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EXAMPLEl

Draw the shear and moment diagrams for the beam shown in Fig. 11-10a.

EI is constant.

6 kN /m
'-IA B I
| E
: B n1—+— 6m——r
(a) (b)
Fig. 11-10
Solution

Slope-Deflection Equations. Two spans must be considered in this
problem. Since there is n#o span having the far end pinned or roller
supported, Eq. 11-8 applies to the solution. Using the formulas for
the FEMs tabulated for the triangular loading given on the inside back
cover, we have

wL? 6(6)
FEM)ge = ——— = ———— = —72kN:
( )Bc 30 30 m
wI?  6(6)
(FEM)cp = S 10.8 kN -m
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EXAMPLE ‘M1 Sfeldilifs I

Note that (FEM)pc is negative since it acts counterclockwise on the
beam at B. Also, (FEM) 5 = (FEM)p, = O since there is no load on
span AB.

In order to identify the unknowns, the elastic curve for the beam
is shown in Fig. 11-10b. As indicated, there are four unknown internal
moments. Only the slope at B, #, is unknown. Since A and C are fixed
supports, 84 = - = 0. Also, since the supports do not settle, nor are
they displaced up or down,#r 4 = g = 0. For span AB, considering A

Prof. M.Samara

ETCEXNICT continuec)

to be the near end and B to be the far end, we have

I
MN = ZE(E)(ZBN + 9;: = 3{{1) + {FEM]N

Map = ZE(é)IZ(G) + 85— 3(0)] +0 = %93

(1

Now, considering B to be the near end and A to be the far end, we have

In a similar manner, for span BC we have
Mpe = zE(é)[zaB +0-3(0)] —72= %93 —72 @

Mcg = 2E(§)[2(0) + 8z — 3(0)] + 10.8 = %&B +108 (4)

November 22, 2023 Structural Analysis Prof. M. Samara
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Equilibrium Eguations. The above four equations contain five
unknowns. The necessary fifth equation comes from the condition of
moment equilibrium at support B. The free-body diagram of a
segment of the beam at B is shown in Fig. 11-10c. Here Mg 4 and Mp-

vBL

Mzc

(t=)

are assumed to act in the positive direction to be consistent with the  py f Vg
slope-deflection equations.* The beam shears contribute negligible B,
moment about B since the segment is of differential length. Thus, (©)
(+EMz=10; Mgy + Mpc =10 5)
To solve, substitute Egs. (2) and (3) into Eq. (5), which yields
617
B EI

Resubstituting this value into Egs. (1)-(4) yields
Mg = 154kN-m
Mgy = 3.09kN-m
Mpge= —3.09kN-m
Mcp = 1286 kN -m

November 22, 2023 Structural Analysis Prof. M. Samara
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9 QRO - (Continued)

The negative value for M g, indicates that this moment acts counter-
clockwise on the beam, not clockwise as shown in Fig. 11-10b.

Using these results, the shears at the end spans are determined
from the equilibrium equations, Fig. 11-10d. The free-body diagram
of the entire beam and the shear and moment diagrams are shown in
Fig. 11-10e.

6kN/m
N - 13.63 kN
1.54L.N m B, —DS?DkN 1-54LN‘m /(mm )
0579 kN sk 12.86 kN-m
Ay —DSTQkN &1 309kN m V (kN) 1
437

0o 14 x (m)

—0.579

6 kN/m

B, —43',"kN C—1363LN
) 547 —13.63
M (kN-m) —12.86
3.00 kN ‘m 6 m 1286LN-m

-300
(d) __— |\ 109 *(m)
154 [T 267 N/
©
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EXAMPLE %2

25

Draw the shear and moment diagrams for the beam shown inFig. 11-11a.
ET is constant.

40 kKN/m 60 kN
|
| i
Solution (a)

Slope-Deflection Equations. Two spans must be considered in this
problem. Equation 11-8 applies to span AB. We can use Eq. 11-10
for span BC since the end C is on a roller. Using the formulas for the
FEMs tabulated on the inside back cover, we have

wl? 1 - _
E = e = — 2 = — .
(FEM) 45 TR (40)(6)> = 120 kN - m
sz 1
(FEM)g4 = S a (2)(40)(6)2 =120 kN - m

Prof. M.Samara
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Note that (FEM),; and (FEM)ge are negative since they act
counterclockwise on the beam at A and B, respectively. Also, since
the supports do not settle, i 45 = Wpc = 0. Applying Eq. 11-8 for span
AB and realizing that 84 = 0, we have ' N

MN = ZE(é)(ZGN + BF - 3!,[!’) + (FEM)N

Myp = 2E(§)[2(b) + 6 — 3(0)] —120

M,y = 0.3333E165-120 EERA &)
My, = 25(—‘;)[293 +0 - 3(0)] +120
Mg, = 0.667EI6y + 120 @

Applying Eq.11-10 with B as the near end and C as the far end, we have

My = 35(—,‘}) (O — ) + (FEM)y

1
Mpc = 3E(§)(33 —-0)-225
MBC = 1.5EIBB - 22.5 (3)

November 22, 2023 Structural Analysis Prof. M. Samara 27

ETXEIRICTR continuec)

Equilibrium Equations. The above three equations contain four Ve, Mpc
unknowns. The necessary fourth equation comes from the conditions (' ] J)
of equilibrium at the support B. The free-body diagram is shown in 7, ﬁj

Ve
Fig. 11-11b. We have B,
(+ZMp = 0; Mpy + Mpc =0 “@ (b)
To solve, substitute Egs. (2) and (3) into Eq. (4), which yields
45
= =
4 EI

Since 6 is negative (counterclockwise) the elastic curve for the beam
has been correctly drawn in Fig. 11-11a. Substituting 6 into Egs. (1)-

(3), we get
MAB_': -135kN -m
MBA =90 kN + I
MBC =—90 kN - m

Using these data for the moments, the shear reactions at the ends
of the beam spans have been determined in Fig. 11-11c. The shear
and moment diagrams are plotted in Fig. 11-114.

November 22, 2023 Structural Analysis Prof. M. Samara 28
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Va=1275KN | MOEN SN 60 kN

—————— - —75kN|
T) — lvc—lskN

135 kN- m|-—3m—+—3m 90 kN-m 901(N mpb

v (kN)
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127.5
x ()
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EXAMPLE N3

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*.

(a)

8kN

Solution Fig. 11-12

Slope-Deflection Equations. Only one span (AB) must be considered
in this problem since the moment Mp- 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.

i | Thus,
U 0.08
Tipal B Vs = ¥pa =~ = 002 1ad
The stiffness for AB is
(b) I 5(10°) mm*(107*?) m*/mm

S R = 1. 0%) m3

k L ey 1.25(107°) m
November 22, 2023 Structural Analysis Prof. M. Samara 30
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30 Q. "R B (Continued)

Applying the slope-deflection equation, Eq. 11-8, to span AB, with
64 = 0, we have
/s
My = ZE(Z)(ZGN + 6 — 3) + (FEM)y
M 45 = 2(200(10%) N/m?)[1.25(107°) m*][2(0) + 65 — 3(0.02)] + 0 (1)
Mg, = 2(200(10°) N/m?)[1.25(107°) m?][205 + 0 — 3(0.02)] + O ?2)

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

M“U 1)8000N(3m) (+E=Mp =0, Mg, — 8000N(3m) =
Substituting Eq. (2) into this equation yields
1(10°)85 — 30(10%) = 24(10%)
6p = 0.054 rad
© Thus, from Egs. (1) and (2),
M,p = —3.00kN-m
Mg,y = 240kN-m

November 22, 2023 Structural Analysis Prof. M. Samara 31

30 kN
10 kNfm
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6m | 9rn—-|—4mA|

FEM 5 = FEMg,y =0 : : ET = constant
10(9)*
12

(a) Continuous Beam

FEMge = = 67.5kN-m |
' . 120 kN-m ( 'C—D
FEM¢p = 67.5 KN—m ) _ : by
(b) Statically Determinate
Cantilever Portion

KN
10 kN/m : ‘)mm-m

AH1 : BHHH!HW

(c) Statically Indeterminate Pa.rt to be Analyzed

“(a),,  gymes
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Mp = 2%(9“) — 03336165

2ET
My, = T(Zaa] =

2E
Moc =5

0.667EIf5

I(Eﬁs +0c) — 67.5 = 0.444ETg + 0.222EI0: — 67.5

Mey =27 (20c +85)+ 67.5 = 0222E16 + 0444E0 + 67.5

Mgq+Mpe=0
Mep+120=0

M5 = 0.333(+41.25) =
My, = 0.667(+41.25) =

L111EI8g + 0.222Elfc =+67.5  Elfp =+41.25 _kN-—m"

0.222E16 + 0.484E16¢ = +52.5  EIfc =+97.62 kKN-m®
13.7kN-m )
27.5kN-m )

+13.7 kN-m
+27.5 kN-m

Cor

or

Mie = 0.444(+41.25) + 0.202(+97.62) — 67.5

Men = 0.222(+41.25) + 0.444(+97.62) + 67.5
Novembgzz i% kN-m

=27.5 kN—m:J

Prof. M. Samara 33
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a5 Qg Y Jlas
Analysis of frames: No Sidesway
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EXAMPLE 16

3 W "R DR (Continued)
a5 @45
8 e 36
8
8
Applying Eqs. 11-8 and 11-10 to the frame and noting that 8 4 = 0,

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=200GPa

30 kN

(a)

November 22, 2023 strlidtaral Analygis Prof. M. Samara 37

Solution

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
3 12 12
= 1600109(107%) =35.56(10) m? kep = 80(10:)§10_ ) = 17.78(10'6) m?

kAB

G -12 (6 —12-
k —32'3(“3}(10 ) 6667010 m? k= 22PUDOADT s 0310

BC

The FEMs due to the loadings are
P_SL =— —30(4'8) =—I8kN-m
(FEM),., = fé’: - 30(;'8) —18KkN-m

2 2
(FEM)Cﬁz—% __ 0B giiN-m

(FEM),c = -

tiag = e = Yicp = g = 0 since no sidesway occurs, we have
My = 2Ek(28y + 6 — 3¢) + (FEM)y
Mg = 2[200(10‘5)](35.56)(10'5)[2(0) + 63 3(0)] +0 -
Myp=1422228; 1)

November 22, 2023 Structural Analysis Prof. M. Samara 38
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(continued

My, = 2[200(10%)](35.56)(1075)[285 + 0 — 3(0)] + 0
Mg, = 28 444.465

Mpc = 2[200(10%](66.67)(10°9)[26; + 6~ 3(0)] - 18
Mpc = 53 333.36; + 26 666.676, — 18

Mg = 2[200(10%)(66.67)(10°%)[26¢ + 65 — 3(0)] + 18
Mcp =26 66.6‘67195 + 5333336 + 18

My = 3Ek(6y — ¥) + (FEM)y

Mcp = 3[200(10%)](17.78)(10°%)[8- - 0] + 0

Mep =10 666.76,

Mg = 3[200(10%)](72.22)(107)[ 6, - 0] - 81

Mg =43 33336--81

November 22, 2023 Structural Analysis Prof. M. Samara

0 QV.W U R O (Continued)

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

Mpsa + Mpc =10 (7) %Mu

@)

®)

(5)

(6)

39

Mcp + Mcp + Mcg =0 (8)

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

81 777.76% + 26 666.76; = 18
26 666.765 + 107 33336, = 63

Solving these equations simultaneously yields

85 = 3.124(107%) rad B = 5.792(107%) rad

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

(b)

Myp=0444 kKN - m Ans.
Mp, =0888%kN - m Ans.
Mpe=-0888 kN - m Ans.
Mep=497kN-m Ans.
Mc;=618kN -m Ans.
Mcg=559kN-m Ans.
November 22, 2023 Structural Analysis Prof. M. Samara 40
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Q,.,\Slel\ cLY CARREARIS AN
Analysis of frames: With Sidesway
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3m——— 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 Csince 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 6 at joint B.* Due to A, the cord members AB and CD
— @ A, T rotate clockwise, iy = Y 4p = Ypc = A/4.Realizingthatf, = 0, = 0

Fig. 11-20 and that there are no FEMs for the members, we have
My = 2E(%>(29N + 6p — 3111) + (FEM)N
Myp = 2E(§)[2(0) 0y ~3P] #0 N
| I
My = 2E(5 )25 + 0 - 3p) + 0 @)
(b)
November 22, 2023 Structural Analysis Prof. M. Samara 43

T (continuee

I
My =35(L )0y — ) + FEM),
1
Mpc = 3E(§)(93 -0)+0 3)
1
e Mpc Mpc = 3E(4)(0 -y)+0 4)
Equilibrium Equations. Moment equilibrium of joint B, Fig.11-20c,
requires
© Mza Mga + Mgc =0 ®)
M If forces are summed for the entire frame in the horizontal
B4 Ve direction, we have
V,
? FIF, =0 0-V,-Vp=0 (6)
As shown on the free-body diagram of each column, Fig. 11-204, we
have
Mup+ M
SMp=0; Va= -~
SM;=0; Vp=-— #
V, - Vp
Myp Mpc *The angular displacements 6¢cp and 6¢p at joint C (pin) are not included in the
@ analysis since Eq. 11-10 is to be used.

Prof. M.Samara 22
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TS continuee

Thus, from Eq. (6),

Mg+ Mpa + Mpc =
4 4

Substituting the slope-deflection equations into Egs. (5) and (7)
and simplifying yields

10 + 0 7

68 = %l’l
EI(3 15
10 + T(EBB - TI!I) =0

Thus,

240 320
“2Er VT 2uE
Substituting these values into Egs. (1)-(4), we have
Map=—-171kN'm, Mgy = —-114 kN-m Ans,
Mpc=114kN-m, Mpc = —114kN-m Ans.

Op

November 22, 2023 Structural Analysis Prof. M. Samara

[
EENIIEECER (continues

45

Using these results, the end reactions on each member can be
determined from the equations of equilibrium, Fig. 11-20e. The
moment diagram for the frame is shown in Fig. 11-20f.

3.81 kN 381 kN 3.81 kN

2.86 kN
—am— Y
10kN 286 kﬁ_‘t— 286 kN

11.4 kN-m 11.4kN-m

114kN-m
381 kN

7.14 kN
3.81 kN

286 kN
3.81kN

114N m 114
714N

286 kN
114 kN'm

3.81kN
7.14XN

171N'm 171
381N © ®

114
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EXAMPLE M9

A+ 4y A+ Ay

(a)
Fig. 11-21

November 22, 2023

ETXERERTR (contine

Slope-Deflection Equation.

Explain how the moments in each joint of the two-story frame shown
in Fig. 11-21a are determined. ET is constant.

Solution

Applying Eq. 11-8 to the frame yields
Mup = ZE( )[2(0) + 60— 3] +0

{ [265 + 0 — 3yy] + O

Mpa = 2E( 3

)
)[ze,, +0c =30 + 0
-25(3)

(s
Mgc = 2E(
(

W~ |~

[26¢ + 65 — 3] + 0

Structural Analysis Prof. M. Samara

Since the supports at A and F are fixed,
Eq. 11-8 applies for all six spans of the frame. No FEMs have to be
calculated, since the applied loading acts at the joints. Here the loading
displaces joints B and E an amount A;, and C and D an amount
Ay + A, As a result, members AB and FE undergo rotations of
Yy = Ay/5 and BC and ED undergo rotations of i, = A,/5.

2
©)
“)

47

Mpg = 2E

<]
]
I
&
I Ty i e s

T N Y N T Y e [ S N S TS T

N N S S N N Nt Naa”

MEF=2E( [20g +0—3yy] +0

These 12 equations contain 18 unknowns.

[26¢c + 6p — 3(0)] + 0
[26p + 6c — 3(0)] + 0
[265 + 6 — 3(0)] + 0
[20 + 65— 3(0)] + 0
[26 + 6p — 3] + 0
[26p + 6 — 3yn] + 0

[2(0) + 6 — 3yy] + 0

®)
©)
)
®
©)
(10)
(1)

(12)

November 22, 2023
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EXAMPLE 19 H{(estifs )
) Mo (MDC 40 kKN
c [j: tﬁ} D
M,
~—F Mes ~— Mpg ‘
Vac Ve
Mpc Mgp ‘
= V
B D:I)MBE Mﬂ,(c{i E
40 kN
~—F ~— Mgp
Mgy
(b)
SN
Equilibrium Equations. Moment equilibrium of joints B,C,D,and E,

Fig. 11-21b, requires Vap Vee I
Mgy + Mpg + Mpc =0 (13)
Mcp + Mcp =0 (14) (©
Mpe+ Mpg =0 (15)
Mgp + Mgg + Mgp =0 (16)
November 22, 2023 Structural Analysis Prof. M. Samara
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(continued

As in the preceding examples, the shear at the base of all the columns
for any story must balance the applied horizontal loads, Fig. 11-21c.

This yields
t sk, =0 W= Ve = Voiyi=10
i Mpc + Mcp g, Mgp + Mpe _ 0 a7)
5 5
fsF. =0 4080 = V45— Vs =0
120 + Mas : Mpa , Mer ; Mez _ g (18)

Solution requires substituting Eqs. (1)-(12) into Eqgs. (13)—(18), which
yields six equations having six unknowns, sy, i, fp, ¢, Op, and Hg.
These equations can then be solved simultaneously. The results are
resubstituted into Egs. (1)—(12), which yields the moments at the
joints.

Novernber22;2023 StroctaratAnatysis Prof-M-Samara
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Example

For the frame shown use the slope-deflection method to
determine the end moments of the members and draw the
bending moment diagram

40 kNem

November 22, 2023 Structural Analysis Prof. M. Samara 51

3Pl 3xUBAS — L
Flillpe=t == 16 45/wm
-a'dl__%)('zs
Y FEMBc="3 = =S b
Pap= ‘7;:5?(073-0)'}'[}5' e HIBA:4’5 ETgy+ U5, ©
— {.5E i
“Bc=3"%5f(:%—o)¢zs =y Hgg2l.5E8d =83 ;@
- = ] E‘
- 2%3E5 (g0 -3V )0 = Mgp = 3ET&p - ks €Y
MBD ] . Erf, ~“HSELY O]
'Z_xSEI(D+& —31)+o —= HDB: 4.5 B
HDB= T B8
Uo
45 - = ©
Map 4 DﬂBc — Mga + Mpe + Mpo= Lo
A
3o P
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gw(cs(n‘&w{ﬂ‘vg, Q). @cmg/{O l,th,—O@ 651&7 -5 El—'\}} ~20 =0 @

Al —h,é_
ffﬂ» = \/DAU+H.BDfMBB:a-;>
V;D =)
- g ¥ M =
P e Mo, < Hop spt Mos ®

Sabsis k»\)ﬂyy éjwf@@,@@:) U568 -9 Ly ==
By @ed® = Eroy=5334 Ervy=2.467
Swbstr by +hy Jn?c-@-»@jﬂ/g
Mga =536 A/m
Hae ==tfus B

52

Map = 4.0
HD B=7 e
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Using the slop-deflection method determine the end moments
of the members of the frame shown below and draw the
bending moment diagram of the entire frame. El is the same

throughout. _ 40 KN/m
2 (LT, S

E

o~
E
60 kN ”
a4
E r

“ly
ﬂ'lLﬂ am
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40 kNfm
}_2 T
-
b E
60 kN = =
4
E r
o
1
RN

_ &o
el —FEH, = Sory _ 30 bu/m

]féf‘LLB: - F'Ef'f?z'—_ T

M= ?g(wg/ + @ -3V )r EEM
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ﬁ = zg('a""'d;_ ‘3’-\'{1)’3‘9 @ H.flc a_sE[é..l,\’LSé‘I'\H{—S'BO(B
1z

%
+ 30
M, = 3%(2&3-3'\;{;30@ M, = EXd - 11 ET s @

_ "
UL(28:8)-53.33 P = £18 05675 3 &
L’ .

My =
= ¢% +53-33
M. = LB (2844 Ya $3.3377 M, = osEr8 + EFG @
72T U |
Ler < _ 2EI‘ @
2€L (nd+0—3¥,) = M= T 7 ¥,
Moy= 7 3

wry e, @
3

i H =
H“'J_ 'Z;.-E—;(g_‘\—%’? /\{'\’“) = Y3

" - 33
‘ B_‘? M, Hys=© = ?,GL’%—!-O-SEF‘%—HUEI'LBq 23:3 =
—Jdy — H, D _
3

Moy |
Q WSELC, + ’-{'—ET%.-KEI"\.@VﬂrMo = @
M

—\ Mt M3=2 &=

2

Hsy
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”L{\__)(*_ \4’__'1_7. f‘rglf
\"“u
b
M. Y U‘T’c
Vie S ey
4 20 M~
Sheo= v,,y+\{,;6°® (Sth=o = Vo= = @

#,CZMS:B - Vq.s - - H,?g_ ”“B

> O

€v\l;>s+1‘h¢hay_e7k, 17 ool 43 ot eql; "=
3(“11"’ H;Lr)'f"*(ﬂ3w—r HLIS-Y)':'; 36 @
5\»-)95411-\»1-1'3\.0)@,@’@.%6!@ ":j”@___;>

4.5 ETE + 8ELS, - 22-Fsny, = —36. @)
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S‘afwa«? ;—,L:@/@Mo/@-:é EIg =106, FrQ=-1496

Er'\ngis.Blf
§w‘=5hf&l—;%’{'h;¢_wﬁ—€qﬂf@—r@ = ‘

nn. ==35.72% 1€A/m, ; I"f;_, - 36.7 ,gﬂ/,,, 5 H?-} = -3’0’-?—-’-’{//,”

M,_=sas'¢" 3 My —sos Em 7 Hy= -to-62 7
3 3y 2 .

35:}% — so.S

'Bena/
ﬂgw\-%’&
2—‘4\& , 1027 youn

i Lo.by

3523
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EXAMPLE

Determine the moments at each joint of the frame shown in Fig.11-22a.
EIT is constant for each member.

30 kN/m

22 November 2023

(b)

November 22, 2023 Structural Analysis Prof. M. Samara 59

Solution
Slope-Deflection Equations. Equation 11-8 applies to each of the
three spans. The FEMs are

wil? 30(3.6)*

(FEM)pc = ==~ = 5= 324N m
wL?  30(3.6)2
M)y = — = = .
- (FEM)cp % 12 324 kN -m

The sloping member AB causes the frame to sidesway to the right -
as shown in Fig. 11-22a. As a result, joints B and C are subjected to
both rotational and linear displacements. The linear displacements are
shown in Fig. 11-22b, where B moves A, to B’ and C moves Aj to C'.
These displacements cause the members’ cords to rotate o, i3
(clockwise) and —, (counterclockwise) as shown.* Hence, '

A A A
~_ ¢1=T1. #'12:—3—% lﬂsz?z

November 22, 2023 Structural Analysis Prof. M. Samara 60
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As shown in Fig, 11-22c, the three displacements can be related. For
example, Ay = 0.5Aand A; = 0. 866A1 Thus, from the above equatlons
we have

. Yo = 0417 s = 04334
Usmg thesc results the slope-deflection equations for the frame are

November 22, 2023 Structural Analysis Prof. M. Samara 61

M;B - ZE(%)[Z(O) N 9}; . 3']b1] +0 G (1) .
My, = 2E(é)[293 0 =3 +0 o @)
Mye = 23(3%)[293 + 00— 3(—04179)] - 324 (3)
Mcg = 2E(3i6)[2ec + 05 — 3(—-0417y)] +324 (@)
Mep = '2E(—é—)[zec +0 - 3(0. 433.;:1)] +0 (5
Mpe = 25(%)[2(0) e 3(0433u)] 40 (6).
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Mgy + Mge =0 @]
Mcp + Mep =0 (8)
[+ZMg =0

Mg+ Mp.~ (M“%Mr&‘) (10.2) - (AM) (12.24) — 108(1.8) 0 72m /

’I
. /’
i’
’
/

—24M 45 — 34AMpa — 2.04Mep — 1.04AMpe — 1944 =0 (9)"

Il

/108 kN

6.23

22 November 2023

Sm

9.72
0.73305 + 0.1670c — 03924y = s
016705 + 0.5336¢ + 0.0784y = ——-
5832
~1.84005 — 0.5120c + 3.880¢ = —— Mm;sz ‘Ha
Na
El6y =3551 EI6-=3333 Elyjy = 2747
Mup=-313kN mMgc=760kN mMcp=-342kN -m y _ MDCG'*'MCD
Mpgy=-760kN -m Meg =342 kN -m Mpc=-23.0kN -m MDC4/

November 22, 2023 Structural Analysis Prof. M. Samara (d)

Prof. M.Samara

Np

63

32



	Slide 1: طرائق الانتقالات في التحليل الإنشائي  Displacement Methods of Analysis
	Slide 2:   درجات  الحرية      Degrees of Freedom 
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7: معادلات الميل والسهم Slope-Deflection Equations
	Slide 8: زاوية الدوران في A  Angular Displacement  θA
	Slide 9
	Slide 10
	Slide 11: Angular Displacement  θB B    زاوية الدوران في   
	Slide 12: حالة انتقال نسبي Δ  بين طرفي جائز موثوق
	Slide 13
	Slide 14: عزوم الوثاقة Fixed-End Moments (FEMs):
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19: معادلة الميل والسهم Slope-Deflection Equation
	Slide 20: مجاز طرفي ذو استناد بسيط Pin-Supported End Span 
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35: تحليل الإطارات بدون انزياح جانبي  Analysis of frames: No Sidesway 
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41: تحليل الإطارات ذات الانزياح الجانبي  Analysis of frames: With Sidesway 
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63

