EWCE 411

Method of Slope Deflection




SLOPE DEFLECTION METHOD

(Indeterminate Structure Analysis)




SLOPE DEFLECTION METHOD

Fixed End Reactions for One-dimensional Members under Typical Loadings
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SLOPE DEFLECTION METHOD

End Rotation and Rotational Stiffness of Fixed Ended Members
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SLOPE DEFLECTION METHOD
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SLOPE DEFLECTION METHOD

(Clockwise positive)

Free body
Diagram

Fixed end
moment
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SLOPE DEFLECTION METHOD
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SLOPE DEFLECTION METHOD

| __-'-_:_:-,..';,';* Sk Slope Deflection Equations

2El
M = T { 20,+6p _3\1)33 )+ FEM.::

2E 3
=T{ 26, +6s -T(ﬁl'ﬂ}l)}+FEMm

(a1-A4A2)

2EI
Mg, = [ {6a+2 es-gkl{m )+ FEM;,

\1') = \11 = Relative rotation of A and
AR BA

B poist Relative gap

L Iﬂa _&BI/‘ ~——_between A and B

L]I)-“-B - \l)BA = (= L ) pasint
tﬂl‘lL\l 5 {ﬁi-ﬂz ) gap is always
AR L positive.
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SLOPE DEFLECTION METHOD

Problem-1

¢ Compute the reactions and draw shear and bending moment
diagram for the beam.|Supports are unyielding| use slope 7
deflection method. 2. fix rotations as per the support type

1. No translation \l.l=g

O, = () (fixed support)

22 (not ZHD

ec = {]
w8
Yee =0
: =85.33 _g5.33 FEMsg =-24.7
i wL¥/12 s wlL/12
/ Vs \ B
FEM j'h( l .. \BNETTIITTTITIITE L\ FEMg, =+19.7
d L » J 16/ B FEMzc = -85.33
Pab’/L’ Pa’b/L’
L —_— FEM_p = +85.33
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SLOPE DEFLECTION METHOD

Problem-1

¢ Compute the reactions and draw shear and bending moment
diagram for the beam.|Supports are unyielding| use slope 7
deflection method. 2. fix rotations as per the support type

1. No translation \l.l=g

Y.
=
O, = () (fixed support)

i /—41(.-"
g 10' BHLLLMME@
§A 18", 21 nbeie 16, I ©s = 22 (notzero) D

ec= {]

Consider point load = 20Kip and UDL acting is ‘Y48 = 0
8K/ft and rest of them remaining same as it is. Yo
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SLOPE DEFLECTION METHOD

Mz
gﬁﬁ g
\ 18"
0 0

2El

Mg = 7(2?;63-3‘1’ JFEMag ; Mae = (4EI/18)(05)-24.7 = 4EIOs/ 18 -24.7
2El 0 0

Mgs = A+263-3Y933+FEMBA ; Mza = 8EIOp/18 +19.7

0 40
M; —ZEI(ZGB@‘{;Z-H}}CFFEMBC . Mac = 4EIO5/16 - 85.33

Segment end moments

C

2EI
I\i{c = (eB_E_zec'SYBc)_i_PENiCB ; }ICB = ZEIBBIIG +85,33

BT

Calculate 6g by joint moment equilibrium:

Mz )"!B;‘L Mezc Meazc 4K/

Mes + Mzc =) ‘ ' |
§P< : 18', 2I 102/ Q‘%j
Mza

S8EIBg/18 +19.7 + 4EIBg/16 -85.33 =0

—10k

e

S8EIOg/18 + 4EIBg/16 = 65.63 )

EIGs = +94.51 T
Mes T Mzsc =()
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SLOPE DEFLECTION METHOD

Mz = 4E10g/ 18 -24.7 =.3.7 =
.1UR }I‘\-B —_ MB:\ }IB C g }'iCB

Mz = 8EIDg/18 +19.7 =+61.7

Mzc = 4E195/16 - 85.33 =-61.7

Mece = 2E1O65/16 +85.33 =197.14

617  97.14

" S|
This part is same as
moment distribution

.78 method |

: ‘\BTGT
ﬁ& 18', 2I IZ{P

>33 61.72f . 97.14|

29.79 ﬂ:ﬂ_g]
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SLOPE DEFLECTION METHOD
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Method of Slope Deflection
(Beam Analysis)




SLOPE DEFLECTION METHOD

Problem- 2
¢ Compute the reactions and draw shear and bending moment
diagram for the beam|Supports vield as follows.| use slope
deflection method.
e Support at A rotate clockwise 0.03 radian.
e Support at A moves upward 0.15 ft.
Support at B settles down by 0.2 ft.
EI= 4500 K-ft*
~
o
/—41(.-"
§A g’ 10' B
18', 21 16", I
V- =
= =85.33 -g5.33  TEMap =-24.7
o wL/12 s W2
FEMgs = +19.
jh( L B .\B \\ BA 19.7
1 L\ 13 é) 16 h FEMj. = -85.33
Pab/L* Pa’b/L’
=24.7 =19.75 | FEM¢g = +85.33
FEM 124




SLOPE DEFLECTION METHOD

1. Support at A rotate clockwise 0.03 radian.
2. Support at A moves upward 0.15 ft.
3. Support at B settles down by 0.2 ft.

O, = +0.03rad [1]

Op = a9
0 (fixed support)

(not zero)

v _|81-8s Vo _ las-Ac

+0.03 +0.0194
Mgp == 2?%93-3%@1\4%
+0.03 +0.0194

2EI
Mgy = T(%ZBB'F’ sB)TFEMpy

0 0.011
2EI
Mg = T(ZGBJF?);TY cHFEMge

L L
(0.15+0.2) (0.2+0)

Sl T - 16

=+ 0.0194 = —0.01129

if the deflected shape rotates clockwise
then Y will be positive. here, 'Y a5 pisitive

if the deflected shape rotates
anticlockwise then Y will be negative.
here, Yo negative

Calculate 65 by joint moment equilibrium:

-0.011

0
Meg = sz(eB+29£31}Z}+FEMCB

Mzs + Mzc =)
hen deflection (rotation, translation)
ill be given, must use I value

125




SLOPE DEFLECTION METHOD EXERCISE

> Compute the reactions and draw shear and bending moment diagram for the
beam. Supports are unyielding.

—
)
g
YA 10 ¢ 6 B C
§ w1 R .1 e | e
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SLOPE DEFLECTION METHOD EXERCISE

> Compute the reactions and draw shear and bending moment diagram for the
beam. Supports are unyielding.
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SLOPE DEFLECTION METHOD EXERCISE

> Compute the reactions and draw shear and bending moment diagram for the
beam. Supports are unyielding.
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SLOPE DEFLECTION METHOD EXERCISE

I Peoblei.3 I e Compute the reactions and draw shear and bending moment diagram for the beam.
Supports are unyielding.

LY
=)
A 2EI
Jv ——(%£+GB—3Y/;§FFEMAB
A 10' 6 B C
\ 1 | e 8
—E—E‘(e}(—dkzeg-s‘xﬁﬁFEMm
\ El
SQ{B /j 20,21 o Me _2_(26)3%6_3‘1/?@+FE -
| L’

0 0
Mcp =2 H(Ot+20c-3Y o)+ FE
calculate FEM B c” C CB

FEM,g =
Calculate 3 O by joint moment equilibrium:
FEMg, = joint B: Mg, + Mg =0
FEMgc = 0
FEMcp = 0 joint C: Mg =0



SLOPE DEFLECTION METHOD EXERCISE

I Problem- 4 I

2EI

u
3K/ _2El
P v C HEHEIII Mga =(©at20p-3Y s FEMea
20, 21 J 22" 31 e 18', 1 D =
" Mg = T(293+90'3YBC)+FEMBC
M = M M M Mcep M
/AB J, B% /‘B“ X A s 3 Meg =sz(eB+2eC-3YBC)+FEMCB
v LA E N \iimuumuumg
20", 21 22, 31 8,1 2E1
» » » P Y Mcp = ~H20c+05-3Y cp)+ FEMcp
_ 2EI
0,= 0 FEM, g — Mpc = T(ZGD+GC'3YCD)+FEMDC
%GB . FEMg, =
SC = 7?7 FEMye — 0 Calculate o5 : ecby jﬂillt moment equilihrium:
YD = 0 — .
y FEM,y - 0 joint B: Mg, + Mge =0
AB = ()
Yec = 0 FEMCD -
iy 10 FEMp. = joint C: Mcg+Mcp=0
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SLOPE DEFLECTION METHOD EXERCISE

| Problem- 5 I

Map = 2(20,,+65-3Y ap)*FEM g

2K/ 25K
2EI
FHELLEE L C Moy =H0,02053Y,0) BV,
12' 21 "l T e
MAB M MBC B T(zeB—FeC':sYBC)_FFEMBC
BA
. /1 il N\ 25K, Mpc Mez o PR E
PR LTS | 7 e Men=2X05+20c-3Y5cHFEMcy
A 12 2 %{J le' 1 Zmu”
MBC
FEM,g = ¢ Mz Mcs
il B /A e
15 .1 ,1”’;7;”
FEMg, = k
-Mga-Mpge +25=0
FEMBC = @ MBA"‘MBC _ 425
FEMcg = 0 Calculate 63 ©by joint moment equilibrium:

joint B: Mg + Mg = +25

joint C: Mcg =0 131



SLOPE DEFLECTION METHOD EXERCISE

> Compute the reactions and draw shear and bending moment diagram for the
beam. Supports yield as follows:

A
= > Support at A rotate
4k/ clockwise 0.03 radian.
VA 8 10'  BitevivvivvesvivevesC 5
; upport at B settles do
\ 18 . 21 P 6.1 bp
by 0.2 ft.
/—3](;’
§A B " F F F " B T T D P D D D
| 20" . 21 22", 31 ”’%’5',13’
> Support at C moves upward by 0.15 ft.
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SLOPE DEFLECTION METHOD EXERCISE
¢ Compute the reactions and draw shear and bending moment

diagram for the beam. Supports yield as follows: EI= 5000 k-ft*

B
=
4k/ e Support at A rotate
A s l 10" BobidbdbabiotbbbtdegC anti-clockwise 0.02
\ 18', 21 i 16,1 > radian.

e Support at B moves

.
Mg = Mg, Y upward by 0.15 ft.
al g 100 | B{IY C
VN s, Y 16' . 1 %;,1,, ©, = - 0.02 radian
Y. B' 0.18'
=
%%
§A 100 B C
18' , 21 P 16' . I JU
. . 0.15
Yaz = -
18
Support B moves upward 0.15 ft
¥ - 0.15
16
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SLOPE DEFLECTION METHOD EXERCISE
Mg = ZTEI(ZGA+GB-3YAB)+FEMAB

Mgy = ZTEI(GA_HZGB'E;YAB)_'—FEMBA

A
=
4k/
A g i 100 Bllbdbdbdbdbdbibdddc
\ 18", 21 i 16", 1 e Mg = ZTEI(ZGBJFGC'?’YBC}FFEMBC

s
= _ 2EI
Meg = T(BB_FZBC'?’YBC)_FFEMCB
8' i 10 \
\) 18", 21
FEM
FEM, 5 — Calculate 3 ©_by joint moment equilibrium:
joint B: Mgy, + Mge =0
FEM;, —
FEMgc = joint C: Mcg =0
FEMcg =

9/3/2026 134




SLOPE DEFLECTION METHOD EXERCISE
¢ Compute the reactions and draw shear and bending moment
diagram for the beam. Supports yield as follows: FI=5000 k-ft*

» Support at C moves upward by 0.15 ft.

3K/
A Blod bbb bbbt bbbty bttt bbb v ooty
\ 20", 2I ) ””%’5',1D

1. How many segments?
2. How many segment end moments?
3. What will happen to CD segment?

" 4. Solution of this problem by moment distribution method. 4
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SLOPE DEFLECTION METHOD EXERCISE
o C.ﬂmpute the reactions and draw shear and bending moment

diagram for the beam. Supports yield as follows: FI=5000 k-ft*

» Support at C moves upward by 0.15 ft.

3k/'
§A Bob bbbt bbb o v s oy bbb o drr v b o by
20" . 2I A 2 3] s 1D
: g Ekx-
375 k'
MBC
Mg Mga 7 31(/
A/ N BT uuumu
'L 20", 21 QW%\ 22"

37.5k'

In an indeterminate problem: if any cantilever part is there,
that part is a determinate one.

So, split the cantilever portion from the indeterminate part for

solution. 136




SLOPE DEFLECTION METHOD EXERCISE

Maz Mga /—310” =
Ve B T T T Miz = 220,+65-3Y as)*FEMisn

. Wl : I
L 20' . 21 ’2 \ 22,31 % - -

15k Mpa = _(9A+293'3YAB)+FEMBA

A

Mac =2=(205+0c-3Ypc) FEMgc

3k/! 0.15'
[ 2EI

B}, &i&uﬁuﬁﬁﬁl Mcg = —(O+20c-3Yc)*FEMce
20", 21 22" . 31 -

C

Support at C moves upward by 0.15 ft.
Calculate 3 © by joint moment equilibrium:

Oa =0 joint B: M
joint B: an + Nas =0
Op = ?? ‘ FEMus =0 >
Oy 77 FEMg, =
5 =9 joint C: Mcp = +37.5
s =i FEMgc = ?
FEMcp = ?

Ype =
B 9/3/2026 137



SLOPE DEFLECTION METHOD EXERCISE

o
A Blldddddddbidbdbdddllddddddbddd
\ 20" . 2I v 290 3] ”"’%’S,ID

A
MAB MBA
I ey

\ b [2 sk

MBC

3K/
'HMJ,-,HJ?J;JHLHHJ;H :
\ 22',3I (

Mcp
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Method of Slope Deflection
(Frame Analysis)




SLOPE DEFLECTION METHOD EXERCISE

> Compute the reactions and draw shear and bending moment diagram for the
beam. Supports yield as follows:

15k
3k/! F\iﬂk 47
§ \17474;”17‘174747‘1711:‘174?4;&?‘1: C 9  a D
16' B Q/ 15', 1 I 21 A
— > Support at E rotates anti-clockwise 0.01 radian.
T > Support at C moves upward by 0.15 ft.
> EI=5000 k-ft2
E
T,
10k
B 15 ;1 AE Support at C 1 s 2 AE
settles down by B ’ g
e 0.25 ft.
2—14k i
. ZE—14k
DJ;J;J;J;J;J?SJ;J;J;J;J;M;J;J;JAA; el '
2 C W H I o
£l G 20", 21
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SLOPE DEFLECTION METHOD EXERCISE

Problem-8:

¢ Compute the reactions and draw shear and bending moment
diagram for the Frame. Supports vield as follows:

e Support at E rotates clockwise 0.01
radian.

e Support at C settles down by 0.1 ft.
. EI=5000 k-ft?

eA =0 'YAB ="
-GB = 29

Ype =
ec = 7
Op = 29 Yep =
O -

E +0.01 YBE -
FEM,p = FEMcp =
FEMg, = FEMpc =
FEMBC = FEMBE =
FEMcp = FEMgg =

15 k
3%/ T20K! J?
gwwuﬂwvswu \ S ? D
A 16,21 B QJIS',I LN 21 N
%
E
hcnovea
P 15 k
jkf'j\ N N2k
12 A R S X tl: (/9' P \\It
A : B -
\g 16,21 [215,1 $\\}J 21 Ig@‘
%
FEM
E
———
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SLOPE DEFLECTION METHOD EXERCISE

15 k
Problem-8: 3k/ T N\20k'
2 b sl
: - A ik B 2
Vin = p 16', 21 ¥ 4;« 21
0.1 -
Yo =+ 3 s
'Y = 0.1 .
= 16 e
Or = +0.01 rad. Ty = i Support at C settles down by 0.1 ft.
Mz Mg —Z—El(zﬁegsyﬁm L
Mga M 15k L
ff 3K/ \ ““‘xiﬂk' Mazc 7| ‘L =4E1605 /16- ( )
§ IT TRy E Pal b 9 Z \éli
A\, 16',21,/ B 154 X 21
1 \ LN ¢ M :ZTEI(Q‘}zeB-?,Y Y+FEMga
B MDC

MBE

|/ Mes

Mep =2(20¢+0p-3Y cp)*FEMcp

2EI
Mpc = T(29D+GC'3YCD)_|_FEMDC

2EI

Mg = T(ZGBJFGCGYBC)*FE}’(:;[:

2El
Meg = T(GB+ZGC'3YBC)+FE CB

2EI

Maz = T(zea+eE-3YBE)+FEyZi

_2EI

Mgg = T(29E+93'3YBE)+FEng .



SLOPE DEFLECTION METHOD EXERCISE

Problem-8:

| b\ 1 el 9 wl: \
A\ 1621/ B @/Kﬂl dé&\ ‘2.@&

MBE g3

o)
L
3

Calculate Op, O , Op by joint moment equilibrium:
Joint B, Mgs+ Msac+ Ms: =20
Joint C, Mcz+Mm =0

Joint D, A ,c =10
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SLOPE DEFILECTION METHOD

SUMMARY:

@ Indeterminate structure/ Fixed End Moment (applied load +rotation +translation)
/ Method of Slope Deflection/ Slope Deflection Equations

@ Analysis of indeterminate beams
@ Analysis of indeterminate frames
@ Analysis of indeterminate truss — Not possible.

@® Reference: Article 9.5, Chapter-09, “Elementary Structural Analysis and
Design”, Wilbur & Norris, Fourth Edition.
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