hence for aciual sway force X
of SkN{L) the corresponding aclual sway moments will be.

ASM= gxcol‘(a)

Mip Moa Moc Meg _I
Cal. (a) -4 o 0 +16
Actual Sway Momants
5 ~2.22 0 0 8,88
~ xCol,
s~ o)
Nan Sway Momont -12 1] 0 o
Final End Momeonts
uA.S.M +NSM) -14.22 0 0 +8,88
_ .
i
Aclual Reaclions: .
16 kN
A 2m l 2m B 2m
$m % ¢ '
14.22 Kt 82BN A/
Ry Re
My=0 {fromighy)
Axd-1422-16x2=0

R, = %(14.22+18x2)

R, = 11.55kN(T)
My=0
-Rcx2+8.88 =0

{fromright)

1
A= 3 x8.88 =4.44kN(T)

Bending Mom;nl Diegram:

8.8 kN-m

13.22 WN-m

BMD

8.9.6 SwayofSkewFrames
When Ihere is sway in the frame as shown in ligure, Ihe movement of joint will be at 80° (o the ariginal
position of member.

Fig,8.25
Let A is laleral detlection due to Sway
i &= BB

Actal displacement of joint B in (he direction of sway = 85"

s = B

57 sing

Actual displacement of joint Cin the direction of sway = CC”

Ap = Acotin “a

Actual displacement of member 5C in the direction of sway
A= ~(3colv + Acol u)

ac



Analysa the frame ABCD 100kN B

shown In figure using moment distribution msthod. The
properties of the sections geomelry of the frams and the
loading are glven In ligure. Draw the BM and axial force
diagrams.

[IES : 2004]

Solution: fa— & 1y et 3 g ——erf

There ate no external ioads acting onthe porial from excep! the sway folce of 100 kN from el to right.

Hence only Ihe sway analysis will be carried out.

ey

Rolative Total Refallve
Jolnt | Member Stiffnoss Stffnoss B.F
! 3
. BA 3 7 =
.11 12 s
BC |3*7°3 7 ;
4 1 7
—_—— = 4
& 13773 5
c 1
51 1 -..J.I_ 12 E
cD 3 x T 3
Let the frame ABCD dallect to the position,
AB,C,Ddue (o sway force
Let, i BB, = a 100 kN :B a ?' —
CC, = A
NowinaCC,C, . ,"
cost = EC2 i
cC, !
A 5
= R yerr —-A
A/5 4 —
(579) -
) )
Again, sing= CC,'
5, .3
= CC,= “Ax~- ‘
2T gexg ;
3
C‘Cz = ';A
Fixed end momeni for AB = ﬂ‘?ﬁﬁ = —GElA = -GE1a

16

|
+5£(_I}"AC|C:‘ GEK-{I‘A;;\
Fixed end momentfar 8C = —— = a_1

L? - 47

&5

6E7A

1G

Fixed end moment for CD = 1 - = 3 =
2 5 16
teo
. - __ . _ - - . - 0 —
MAB * MM * M‘Jﬂ - MCD a MI:D Y MDC
—6Ea | "| -B6EA |*| 68 |*| sEMA |*] BEMA |*| ~BEI
% | "6 |*] T | T |[*] e M T
SCRRRN D = T o A TR ) ERRE TR I N B B
ST, I AT R o TR NS VR [N B QR
B [
314 A3
A 7 7 7 7
FEM ~10 -10 | +10 +10 {-10 -10
Col, (a) ~10 -10 | +10 +10 =10 -10
10 KN-m
Horizonlal Reaction at A, kﬂ Hy
My=0:
-10-10+Hxa=0
}-f(,: ?—49:5}\[\}({—) 4m
Horizontal Reaclion at D, 1okn-m
Me=0: » e A
=10-10+ Hyx4 =0
R

20
Hy = i S5 kN (=)

10 kN-m
Let § be lhe sway force for which the momenis given in H,A-ac

Col. (a). For equitibrium

£ =0
S4H,+Hy =0

§ = ~10%N (¢=)

5" = 10kN (=)

Thus tor a sway farce of 100 kN the sway moments are as per
Col. {a). Hence lor aclual sway force of 100 kN the
carresponding actual sway moments will be

ASM = Sﬁ %ol {a)

kN




2 2 2
My Maq Mac Mg L Moc MBC = :iv—;; = '—21—,;4— = -2.667 kN-m % = % = +2.667 kN-m
Col. (a) -10 -10 +0 +10 -10 =10 Iy by ¥
ME= Mg =0 N&T=MRJ=0
Actual Sway Momonts 2 2 2 2
1 -Pab® ~3x1x2 - +Pah _ +3xEx2
% x Cal, (a) 7100 | ~100 | 100 ¢ «100 | ~100 | 100 Fep = === —=-1388kNm  fifg = =7 = o = W66 ke
Non Sway Momant 0 o a 0 0 0 <
Joint | Momber | Stiffnoss | Total StiHness D.F
Final End Moments s 8E! 6
{ASM+N.5M) ~100 -100 +100 +100 —{00 | -100 BA & =
Vetlical reaction al D, 8 8c "TE' ’_3@ %
100
Mpe + Meg 100+ 100
ﬂD = — R ac 8EI 4
q 13
= S0kN(T} -
Verlical Reaclion al 4; ! [or:] 48 2
4 10
Ay = =Ry=-50kN(T) = 1081 3
= SOKN{L) ¢ co = —5 %
. . My, + Mpy _ ~200 4Ef 4
Haricontal Reaclion, M, = ——’—‘-’-——- == CF 3 B
= 50 kN {e) o
Horizonial Reaction,  H, = 100-50 = 50 kM {«) 106 8 c
8Mo A o8 E € F
: 513 313 4 4
. 43 13 10 10 13 i 10
Illustrative Examples ‘ o ~15 . eN5|-2667 42667 |-1333 06670 g o o 0
~0.333 - --- 0,667
FInd the end moments of the lrame shown below. Use Moment Distribulion
-15 +1.5|-2667 <2667 |-1666 0 e ° 0 o
lz N la KN ' 0.3 +0.36 ~04
. : - +0.538 [ +0 258, .3 |-0.3 . .
I A B Zhim c o v N \\ ~.
2 i VAT ~ PN -~
}- ; : +0.269 -015 40134 018 ~02
@
£ F 1
© ' 40.069 | 40,034 0,040 |-0.040 0.047, 0,054
o DN N
— PR, N, N
0.0245 -0.02 +0.017 0.023 -0.027
b 3 it + ] {1 M b 2 i
" " mEm ) «0.008[10008  —0.005 |-0.005 0.007 —0.007 ,
Salution: N . i
Fixed end moments; - 1
-1.196 +2,116] -2.53 +2473 =201 o 0414 +3.3 -0461 v 0227 i
. Pl 534 - +PL - ' ;
’l«’,\g = 8 .- —-—5«- =-1.5kN-m Mﬂ'l = e = 1 HkI-m




[

Mg = -1.196kN-m
My, = +2.116KN-m
Mp = -253kN-m

Mgz = +0.414kN-m
My = +24735N-m
My = 2011 KN-m
My =0

My = -0.461KN-m
My = -0.227kN-m
My = +0.203kN-m

+0203

Summary

>

The moment distribution is adisplacement method. ILis based on slifiness approach.

For a beam if farther end is fixed then stiliness of member is if-f- and il farther end is

hinged then stitiness of member is iff

The distribution factor of a memser s the ralio of sliffness of member to the tolal stiliness
at foint.

It moment is applied at a joint and farther and is fixed then a carry aver moment half of
applied moment gel translerred 16 fixed end.

Carry ovar faclor is given by

CcoF=-Ms
M

vhere, M, = moment transfarred al fixed end

M = moment applied at joinl
The summation of distribution faclors at 2 joinl iz always one.

g__ﬁbjecﬁve Brain Teasers

of M will be

Q.1 Inthe frame shownin the | igure bolow, the value =
@ L o
12 6
2
{c) —-—M:l (d) zero

Q.2 A propped cantilever of uniform flexural rigidity
is loaded as shown in the given figure. The
bending moment at fixed end A is

03

Q4

300 kN-m
Ja ) §
i ’@’ Q5
3 M e A ) e

(a} 150%N-m hogging
{b) 300 kN-m sagaing
{c) 150kN-msagging
(d) 300 kN-m hogging

In the portal [rame shown in the given ligure, the
ratio of sway maments in columns A8 and CD
will be equal 1o

Q6
p—2m—i

(@ 13 (b) 2/3 Q.7

{c) o8 (d) 133

The portal frame shown in figure-l was analyzed,

© andthe finat column moments were lound to be
‘as shown in ligure-Il. The value of P is
wim
Figuro-1
Q.8
32¥M-m B8 kiy-m

G o)

kBN

Figire tl

(a) 23kN
(c) 45kN

(B) atkN
{d) 50kN

For the beam AB shown in ihe figure, the fixed
end moments at ends Aand Bwill be respectively

5 kN
l' 1.2 KNIy

q
i t |
8 c
b= 3m —e 2 e S ———
{a) - 3.6kN-mand +1,1 kN-m
(b) ~5.4 kN-m and +4.6 kN-m
{c) -2.4kN-mand +3.6 kN-m

{d) -386RN-mand +6 kN-m

I a point load acling at e mid-span of a fixed
beam of unilorm section produces lixed snd

* moments of 60 kN-m, then the sama load spread

unifarmly over the entire span will protluce flixed
end moments equal to
{a) 20kN-m
{c} A0kN-m

{b) 30KN-m
(d) 45kN-m

Theload diagram and bending momenl ol a beam
are shown in the following ligures:

360 kN

160 ki-m{_—" 480 "N"“wnzo ENm

The shear force at B would be
(a) 93.33kN (b) 120kN
(c) 146.66 kiv {d) 200N

Which one among the following is the correcl Iree
hody diagram far a portal lrame shown in Figure
given below?

p.



b,

| C P
gﬂ ®) ﬂ )
P P
i l (d) J ’,_.
Q.9 Malch Ligt-| {Method of analysis) wilth List-l|
{Unknowns being evaluated) and select the
correct answer using the codes given balow the
lists:
List-)
. Flaxibility Method
. Sultness Method
. Kani's Melhod
. Moment Distribution Method
List-ll
. Degrees of rcedom
- Redundantforces
3. Rolalions by incremental iteration and
unknown sways of plane frames
4. Displacemenl, rotalions and sways of plane
frames
Codes:
A

B
{a) 2 1
b3 4

4
1

(@
{c}

OO0 o >»

N

(c) 2
{dy 3

Lo~ a0
W wg

- Q.10What is the ratio of magniludes of momeris in
the member 8Cal Ihe ends Band Cin the figure
given below?

witinil length .
8l el
{i S Constani
A
AN
@ L ) 3:1
(€} 2:4 (d) 1:3

Q.11 For the frame as shown in the figure below, the
final end moment M, has been calculated ag
~40 kN-m, What is the end moment Mep?

(a) +40kN-m
{€) +30KkM-m

{0} ~A0KN-m.

(8) -30KkN-m

Q.72 Whal s the value of verlical reaction al A for the
frame shown in ligure below?

. }‘;——- Sm—nf
fa) ¢ {b) 1OkN
(¢} 16kN (d) 20kN

Q.13 The distribulion faciors for members AL and AC

of the box section are

SOkN

>
a
2.5m-—a

fa—

AW, ACATARATATARS O
10 kNim

o et 1 | | R

(@) 0.5and0.5
(c) 0.25and0 75

by 0.6and 0.4
(d) 1andzero

Q.14 The force required (o produce aunit displacement
(translation without rotalion) ai either one-lhird
point of a fixed hearn of span { and al uniform
flexural rigidity £fis

1]
729¢E T24L(
@ —= (b} 2
24 Ef 7298
ST @ %r

.15 The moment required to rotate the near end of a
prismalic beam through unil angle without
transtation, when the far end is lixed, is

£l . 2Er
@ T S B
= 4Et
@ @

0.16 The moment-disiribution method in sleucturat
analysis tal's in the calegory of
(a) Displacement method
(b} Force method
{c) Flexibility method
{d) Firstorder approximate method

1}
Q.17 A fixed end beam of unilom Gross-section is
loaded uniiormly throughout the span, Whal is
the propertion of the bending moment at the centre:
to lhe end moment considering only elastic
conditions ?

@ 1:14 by 1:2
{e) 1:4 {dy 2:3
Q.18 A steel frame is shovm in the given figure.
Yo
L

"‘j , 3 )

L El=Constant
i

Jo

If joint O of the frame 5 rigid, (he rotationat
stifiness of (he irame at point O'is given by

1E ) JOFT
(a} i (b) e
8E! 6E]
{c) e {d) 7

Q.18 For the frame shownin Ihe figure, the distribution
{actors for members C8, CD and CG are
respectively {Assume £/as conslani)

e B i 4 ]

4 8 7 7 14 8
28 andl Lo —ang 2
@ 35" ) gz

7 8 1 147 8
—— e AN —e—ang—
© 5% @ mepanis
Q.20A fixed beam is subjecled to moment A4 as
shown in the figure balow. The fixed end momenis

will be
M, My
I N
Ny e
e e e e e
fa) zero {b)aty
) My2 () 28,

.21 Match List-l vith List-li and select the correct
answor using ihe codes given below the lists:
List-l
A. Strain energy melbod
B. Slope deffection
C. Momeni distribution
D. Kani's method
List-H
1. Successive approvimation
2. Flexibility method
3. leration process
4
C

. Stifiness method
adas:

A B . C D
@1 4 2 3
br2 3 1 4
icy 1 3 2 4
@z2 4 1 3



Q.22 Consider the following statements;
Hardy Cross method of moment dislibution san
be applied 1o analyze
1. continuous beams including nqn-pusmahc
slructures
2. confinuous beams with prismalic elements
3. shucturesvith inlermediate hinges
4. rigidframes
Which of these siaioments are correct?
(8) 1,2,3and 4 {b} Only 1, 2and 3
{c} Only1,2and 4 {(d} Only3and 4

Q.23 The displacement method is also referred (o0 as
which ong of the following?
{a} Minimum strain energy method
{b} Maxwell-Mohr method
{c} Consistent deformation method
{d} Slope-dellection method

Q.24 I the ree end ol a cantilever ofspanLandilexure
sigidity Elundergoes a unit displacement {vithout
rolation), what is the banding moment induced
atthe fixed end?

3€1 4
@ o =
SEf
{c} =z {d} GTEI
Answers
L.{d) 2 {a) 3 (c) 4. {d 5. {c}
6. (c} 7 (ay a. (a) 8. (a) 10. {d)
1. () 12, {c} 13. {a) 14. {d} 15, {q)
16. (&} 17. {b) 18. {a) 18. (b} 20.{c)

21, (dy 22, (a) 23 (d) 24. {d)

Hints and Explanations:

1. {d}
The symmelry of the loading and irame does nal
aliow any bendmg motrent i colurmn CF),

2. (a)

30Q kH-m

5

IMm - ———at

The moment is vansfer(ed lo point 8 direclly
Il Mg, = 300 kKN-m
150 kN-m as the carry ove

My =5x300=

N

1 A
faclor for beam is 5 The direction of moment |
be anticlockwise i.e. hogging.

{c}

Sway moment in column,

6Eta _(3Fla
o- ()
@ 2
Sway moment in.column,
SE(QI]A AEl
B 3,
{d)
i
v, -

A

Shear force infaft column,

r
V= —g - -352— = (—- - 8) kN {Towards lefi)

Shear forea in right column

64+ 68

- ’: = 33 kN {Towards left]
Now, XF, = 0 for frame
P
~-8 =
7"8+33=p
= P=50kN
{c) )
The lixed end moments can be given as

~tWab? it
Feg = A0 s
L2 (55

- 24 kN-m

ha’ (W
FEM, = %’_ - Sx2x(3

= 3.6 kNem
(5)

10.

(c)
Fixed end moment due to central point load,

PL
M, = i 60 kN-m
The fixed end moment due to uniformly disiributed
L
load is % . Thus itis egual 10 40 kiN-m.
(a)

Shear force at B, taking sum of moment about &
is zero.

v, = 0x2_(320-180) o3 3y
6 6
(a)

There will be Ihree reactions (2 forces and one
rmoment) at fixed end and lwo reactions at hinged
support. 5o (a) represents the free body diagram
correctly.

(a)

Force or flexibility method uses redundant forces
wvhite stilfness or displacement melhod of analysis
uses degrees of freedom.

(d)
At joint B
The sliffness of member 8C:
i AEl
Kyo = T

The sliffness of member AB;
3

L
So distribution faclors

Kgs =

Kpe

N A

D= —re =
T Ky +Aq

3
7
The lixed end mornents

Og, =

wt®

2 12

Releasing moment at B, the member end moment
for AQalend 8,

P = - Pt =1

afw®)
Mav"?[?i}*'i‘z‘

1
Wilh carry over faclor of —, the moment at end &
of member B8Cis

2 wi® I.‘IL?

12 24
R wi? SWL‘
] T 28
Mgz _ 1

11. (d)

The shear lorce al end A should be equal and
opposite to shear force al 0. Let -40 kNm denotes
the clockwise moment so moment at end 8 af
column A8 is 40 kNm anticlockwise and the shear
foree at Ais 10 kN towards lelt.

Therefore shear force at Ois 10 kN towards right.
Thus end moment at Cis 30 kNm clockwise or
=30 kMm,

12. (c)
Letthe vertical reaction al A be V, upwards, Taking
moments aboul D, we gel

IM,=0
= V,x5-10x4x2=0
80
= 1{4=‘5"
= \ = 16 kN
13. (a)

Distribution factor of AE

_ Relative siiffiness of AE. 425 .05
T Toualrelative sliffness {1 _2F T

25 5
Distribution lactor of AC= 1 -0.5=0.5
14.(d) )

2n | 8

| m
o NfaztT




12618 12818
Wy ey
g A " + B
YElS ) REISN
way @213
po J2EA t2Es L T29E)
(13 (2113)° 27
15, (d)
A
y
i I pemid
M
% = 25
Given, 8y = 1unit
4E;
M= T
17. (b)

Bending momenl diagram ol a fixed beam
subjecled o UDL Ihroughoul the span is given
vl

Mg wiMfos 12

1
My wilPn2 242

18. {a)
Rotational stifiness is the ratio of moment and
rolation at O, In othier words rotational sliffness is
the momentrequired for unit retation at O,
M= AEDJEL AR 118
FE o e e
L L L L

19, (k)
Member Relative Dislribution
Stillness lactor
cs . &8 728
o Eifa 14429

G 2k Bizg

20. (c}

22.

23.

24,

The lree moment diagram of the beam is
H M,
- (4],

frammam— U2 e}

Frea moment diagram
Superimposing lixed end moment diagram ang
considering the lacl thal slopes at both end of
lhe beam is zero.

My '-1"

L - .

a— IR 1
Fixed moment diagram
Area under lixed moment diagram = Area undar
fres moment diagram

L
ML= M=
¥ qQ P
M,
M, = _ED-
So the fixed end moments will be M2,
(a)

Hardy cross method or moment distribution

melhad can be applied aven when (here s

intermediale hinges.

{d)

Slape detlection methed, moment disiribution
method, Kani's method, stiliness matrix melhod
are all displacement methods.

(@)

The free end of the cantilever will undergo a
displacement 4 withoul any rotalion anly when it
is made lixed. This can be visualized by lhe given
figure, '

SED gi\ : E B
e - At
: \\\ a=1

|
(S

0,50
N Aeein
i
~.Momentinduced at
6€/A  6E/
S o=

Q.1 Analyse the lixed beam shown In figure by
moment distribution method.

—

A ‘_(ZI_QC' @ 8
1000 kgm

3 + 6m

Ans, M, =~108.11, Mg, =-378.38,
MCE =-621.62, MHC =-351.35

Q.2 Alixed base reclangular portal in which all the
members hava the same moment of inerlia has
a span of 6 m and height 4.5 m. Analyse the
trame by moment distribulion method whenit is
subjected 1o a horizontal sway load of lot acting
althe beam leval from left to right and draw the
bending momeni diagram.

ANS. My, = ~13.26, My, = ~0.25, My, = +9.25
Meg = +9.25, My, = -9.25, M.~ ~13.26

Q.3 Acontinuous beam ABC fixed al A and hinged
al Cis supported by a calumn BDwhich is rigidly
connecled (o beam ABC a1 B, It is loaded as
shown in figure. Analyse the from by moment
diskribution method.

100
2Um
1 . Yy
41 2o {2)) 3m n o ﬂ‘i
N ]am
P

£/ is constant

Ans. Mo, = -7.72 My, = +3.78, My =-2.88
Mpo = -0.87, My, =0, Mo = -043

Q.4 inthe toaded sisucture shown in ligure end A
and £ are fixed and end D'is hinged and the
joints 8 and C are ngid. & values lor various
members are as shown in figure.

Conventihal Practice Questions

A

t

@\
T as m—-i-—as r~-C @ o
8 @ I -—-——-m‘ﬂ .

06m

gem

|

—t

E

ADS. Mgy = 1.711m, My, = +3.46 1-m
. Mgp=-3.485tm, M= +2.831m,
Meg=1.061m, M, = -383tm

Moo =0, Mg, = -3.9651-m,

R =20641, H, =647 |, Hp= 12421

Q.5 Analysethe portal Frame shovmin figure, below
by Ihe moment distribution method.
(i Compute the reaction components at the
base.
{i) Draw the bending moment diagram
The support Ato be builtin and suppon Do be

ninged.
2Um
B, c
am
2m
E
ImYR
161 me—pi
2m
D
A

latlpp dep=2:1:1

4

Ans. H, = 11.5051, Hy= 1.511
Ry=4811, R, = 1511

Q.6 For a rigid frame shown in figure find end
maments and draw bending moment diagram,



Ans. M5=0, Mgy =21.39, My = -21.42
Moy = 14.25, My =-14.25, My = 0
Q7 By using moment distribution method analysa

the Irame shown in figure and determine cad
moments. Take £f constant.

3

2m

Ans. Mp=-2 tm, Mgy = 10m Mya= 1 1m
Mg =-12tm, Mg = 3.46 1m

Mpe = 1.01tm, R, = 1.381, A, = 3.381
H,= 05581 (), Hy=0.5581 ()



