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Chapter 3 : Part 1 — Slope

Deflection

e Aims
— Determine the end moment for beam using Slope Deflection Method.

* Expected Outcomes :
— Able to indicate the degree of freedom.
— Able to indicate the moment due to angular displacement.
— Able to determine the moment due to linear displacement
— Able to determine the fixed end moment
— Able to write the slope deflection equation.

 References
— Mechanics of Materials, R.C. Hibbeler, 7th Edition, Prentice Hall
— Structural Analysis, Hibbeler, 7th Edition, Prentice Hall
— Structural Analysis, S| Edition by Aslam Kassimali,Cengage Learning
— Structural Analysis, Coates, Coatie and Kong

— Structural Analysis - A Classical and Matrix Approach, Jack C. McCormac and James K.
Nelson, Jr., 4th Edition, John Wiley
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. mopucTion

e Introduced for analyzing statically
Indeterminate structure —reactions and
Internal forces.

The method required the solution of
simultaneous equations representing the
overall system of equilibrium equation.
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. DEGREE OF FREEDOM .~
 When a structure is loaded, specified point on it
call nodes, will undergo displacements.

 These displacement are referred to as the degree
of freedom for the structure.

* To determined the number of degrees of
freedom, we can imagine the structure to consist
of a series member connected to nodes, which is
usually located at JOINT, SUPPORT, and at the
END OF MEMBER or where the member have
SUDDEN CHANGE IN CROSS SECTION.
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EXAMPLE /" When load P is applied to the beam,
A B will cause node A to rotate, while
node B is completely restricted from

moving.
i . Onedegreeof freedom, 6, Y
B
Zm{; . .
Four degreeof freedom,
00105,0c, Ac

) \
e N
Threedegreeof freedom,
A i 0,,60-,A,
\ / \ /
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Real beam \

A=0 A vome
A=0 5
A=0 |===

/]
A free

A
A

I
o

O Internal pinned
O Internal roller

O
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FOOD OF MIND

Find the number of degree of freedom

P W P P




SLOPE DEFLECTION EQUATION i

\ =1
S e
— M _ INTERNAL END f:———'
— AB MOMENT

Angular displacement at A

(Near)
Angular displacement at B

l (Far)

Linear displacement

<

\ 4
Fixed end moment
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EXAMPLE.

/ 5 kN 5 kN 7 kN 6 kN/m \

A - <4 <> < <>« > >

3m omPB2m 3m 2mC 3m D 4m E

o _ A4EI o _ 4El
MAB_ —0, MBA_ —05
L L
2EI(98 2EI(9

L LA/

B O tara aianWaryAnaa ey
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L

L

5 kN 5 kN 7 kN 6 KN/m
A > <> <> > <> < > >
3m 2mBaom 3m 2m 3m 2 4 m E
o _ AE| 0 _ A4El
Mg = Z=9, Mes = Z=9_
L L
ZEIH ZEIH
C B

_/

B O tara aianWaryAnaa ey
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L
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5 kN 5 kN 7 kN 6 KN/m
A > <> <> > <> < > >
3m 2mBaom 3m 2m© 3m 2 4 m E
o _ AE| o _ AE|
Meo = =0, Mpc ==,
L L
ZEIH ZEIH
D C

_/

B O tara aianWaryAnaa ey
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/ 5 kN 5 kN 7 kN 6 kN/m \

A - <4 <> < <>« > >

3m omPB2m 3m 2mC 3m D 4m E

o _ A4EI o _ 4El
M pe = THD Mep = THE

281, 281,

L L P /

B O tara aianWaryAnaa ey
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3. RELATIVE LINEAR DISPLACEMENT
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EXAMPLE 1

Determine the moment due to linear displacement
for each members. Assume 2mm settlement occur

at support B.

-

g

7kN

10kN/m

~

A

4m

e

B

4m
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L2
6E1(+0.002)
= — 42
=—0.003El

6EIA
L2
6E1(-0.002)
— 42

\ — 10.003E| /

I@m—

A A
MBC_MBC__
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Determine the moment due to linear displacement for
each members. Assume 2mm and 1mm settlement

FOOD OF MIND

/

occur at support B and C respectively.

7kN 10kN/m
A im B 4m  C
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4. FIXED END MOMENT

/

F F
M ag Mga

. ) ) /

Moment cause by external load whilst the both support are fixed.

- REFER TABLE
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EXAMPLE 2

Determine the Fixed End Moment for each members.

10kN/m

Communitising Technology



Communitising Technology



- 10(4)°
12
— _13.33kNm

MS, =+
CB 12

_ 1oy’

12
\ = +13.33kNm /
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SLOPE DEFLECTION EQUATION Vi
4 N

W _

W B
8660

Angular dlsplacement at A F|xed end

Angular displacement at B moment

Linear displacement
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~ h
W _
W :
A
L < - -
v [AE10) (2E10) (BEIA\ [
AL/ L
Angular displacement at B Fixed end
moment

Angular displacement at A
Linear displacement
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Write down the slope deflection equation
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/ 3 KN/m _ \
W )

N 3 ) g Y
/ 4E|9T 2E|9U 6EIA - \
MTU — | | | | 2 | MTU
4EI10 2E10 6EIA
MUT — | - | ! | 2 | MUFT
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EXAMPLE 3

Analyse the two span continuous beam as shown below
for the bending moment at the support point or member
end using SDM. The relative flexural rigidity for both span
are identical ie El is constant and the beam is subjected to
a point moment of 100kNm at B

100 KNm

Communitising Technology
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Solution.

p
Fixed End Moment

F F F F
MAB - MBA_ MBC — MCB =0
- y
@De Deflection Equation & =0c =0 \
4ELGY 2EI9 EIH
Mg = 7L

4EI0, | 2E10, 6E
M, ,w; /A/y/ 2EIH

L st



4 )
AEIG, 2EI oEl
MBc: L B + rfaC/—7A"(M§C/ :ZE:LQB

AEIQ, 2EIO. 6EIA Elg
M. = e B _ M F _ B
\_ @ 1 L = o 3 Y
/ EQUILIBRIUM AT JOINT \
> M, =100

Mg, +Mg. =100

I
2E10, | 2E10, _, o >
3 3 El
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ﬂUBSTITUTING INTO SDE

M g =+25kNm
Mg, =+50kNm
M. =+50kNm
Mz = +25kKNm




EXAMPLE 4

In figure below, the two span continuous beam shown
earlier is now subjected two in span loads of UDL having
an intensity of 10 kN/m over span AB and a point load of
25kN at the mid span of BC. El is constant. Determine the
support moment at A, B and C. Draw the bending moment
diagram.

25 kN
10 KN/m

Communitising Technology
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SOLUTION

Step # 1
FIXED END MOMENT

mE, =W 1060 g
12 12

Mg, =+30kNm

ML = _TPL = 22(6) = —18.75kNm

M5, = +18.75kNm

P
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Step # 2

SLOPE DEFLECTION EQUATION 0,=0.=A=0

afo, 2E10, 6EAA

2El10
M, = 5 _30
6
M. - 4E|I_QB +27A —624+M§A
 2El6,

Mg, = 3 +30

Communitising Technology
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4E16, 2E 1=
MBC: 1 B+{C— f‘FMgC

M, =250% 1875
3
4E| 2E10 6E
Mg = f+ LB—Z&+MCFB

M . =%€B+18.75
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Step # 3

Equilibrium Equation
> M, =0
Mg, +Mg. =0

2EI0, 2EI0,

+30+ -18.75=0

El0, =—8.38

4 LM o AT A A
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Step #4
SUBSTITUTING INTO SDE

M ,, =—32.81kNm
M, = +24.37kNm
M. =—24.38kNm

Mz =+15.93KNm

P
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MOMENT PROFILE

32.81 kNm 2437 KNm o5 N 15.93 kKNm
10 kKN/m B
A C
El =1
_4 -« >_
6m 6m
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32.81 0 24.37 Z M,=0
2
—32.81+24.37+ 1006)° _ R;(6)=0
RA RB
R; =28.6kN
-.R, =31.4kN
31.4
X 6
314 60
x> X=3.14m
28.6

Area = %(3.14)(31.4) = 49.3KNm
Max Moment =—-32.81+49.3=16.49kNm
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24 .37 25 15.93 Z M = 0
—24.37+15.93+25(3)— R, (6) =0
RB RC
R. =11.09kN
- R, =13.91kN
13.91
11.91

Area = (3)(13.91) =41.73kNm
Max Moment =—-24.37+41.73=17.36kNm
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BMD

32.81

24.35

SN

17.36
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EXAMPLE 5

Continuous beam with settlement at support B and C.
Determine the end moment in the figure if there is 1Imm
downward movement at support B and C.

Take El is 75E3 kNm3 for all span

50 kN
30 kN/m B

A El B C

3am 3m 2m 5m
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SOLUTION
FIXED END MOMENT

M F. = —22.5kNm
MF, = +22.5kNm
M E. = —24kNm
M., = +36kNm
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MOMENT DUE TO SHRINKAGE. ARG

~6EIA _ —6(75x10°|0.001)

M 28 — L2 32 — —SOkNm
_ . 3

M2 - 6LI§IA: 6(75><13(Z f0.001)
~6EIA  —6(75x10°

M = —OElA 6(75x10°)0) _

| ° 52




_—6EIA_ —6(75x10°)0) _,

MgB_ L2 52
—_ —_ 3 —_
v _ ~BEIA 6(75><102X 0.001) o
L 5
—_— —_— 3 —_—
e - —BEIA_ 6(75><102)( 0.001) o

L° 5
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Slope Deflection Equation.

. 4E|,9A/+ 2EI0, 6EIA .
AB /L L L2 AB

2(75x10°
3

M, = 5 _50-22.5

M ,, =50000, —72.5

P
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_4E10, 2El0, 6EIA -
- o BA

M
BA L Tt

4(75x10°jp

M, = B _50+22.5

M ,, =10,0000, —27.5

_4Elg, N 2EI0, 6EIA

L L L2 %

I\/IBC

M - 4(75x3103)9B X 4(75x3103)ec o

M . = 60,0008, + 30,0000, — 24
1 ©O089) s BT
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M., = 60,0000, +30,0000, + 36
M, = 60,0000, +18

M. =30,0006, +18
EQUILIBRIUM AT JOINT
> My =0
Mz, +Mg. =0
160,0006; + 30,0000, =51.5 (1)

P




> M. =0

M +Mp =0
30,0000, +120,00060, =-54

160,000 30,000 [6,] [515
30,000 120,000 | 6, | |-54

P
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Solving by using calculator

0, =4.262x10™
0. =-5.566x10"

SUBSTITUTING INTO SDE M g = —51.19kNm
Mg, = +15.12kNm
M e = —15.13kNm
M g = +15.39kNm
Mo = —15.40kNm

M. =+1.30kNm

P
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