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SLOPE DEFLECTION EQUATION () q
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The end-moments of Figure (a) = );( end Moments of Figuresb +c+d+e)
Thus:

Map = FEMap + (=55°) + (+ 572) + (572) = 26() [20a + 05 - 3 ()] +
FEM g

6EIA 2E10, AE10g
MBA=FEMBA+<_ LZ >+(+ )"‘( L )

L
I A
= 2E (E) [zeB +0,— 3 (I)] + FEMg,

Note:

A
Y,p = Chord rotation of beam = Wg, = (I) = (f H; E‘CNW
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Example 1: Beam (no settlement, no-sideways effects)

Step 1: Identify all geometrical unknowns
(Such as rotation, translation at certain joints)

1 unknown = 0.

Step 2: Obtain the corresponding number of equation(s)
(Hint: by writing equilibrium eq(s) at the same place with P 12 ., 98

the unknowns! )

ZMBZOHMBA‘F MBC:() (50)

Step 3: Applying the slope Deflection Equation (SDE) formula to Eq.(50)

=25 3oy ) \M\ e

Zero

= CV-\F/24‘

Mpc = 2E (% zeB+// 3(\},& \ (53)

PL —(20%(16)
- 8w

Hence: 2\13( )[zeB] + 2§+\2E( )[zeB] 40=10 (51)

Mga Mg

Step 4: Solve for all unknown displacement and/or rotations (see Eq.51):

Og = + — (54)




Step 7
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Step 5: Solve for all the end-moments, by referring to SDE Formula:

192

4E1(0p= —=
Mpa = %+ 24 = 33.13%M" And M = ZEllfB _
24 =ccw 19.43
4EI(0p= 222
Mpc = % 40 = —33.13 And Mg = ZEIGB + 40 = 43.43

Step 6:

Support reactions can be found from Free Body Diagrams (FBD) and statics equilibrium.
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Example 2: SDE with settlement for 2-D frame (units = K, ft.)

= Chord rotation for member BC = W = =
ft s
12ft 144 PlCE

3 :
Settlement at support E = A= 3" | = (E) ft aj_l_r_ 1
R )T

(€21 i)
From SDE formula: (£, 21,6") |
M ZE( : )[e L \ l‘: '
AB = 1o )¥Bl = (757 = ' /
12 12 _,_,/.I,,_/,’L -'7£J7 lia
d=¢3
M ZE( : )[ze 1+ L _ 24 Gl i
M —2E<I>_29 + 80— 30w, = 2 2]+ (FEMy, = L _ 24
BC = 12)|°%8 C (BC_L_144) ( BC — 17 = )
Moo = 26 (LY 26, + 6. — 3+ (] 4 FEM.. = T _ 14
= —_— —_ * (—— = —
cB (12>_ ¢cT "B (144)] (FEMcp 12 )
55)

\
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e 2 unknowns: Oy, 0¢ ?

e 2 equilibrium equations :

&

XMp=0 ~_Mgy+ Mpc+ Mgp (56)

(_:l_ﬂ
XMc=0 ~ _Mcg+ Mcg (57)

e Substituting Eq. (55) into Egs. (56, 57) , one obtains:

0= f,(0g,0¢) (58)

0= fz(eB; GC) (59)

e Solving Egs. (58, 59) simultaneously to obtain:

Og = known, (60)

6c = known, (61)

e Substituting Egs. (60 & 61) into Eq. (55) to obtain all end-moments.

¢  From FBD of member(s) and joint(s), and using statics equilibrium Egs., to get all
support reactions!
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Example 3: SDE with Side-Way Effects | 4 S
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From SDE formula:

| +A PL
MAB = 2E (ﬁ) [BB — 3(LPAB = T)] + (FEMAB = —? = —12)

M —ZE(I>29 3A+ 12
BA ™ 12 [ B 12] (12)
21
Mgc = 2E 1—6> [265 + O] >
(62)
21
Mg = 2E E) [26c + 65]
M ZE(ZI) 0. — 3(w 4
DC — 12 i C ( DC — 12,
M ZE(ZI) 20, — 3 A
CD — 1 i C 12 j
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Free Body Diagrams and Static Equilibrium:

B
e From FBD of column AB:
ca , B .
ZMBz 0= Mga — (8%)(6) + Mpp <}V
’ 'lfSA
+ (V)(12) )
gr —>
48Kt —Mp,— M
Thus: V, = 1‘32A AL (63)
Mg
¢ From FBD of column DC:
Gﬂ ’
D Mc=" 0= Mep+Mpc+ (Vp)(12)
—Mcp— Mpc
So: Vp = — o (64)
e Substituting Eq. (62) into Egs. (63 and 64) to get:
Va = £1(0g,4)
(65)
Vb = (8¢, )

c
Mcp
c
Ve
T



Duc T. Nguyen

e System Equilibrium at Joint B:

2 Mg = Mpc + Mgy =0 (66)
e System Equilibrium at Joint C:
2Mc = Mcg+Mcp =0 (67)
o System)Fy,= +8%—-V, -V, =0
or: 8% —f,(8g, A)—f,(0c,A) =0 (68) )
% Substituting Eq. (62) into Egs. (66 and 67) to obtain: >
21 I 3Aft Kft _
2E (2)[205 + Oc] + 2E ()| 205 — 27| + 12Xt =0 (69)
21 21 34’
2E (2)[26c + 0g] + 2E(2) | 20¢ — 2] =0 (70)
+«+ Simultaneously solve 3 Egs. (68 —70), one obtains:
Og —7.351/EI\L
0c ~=< 19.959/EI (71)
A 256.734/E1J
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Substituting Eq. (71) into Eq. (62) to get:

“h T
Myp = —23.956 (orccw ) And Mgy = —1.214(ccw )

i
Mgc = +1.214K% (orgyy ) And Mg = + 8.092

Mcp = —8.092 And Mp¢ = -14.742

® Draw moment@ Diagram.
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