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B. Haidar

Structural Mechanics (2)

Displacement Method for Beams and Frames PAV
or Slope-Deflection Method doola

Displacement Method for Beams and Frames (Slope — Deflection Method)
* Basic Concept of the Slope-Deflection Method and Slope-Deflection Equations.
* Analysis of Continuous Beams.
* Analysis of Frames without Sidesway.

* Analysis of Frames with Sidesway.
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5 Beam Displacements
S A Deflection 8)Liall
u Axial displacement
0 < 1,sinf = 0,cosf = 1
tany = siny = A/L
5 Y K 1,siny = P,cosy = 1
:
2
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Analysis of Frames with Sidesway [ZV
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S 5ylial
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1 T e |
= (a) Frame without Sidesway I\ L/ Axis of ’|
Y =V 7 ' symmetry
g Ny =2j-[2(f+h)tr+m] \ | |
@
g j: Number of joints f: Number of fixed supports p “'B
E .
E h: Number of hinged supports I
- = constan
5 r: Number of roller supports
b} . . . (c) Symmetric Frame Subjected to Symmetric

m: Number of effective inextensible members PP S
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B. Haidar

Structural Mechanics (2)

Analysis of Frames with Sidesway

A
2FEI 3A
Cy v v v ¥ | ‘:j jr Y v MAC h (6 +7j+FEMAC
Gl 2 2EI( A
s ] M, =51 26, + 3— +FEM,
/ h N
-+ P /
— Yac Yep — 2EI(,  3A
h , ’ M, = 0, +—
2 ! ]’l \ h
— 2EI( 3A
! ho\ h
EI = constant
2FEI
M, = — (26.+6,)+ FEM ,
3 kinematic unknowns M, - 2E1 (26, +6,)+ FEM
L

0.,0, & A.

v

dag .
8li_al
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B. Haidar

Structural Mechanics (2)

Analysis of Frames with Sidesway Pﬂ

MDC dsol ~

M +Mq, =0 1 & D 5yLiaJl
cA CD (1) . F)MCD (e
MDB +MDC =0 (2) e Mpp
P — SAC - SBD =0
\LT + ZM?C =0 e M¢y HC_>SCA L MD’B/;B\"SDB
M, =S, (h)+Ph/2)+M_ ., =0 % .._-
g M, .+M,, +£ r " l
AC h 2 )
z 2
T+ ZMgD =0 A

Al B ”B
SAC - SBD Il . SAC - | — SBD
M M \1/ \1_/
Myc Mpp

My, - BD(h)+MDB =0

L My, + My
BD
MAC _|_Mcil _|_MBD +MDB _ ph /2 (3) (1), (2) & (3) three equations with three

unknowns Hg, Hp & A.
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Ex.1: Determine the member end moments and reactions for the

Vi

8 frame shown using slope-deflection method dool A
S 40 kN 0)liadl
™M B C” ” l | D B ) A PR
C|'_'_‘ic’ DHD,

I »/”ﬁ,:\

| . /,'O\g___gi\’/ /] Degrees of freedom:

, m ll II 7_‘/,"’//
“ 7m 4 ll / " /7
§ ,/ Vac BD /r/ QAzo&QBzo
© | B -L..J/ /
T | — I ) O +0,0p+0,A+0
o0 i ‘ [ I,' —lf_E

A /
—3m 4m | Al Chord rotations:
E[( =) (;onstant (b) Qualitative Deflected Shape of the Frame A A
Fixed-End Moments: Yac = — - Yo = - 5
8 A
g FEMAC=FEMCA=FEMDB=FEMBD=O lljBD:—g
E 40(3)(4)>
2 FEM.p = 72 =39.2kN.m v or + 39.2kN.m
40(3)*(4)
& FEMp, = — )2 =294 kN.m ~ or — 294 kN.m
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B. Haidar

Structural Mechanics (2)

Ex.1: Determine the member end moments and reactions for the
frame shown using slope-deflection method

40 kN

l 3m 4dm
EI = constant

(a) Frame

Slope Deflection Equations:

2E1

AC = 7

M 2E1
CA — 7

Iy 2E1
BD — 5

o 2E]
DB — 5

2ET
Mcp = T(ZHC + 60p) +39.2 = 0.571E16, + 0.286E16,, + 39.2

2El
Mpc =—— (8¢ + 20p) — 29.4 = 0.286E16; + 0.571E16), — 29.4

7

' A
0; — 3 (— —)] = 0.286E16, + 0.122EIA
‘ A
= |20, -3 <— 7)] = 0.571E16, + 0.122EIA

' A
16, -3 <— —)] = 0.4E16 + 0.24EIA

5

5

' A
=126, -3 (— —)] = 0.8EI6), + 0.24EIA

Vi

o)lioall
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Ex.1: Determine the member end moments and reactions for the PAD

8 frame shown using slope-deflection method dool 3
40 kN 0)liaJl
< 1 D Pz 2 Joint Displacements:
T Mea | 77 Sea Mps | 7 Sps T~
1.142E160, + 0.286E10, + 0.122E[A= —39.2
T 0.286E16, + 1.371E10, + 0.24EIA= 29.4
Tm
v SBD%/M sl 1 | 4.285E16. + 8.4EI6) + 4.58EIA= 0
BD
.y o
Sac T S
N \pMAC EIf; = —40.211 kN.m?
(c) Free-Body Diagram of the Entire Frame (d) Free-Body Diagrams of Columns AC and BD EIQD — 3474 kN m2
— Equilibrium Equations:
8 Myc + M Mgp + M EIA= —25.177 kN.m?
E MCA + MC'D =0 SAC = ac 7 ¢4 and SBD = 5D = Db
g
= My + M Mgp + M
E Mpe+Mpg =0 AC7 ca BD5 DB _ |
3 Sac +Sgp =0 5(Mac + Mca) + 7(Mpp + Mpp) = 0
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Ex.1: Determine the member end moments and reactions for the

Vi

8 frame shown using slope-deflection method dool A
S 8)liadl
— 2
EI§; = —40.211 kN.m 1 MFN "
EIf, = 34.24 kN.m? cl_ .} 5.8 {: ¢ 2 % 5.8 — —lu
\{7 26 T 1 21.3 t-T—’
23.53 16.47
. EIA= —25.177 kN.m? 23.53 16.47
S 21.3
: AR, ot
@ Member End Moments:
Mc, =—-26kN.m (26 kN.m ~)
58-—'B
S Mgp =7.7kN.m (7.7 kN.m <) 3,
S8 16.47
2 Mpg =21.3kN.m (21.3kN.m < ) Y
s 14.5ﬁ
£ M:p =26 kN.m (26 KN.m © ) | |
§ {e) Member End Moments, Shears, and Axial Forces
% Mpe=-213kN.m (21.3kN.m ~)
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Structural Mechanics (2)

P
c_\ D

B>

Bl B /

(a) Frame with Inclined Legs

3 K. Unknowns.: 6,0, & A.

https://manara.

(c) Chord Rotations Due to Sidesway
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Structural Mechanics (2)

Frames with one or more inclined Iegs PAV

cc’ A

Vac = T T TLicoshs

DD A
Bb =, 7L, cos f3,
A

| A
|
Gy
I N R
/ ﬁl C
/
/
/
/
/
/
b,
A

(b) Deflected Shape of the Frame Due to Sidesway

DD’ Oytiall

A
Yep = 7 Z(tan By + tan ;)

(c) Chord Rotations Due to Sidesway
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Structural Mechanics (2)

A

Degrees of Freedom 6, 6, & A.

Ex.2: Determine the member end moments and reactions for the PA

frame shown using slope-deflection method dool A
8)liall

c
120 kN — = e

— m —— s | Chord rotations
wac= — CC'/5 = [(=5/4)A)/5= —0.25 A

Vo= C'C,/S=[(3/4)A]/5=0.15 A
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Structural Mechanics (2)

Ex.2: Determine the member end moments and reactions for the PA

frame shown using slope-deflection method dool A

6)li_all

Slope Deflection Equations:

Mo = 22 16, = 3(—0.258)] = 04EI6, + 0.3EIA
120 kN —s D AC_?[C_ (—=0.254)] = 0. c+0.
2EI
4 Mca = ——[20¢ — 3(~0.250)] = 0.8EI + 0.3EIA
m
2EI
A 5 Mpp = —~[6p — 3(~0.254)] = 0.5E10, + 0.375EIA
’* 3m 5m- l

EI = constant

Degrees of Freedom 6, 6, & A.

Wep = 0.15 A

2E1
Mpp = =~ [26) — 3(~0.258)] = EI6), + 0.375EIA

2E1
Mcp = —

= [26¢ + 65 — 3(0.158)] = 0.8E16; + 0.4E16, — 0.18EIA

2EI
Mpc = ——[26) + 6c — 3(0.154)] = 0.8E16), + 0.4E16; — 0.18EIA

https://manara.edu.sy/ Slide 15


https://manara.edu.sy/

30/06/2025

B. Haidar

Structural Mechanics (2)

Ex.2: Determine the member end moments and reactions for the PA

frame shown using slope-deflection method dool A
O)lioll

QS

Equilibrium Equations:
Joint Displacements:

MCA +MCD S 0

EIf, = —16.59 kN.m?
.67 m MDC + MDB — O

(o)}
(o)}

EIO, = —31.73 kN.m?
Myc — Sac(13.33) + Mgp — Spp(10.67) + 120(6.67) = 0

e e e i s S e S S, S i S S s s e e s

EIA= 326.96kN.m?

120 kN
/ P _ Myc + Mgy _ Mpp + Mpp
AC — 5 & BD — 4
: 4m
/ 167MAC + 267MCA + 167MBD + 267MDB = 800 MCA’;<C M(&\_’SDB——
Sic oo BMBD__ /\ \xJé bl p
K& Mac = *
o~ o =3 1.6E10; + 0.4EI0, + 0.12EIA= 0 |
l
5m | /
0.4E16 1.8E16 0.195EIA= 0 A Bl s
(c) Free-Body Diagram of the Entire Frame ¢ + b + }tﬂ;\ g \PMBD
2804E16C + 3505E10D + 293E1A= 800 (d) Free-Body Diagrams of Columns AC and BD
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Ex.2: Determine the member end moments and reactions for the

Vi

8 frame shown using slope-deflection method doola
S &)liall
EI6; = —16.59 kN.m? o
EIf, = —31.73 kN.m?
t 85.1 1
_ 2 120 kN —> 5 )= 2943 L N g9.43 4" p
X EIA= 326.96kN.m /: v, Ce i L
:% 70.48 35.22 35.22 \t'/
I_ 85.1 35.22
@ Member End Moments: r7< N AN
™\ 25 36 4943 — | p
Mq, =851kN.m (85.1kN.m )
&  Mgp=106.7kN.m (106.7 kN.m <) (X s - F
8 ST o 106."
g MDB = 91 kN m (91 kN m ) (e) Member End Moments, Shears, and Axial Forces o
£ Mcp = —85.1 kN.m (85.1 kN.m ~ )
% Mpe=-91kN.m (91kN.m ~ )
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[Fp]
g Homework
Iy . . deola
g Pr-01: For the next frame under the given loads, by the slope-deflection method, calculate the 6)lial
® reactions, and draw the bending moment, shear force & normal force diagrams.
z
(1]
I
o
S
'
2
3
s
©
2
>
b
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g Homework
3 . . deola
2 Pr-02: For the next frame under the given loads, by the slope-deflection method, calculate the 6)Lial
® reactions, and draw the bending moment, shear force & normal force diagrams. T
50 kN/m
——125 kN —> ;é ¢
B
2
T
o
4 m

S
S
£ A
Q
S
©
g [ 3 m
2
2 ET = constant
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B. Haidar

Structural Mechanics (2)

Homework Pﬂ

deol o
Pr-03: For the next frame under the given loads, by the slope-deflection method, calculate the 6)Lial
reactions, and draw the bending moment, shear force & normal force diagrams. (El=const.) T

D
ﬁiw?f_‘:
Srn
=Ly H”/jl'ﬂ
Wﬁ:\\#\ﬁm s
20 kv
2m
A
P Ty Lern o
ﬂ 12
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