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Displacement Method of Analysis: Slope-Deflection Equations

Displacement Method of Analysis

 Two main methods of analyzing indeterminate structure
— Force method

 The method of consistent deformations & the equation of three
moment

* The primary unknowns are forces or moments

— Displacement method
* The slope-deflection method & the moment distribution method
* The primary unknown is displacements (rotation & deflection)

 Itis particularly useful for the analysis of highly statically indeterminate
structures

e Easily programmed on a computer & used to analyze a wide range of
indeterminate structures




Displacement Method of Analysis: Slope-Deflection Equations

Displacement Method of Analysis

* Degree of Freedom

— The number of possible joint rotations & independent joint

translations in a structure is called the degree of freedom of the
structure

— In three dimensions each node on a frame can have at most three
linear displacements & three rotational displacements.

— In two dimension each node can have at most two linear
displacements & one rotational displacement.

DOF=nJ-R
- n number of possible joint’s movements
- J number of joints
- R number of restrained movements




Displacement Method of Analysis: Slope-Deflection Equations

Displacement Method of Analysis

 Degree of Freedom
DOF=nJ-R

- n number of possible joint’'s movements
- n =2 for two dimensional truss structures
- n =3 for three dimensional truss structures
- n=3 for two dimensional frame structures
- n=6 for three dimensional frame structures

- J number of joints
- R number of restrained movements

* Neglecting Axial deformation
DOF=nJ-R—-m

- m number of members




Displacement Method of Analysis: Slope-Deflection Equations

Displacement Method of Analysis
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Displacement Method of Analysis: Slope-Deflection Equations

Slope-Detlection Equations
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Displacement Method of Analysis: Slope-Deflection Equations

Slope-Detlection Equations

* Angular Displacement at A, 9,
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Displacement Method of Analysis: Slope-Deflection Equations

Slope-Detlection Equations

* Angular Displacement at B, Og
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Displacement Method of Analysis: Slope-Deflection Equations

Slope-Detlection Equations

e Relative Linear Displacement A
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Displacement Method of Analysis: Slope-Deflection Equations

Slope-Detlection Equations

 Fixed-End Moment
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Displacement Method of Analysis: Slope-Deflection Equations

Slope-Detlection Equations

L

MAB — (FEM)AB

MBA — (FEM)BA
& /




Displacement Method of Analysis: Slope-Deflection Equations

Slope-Detlection Equations

* Slope-deflection equations

— The resultant moment (adding all equations together)

M, = 25(%)[2 0,+0, - 3(%)] +(FEM) ,,

M =26( 1V 20, +0, -3 2|+ (FEM).,
L L L
* Lets represent the member stiffness as k = I/L &

* The span ration due to displacement as y = A/L
* Referring to one end of the span as near end (N) & the other
end as the far end (F).

— Rewrite the equations

C O
M, =2EK[28, +6-—3y|+ (FEM),
M. =2EK[2Q +6,—3y|+(FEM),

L J
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Displacement Method of Analysis: Slope-Deflection Equations

Slope-Detlection Equations

* Slope-deflection equations for pin supported End Span

— If the far end is a pin or a roller support

a D
M, =2 EK[24, +G—3y}+ (FEM)',,

0 =2£K[28 +G-3y]+0
. /

— Multiply the first equation by 2 and subtracting the second equation
from it

{ M, =3EKI[G -]+ (FEM)',, J

P

| w

Fannnnianiney
E

(FEM) 45
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Displacement Method of Analysis: Slope-Deflection Equations

°The slope-detilection equations relate
the momentes at the ends o @
member to the rotations and
displacements of its ends and the
external loads applied to the member.

14




Displacement Method of Analysis: Slope-Deflection Equations

Source of Moments :

| oad

Settlement

| eft Rotation

Right Rotation
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Displacement Method of Analysis: Slope-Deflection Equations

Fixed End Moment Table
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Displacement Method of Analysis: Slope-Deflection Equations

Fixed End Moment Table
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Displacement Method of Analysis: Slope-Deflection Equations

Summary

&

M, = 2EK[29, +6-—3yl+ (FEM),
M. =2EK[2Q +6,— 3]+ (FEM),

M, = 3EK[68, —ﬂ+ (FEM)',,

18




Displacement Method of Analysis: Slope-Deflection Equations

Slope-Detlection Equations

— My, Mg =the internal moment in the near & far end of the
span.
* Considered positive when acting in a clockwise direction

— E, k = modulus of elasticity of material & span stiffness k =1/L

— 0Oy, 0= near & far end slope of the span at the supports in
radians.

* Considered positive when acting in a clockwise direction

— \ = span ration due to a linear displacement A / L.

* If theright end of a member sinks with respect the the left end the
sign is positive

19




Displacement Method of Analysis: Slope-Deflection Equations

Slope-Detlection Equations

Steps to analyzing beams using this method

— Find the fixed end moments of each span (both ends left &
right)

— Apply the slope deflection equation on each span & identify
the unknowns

— Write down the joint equilibrium equations

— Solve the equilibrium equations to get the unknown rotation &
deflections

— Determine the end moments and then treat each span as
simply supported beam subjected to given load & end
moments so you can workout the reactions & draw the
bending moment & shear force diagram

20




Displacement Method of Analysis: Slope-Deflection Equations

Example 1

Draw the bending moment & shear force diagram.

Fixed End Moment

FEM , =-*Y4_ 2tm  FEM,,=2tm
8
2
FEM o= 2°% _ 6tm  FEM =6tm

Slope Deflection Equations

M,,=2E g)[ze/‘ +0,-0]-2 —%= 5 N, =05EF/0,-2

M,, =2E ﬁ[«% +20, -0]+2

MBC_ZE(ZGI)[ZH +0,. 0]

MCB—ZE( 6)[9 +26, -0]

-6 —E= M gc

+6 —*= 5 M,

4

2

—tm

040 5 N = F10,+2
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Displacement Method of Analysis: Slope-Deflection Equations

Joint Equilibrium Equations

Joint B
M o, + M 5-=0
1.7

4 _
E/HB+2+§E/¢95,—6:O. — HB—E

Substituting in slope deflection equations

M, =056/ 2 _115tm
El

M=l 2-37tm
El

M. =-3.7tm

4t
2L 7 6=71tm

“ 3 FE

g - L15+4x2-37
4
RBl = 4_1.36 = 2.64t

=1.36¢

1.15 \L 3.7
Computing The Reactions ﬁ
RA RBl

22




Displacement Method of Analysis: Slope-Deflection Equations

o _2x6x3437-71 g 0 -

(i’
| 1

5.43 1] .

1.36

6.57

7.1
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Displacement Method of Analysis: Slope-Deflection Equations

Example 2

 Determine the internal moments in the beam at the supports.

Fixed End Moment
60 x 4 x 22

FEM =~ —— 7= —26.6TkN.m
2
FEM ,,= GOXGZZX‘L — 53.33kN.m
2
FEM . =20 _ _1354n.m

Slope Deflection Equations

M,,= 25(%)[249/\ +0,—0]-26.67

M,, =2E é)[eA +26, —0]+53.33
M, =3E é)[eg ~0]-135

SN V- %E/HB 2667

BNy % E16, +53.33

s M= % E16, ~135

24




Displacement Method of Analysis: Slope-Deflection Equations

Joint Equilibrium Equations
Joint B
Mg, +M ;=0

%E/@B +53.33+ %E/@B 135-0 = %E/@B —81.67
El6,=70
Substituting in slope deflection equations

M, =1(70)-26.67=—3.33kN.m
3

2
M g =~ (70)+ 53.33 = 100AN .17

M, =1(70)-135=-100kN .m

2




Displacement Method of Analysis: Slope-Deflection Equations

Example 3

* Example 2: Determine the internal moments in the beam at the supports

— Support A; downward movement of 0.3cm & clockwise rotation of 0.001 rad.
Support B; downward movement of 1.2cm. Support C downward movement of
0.6cm. El = 5000 t.m?

Fixed End Moment
FEM .= FEM 5,= FEM 5. = FEM .5=0.

: g4A B C
Displacements:
HA = +0001 I e I LEF I
_1.2_0.3_00015 }<— 6m >{< 6m —>{
AB M
600
0.6 -1.2
= =-0.001
Y 600
Slope Deflection Equations
M,, = @ 20,001+ 6, —3x 0.0015]
M, = @ 26, +0.001- 3x 0.0015]

26




Displacement Method of Analysis: Slope-Deflection Equations

M, = (B—X?ﬂ)[ﬁg +0.001]

Joint Equilibrium Equations

Joint B

Mg, + M g-=0
76,—0.004 =0
6,=0.00057rad
Substituting in slope deflection equations

M,, = %)[2 %0.001+0.00057 — 3x 0.0015] = ~3.22£./m

AB

M,, = ZXSOOOJ[ZX0.00057+O.001—3><0.0015]:—3.931‘./77

M, = ( X j[o.ooos7 +0.001] = 3.93¢.m

27




Displacement Method of Analysis: Slope-Deflection Equations

Example 1b

6 kN /m
A M’I’Tm
pl C"
8 m 6Hm
Mpc

I\'IAB( lA' - ”BN B"Aﬂ

ST «‘-1 )Mw

FEM .= FEM ,,=0.0

wl? 6(6)*
(FEM)ge = — A —72kN-m
wL? _ 6(6)°
M)cg = = = 10.8 kN -
(FEM)cp 0 D 10.8 kN -m
9/4: HCZOO
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Displacement Method of Analysis: Slope-Deflection Equations

Slope Deflection Equations

I
My = 2E( )(m,\ + 0 — 34) + (FEM)y

M p = 2E( )[2(0) +6p—3(0)] + 0= %HB (1)
Now, considering B to be the near end and A to be the far end, we have
Mgy = 2E( )[293 0—-3(0)] +0= ﬂHB (2)
In a similar manner, for span BC we have
‘_EI

Mpe = 2E( )[293 0-3(0)]-72="S0,-72 (3

~

Mg = 2E( )[2(0) + 65 — 3(0)] + 10.8 = %93 +108 (4)

29




Displacement Method of Analysis: Slope-Deflection Equations

Equilibrium Equations

A,

Vo, Mg
MBA +MBC =0 Qtzlj
To solve, substitute Egs. (2) and (3) into Eq. (5), which yields MBA ‘BR
6.17
g = ——
EI
Resubstituting this value into Eqgs. (1)—(4) yields
M 45 = 1.54 kN m 6k§/m
ALN . 13.63 kN
Mgs = 3.09KkN - m 1.54IEI\irm Y l t)
Mpc = —3.09kN-m 0.579 kN viak 12.86 kN-m
Mcp = 12.86 kN *m 4
1.54 kN-m B, =0.579 —0.579 8\10-96 x (m)
(] 1)
0.579 kN &m 3.09kN-m
M (el ) 5.47 ~13.63
1.54 12,67 8 /T\ 14y (m)
10.96
6 kN/m \—»l(/)()
B, =43TkN :ﬂi C, = 1363 kN
(aiat) 136
3.09 kN-m PR | 12.86 kN -m

30




Displacement Method of Analysis: Slope-Deflection Equations

Example 2b

Draw the shear and moment diagrams for the beamshown in Fig.11-11a.
ET is constant.

wl~ | A
FEM) .5 = — = ——(2)(24)% = —96 k - ft
( ) AB - 1_2,( )(24)

wL? 1 2
= = —_— i — Q @

(FEM )z 4 > 12’(2)(24) 6 k - ft

3PL 3(12)(8)
FEM)p- = — = — = —18 k - ft
( ) 16 16

31




Displacement Method of Analysis: Slope-Deflection Equations

I
My = 25(2)(%,\, + 0 — 30) + (FEM)y

M ., = 0.08333EIf, — 96 (1)

I
Mgy = ZE( )[263 + 0 — 3(0)] + 96
Mgy = 0.1667EI0g + 96 (2)
Applying Eq.11-10 with B as the near end and C as the far end, we have

My = 3E(I)(9N ) + (FEM)y

I
Mpgec = 3E( )(93 — 0) =18
MBC = 0375E193 =18 (3)
Remember that Eq.11-101is not applied from C (near end ) to B (farend).

32




Displacement Method of Analysis: Slope-Deflection Equations

L+2MB=0; MBA+MBC=0 (4)
To solve, substitute Eqgs. (2) and (3) into Eq. (4), which yields
144.0
g = ———
i EI

Since 5 is negative (counterclockwise) the elastic curve for the beam

has been correctly drawn in Fig. 11-11a. Substituting 6z into Egs. (1)-
(3), we get

MAB = —108.0 k- ft
Mgy =720k -ft
Mpc = —72.0k - ft
48 k 12k
VA—ZS.Sk: ______ t————__]VBL—ZZSk VB _15k l
“I | ;1) (1 ':j‘c,;s.o;c
108k f—2f——128— e ek ]

V (k)

x (ft)

-108

x (ft)

33




Displacement Method of Analysis: Slope-Deflection Equations

Example 3b

Determine the moment at A and B for the beam shown in Fig. 11-12a.
The support at B is displaced (settles) 80 mm. Take E = 200 GPa,
I = 5(10°) mm*.

8 kN
B }
MC
———4m ———-I——— L5 1, DR
)

(a
Solution Fig. 11-12

Slope-Deflection Equations. Only one span (AB) must be considered
in this problem since the moment Mg~ due to the overhang can be
calculated from statics. Since there is no loading on span AB, the
FEMs are zero. As shown in Fig. 11-12b, the downward displacement
(settlement) of B causes the cord for span AB to rotate clockwise.
Thus,

+Ur4p
+ilipa

(b)

0.08 m
Yap = ¥pa = TR 0.02 rad

The stiffness for AB is
5(10°) mm*(107'?) m*/mm?*

I_ s —6 3
e — = 1.25(10%) m

34




Displacement Method of Analysis: Slope-Deflection Equations

Applying the slope-deflection equation, Eq. 11-8, to span AB, with
84 = 0, we have

M . = 2(200(10°) N/m2)[1.25(107%) m?|[2(0) + 65 — 3(0.02)] + 0 (1)
My, = 2(200(10°) N/m2)[1.25(107%) m?|[265 + 0 — 3(0.02)] + O )

Equilibrium Egquations. The free-body diagram of the beam at
Va, 8000 N support B is shown in Fig. 11-12c. Moment equilibrium requires

M“U 1)8000N(3m) \+IMp =0 Mg, — 8000N(3m) = 0
Substituting Eq. (2) into this equation yields
B, 1(10%)8z — 30(10%) = 24(10%)
fg = 0.054 rad
© Thus, from Egs. (1) and (2),
M, g = —3.00 kN -m
MBA =240kN-m

35




Displacement Method of Analysis: Slope-Deflection Equations

Example 4

Determine the internal moments at the supports of the beam shown
in Fig. 11-13a. The support at C is displaced (settles) 0.1 ft. Take
E = 29(10%) ksi, I = 1500 in*.

1.5 k/ft
— 20 ft ——— 15 ft
TERERRE | T
A _:_E —— —C D ‘ B 0.1ft
——24 ft————20 fe— 3215 | +pc C Yo
(a) (b)
wL? 1 5
(FEM)ag = ——~ = —15(1.5)(24)* = ~720k - ft
wL? 1 2
(FEM)py = - = 15(1.5)(24)" = 720k - ft
0.1 ft 0.1 ft
Vpe = Spp = 0005tad  Yiep = — oo = —0.00667 rad
Also, expressing the units for the stiffness in feet, we have
1500 1500
=———= 0003014 > kyo=———= 0.003617 ft’
AR ey BC 7 20(12)*
1500
op - = 0.004823 ft*
15(12)

D
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Displacement Method of Analysis: Slope-Deflection Equations

1.5 k/ft

LAELTTL

A

i ———r—

24 ft

For span AB:
M 45 = 2[29(10%)(12)?](0.003014)[2(0) + 65 — 3(0)] — 72
M,p =25173.605 — T2 (1)
Mpg4 = 2[29(10%)(12)%](0.003014)[265 + 0 — 3(0)] + 72
Mg, = 50347205 + 72 )
For span BC:
Mg = 2[29(10%)(12)?](0.003617)[265 + 6 — 3(0.005)] + 0
Mpgc = 60416765 + 30208.36, — 453.1 (3)
Mg = 2[29(10)(12)?](0.003617)[26 + A5 — 3(0.005)] + 0
Mcp = 60416.76- + 30208.365 — 453.1 (4)
For span CD:
Mcp = 2[29(10%)(12)?](0.004823)[26¢ + 0 — 3(—0.00667)] + O
Mcp = 80 555.60c + 0 + 805.6 (5)
Mpc = 2[29(10%)(12)](0.004823)[2(0) + 6. — 3(—0.00667)] + 0
Mpc = 40277.86, + 805.6 (6)
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Displacement Method of Analysis: Slope-Deflection Equations

Equilibrium Equations. These six equations contain eight unknowns.

Vg, Mgc Vg, Mcp Writing the moment equilibrium equations for the supports at B and C,
B _C Fig. 10-13c, we have
(fea ) (fea)) ,
Mo | Ve, my | Voo (FEMp=O; Mps + Mpc = 0 (7
B, G (+2Mc =0; Mcp + Mcp = 0 (8)
(©) In order to solve, substitute Egs. (2) and (3) into Eq. (7), and Eqgs. (4)

and (5) into Eq. (8). This yields
bc + 3.66765 = 0.01262
—6¢c — 0.21465 = 0.00250
Thus,
0p = 0.00438 rad 6c = —0.00344 rad

The negative value for f¢ indicates counterclockwise rotation of the
tangent at C, Fig. 11-13a. Substituting these values into Egs. (1)—(6) yields

M, p = 382k-ft Ans.
Mg, =292k ft Ans.
Mgr = —-202k -ft Ans.
Mcp = =529k - ft Ans.
Mcp = 529 k- ft Ans.
Mpc = 667 k- ft Ans.

38




Displacement Method of Analysis: Slope-Deflection Equations

Exercises

* Problems (Page 462-463): 1,2,3,4,5,6,3,8,9,10,11,12




Displacement Method of Analysis: Slope-Deflection Equations

* Analysis of Frames Without Sway

— The side movement of the end of a column in a frame is called SWAY.

e Oy ra R pa Ry
Azl b RS gnfinn o gl
M,,.(’, Mcs |/‘ ”7’<‘/ \77“

;"
A D 1| - ) i A | A | A
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Displacement Method of Analysis: Slope-Deflection Equations

Example 5

— Determine the moment at each joint'of the frame. El is constant

Fixed End Moment

i
FEM , = FEM ,,=0. e

iy
4

2 |] 7 \ A
FEM ;e 5x 24 x8 _ 80N ‘
96
o
FEM =" 248" _goun
%

FEM = FEM ,,c=O0.

[2 m

Slope Deflection Equations

— |
M, —25(1’2\§.+e5_o.]+o Dm0
M,,—0.1667E10, * D

M, —25(1’2\ 20,+0-0]+0 22205 ] o

M ,,=0.333E16,

41




Displacement Method of Analysis: Slope-Deflection Equations

M, = 25(@[293 +0,.-0]-80 $——> M, =05E/6,+0.25E/6, 80

M. —25(8>[29 +6,-0]+80 $———>M_,=0.5£/6,.+0.25E/6, +80

M, =2E (1’2\ 20,.+0-0]+0 ¢2=% 5 M., =0333£/6,
M, —2E(”[0+9 _o]+0 o220 5 1 _o1667£10
12} C : ’__é pc — VY C
Joint Equilibrium Equations
Joint B
Mg+ M ;=0

0.333£/6,+0.5E/0,+0.25£/6, —80=0. ¥—> 0.833£/0,+0.25£/6,=80
Joint C

M 5+ Mcp=0
0.333£/0,+0.5E/0,+0.25E/0, +80=0. 4—> 0.833£/0.+0.25E/6, =-80

42




Displacement Method of Analysis: Slope-Deflection Equations

Two equation & two unknown

og, 1371

= : .
Substituting in slope deflection equations

MAB: 22.9/(N./77
M = 45.7kN.m

M g =—45.TkN.m
Mz =45.TkN.m

M, =—-457kN.m
M o =—22.9kN.m

—45.7

N\

—45.7
82.3
22.9 22.9

43




Displacement Method of Analysis: Slope-Deflection Equations

Example 6

Determine the internal moments at each joint of the frame shown in

Fig. 11-17a. The moment of inertia for each member is given in the
figure. Take E = 29(10°) ksi.

6k
B ,
REE R,
, -"’-d—f .
/ 800 in.*
|
l —Sft——,'._@,
S |
15 ft!
\ §400 in.*
|
\
|
|
\
= A

44




Displacement Method of Analysis: Slope-Deflection Equations

Slope-Deflection Equations. Four spans must be considered in this

problem. Equation 11-8 applies to spans AB and BC, and Eq. 11-10

will be applied to CD and CE, because the ends at D and E are pinned.
Computing the member stiffnesses, we have

400 200

AB = W = 0.001286 ft> kcp = 15(12)" = 0.000643 ft*
BC = 16?2(2))4 = 0.002411 f*  kcg = 12652)4 = 0.002612 ft’
The FEMs due to the loadings are
(FEM)pc = —P—;- = ——6(;—6) = —12k-ft
(FEM)cp = I;L = 6(;6) =12k ft
(FEM)cg = —WTLZ T 3(182)2 = —54k-ft

Applying Egs. 11-8 and 11-10 to the frame and noting that 8,4 = 0,
Wap = Upc = Yecp = Wecr = 0 since no sidesway occurs, we have
My = 2Ek(291v +8p — 3([!) = (FEM)N
M 5 = 2[29(10%)(12)%](0.001286)[2(0) + 65 — 3(0)] + 0

45




Displacement Method of Analysis: Slope-Deflection Equations

Mg, = 2[29(10°)(12)2](0.001286)[265 + 0 — 3(0)] + O
Mg, = 21481.56,

Mpe = 2[29(10%)(12)%](0.002411)[20 + 6¢c — 3(0)] — 12
Mg = 40277.805 + 20 138.96, — 12

Mcp = 2[29(10°)(12)2](0.002411)[26 + 65 — 3(0)] + 12
Mcg = 20138905 + 40277.86¢ + 12

My = 3Ek(8y — o) + (FEM)y

Mcp = 3[29(10°)(12)%](0.000643)[6- — 0] + O

MCD = 80556HC
Mg = 3[29(10%)(12)%](0.002612)[6- — 0] — 54
Moz = 3272576, — 54

(4)

)

(6)

46




Displacement Method of Analysis: Slope-Deflection Equations

Equations of Equilibrium. These six equations contain eight
unknowns. Two moment equilibrium equations can be written for
joints B and C, Fig. 11-17b. We have

Mpsa + Mpc =0 (7)
Mcg+ Mcp + Mg =0 (8)

In order to solve, substitute Eqs. (2) and (3) into Eq. (7),and Eqs. (4)-(6)
into Eq. (8). This gives

61759.305 + 20 138.96¢ = 12
20 138.99 + 81 050.06, = 42

Solving these equations simultaneously yields
fp = 2.758(10°)rad ¢ = 5.113(107) rad

These values, being clockwise, tend to distort the frame as shown in
Fig. 11-17a.Substituting these values into Eqgs.(1)—(6) and solving, we get

M 45 = 0.206 k - ft Ans.
Mgy = 0592k -ft Ans.
Mpc = —0.592k - ft Ans.
Mqp=331k-ft Ans.
Mqp =412k ft Ans.
Mg = =373kt Ans.

Mg

S RN

I“CB ¢
Mp, Mcp

(b)
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Displacement Method of Analysis: Slope-Deflection Equations

Example 6b

— Draw the bending moment diagram

: 20kN 30kN
Fixed End Moment 48KN/m
2
FEM .= — M — _4.44 kN ZIA VWAV Y l’
S I B[f 2 c[f 1 D
FEM o = 222X 2 _ g 89wy 13m
L i TE 21

FEM e 288 __Gagn =1 K1

FEM .= 64kN.m M e Am — e 2m >

FEM .= FEM p= FEM o.= FEM =0

M, =—-30x2=-60kN.m
Slope Deflection Equations

M, =26(1 0a=0. _2

as=2E( 5 [[20,+0,-0]-444 &———> M, = o E10,—4.44
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Displacement Method of Analysis: Slope-Deflection Equations

_/ GA: O 4
Mpa=2E| 5 [6,+20,-0]+889 4——> M, =" E/0,+889

_25(27\} [20,+0.-0]-64 4—> M. =2EI0,+El0,—64

M. =2E(%\J[9 +20.-0]+64 4——> M, =EI0,+2E10, +64

i 0=0.
M,, =2E é)[295+95—0_+0 —_ MBE=§E/95
/ - Oe=0. 2
M. =2E é)[295+95—0_+0 —> /V/,__-Bng/HB
0= 0.
M, =2E 22)[29 +0,-0]+0 ——> M, =2F/6,
M. =2E fl—B[ze +6, -0]+0 Q—Gio'—) M, =EIf,
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Displacement Method of Analysis: Slope-Deflection Equations

Equilibrium Equations
Joint B
Mg+ Mge+ Mg=0

%E/HB 18.80+2E16, + EIO, - 64+%E/6’B _0 ¢—> 4.67F10,+ El6, =55.11

JointC
Meg +Mer+ Mcp=0

ElO;+2E10.+64+2E16,—60=0 ¢—> E/0, +4E/0.=-4

Two equation & two unknown
El0,=12.70 El 0.=-4.18

Substituting in slope deflection equations
2

M o= 5x12.7~ 444 = 4.03KN . M, =2x12.7—4.18—64=—42.7TkN .m
M, =2x1270+889=2583kNm M, =12.7+2x(~4.18) + 64 = 68.34kN.m
3
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Displacement Method of Analysis: Slope-Deflection Equations

M,, = %x12.70=16.94kN.m M., =2E1(-4.18)=-8.35kN.m
M., :§x12.70:8.47kN.m M, =—4.18kN.m

68.35

60
42.77
25.83
, } 8.35
4.03 f
7 8.47
4.18 :




Displacement Method of Analysis: Slope-Deflection Equations

Exercises

* Problems (Page 462-463): 13,14,15,17,18,19




Displacement Method of Analysis: Slope-Deflection Equations

Slope Detlection (Frame with Sway)

* Analysis of Frames with Sway

l)
i l i MAMm,, ' Mcp
Mpc Mcp
, 1- Al
A 1 S B D Myp M
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Displacement Method of Analysis: Slope-Deflection Equations

Example 7

— Draw the bending moment diagram. El constant

Fixed End Moment

As there is no span loading inany ;
of the member FEM for all the 40 KN—>
members is zero

A—.

/

Slope Deflection Equations [2m
Py (A
M .. 25(12)[0 +0, - 12)] +0

Lm0, -Lra '
6 24

MBA—zE(llzj[ze £0.— 3(12)} 0

e _lga

3 524 5 [5m

14

D

|8 M
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Displacement Method of Analysis: Slope-Deflection Equations

ey 0. 4
M, = 25(15)_249 6, 3(15)]+0 - 210, + 10,
M, =2E( L 1[26, +6, -0]+0 —2F10, -I-—E/6?
15 )L 15
M, -2 26, +0-3( A0, -2m9.-Leaa
co 18 )| 18 ) | 9 54
v ZZEL(OW 3 ] 0 ~1eo ~1EA
be 18 | 18 )| 9 ° 54

Equilibrium Equations

Joint B XMz =0
MBA + MBC:O
Le0,-Lein+tero, +2E16. =0
3 24~ 15 15
~EIA+14.4E10,+32E10,=0 (1)
Joint C XM =0
M s+ M.,=0
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Displacement Method of Analysis: Slope-Deflection Equations

2F10,+ 2 E16.+2E10. -2 E1A =0,
15 9 54

15
—EIA+T7.2E10,+26.4E10,=0

Three unknown & just two equations so we need
another equilibrium equation. Let take ZF, =0.

|
40 - H,—- H,=0. | M 4 | Mcp

. _ Mg+ Mg 40 kN—>» B C
3 12
H o= M o+ M pc
o 18 [2m
40><18+1.5(/|//BA+/\//AB)+(/|//CD+/V/DC):0, [8m
720+15( L £10, - LEra+ LE16, - L Er) Hy
3 24 "6 24

d280 - Leasteg -Laa o
9 54 9 T

—0.162E/A+0.75E/60, +0.333£/6, =—720
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Displacement Method of Analysis: Slope-Deflection Equations

Now solve the three equation

-1 144 32 ] |E/A]| ( 0 E16,.=136.2
264 ' EIO (=) O

o7 0333J||i5/95f T — >  El6,=4389

R U B El A=6756.6

Substituting in slope deflection equations

M ,5 = —208kN.m

M ., =—135kN.m

M 5 =135kN.m
M 5 =95kN.m
M ., =-95kN.m

My = —110kN.m




Displacement Method of Analysis: Slope-Deflection Equations

208

135

35

110

95

95
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Displacement Method of Analysis: Slope-Deflection Equations

Example 7

— Draw the bending moment diagram. El constant

Fixed End Moment

FEM .= FEM ,,=0.

20x 152 4()1\\]

FEM pp=— = —375kN.m

20x152

12 1m

= 375kN.m

FEM 5=

FEM = FEM ,,c=O0.

Slope Deflection Equations

M,, = 25(1’2)[ 0.+6, -

lge _lea

6 ° 24

Ols

A— 20kN/m

wwwmmww(_

1A

[5m

D

|18 m
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Displacement Method of Analysis: Slope-Deflection Equations

/ 1 1
—2F| L ="FEl0 -~ FEIA
Mg, 25(12)[29 +0.- 3(12)]+0 RCEEY)
Moo =26(L) 26,0, -3 &||-375 ~4 F10 ,+2 E16, 375
15 15 )} 15 "% 15 ¢
M., 2/5(15j[2¢9 +6, —0]+375 15 = £10 , E/6’ +375
/ 2 1
—2F| L =2FI0 - _FIA
M., =2E 18 [29 +0- 3(18ﬂf0' 5 % 54
Mo =26(L Y0+, -3 A)]+0 _L £19, —LEIn
be 18 )i 18 ] 9 54
Equilibrium Equations
Joint BXMg=0
M g+ M 5=0

g ~LEAn+%F10 4259 _375_0
B B 15 C

3 24 15
—EIN+14.4E10,+32E10,=9000 (1)




Displacement Method of Analysis: Slope-Deflection Equations

Joint C M. =0
M g+ M-p=0

2 £10,+-2 16, +375+ 2 E10, - LE1A =0,
15 9 54

15
_EIA+7.2E16 + 26.4E16, = ~20250 (2

Three unknown & just two equations so we need |
another equilibrium equation. Let take XF, =0. Ai_;“ » Al_»"h D
40—~ H,- H,=0.
_ M ga+ M s

12
M p + M pc

18
40x18+1.5(M gy + M 45 )+ (Mcp + M e )=0.

H,
Lero, - Len+Lee,-Lera) A‘T
3 24~ "6 2% )

40 KN—>"| B C
H,=

12 m

HD =—
18 m

720 +1.5(

9

2 1 1 1.,
H LE10.——FEIN+=Fl0.—=FIA"=0.
( ¢ 54 9 ¢ 54 J HD‘T
—0.162E/A+0.75E/6, +0.333E/0. =-720 ... @ Mpc'
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Displacement Method of Analysis: Slope-Deflection Equations

Now solve the three equation

[ -1 144 32 [ EIA) 9000
-1 72 264 JE/HB}z —20250

0162 075 0333]|£/6,| | -720

R1-R2 S
0.162R1-R3

1 144 32 HE/M [2%020500] 0.22R2-R3

0 158 0.185 LEIQCJ L2178J
~1 14.4 _3.2 HE/A _[9000] 4957
0. 7.2 -232'/ElO _ﬁ29250’> > £10. =222 _ _804.7
A .
o o 52 e’ | 1 azs7 .29
0. 0 7] J E10, =1469.6
El A=9587.2

Substituting in slope deflection equations

M,,= %1467.2 —%9587.2 — _155KN.m

M,, = %1469.6 —%9587.2 — 90AN .m
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Displacement Method of Analysis: Slope-Deflection Equations

4 2
M. =71469.6 + £({-804.7) — 375 = —90AN.m
5¢ 15 fs( )
2 4
M . =%1469.6 + “{—804.7) + 375 = 356 kKN./m
%15 Es( )

— 2 (-804.7) ~1.9587.2 = 356 kKN .1m
9 54

1

MCD
M o = (-804.7) —51—49587.2 — _267KN.m

90

356

356

90

T~
155 %

+

267
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Displacement Method of Analysis: Slope-Deflection Equations

Example 3

r—‘———~—31n——————h__.
NlFN

(a)

Fig. 11-20

Determine the moments at each joint of the frame shown in Fig.11-20a.
The supports at A and D are fixed and joint C is assumed pin
connected. EI is constant for each member.

Solution

Slope-Deflection Equations. We will apply Eq. 11-8 to member AB
since it is fixed connected at both ends. Equation 11-10 can be applied
from B to C and from D to C since the pin at C supports zero moment.
As shown by the deflection diagram, Fig. 11-20b, there is an unknown
linear displacement A of the frame and unknown angular
displacement #z at joint B.* Due to A, the cord members AB and CD
rotate clockwise,y = 4 = ¥pc = A/4. Realizing thatd, = 85 = 0
and that there are no FEMs for the members, we have

My = 2E<%)(29N + 8p — 3![/) + (FEM)N

Mg = 2EG)[2(0) + 65— 3] + 0 (1)
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Displacement Method of Analysis: Slope-Deflection Equations

(b)

Mps = 2E<§)(293 +0-3p)+0 2)
My = 352 ) - ¥) + (FEM)

Mg = 3E(§>(93 = O} 0 (3)

Mpc = 3E<§)(0 — ) +0 (4)

Equilibrium Equations. Moment equilibrium of joint B, Fig. 11-20c,
requires
M BA + M BC = 0 (5)
If forces are summed for the entire frame in the horizontal
direction, we have
+3F, =0 10— Wiy = Vigom:0 (6)
As shown on the free-body diagram of each column, Fig. 11-20d, we
have

Mg+ M
M
SMc =0, VD=—%

*The angular displacements ficp and ficp at joint C (pin) are not included in the
analysis since Eq. 11-10 is to be used.
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Displacement Method of Analysis: Slope-Deflection Equations

Thus, from Eq. (6),

10 +

Mg+ Mp, i Mpc
4 4

Substituting the slope-deflection equations into Eqgs. (5) and (7)

and simplifying yields

g = 3i!/
4
10 + ﬂ(%% - %w) =0
Thus,
P 240 320

o=
20EI " 21EI
Substituting these values into Eqs. (1)—(4), we have

Msup=—171kN'-m, Mgy = —114kN-m
IMBC = 114 kN‘nL IMDC = —11.4kN-m

=0

M

Ans. (d)

Ans.
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Displacement Method of Analysis: Slope-Deflection Equations

3.81 kN

o—

7.14 kN
11.4 kN-m
3.81 kN

3.81 kN
11.4kN-m

714 KN—+

7.14 kN ==
171 kN'-m

3.81 kN

2.86 kN

286 kNS 4

|
| 11.4KkN-m 11.4kN-m

3.81 kN 3.81 kN

;+— 2.86 kN

3.81 kN

-1-» 286 kN
11

2.86 kN
114kN-m

381 kN

(e)

4

11.4

17.1

()

11.4

67




Displacement Method of Analysis: Slope-Deflection Equations

Example 9

— Draw the bending moment diagram. El constant

Fixed End Moment

As there is no span loading in any of the
member FEM for all the members is zero

A, + A,
Slope Deflection Equations 40 kN
C
MABZZE(L)[O""QB_ ( |\|—|+O 5m
2 oL 6 > =
=—El0, ——FIA, 80 kN B [
5 25 —

5m 4

M, —ZE(SYLZ@ +O—3( Dﬂ+0

A
“4r10, - Sera ,
5 25

7 m
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Displacement Method of Analysis: Slope-Deflection Equations

M, =26(LV20, +0,-3[2]|+0 ~%E10,+2E10,
7)| 7 7 7
N\ 0)] 2 4
M, =2E = _2<95+95—3 2 J+o =7E/95 -|-7E/95
Al A 2 6
M_ =21 2010.+6,. -3 2L +0 —£F19. —2FEIA
= 5)_L £ (5 |)| 5 ¢ 25 °
o1 A A 4y 6
M, =2E g LZHEH) 3(5_|M+o _5/_-'/95 25E/A1
I A DY I Iy . S L 4 r0 v 210 -8 /A
BC — g g T U0c— 5_|)|J+ —g B g c o5 2
Al A 2 4 6
/ 0 4 2
M., = 2/_-‘(7%2 0.+6, —3(7)} 0 - 75/80 + 75/90

A 0 2 4




Displacement Method of Analysis: Slope-Deflection Equations

Y, A, )] 4 2 6
M, =2E| =12 0. -3 =% 0 =—FElI0,+= —
PE 5 )| 6,+0. z |)|J+ c D+SE/05 2—5/:'/A )
Al A 2 4 6
M_ =2E =12 0,-3 =2 0 =ZFEl0,+=FEI0. ——
ED 5 _ 05"' D 5 |)|J+ 5 D 5 E ZSE/AZ
Equilibrium Equations
Joint B XMg=0
MBA+MBC+MBE:O
Y10, -SEinytE10, 42610, - S EIn,+ 2 E16,+ 2 E10, =0
3) 25 5 5 25 7 I
380£/6, +T0EIO, +50E/ 0 —42E/A, —42E/A, =0 @
JOINtE XM =0

Mg+ Mep+Mg=0

210, +2 610, + 2610, 4210, - L E1n, + 2 E10, S E1A =0
7 7 5 5 25 5 25

50£/6, + T0E/6, +380E16, —42EIA, —42EIA, =0 (2
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Displacement Method of Analysis: Slope-Deflection Equations

Joint C M=0
MCB + MCD:()
210, +2E16. - S E1n,+ 2 E19. + 2 E10, =0
5 5 25 7 7 .

70E16, + 24010, +50E16, —42E1A, =0 ) 7

Joint D XMp =0 Hg H.

2E10,+2E10, 42 E10, V2 E10, - S EIA, =0
7 7 5 5 25

50E/0,+ 240E16,+T0EI0, — 42EIA,=0

Top story 2Fy =0 ~l—>M 5 | Mpg
40 — Hg— He=0

40 KN—=»71C D

M g+ M g
5

HE —_ MDE :_)_ MED

H,=-

sm Sm

HB<_T, HE‘T

Mgpc Mgp | 71




Displacement Method of Analysis: Slope-Deflection Equations

200+ 210, +2E16. - L E1n, + 2 E10,+ 2 E10. - SEIn
5 5 25 5 5

25

+2 E10, +2E10, - S EIn, + 2 E10, +2 E10, - S EIA, =0 w0,
5 5 25 5 5 25
6E10,+6E10.+6E10, +6E/0; —48EIA, =-1000 (5)
80 kN
Bottom story 2Fy =0
H
40+80—H, — H, =0 -
. =—Meat Mas *
A 5
Mg+ M e
H.=- EFS = *2()1\\1—;L>
600+2£16, -8 F1n +°F10 ,—CEIn
5 25 5 25 Sm
4 6 2 6,
+2e10,-Sein 2 E10, - SEin-0
5 28 3 28 .
A
30E/0,+30E/0,— 24EIA, =-15000 (6) e
Map

Sm
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Displacement Method of Analysis: Slope-Deflection Equations

6 unknown and 6 equation

(380 70 0 50
50 0 70 380
70 240 50 O
0 50 240 70
6 6 6 6
30 0 0 30

—-24

Substituting in slope deflection equations

M 5= —184.4kN.m
M o= —115.6kN.m

M . = -31.6kN.m

M 5 =—68.4kN.m

_421(E10,) 0 El6,=171.79
a2 || Er0, 0 E/ 6.=79.80
42|10, | o El 0,=79.80
42 (| E16, |F Vo0 [T E0.=171.79
4811 EIA ~1000 ElA,=1054.46
0 ||£/a,] |-15000 EI A, =837.29
M., =147.2kN.m — _184.4kN.m

M, =147.2kN.m

M, =68.4kN.m

M . = 68.4kN.m

M g
M . = —115.6 kN.m

= —68.4kN.m

MDE
M, =-3L.6kN.m
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Displacement Method of Analysis: Slope-Deflection Equations

Example 10

— Draw the bending moment diagram. El constant

Degree of freedom
DOF = 3x4-6-3=3
That means we got three unknown &
we need three equations

Before we start let us discus the relative
displacement (A) of each span

2t/m

B

/

4dm

6m

!

D

75




Displacement Method of Analysis: Slope-Deflection Equations

The relative displacement (A) for span AB
is equal Axg — 0. = Apg (clockwise) —> Acp
C

The relative displacement (A) for span BC is )
equal 0. — Agc = —Agc (counterclockwise)

The relative displacement (A) for span CD Agc
IS equal 0. — (-A¢p)= Acp (clockwise) 600

Let us build a relationship between Apg, Agc & Acp
take Apg=A

Agc = Aag x SIN30 = 0.5A
Acp = Apg x €030 = 0.866A

So in the slope deflection equations we will use;
A as the relative displacement of span AB.
—0.54 as the relative displacement of span BC.
0.566A as the relative displacement of span CD.




Displacement Method of Analysis: Slope-Deflection Equations

Fixed End Moment
FEM ,,= FEM _,= 0.

2 x 4?

FEM zp=— = 2.667tm

FEM 5=2.667.m
FEM cp= FEM pc=0.

Slope Deflection Equations

/ A 2 2
rtZHB +0—3(%ﬂ+0 — ﬁE/HB —— E/A

3

[ —0.5A)| 1
M., = ZE(Z)VB +20. -3 /22 J+ 2.667 = 5/_-‘/05 + El0, +EE/A +2.667
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Displacement Method of Analysis: Slope-Deflection Equations

., = 2£( 120, +0-3( 280683, g 219, - 2% g1
6 )| 6 )] 3 6
M, —26(! [0+<9€—3 0.866A 1| 4 _Lgsq, - 0866 gy
6 )| 6 ) 3 6
Equilibrium Equations
Joint B XMz =0
Mg+ M 5=0
4., _2 1 3 _
ZEl0,—=EIAN+ElO,+=El0, +>£IA - 2.667 =0
3 3 2 16
112F16, +24E10, —23E/A=128 @
Joint C XM:=0
Mg+ M.,=0
LE0,+ E1G,+ f—GE/A +2.667 + %E/@C _ 9886 £y

24FE16, +80E/16, +2.072E/A =-128
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Displacement Method of Analysis: Slope-Deflection Equations

Third Equilibrium Equations (Method 1)

MAB+MDC—(MA j(ll) (M +ij(lz.gz)

-8(2)=0.0
21M ,, —22M ,, ~12.92 M., ~11.92M ,.—96 =0

345E/6,-3.1E/160.-38.375E/A =-144 @
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Displacement Method of Analysis: Slope-Deflection Equations

Third Equilibrium Equations (Method 2)

Third equation ZFyx =0 b
——H,y— Hp=0 M br/\//w
A
From the free body diagram for column CD B —| c
H =— MCD + MDC
° 6
Free body diagram for columnAB 'iA
——H, x2.6+(Mgy+ M 45)+V, x1.5=0
' H
Free body diagram for Beam BC El D
Vg x4+ (M g+ Mg )—2x4x2=0 Y
M, .+M Moc
V, = \/—( BC4 s) 1 4 Mg 2t/m %
_(MBA+MAB) 15|— (MBC+MCB) T
—> ", A 2 6 2 6 4 MCB
Ve
=0.

_»(MBA2+6MAB)+;';65|__(MBCZ MCB)+4:|+ MC‘D+ M pc —
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Displacement Method of Analysis: Slope-Deflection Equations

24(M g+ M 45)=9(M 5o + M5 )+10.4(Mp + M e )= —144

24 210, ~2EIn+ 2 E10, —EE/A\)—9(E/6?B +LE16,
3 3 3 3 2

3 1
+ = EIA-2.667+ 55/95 + E10. +f—6E/A + 2.667)

16

10, 4( 2 0.866 0.866

£10, 0886 £yp L ryg 0866 £yp ) _quy
3 5 /A7 6 )

34.5E10, ~3.1E16, ~383T5E/A=—144 (3

Solving the three equation

(112 24 —23 —”EIQB\ [128\ El 6,=3.11
24 80 2.072 Q‘Elﬁ %:i_128% > £/ 0= —2.71

()
‘L34-5 _31 —38375 j.LE/A 144

EIN=6.77
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Displacement Method of Analysis: Slope-Deflection Equations

Solving the three equation

2 - 05)
i B 2o IEG

El0
‘

}L34-5 oy 38375 L EIA

El9,=3.11
>  El0.=-2T1

EIAN=6.77
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Displacement Method of Analysis: Slope-Deflection Equations

Substituting in slope deflection equations

M 45=-2.44t.m

2.78
M,,=-0.36t.m
M g =0.36t.m 278
M, =2.18t.m
M., =-2.78t.m
M - =-1.88t.m
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Displacement Method of Analysis: Slope-Deflection Equations

Example

— Draw the bending moment diagram. El constant

4kN/m

7/u [[1]] i\{;\\

A § 7m
4/ \
A D |

Sm -~ ‘m s Sm

Before we start let us discus the relative
displacement (A) of each span
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Displacement Method of Analysis: Slope-Deflection Equations

The relative displacement (A) for span AB
Is equal Axg— 0. = Apg (clockwise)

Apc = 6110, Aco

The relative displacement (A) for span BC is equal
(— ;) — 0, =— (0% 0,) =— Agc(counterclockwise)

The relative displacement (A) for span CD
Is equal 0. — (—Acp)= Acp (clockwise)

Let us build a relationship between A,g, Agc &Acp
take Apg =A

Agc = 2(Apg % €0SO) = 2A x 5/8.6 = 1.163A
Acp=Apg= A

So in the slope deflection equations we will use;
A as the relative displacement of span AB.
—1.163A as the relative displacement of span BC. 5, =8, & A= Ang because of
A as the relative displacement of span CD. the symmetry in the geometry
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Displacement Method of Analysis: Slope-Deflection Equations

Fixed End Moment
FEM 5= FEM 4,= 0.

4x7°

FEMBC:_ = —16.33/(N./77

FEM .,=16.33kN.m
FEMCD: FEMDC: O.

Slope Deflection Equations

m,, =26 L (Aﬂ -2 r9,-—° _Fia
8.6 3( 8.6 73.96

\ ﬂ 4 6
M,,=2E| 1 26,+0- = T F19. -2 FIA
& )' ?( 86 2 73.96

Mo —oe( N0 1.3 L83V 1633 —4 0 2210 + 8978 £yA 16,33
BC L B C 7 7 B 7 C 49

6'9;8 EIA +16.33

M., = 25(7jr296 +0, —3(_1'1763Aﬂ+16.33 _ %E/QB +§E/9€ "
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Displacement Method of Analysis: Slope-Deflection Equations

Moy = 26| [29 +0- Mﬂ N7 R\
8.6 73.96
M e = 2] [0+«9 (Aﬂ -2 £, -5 _Fra
8.6 73.96
Equilibrium Equations
Joint B XMz =0
Mg, + M ;=0
4 r10,-—° _mia+2E10,+2E10, + 898 Fra_16.33-0
8.6 73.96 7 7 49
103.65£16, + 28.57E16. +6.13E/A=1633 @
Joint C XM:=0
M+ M. ,=0
2r10,+2£10, + 898 Fra+16.33+ 2 F10. - —° _Fra-0
7 7 8.6 73.9

28.57E10, +103.65£/6, +6.13E/A =-1633
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Displacement Method of Analysis: Slope-Deflection Equations

Third equation ZFy =0 m/‘//
6— H,— H,=0 5

Free body diagram for columnAB
——> Hy xT+(Mgs+ M 45 )+V, x5=0

Free body diagram for Beam BC H,,
5m |
VBX7+(MBC+MCB)_4X7X3_5:O ”””””” '
v Y
\/A:\/B:_ (MBC + MCB)+14 o vV MBC AkN/m
7 A<—€‘ é

_>‘..HA:_£/V/BA+/V/AB)_§ _(/\//BC+/V/CB)+14 v
7 I 7 B

From the free body diagram for column CD
HDX7+(MCD+MDC)_VDX5:O
vV, ><7—(/V/BC+ Mz )—4>< 7x3.5=0

(MBC + MC‘B)

V, =V, = +14




Displacement Method of Analysis: Slope-Deflection Equations

L H =—(MCD+7MDC)+ %{(MBC . MCB)+14}
w6—H,—H, =0

6x49+7(M s+ M 45)-5(Mge + Mg )+ T(Mop + M pe )=5(M 5o + M 55 )=0
T(Mpa+Mu5)+T(Mep+ M pe )=10(M g + M o5 )=—294

(2 £16,-—% _F1n+2 16, —LE/AJ 7( 2 F19.-—°_EIA
8.6 73.96 8.6 73.96 8.6 73.96
+ 2 Eg, —LE/A\J (ﬂE/QBﬁE/HC 1998 5n 1633
8.6 73.96 7 7 9
+2 210, +2 £10, + 8978 £/ +16.33 ) = —204
7 7 9 )
_3.688E/0,—3.688E/0, —5.12E/A=—-294 (3
Solving the three equation
(103.65 2857 6.13 ] ! El6 ] ”1633\ El0=18.897
28.57 103.65 6.13 |[{£/6.}=1-1633} > £/ 0= -24.603
|-3688 —3.688 -5.12|| E/AJ' | 204 | £1 A— 61532
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Displacement Method of Analysis: Slope-Deflection Equations

Substituting in slope deflection equations
M ,5=—-0.6kN.m

M 5,=3.8kN.m

MBC

M

CB

M o
M pc

=-3.8kN.m
=16.43kN.m

=-16.434AN.m
=-10.71AN.m

16.43

16.43
33 3.8

~14.4

10.71
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Displacement Method of Analysis: Slope-Deflection Equations

Exercises

* Problems (Page 466): 21,22,23,24
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