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INTRODUCTION

The moment- distribution method was developed by Professor

Hardy Cross and is usually termed the "Cross Method". It is

applicable to all types of rigid-joint structures and is prob-

ably the most popular and widely used method for the analysis

of such structures. The general procedure of moment distribu-

tion is well known and quite familiar to us. But when the

rigid frame is under the action of transverse loads cr of

unsymmetrical vertical loads, the translation of joints, or

sidesway occurs.

In the analysis of a structure where sidesway may occur

we first put sufficient reactions to prevent the sidesway

then distribute the moment by the general procedure. Next,

after the reactions are determined, loads opposite in direction,

but equal to the reactions, are put on the basic frame to re-

place the reactions. Then the moments are determined. The

final moment is obtained by adding the two sets of moments

together. Since the procedures are more complicated more

labor is required.

A method of direct moment distribution with sidesway is

introduced in the "Analysis of Statically Indeterminate

Structures" written by Parcel and Moorman. By taking the

translation and rotation into consideration at the same time,

a modified form of moment distribution can distribute the



moment directly where no temporary supports of reactions are

necessary. In the Parcel and Moorman's book discussion and

examples are given on single-story, one-bay symmetrical rigid

frames. Here special advantages can be seen when compared

with the moment distribution method. It is the purpose of

this report to extend the same method into multi-story-one-

bay symmetrical and unsymmetrical rigid frames and compare with

moment distribution methods.

DIRECT DISTRIBUTION WITH SIDESWAY IN ONE- STORY-ONE- BAY FRAME

Modified Rotational Stiffness

A A

I

Adopting the assumption that the girders are infinitely

rigid in a rigid frame when it

deflects sidewise, we consider

the column AB in the frame shown

at the right as a cantilever beam

to be fixed at B and to be elastically

restrained against translation at A.
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The trans lational restraint at A, which actually is

supported by the stiffness of the other column, has a spring



3

modulus t. The stiffness S
flb

of AB is
M
a, and the carry-over

9
a

U L *|

Ma 3

u /^^---_
IJ)

kt-*-,—
zn'ir

kk
EI

factor r . ^>ab
*I

El

From the moment diagram shown above, by use of the moment-

area method, we find the rotation at A as

e
a

=
JL. <Ma + K* = L (2M - R L)
2eT a b

TeX a a
(1)

and deflection at A as

t 6 6
(2)

from (2)

Ra=^f",L
2
+ 2(M

a
-R

a
L)L

2

)
6 6 '
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which follows

Ra ° 3EI M
a
L2t =

3
(

3EI
3 ) (— )

3EI + iA 2EI

» 3M L
2
t

a
(2r)

6EI + 2L
3
t

substituting (2a) into (1)

0„ - M
a
L

C 1 - 3L3 ta wy- n—
111

12EI + 4L
J
t

)

and the stiffness at A is

Sab
- M

a = EI i 12EI + 4iL2

© Q
L

12EI + tL
J

a

1)

(3)

Now , the translational stiffness . m 12EI
IS 1 " "'j '

L (3a)

then Sab
- P (

T
t

4t
)IT v T + t ;

(3a)

if we neglect the effect of any axial loads, jk tranlr tional

distribut:ion factor may be defined by the same express ion in

the Cross i Method where the distribution factor 15 rr-. that

t- t
t 4- T

Substituting t into (3a ) we have the sstiffness

Sab
. EI ( 1 + 3t ) - EK (3r+ 1) where *-i



The carry-over factor

ab
= Mb =

M
a

M
a " R

a
L

"a

as 1 - 3L
3
t

3EI + 21/
5

t

SE 6EI

6EI 4

L
3
t

2L
J
t

B 12EI

12EI

- 2tL3 _

+ 4tl/

T
T

- 2t
+ 4t

- 1 -
6t

T = 4t

b(T + t^ - 1 - 6 ~ l - 3r
T + 4t 1 + 3t 1 + 3t
T + t

(4)

When statical moment sign convention is used

"ab
3Jt-l
3 t + 1 (4a)

Consider the column AB. When B end is not fixed but hinged,

the carry-over factor is, by using area-moment theory again

L L JML /2L \ i i
m (

a,) (tt-) + _£.
i C-i

*-L +5a

3ET

5

T A

A

But 8
M
a

y-z— when B is hinged,

TZTc*^ a b

u



Hence ©
fl

- M
fl

(3^ + -r
l57

and the stiffness being

>ab
M
a =

IT
a

3EIL
2
t

L3 t + 3EI

12EIL
2
t„ i., -, —.- .—

4L
J
t + 12EI

EI ( 12t )= EK( 12

1

)

I— ( At + T ^
l

3^ + 1
'

and it is clear that since B is hinged the moment is

zero at E and the carryover on factor r
flb

o

Trans la tional Carry-over Factor

—| * K-

A =
A/« ft
£*fe J?/-/

77/777"

-I *

^

Column CD of the above frame actually contributes to the

trans lational stiffness of member AB. After the moments are

balanced at A, moment will be induced at C and D. As the

shear at A is transmitted to C through BC girder, the shear

R , acting at C equal but opposite in direction to R , pushes
C a.



the column CD through a same sidewise deflection S . In column

CD the induced moment M = M,, taking moment about its point

a a
Led

of inflection at the middle, M, * - R —*— in which, from (2a)

B 3M L
2
t M A>R = a a / bC\

a 3— { TTTT" '
6EI + 2L

J
t Lab J c T i

Hence M
d

- Mj- ™ j^-^
(6)

Carry-over factor for the Girder

The carry-over factor for the girder will be the same as

in the moment distribution method

r = Mba =1
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Examples

Simple examples are worked out by applying this method

on one-story one-bay frames.
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Example /. f/ortjon-ra/ forca acl/hy on a sy/nme+nzal frame Hj/'ty canrf-onf £

B
20'

30' K=2
I

/777T

A

1

K = 3

K=3<?

K--2

1

9* 20 K
2o< 30

OiAjciu moment = 2 = /SO

T= -^— = 0.5

Distribution fachr

_5L =o,zi 7 JA^ = o.78Z
18 + 5 /8+S

3t-\
Cb<x~ Ccp ~ 3* + \

'
0lZ

Cbc = Ccb
=

°

La* 3T-

I co 3f + l

£) = -0.6
*

O = - o.&>

0-127 0-781 f=0 o.78i 0.137
-^-^

ISO

- 32.6 -U74

t /9.C

- f-3 - IS.

3

t 2.6

- o.G - 2.0

t'34.7

r-o-2

-134.7

ISO
- a-s

t 19.6
- 0.8

t 3.6

t 164.9

117-4

-1347

ISO

32 .6

+ 19.6

- IS-

3

- 43
t 2.C

- 2.6 - o.C

+ 1347

r-o.z

I SO
6-S

r i 9. 6

- o-g

+ 2.6

t 164?

134.7

1347

649
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Examoie. 2. Horiental force achny on a symmetrical frame khH hinged en4

so A

IS

20n <i

IS'

L

B

K*2
I

rrfn

A

20

H = 3
J.

I<:2.

I

/7777

*=i

- P-

I

T
i

1+
0.2

C b0,

= C eel
=

D = -/

C bc= Ccb = ' •*

*V (hirytd)

Z0XI5 I

75*% - I12.S

H =M. + l±2J- = 1376-
2 30

Vf , _ 20*30 <-i}7i~*jO _

- -/

o.z 08

B

-112.1

*S0(,. 3

- 788 '3'S.O

t 10 1.3 -202.5

t 20.

2

teio

- 3.2

+ 31.5

-I2.C

+ +./

0.8

-8.1
* 3-2

- «.t
- 0.

1

* 1-2

-0.5
+ 0.2 -0 3

+ 't
t ArZ'i.O - 422.0

Trffy M

tf.i">

Ds-i

0.8 a-Z

* ^ c
r=o.$

°

*>>o(,.i

- 4ofo -lo/. 3

-if7.5

t ii.o

+ 76.8.

+ is. 7

* 1-0.1

- I(..l

-.*0.2
- <*. 1

- i.i
-r o- to

1 1.6

-0.6
- °B
- 0. 2

- o.z
to. 1

t 0. 1

-*78.\ •r +78. l

D A<

20'

*»2j.o'\"

tHU

IT- 20K\

-4-12.0

-^ + 0-18.1

I*

kTS.i

il.K

45 '



H

Exarriph 3. r'erh'ca! load azh'nq J/7 unsymmeJ-rical -frame

20K
A' -*l

?=
I+I

-05V
O ^*T

'

\ B A=3 c
2

SbQ
= 5ui =EKi3Xi-l) =SB

^6c= 5cb= +EK - /-2£

3 k=2
1

A=2
I

CbC =Ccb= ° 5

Urr TT, 77
H

*.c ( r-«r-
2
-°~i^<£ = i8.+

A D
W\

. ir . - 20**2*6 /*_«.»,
2. 20

D=-0.6 D--0(, «,*
0.194 706

. «^—
706 0J9+

1

1

«Z<3
K

:J'\
+384
-17.1

NO-

5

-*7.6

-'3.6

+ 4.e

r '6.9

f <» e

\

X-

-lo.j
- 5.0

-t-204

- 7.3

- /Tit J4 -3.6"

-t i. 3

+ /.a
to.j-

+ A.2.

+0. /

. 1 '

2 ./..-.A.
*28.3

».2
-»-'-^

- 2ic-4 t2C.4 -28.3 + 25.3 \

\

\rrrrr-

-10. i

- 0- la

-1.2

TT

*i

*

-*•

4

TT

1.4

0.4

/

/ \

-ol
->. 5

-J 4-.fi

-4- 0./ I3? K /.)7«

-/«< "

f*
v- /2-7

•



Example 4. Uasymmetrical frame, w+h uniform load.

12

20 -

3

K*3
1

K- 3
1

fc4

21

T

30

77TT —*—

D

T/x end M. 12 = ill
,K

distribution fixetorart-

m. -6.346 3 0.65-4.
t.3S*ll-S5

D--» 792.
>•

0.i4(, «.^4

-u. 5

71

+33.3 r;»5

i-8.5-

t--W5 -0-4 .t«.f

o

-1 9-

5

-o. I

P---C

a. 6 5-4 0.3 A C

-eye fU.3

-10.')

t 10
t 9.C

to.*, 1

- o. r * O.lf

-n>.(. + 2<,.(,

T«6 =
12 E a 3
~20*~~

30'

T°-b _ if

For A3
i&

SaIo ~ EK(3t+i)- 6-3SE

3tH
D

to CD
_ _ So jxo ijz _

20 Jj(6.hJZ+\
= -0.79 z

For CD

Sect = BK(3Vti) - tf.fi £

C-cd

D

*7

4|4 = ..306

Vo/f/3 3d 3T+I

r-e.306

-7. /

-0.4

77:7
+ 5"

*9

-/ 0.4-

**(,.(,

I.i9«
<

—

A

/o.iiK
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DIRECT MOMENT DISTRIBUTION OF MULTI-STORY-ONE-BAY-FRAME

Rotational Stiffness and Carry-over Factor

Consider the two- story frame shown in Fig. below.

A

B &-J *' = i>*i

i *,*t,s,

*>$y

Point A is fixed against rotation and translation. Point B is

supported by a spring where translation and rotation are both

allowed. Point C is free to translate but not free to rotate.

Now in column ABC shown above, bar AB and BC can be considered

separately. It actually can be considered as two cantilever

beams which we already discussed previously. If the cantilever

beams are supported by a spring with spring modulus t, and t_
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and under the action of M, and M
2 , respectively, we can obtain

the stiffness for AB and BC. For AB,

Ma

(4
R=40 M

-

t,s,

M
a

- M
L

- RlLl

e 1

. L
J*r- <Ma + M

l>7ET7
^1 (2M

X
- RjL)

(a)

" 1 r "V
ft[ Ins

—

+ 2(M
X

- R
1
L
1
)L

1

-

5
(b)

Eliminating R^ from (a) and (b)

£_ .EI
j_ (12EIl+V 3

W
l

L
l lZEIj^ + tjL^

Let T
i

-
12

^
K
i

, ?-, - fc
i



Then S, - EK, (3?. + 1)

15

where K-,

H

For BC,

M
c " M

2
'* R

2
L
2

e2-i5^-^ +Mc)-^2 ^-^V™5 2ET

6 - *t - 1
M
2
L

2 + 2 ^2 ' hJ?) L 2

* tj ETJ " 5 5

s . Mj „ EI
2

12EI
2
+ 4t

2
L,

SJ T^~ 12EI
2
+ t

2
l
2

-

Let T „ 12EK
2 , ? - 4

,

M2

S
2

» EK2(3t
2
+ 1) where 1^ - I

2 jg

*S

and the carry-over factor can be found as

' !!* " Ml„" RlL]L " 12E
1 " 2t

l
L
l M-3^

M
l

M
l 12EIj_ + Atj^I^ 1 + 3 ^

ba
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r
bc

= 5, - M
2 - *2L2 - 1 - 3 ?2

*2 "2 1 + 3 ^2

By changing sign convention into static-moment expression

r
ba »3^JL

3 rl + 1

and r . 3 ( 2 - 1

bc
3 x 2 + 1

Superposing AB and BC we have the Fig. below

^r *7&7
tlJlt

S1

\

•» $L
w,+*t

yUfo

-Js.

R2

*r*2

a '32:* i

/ut/

*C*M

A' *i

Translational Carry-over Factor

Since all the horizontal force or shear, transmit in to the

other column through the rigid girder, the column A'B'C 1 deformed
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as shown above at right. The point of inflection is at the

middle of AB and BC. Hence,

L' 3t,
1.1 n. (- v —

H 3 ^, + 1

>Ls, - M9 (-
L

2
J C

2 )

The carry-over factor D is

*'< / ^ l\ , 3 7r
21 L^~ k

3*, + 1
; D

2 ^-1 (

3 t
2

+ 1

Spring Modulus

Since the elastic restraint of a spring is actually supported

by the other column

tl "t\(
12EI

'l )- 12EK
'l

iT"3
—

"i7~
T

L
1

L
1

_ T r , 12EI' 9 ._ 12E K'
2 ,

* (
T-rr
iJ -rr^1

to -

L
2

L
;

Examples

(See the following pages.)
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Example 1. Horizontal force acting on two-story frame.

A. Solve By Direct Distribution Method

f-

20' .

1

T , 12E x | t _ 12E x 3
a n a »!

30
z

30
z

2E

I

K-Z

T * - * - 2

2
"a 1+2 3

S
a

- EK
a
(3^

a + 10- I X^ x3 "

r K ©
B

_
' r

p
-

3r
a - 1 - 1

fc7 " —W
B I

a 3t + T 3
a

® K-# ® "i 3(''
D - -

3 x 3 = 2
a * J

3x^+1

71 7- 77

1 1

rr
J

12E x ^ 12E x §
b n b

j
30

z
30^

t
b

= ^ _ 1 - i
TK + t, 1+2
b b

Sb " EK
b <

3tb
+1 )

=
1 E

ru = b - 1 ~

3tb + 1 " °

o 1 -1n-30 JX 3 =?
3 X ->r + 1

1

.»
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Fixend Moment - By Mooris Assumption

MCB' M
BC ^-M-^-I ~ +2 ° ft "K

-

M
DE

S=M
ED

= "Lfi£- x !
= 40 ft '"K %

2

^F =
^Ve

= 12

2

3
° x 4

= 12 ° ft -~K
S
c

= E x 1 x (3x|+l) = 3E

M
BA " MAB

= U
2

3
° x 3 ' 60 ft

-

"K

r
c

V

-1

-5
Total unbalanced moment at B and C l

*d ~3

Munb
B

- 20 + 60 - 80
s
d

- 4E

Munb
E

- 40 + 120 - 160 r
d

=

D
d

1
" " 7

S
e

= 4EK = 4E

r
e

1
" 7

S
f

= 4EK = 4E

.i

i

r
f

1

7
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At Point A

A
i

Fixend moment M.g = + 60

A
2

Carry-over From M
R

. - 17.8 x-n-= - 5.9

A3 CO. From Mgp - 40 x - y = + 20

A
4

i

CO. From M
RA

- 6.0 x ^ = - 2.0

At Point -

B
i

Distribution of unbalanced moment + 20 + 60 = 80

M
i

3«=-80x 3 _ ic 7bo
3 + 4 + 2

- Zb./

MM = - 80 x ^ - - 17.8

M
BE

- - 80 x | - - 35.5

B
2

Translational carry-over from Mgj. - 40 x - -i = + 20

Carry-over from M_
R y x - 60 = - 30

B
3

Carry-over from M
cg

- 8.6xi» - 2.9

B
4

Translational CO. from MFn and M^

(- 60 x - y )+ ( - 20 x - y)- + 40
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B
5

Redistribution of unbalanced moment

(Unbalanced moment --2.9 +40+20-30 = + 27 •1)

Mbc = - 27.1 x|- - 9

MBD
= - 27.1 x | - - 6

M
BE

- - 27.1 x % - - 12.1

At Point C

Fix- end moment = + 20

c
i

Distribution of unbalanced moment

MCB
=

" 20 x 7
=

" 8 ' 6

c
2

MCD
= ~ 20 x y = - 11.4

Carry-over from M
BC

- 26.7 x-j=- 8.9

Carry-over from M^ - 20 x j = - 10.0

C
3

T.C.O. from M
D£

and M £D ( - 20 - 60) a
1

: * 1
= +40

C
4

Redistribution of unbalanced moment

(Unbalanced moment =-8.9-10+40=+ 21.1)

-21.1 x y - 9.0 - 21.1 x y • - 12.1
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-

At Point D

D-, Fix- end moment =» + 40

Distribution of unbalanced moment - y x 40 =-20

D
2

CO. Factor - in Member DE. M
DE

- from Mgp

CO. Factor - y'in Member CD. M^ = ^ x - 11.4 = -5.7

9
D
3

T.C.O. from M
Cfi

and M
fiC

(-8.6 - 26.7) x " 3 = + 2 3 5

D^ Re-distribution of unbalanced moment

(unbalanced moment)- '5-7^+ 23.5 = - 8.9

At Point E

Ej^ Unbalanced moment * 40 + 120 = 160

Mgj. - - 160 x
Ij-

= - 40

M^ = - 160 x ^| = - 60

Mgg = - 160 x ^| = - 60

E2 Carry-over from MDF =

Carry-over from M
B£

= 35.5 x j = . 17 g

T.C.O. fromMM = - 17.8 x - *_ + n g
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T.C.O from M^ and M
B(

,= - (8.6 + 26.7) x - | - 23.5

Eo Re-distribution

Unbalanced Moment - - 17.8 + 11.9 + 23.5 = 17.6

*EF
=

" 17 ' 6 x 32- " 4 ' 4

At Point F

Fix- end moment = + 120

F
x

CO from K
£¥

-

T.C.O. from MM = - 17.8 x - ^ = + 11.9
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.

Mca Mcd -g°S Mac. Mde
+20.0 + 40. O

c,

£,

'86 -20.0
_,

- 20. Pi

- 89 - 10. -r.7

c-> T40.0 + 235 p3

C
A

-'
?. - 1 2. 1

- 6.9_ Da
- 30 - 4f
f 7-8 4 12.

K
- 0.l\- 0.2

- 0.4
\

- 1-5
n 1 —

-

- 2.9
i

- 0. J (5

-«— + c 9
^""".2 -0.4 -0.4

k

ft

\

~t 3.5

- 4. 6 ~ o.(L-
Ds

'f

r

-t 0- 3

f o-3

- <f.2 -0.4

-4 /.
y

4 0. 1 - O- 1 -0.3 - 0.3
- J- /

t 0.3
;
- a

- c 1
- 0. 1

^

+ 0.

1

t4o.8 -^0.8
l

-4-4.8 +44.

8

M BC

t20

Mm
ti.6.0

Mat MmB Mef Med
-H20.O +40.0

3, -*i-7 -'7.8 -iS.S -GO. • 40. + 60.0

-17-6 + / /. 9 <3+ 20. -50.0

»3 - 2.9 + 23.5- fj

Bk + -fo.o - 6.6 ~ + .4- - 6.6 f
3

6s
- 9.(5

- 3. o

- <..o -12. 1

t 2.2 - 3.3 - a. 1 t 4. O

+ 7. 8 -C/2.

-i

~ 1.2

a

' 1 3.3

- 0.2

- 0.8 - «-7
.

- 3-7 - 2.5" - 3-7

0.

2

he

+ 1.2

- o.e
<

- 0.1
-f

- 0. 1
-1.

1

4 0.

1

-0./ - 0.5" •+ 0.4

i

f 0. 3

0.0 0.0 - 0.
1

- O.if. - 0.2 0.4
1

0.0 » 0. 1 -0,2 6. O.O

-t 0. 5 - o.\

- <J. / - o.\ (3. t 0. / O.O 00

+ 27-7 f 58.3 -86.0 - 9*./ +8$. 6
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A, + 60.0

Ax - 5<$

A* t 3-0.0

K - 2.

4- 2.2
- 0-3

t /.2

- 0.2

* 0. |

a
-*- O,

j

-tlS.2

25

/////
FE

r /-2 <9. o

r I /. <?

O

-t 4.0

-t 0.5"

t <3.4

1-I36-2

7=/



Example. 1. Valued 8lj Morals Method 26

P.F.- i i

t20.0 +4*>o

Co -100 -too -/3-3 -24.7

Z?/- /S.O - if - S. - J6-3

cA + 3 5". / t 7*./ P.
c3

- 0-7 -6-7 - 9.4 -18.9 Di
- s-.f -4*7 -3.4 -'7 7

+ > 8o t 36.

- i-9 -3.9 - 5.0 - 9.J
- ii - 2.5- - i.o -8.4
t 5.9 t/7.8
- /-9 - 2.0 - 2.4 - 5".

- 1-2 - ; . 2 - /• o\ - if.l

t 4.4 t *-7
- /. - /.0 -A 2 - 2.4
- o. 6 - 0.i> - 0,3- -2,0
t 2. / U 4.3

-0.5 - 0.4 - 0.6- i.-x

- o.al- /.o- o.3 - 0.3

+ /• f t j. 3

- 0. .2 -0-3 - *-4, - 0.7

- C.2 - 0.5"- 0. 2 - 0. z

+ 0. C 4 /•/

- 0. / - «. /
- O.I-0.5

.

j

- 45.
;

1 45".+ 40.8 -40.

a

8.

3/8
Mqa
Vb

M6 b

Vb ^3
I.

1-20.0 +G0.0 + 40.0 * /2O.0

B,

0.

-,3o.o -20.0 -30.0 -36. 9 - 73.6, - ^9.6 h,
- r. o -18.4 - /$". - /3.5

6s t 35-.I t /7 4 Y 70 / t 34. 8 Hi

*• - io. 9 -7-3 - 10.9 '17-7 - 3 5".4- -^5-
*jr

- 3.4 - 8.9 - s.jr -9.5"

+ 18-0 + 7-7 + 3^.o + /J".4

- 5. o - 34 - s:o - 8.4 - it. 8 - M .2

- 2.0 -4-2 - 2.5- - r,o

1 9.0 + 36 + n 8 1 73
- a..* -1-4- - 2-* - h-.\ - 8.1 - S.4
- l-o -2.0 -

1
-2 - 3,5-

1 4-4 *|. 7 * 8 7 T 3-5
- I.x -0.7 - 1. Z - a. -3.9 -2.6
- 0.5" - /. - 0, to ~ /2
« 2- 1 + 0.9 * 4.3 + \.(,

- «.% - (?.

3

-o.(. ~ 0.9 - /-9 - J-3
'0.1 -0.5 - o.i - ».g
+ 1. ) t ° 4 t 2.2 + 0.8
- 6.5 -0.2 1

- o.}} - O.f - 0.9 - o.l
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- 0. 1 - 0. 2 - 0. 1 - 0.4

+ o.$ -t 02 -r /• / t 0-4
- 1 - o. \

— 2 - . z -Of -0-3

tr. *r$.3 -est -95A. -f (£.2. -t-89.3

MA 6 W FE
777// //?//

A

A, - / 0.

f 120.0

F,

A, + 17.4 + if. Fx
A3

A*
- 3. 7

+ 78
- /• 7
+ 3. 7
-0.8
t *!• 8

- 0. i±

•

+

+

ii. 8

if. 4

7. 3
2-7
3-5"

/• 3

F)

F +

f 0.4 + /. C

t 75.0 + 136.^

F7EMARK5
:

Fe, A o

F..A,

K A *

vt, Ait-

Fix- end Moment
Carry- over -from 3-tfg, £,—Mjj:

Correctional Mo^t-nf (Jee 3 $ )

CrO.from 5+- M^ «»- M#^

C.

Correctional moment ( S*co^4 correction )

B..E.

d,,h,

Fix- end Moment M^-f8o M£-t'6o

Carryover from C e-MC6 8,-Ms$ . 6,'Mn , D -^
Dl

Correct/ t>na\ moment

For upo-r frame d C D E

External fores. — -* 6 M

4.5-2.S

Total Correction a-l jKlay-meWrt = JO X (i t frf,£ ) : 2 1 . i"

For lotoer frame- ABIT
if

External force -IX

•Jo Jo
Correctional sn*.y mtmenf m J ( ti -f. fij - /^ ,/

A/(M-^fl - -^±- - n.t

Mef^MF £ - U^L , 34.8

Distribution of tht correctional moment

Do Fin-end mome-nt. <xnd distribution

P
f

CcxrriA- over ralne.

Cx , Pi Correction* I moment
Cj

. Pi J)istri button of tht correctional moment



28

Example 2. Vesical -force a.ctmy on two story frame

Frame. <5ymmefry , load unsymsnefru

A. Solve by Direct Distribution method.

-J 5' |4_ lo'—J

r I £ -5/ica. frame Jummerry , for Columei
K:4

i S' K'Z K--Z

t- X

_
r s

1*/,

X) = -0.6

1 I 1 1 1 1 1 1 I

K-4-

IS'

I

K--3 *J for beami

>3 = -*£#
-1- J * a p

A f IT = t

"Ice Mcd Mec M/je

+ 22. Z -// /

-S--3 - /(,.9 + 0.4 4 *7
-O.J f 4.

a

- 0.5 t o.j

- 3. (, t 5 Z

o U'O. 1 + 2.o -r 0. (,

+ o. i
:
+ (

•
o t o. 1

- 0. |

o - 0.2

-o.$ |-o-8 + o. ( + 0. I

i

- 0. 4
1 o. |

+ 0. 1 + 0.2

- 9.8 + 9.S - 3>. 3 + S>.3

Moc ^84 Mfl£ Mr e Mif Mbd

+ 18.8 -i8.8

-3.3 -5-- o - io S tics + S.0 + 3.3

- / 1 -3.0
\ + 5.3 - 5-3 * 3- * 9.5

- 3. 6 + S.2

+ 6-4 4 0.(, i f /.4 - / 9 -0. 6) - O.I„

+ t »-f 1 -*.$ 1 »7 -0.2 i o. I

6 -O.I
t o. 1 t «. / r 0.2 - o.2 - o-l - o. /
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+ 0. I - 0,1

1 0. I

+ 0. I

- o. I

-o. I

o

* a. i

-16 -(,.-1 + I+.1 - JS~, + (,.1 + 8.1

MAi

-l.o

-3.0

t o, i

+ 0,5

o

t o. I

-3.3

+ 1.0

+ 3. o

- 0,2

- 0.2

-0.1

t3.f

/v/jo / Atsuli

.

+9.8

9.8

^o.a

r* os

6 -- ><,

p:-0.(.

-?6
i
+'4.

3

-6.7 e> 6- 16

r= o.i

-9.3

~/J«

777777-

-3.3

—*•

i* 7. y

D'-o.(,

+ 9.3

r- o.»

r-. o.z

s- 7.5-

7777777

(3,J-
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8 Ja/t/e t5tj Modified S+i'ffness Fa.cforand' canti/e.yar- Mememenf Jf/stLn'bu+/*r> me-Shod".

—1 s' >•— /o'—

H

K
r* f

K r
C »

,

D c c £» C f DT
1 *>4

i f
'

V: 2 K*3L

i

if?
—

,*/.<

+ +>1 1 1 1 ! 1 T M 1 I- I I 1 I ! I 1 I I I
|

S *** £ £ .£ P * 7-

/ir' <-3 K=3

J— 7>

1

pr n

t >>

fffn /trr

r a

II V ^r°
c n j.

H
a

© P
2

J
,

-t.«- '+

0)

• -A 2. *
T * ? s *J t-yj-y-j s

J

»

final resell. 1

\
\ t l I

^
K ,j* r* y

ilO.O -9.1 •1-4 -|.4 _jL-L ' f

-10.0 t9,o -'.<+
4<i = Z l.f *-7 '"-'x

-m| 8-1 *t.i i*i*i tf-i

j\ "H
-*J -#.|

il
7

«
-OS

-5.i -r-i •*.%

-«.l

* i*

to. 5" -lo.yi-o.r

**%-i jr.-.

-7-f

-6S
-Ht-o '-lt~0 16.S -<•» 1*5 *•

I i
i i I-- -Ml

.0-

_o.it- -of ' t»-r
*fr-3

-6.3

18.8

-»3.a

—

—

T H
I w£»* -i-7 1 ».*.* -6.

|

-8.3 13.2

il 3 3
,,JL-J. |n-,

n

-i

r 7.

1 -* J. 3 "4.

7* - 7:

1

+ 1.0 -|.0
7*9 n

'•i



31

1

Example 3,

.i

Horizontal force acting on three story frame.

A. Solve by Direct Distribution Method

i a

12EK 12EK,
T - a - - b
T* "~T" tA 2

'

a 2Q
/ a 2Q

^

1* <.o *|

® ?_ - 2 .2
mK u
10

;

*
i 1 + 2

2>® *=/ K-2 ^ S
a

= EK
a
(3f

a
+ 1) - Exlx3 - 3E

<«"- » f ® F
r _ 3? - 1 _ 1
r
a

" a 1
3? +1

a
i K-l

2 ''© «»J A
-

--

3

3 2
(3) D - - a - - 4

(3 „ + 1)

2c

•w c © *

ft.
= 12K„ ^ = 12EK

a
D w 1 " D n

V L
a

® _ _ i

1

r=/

b j + 2
1

^ 77 T 7/77"

fl S
b

= 4E

r
b

-

°b
= "7

c t4t— '
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c 13
•

s »• H

2 9

1 /6

*'d
1

tsj

z IZ 16

i

•- ?"

I
r=o.5

« 7=

1
r
d " " 716

"2
i

13 21
i D

d
=

" 7

2

^
1

r

C
r=o.s^ k D

i

16

3
2

i

12 16 r-o
\

7^

4
rr

h— 20'

7>

—

1

i

7

B

t -4
e 3

S = 3E
e

?.-*

.--*
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* _ 1

t 1

S
f

- 4E

r
f

=

D
f

= -7

S
g,

S
h,

s
i = 4EK - 4E

r ru r

.

g. h, l

1=
1

-

Fix end moment - By Moaris Assumption

M
GE

=
^G

= 1

3
10x20 =33.3 ft-K

2

^F " M
FH

= 2

1
10x20 =66.7 ft-K

2

^C " M
CE

1

4
20x20 =50.0 ft-K

2

M = M =n
FD n

DF
3
4"

20x20 = 150.0 ft-K
2

MCA " M
AC

= 1

3 ^£ = 100 ft-K

MDB * M
BD

= 2

3
B^ - 200 ft-K

*
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Total Unbalanced Moment at E,F,C,D,

M . = 50 + 33.3 = 83.3 ft-K
unb

E

M
unb

p
= 150 + 66.7 = 216.7 ft-K

M , = 100 + 50 - 150.0 ft-K
unb

c

M . - 200 + 150 = 350.0 ft-K
unb

D
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r 33-3

-/4-3 -/9.o

"

-33.4

+U-7
-33-3

- 8./

+ 49.4

-,t.7

-i+.l

- 9.5"

- 8-1 - 8.2

- 8.8

+ 16.3

- hS

- 4.' - 7.

- S. 8

J

t24.f

- 8-7

-1.4
* //. 8

- 2. (,

- 4.4

- 3.4

- y.

-A5-

+ S.°>

-1.4-

- / 7

^ 2.x

« 0. 1

- 0. 8

-* 0. z

- /• 7

-/. 7

i $.2.

-1-6
- «. /

-+2.3

- 0.5
-

- 0. <9

- 0.8

+ 0. /

- O.Z

f 0.2

- 0. 1

- 0.4

+ 0. 2

» 0. /

-o.l

+ 0. 2

- 0.4

-HI
-0.3

o- 4
- o- /

- 0. 2 •+ 0. 1

- 0. 1

4 0. 1

- 0,1

4**./ -6*./ '73.6 *73. (,

Mi* W*C Mtj Mn Mri> M?H
t 33.3

:

+ *°- °

- 34.4 1
- a*. 4 -33.5- -65.4

+15~6.

- 8*.

9

-6f.4
-4.0
+ 49,4

- 1 Si
t ^.2

-33.7

-jr. e

~ 1 43

-24.3

4 1 9.%

*Sl. 2

~3I,9 -34.3

+ 1 6.3

- 4-3

-/ 0.5-

-4.6

~/J. 2

- /4. 9

-+ 3. 6

*38.6

-I9.5-

+ 245-

- /4. 8
- 0.5-

i- II. Q

- 5. i

- Ai
•+ IS. 7

- 3". 7

- 7-S

-7.0

- 3. 9 I t 2.5

- j. e
:

- 3.<?

+ 3.9

- 2.9
- 0-9

* 2. 1

- 0.4

- /. 7

+ 3-a
- 0. 4 - 0.4

. *

- 3.5-

- a.

8

t o.f

-* 7,o •

-3.6 - 3. 8

t 2. 3

- ». t

- 0. 1

-* J. 8

- /• V- -0.2

- P. 3

4 D. 14

t ••*"

- O. 3

+ 0,1

- 0.3
-0,2

^0.2
t <?. /

+ 0.3

•+ 1

-0. 2 - o-7

-t 1.4

- 0.7

i 1. 1

- o.b

to.4
- 0.2

to. $
- 2 - 0-2

t 0. f

- O. 1

t

* t>-
1

+ 44. I -^3.8
1
-'37. -5 "/1*¥ *i3(,.o + i(,.4
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>/c£ A/c/4 Mcz? Moc Mob Mdf
1 50. o +10 0. o 1 2 00. + ISO.O

-*7.*l - *£? - r^.s r/*f-7 - /OS.

7

-/id. 6

-/*./ - f».f - «?9J
!
ft*. 3

•. -t 96.-2 + f3. 9
|
+ *5-.j -tJ/.J

-a7. 3 - a jr. 2 -2.5.4 »• /^l 1 -/*.» 1 ->f.»
-/ 1.0 -•. t - it. 8 + v.r

+ a* 5" t 5.4 •f /*.0I + J0.6

-.!-*• - 5". 2 -li.o - lj.0
|
-/7. /

- /. # .

]

- i.t - *.i -* 2.8
'

•+ /5\ 7 + .*.*{ + 2.7 t 6.z

-4.* r *. i -r.tf - 2.8 - *»"7 - ib
-2.2 -l-t- -2.J t0.fi

+ 3. Z 4 1-4-
f 2.7 -+ 7.0

- 0*3 - *. 5 -0.fi
-2.3 - 2. 3 -i.o

- 0-
| -1-2 -0.1

! -f o.f
"f 2.8 -1.2 f0.2 fO. $*

- o. o, - o.8 -/. ~ o.i -o.3 -o.y-

-o.t- -P. 2 ~ o.r 6

* *.3 + 0.2.
-t 0.5- •ihlt

+ •> ) -o.U -*. -#.<

-0.2 6 H 0. I

+ 0.5" t 0. 2
•

- 0\ 2 - 0. |
- 0.2 a - CI

i4i. 8 -'37.9 -/xa.V HH.o 1 87. I

ry-f7-rr
*"" ^8J?

'F9ft/i

t loo.
1 3(3 0. O

- >4. 6
-t > 9. i

1 s-2. 8
•*

/ to 8

t 9.6

/• 4

-4 iW

i >.7

-t 0.2

1 .f

- <?. /

* ,.i t«»'>
- f ,|

1 0.2

4 0.2.

» + 1 *+S. 6
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3. *Ja/ve- 8y Morrn Method

M#e M<Sri Hh<St Mhf

+ 3i. 3 *U.l
- 'ft -K..7 -j*. J -wt
-13. 9 -III - «* -31,. 1

T 40.2 -*8tS

- 7-6 1-7-6 - / 2. -iV.

- 9-<+
j

- to. o -j.8 -»M
1 J6-o -fa.

- S. 3 I
- £• 3 -7.1 -(</-• 5

- *-7 ~ 3. 6 -27 "7r
* ; 7. o + >4.

- 33 - 3.f - ^.6 I
- 9,2

- /. 7 - i/.f- if. 2.
|

- 3-3

-t iff- 9\ -f 27. ?

- 2 2 - J. X -2.9 !
-5.9

- J-. (, -/•r -/• /
- 7.2

1 7. o * '<f.o

- /• ^ -1-5- -1.9 - 3.8

- /.7
|

W,o ~o.8 - f.6

*• 4.4- « tf.*

-o,8 - 0-<9 -1-2 - >•}

-l-o - o,6 -O.f - 2. 9

i a.

7

tf.5"

- 0.5- -o.6 -0.7 -/.«*

- o. 6 - O-ii- -*.3 -1- B

-c '• 7 -+3-*

- o.3 - 0. </- -O.S -0.8
- 0- i+ - (J.

2

-o.2 -/•
I

-t 1- + 2.0

-01 -0.2 -0.3 - 0->4-

-0.2 -0-
/ -o./ -*. 7

t 0. (o L/.2
- 0. | -0.2 -0. 1 -0 3 I

-o.l - o. / - 0.if

-V o . <f ••«

- #.2 -*.
/ -0. | -0.2

t^f. 9 -63". 9 -73.5 73.5"

MeCr ^fC Met Wf* *FD Mptf
H3.1 f-5-0. o

-t ISO. *(.(,-(,
- 2 7. 8 -a 7.

7

-27.8 - 36. / j
-IOg * '72 2

- 8-3 -ay.O -/«./ - '3.9
I

- «7.f
|

-2J. 2

t <*0.2 + 67.7 -f J03.Z ! tflf.J
- 108 -18.8 - i8.9 - J*. 7 - 8«-0 -53- V-
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-i-8 - //. -/*.* -*ff -5"/. 8 -12,0

•**(,. o - *2. / -/^.3 -ifi.

-14. 3 -'33 -73-3 -'7.3" - o.r -j,y,o

-><, - 6- ¥ - 8-8 - *-7 -30.2 - 7. I

4 I J. i H.i » 7*. 3 + $4.6
i

- 9.* - 6-H - 8.S - Il-H- - 3*./ -22.5

- /. b - 37 - *". 7 ~ f-i + 0.0 - f. c

* 10. *) + lb. 1 4 *fi. ^ -i 3-\-°>

- r. 3 -5-3 - r.v - 7- 2 -P/.7 -i4. 5"

- /• /
- J. 3 - 3.6 - 3-7 -/0.5 - 3.0

-» 7. o t i o. o 4 20.0 + 14.0

- 3-3 - 3. 3 - 3.* -V-6 -'3-7 - °>.Z

- »-7 - /•</ - i.i - /-7 - L.L
\
- 1. 9

+ if , <+ + 6.2 •/ /0.6 ' - 0. <J

-.!>./! 2. o - 2. 1 -•4 - a. 6 |
- f-8

- 0. t+
\

- 0.& - /. $ - /• / ~ ¥.9
\

-I.I
* * 7 !

t 5.8 //. 4'\ -iS.5-

- /• 2 - / 3 -1-3 -1-8 ~ $. 3 ' - 3- y

- o. 3
- 0.5- -0.9 -0.7 - *.r -^-7

t (• 7 t 2.V- » 7. / 1 j.«/

- o- 8 - 0.8 -0.8 -/. / - 3-3
;

- j- 2
- 0. 1 - 0-3

1
- 0. 6 -0.4 - ' -i"

;

- 0. v-

* \.o t f.«* f 4.^ tj,e
- O.f - o.H- \-».f -o.-j - 3.0 \

- i-<+

- o.i - 0.2 - 0. if- . o.i - 0.9
|
-0.2

4 (?. 6
|
+ «• 9 t 2.6 » /.1

' . 2 - 0. i •* 3 -
- CO- •I.J -».8

- o.
f

- 0. / -0.2 -0-2 - 0.6 - 0.2

t I. *t f 0.5 -+ / 6 15J
- O . 2 - ». 1 -0-2 -0.2 " o-7 -0.5-

+<^.a + 91.8 -/i^.o -J52.

1

T/J*\0 -t l(>.l

Met MoA McD Hoc *t>6 Mojl

* SO. f 100.0 -\ 3.00-0 uro.o
- 5"0. o - re.o t -5-0. ~ ffi. 3 -H6-7 -ns:
- / 3. 9 - j 9 .2 - 2 Jo + - Sf-. 2

**7-7 t 4/. 7 + 83-Y- -fioj. 2

" 32./ - a*./
|

-22.
I

-'73
-3V-4 -*?' - 1 3.

7

- 9-V-^ - M- f - W-o.

Y f-3. 1 + iJ. 8
j

+ **. 6 -H24.3
-10.7 -13.7 - ii-8 -20./ -#0.3 - ^o.y

- i-7 -/ 0./ - 6.* - >*.2

1 H.I t 13.2
t 2^.5" ^ 7g.3

~ 7-f't- 7.f - 7.5" - '2-/ -^*.» - j^.o

- ¥-1 - 6-/ - 38 -'7-e
!

+ / 1.| « 7. 9
1

- 7-3 - '¥•¥

i*8- +
- 3-l.i

'
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- J..C -37 -2'i - /0.9

-tit .0 + f-7 4 9.i~ 4 I'.o

- *•& - 2,g -J. 6 -4>H- -8.8 -13. /

- /• 7 - 2-X -i * -6.9
# £.2 4 2. 0) * 5.% */*.<

" M -'•8 -a-7 -5.*
- 1.0 -(¥• - 0.9 - ^-3

* 3-8 H LB * 3-6 4 IV. «*

- /. - 1- 1
-!•

/ -/ fc -3.3 - f.*

-, o. 7 -o-8 -c6
j

-*•?
-.2.7 i 1.

1

1 2.2 \-t 7-i

- 0. £ -p. 7 -0.7 -1-0 -2o ' - 3-0

-<;.</ -o.r - O.lf
I

-;• 6

4 /• * to. 7 -»/.</
j
4 t/.<^

. .

'

-0.4 - o.-f - 0.1+ -o.b -/•* -/•*
- * -2 - ci -0.2 - /,

-*
. t 4 0. if 4 eg 4 2.6

-0.2 - o. i - 0.3 - O.f- -0.7 ~ / /

- »• 2 - 0.2 - o.2 -o.i,

1
-t o. 5" * o. 3

-t 0.

r

-i I. (,

- o. / - o-l - 0.2 - o-i - o.<f - e-C

+ 82. T + 9i.C -'76-/ -1 9s. 7 1 !*$.(, T07.t

Mac ™80
4 1 DO -0

T7^7

-+ 1» 0-

- If. - rg. *
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CONCLUSION

Each of the four examples was solved by the Direct-moment

distribution method and the general moment distribution method.

The following conclusions are based on the solutions of the

four problems.

1. Results obtained by using the direct moment distribution

method are very close to the results obtained by the moment

distribution method. Since the answers obtained by both

methods are approximations, the difference in the answers

is insignificant.

2. For symmetrical frames, some other modified method (such as

"Modify Stiffness Method," or "Cantilever Moment Distribution

Method") would give a simpler solution than the Direct-moment

distribution method or the general moment distribution method

due to the symmetry of the frame and the loading. The choice

of the method to use would be a matter of individual preference

3. For unsymmetrical multi-story-one-bay rigid frames, the total

work required for the solution obtained by Direct-moment

distribution method is less than that in the moment distribu-

tion method. However, the operational procedures of the

moment distribution method are simpler and can be performed

by a person with less technical training.
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For introducing the Direct Moment Distribution method with

sidesway for multi-story-one-bay frame, the introduction gives the

history of this method and its general breakdown. Also, in this

introduction, a discussion of the sidesway of the rigid frame, and

its well known Morris moment distribution method, are given.

In the first chapter, the general assumption of the direct

moment distribution method is given and the simple one-story-one-bay

frame is analyzed. The analysis includes the definition and determi-

nation of the Modified Rotational Stiffness, the Translational carry-

over factor, and the carry-over factor for the girder. This chapter

also gives the derivation of formulas. Four problems are given as

examples with their complete solutions solved by direct moment

distribution method.

In the second chapter, the same method is extended to solve the

multi-story-one-bay frame and a few necessary assumptions are made.

Also, the rotational stiffness and carry-over factor, the translational

carry-over factor, the carry-over factor for the girder, and the

spring modulus for the column are determined. Examples of multi-

story-one-bay frame deflect with sidesway are solved by the direct

moment distribution method as well as Morris moment distribution

method to give a numerical proof for the extended use of the direct

moment distribution method. From the examples, through comparison

and discussion, a general conclusion is made.


