Moment Distribution - Frames

4m D
Consider a 3 beam frame
Joints A & D are fixed. Joint C (& B) can rotate but not deflect.

The principal deflections are due to bending, i.e. ignore
deflections due to axial deformation of BD.
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Fixed end moments:

Meas =20 X 4/8=10kN/m  Mgg, = -10 KN/m

Mepe =30 X4 /8 =15 kN/m  Mgcg = -15 kN/m

Distribution factors:

Stiffness,z = EI/L  Stiffnessgy = EI/L  Stiffnessg. = 0.75EI/L

Dpsa=1/(1+1+075) =0.364 A : =
Degp=1/(1+1+0.75) =0.364 VBl o.7sEIL 4

Dege = 0.75/ (1 + 1 + 0.75) = 0.273 .
D
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Now consider ... what happens if support A is allowed to sink ?

all

L

Note: 6 causes
anti-clockwise
rotation —» +ve
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Now let’s apply a sinking support to a three-span beam

B C D

\
Sso \ I 30mm

L
L]
"mmmm

6m
El =25 x 103 kNm?

No loads, but support D sinks by 30 mm e B e s

Fixed end moments: rotation Is

Meag = Mega = Mege = Micg = 0 / clockwise

6x25x10° x(—0.03) 125 kNm
62

MDCD:MDDC:_
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Fixed Fixed
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B C D
\
X

I 30mm
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....more to come
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Now let’s apply a sinking support to a loaded three-span beam

W = 40kNB 60kN W = 48kN

El =20 x 103 kNm?
Support C sinks by 4 mm

Loads on all 3 spans

. use Principle of Superposition
 analyse sinking support

« analyse loaded beams
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Now let’s apply a sinking support to a loaded three-span beam

El =20 x 103 kNm?
Support C sinks by 4 mm

Loads on all 3 spans

Method 2: Add all FEMs together & analyse in one go
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Fixed end moments
No settlement:

Mcag = WL/12 =40 X 3/12 =10 kNm
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Fixed end moments
No settlement:

Meag = WL/12 =40 X 3/12 =10 kNm =
Mege =PL/8 =60X4/8 =30kNm =

FBA

- M
- M

FCB
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Fixed end moments
No settlement:

Mcag = WL/12 =40 X 3/12 =10 kNm

Mege =PL/8 =60X4/8 =30kNm
Meep = WL/12 =48 X 5/12 =20 kNm
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Fixed end moments

Settlement:

oElo

) But ... d Is -ve (clockwise rotation of BC)
L

MDBC -
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Fixed end moments

Settlement:
Mpge = -6 X 20 X 103 X (-0.004) / 4?2 = 30 kNm = Mpg

Same sign !
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Fixed end moments

Settlement:
Mpge = -6 X 20 X 103 X (-0.004) / 42 = 30 KNm = Mpcg

=3P O Is tve (anti-clockwise rotation of CD)

MDCD:_

L2
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Fixed end moments

Settlement:
Mpge = -6 X 20 X 103 X (-0.004) / 4?2 = 30 kNm = Mpg

Mpep = -6 X 20 X 103 X (0.004) /52 =-19.2 kNm = Mgpe

Same sign !
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W=40kN  gon W = 48KN

Support C sinks by 4 mm

A 36 B C D

PL/4
WL/8 I [ 108 e
0

Bending moment diagram
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> pLa o 2

16.8
0 l 0

\

-3 KNm 33.6 KNm 21.6 KNm

Mid-span moments (sagging +ve)

...but midspan moments are not necessarily the
maximum span moments !!




(ve

Vg = -40/2 + 36/3 =-8 kN

Moment Distribution - Frames
Look at equilibrium of individual spans

W = 40kN

A B
0 lnmmn‘ ) Mg = -36 KNm

VAB: > VBA

VAB

M
x = 8/ (40/3) = 0.6m

\Y
\Y

span,max

span,max

span,max

3m

= “W/2 - (Mag + Mg)/L

@ zero shear

-8 x 0.6 + (40/3) x 0.6%/12=0
= 2.4 KNm (sagging)

V=V 5 +(40/3)x=0

AW = 40/3 kN

O :'..’ l_ ) Mspan,max

0.6m
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o 6OKN
l Mg = -16.7 kNm

Mgc = 36 KNm C l

VBC VCB

@ﬁ Vge = -P/2 - (Mg + Mg)/L

Vg = -60/2 - (36 - 16.7)/4 = - 34.8 kN 10kN

Hence zero shear @ ¢ , X = 2
£ (\ >

M -348x2+36=0 —36kNm *zm M

span,max
BC

\Y = 33.6 kNm (sagging)

span,max —

span,max
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W = 48kN
C D

<.

My = 16.8 kNm C XM‘ iMpc=0
Veo " Vic

@ﬂ Vep = - WI2 - (Mcp + Mpc)/L

5m

Vep = - 48/2 - 16.8/5 = -27.4 kN
M @ zero shear C

span,max M
X=27.4](48/5)=2.9m _3gg kNmC l“‘“""‘) Mspan max

VCD:

w = 48/5 kN

2.90m
M +16.8 -27.4 X 2.9 + (48/5) x 2.92/2 = 0

span,max

M = 22.3 KNm (sagging)

span,max
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36 B C D

()

-3 KNm 33.6 KNm 21.6 KNm

Mid-span moments (sagging +ve)
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