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Question (1): (12 Marks)
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(@) Due to symmetry, only part abc may be afvvvyvivyvgh <

analyzed. The simply supported moment
diagram on ab is as shown. !

The moment at b, b c
_ — a 0 M
Mp = -15(2.5)-15(1.5) = -60 kN.m Mﬂu ) 0
Applying three-moment equation at a $ J

(for spans a,a and ab):

4.0m 15 | 1.0

r, =400/3 r, =400/3

2Ma('—ab) + Mb(Lab): _6rC

2M, (4) + (~60)(4) = —6(400/3) = —800 L 60 kN.m
> M,=-70 KN.m ‘ m\ Loo /{(ﬂ 5

The bending moment diagram is as shown.

g
|

11.25 kN.m

(b) Applying the three-moment equation at a: (note that A, = 0, A,= 10 mm = 0.01 m and M, = 0)

2M,, (4) + (0)(4) zea((Aa—Aao)+(Aa—Ab)j ZGE,((0—0)+(0—0.01)j

8M, =—0.015EI

" :_0.015; 37333 __ouNm

a

| Percentage increase in M, = (70/70)x100 = 100 %I

70 kN.m

60 kN.m 60 EN.m

| 11.25 kN.m |
35 kN B.M.D 35 kN.m

With my best wishes
Dr. M. Abdel-Kader



Question (2): (12 Marks) C
a b
X1 Main System
B MoMl N with Redundant 3m
Sp=| el dL 900 kN.m X; (Moment at a)
171 3 j 50 kKN/m
:—(—x6x900j(——x1) o I EEEEEEEEEEEEEEY S
ElI|\3 4 1c d
~ —1350 | 6m |
El 1 KN.m 337.5 kN.m
| 010 = -1350/El I
o= jMé'lv'ldL
210 1 ) B.M.D
—[(—xlej(—xl
Bl 2 3
_____________________________________________________ d

511 = 4/EI I

S -1350

So+ X0, =0 > X, =—--2-= —, ~3375 kN.m

11

Ma=Mao + X1 Maz= 0 + (337.5)(-1) = -337.5 kN.m
¢ = Mg + X1 Mer = 900 + (337.5)(-1) = 562.5 kN.m

Miax+e=31.64 kN.m

X, =M, =337.5 kNmo

) 900 kN.m
Question (2):
Another Solution: | o —
M M Aa _ b}
Sp= [—2—+dL Main System
El with Redundant
2 1 X; (Moment at c) 3m
(——XGXZZS)(—X]_) x - 0 Xl
_ 1L 3 2 ! 50 kN/m
El 1 2 | FUREEEEEEEEEEEEEY O
+(—Ex6x900j[§xlj ( %C -
 —2250 | om |
- E 337.5 kN.m
| S0 = -2250/El I
2 (1 5 562.5 kN.m BMD
Eal— _X6X1 _Xl .....
o] n | fl
= i Mmax+ve=31.64 KN.m
El X;=1 kN.m
0. _
S0+ X0, =0 2 X, =—§—1° =— 2550 =562.5 kN.m | X, =M, =562.5 kN.moI
11

Me=Me+ X M= 0+ (562.5)(1) = 562.5 kN.m
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With my best wishes
Dr. M. Abdel-Kader



Question (2):

. 1 ]
Another Solution: 1 B = T
0 l Main System 1
M Ml with Redundant X1
Sp=| dL 900 kN X1 (Force in link member bd) 3m
.m 0 X
11 3 | T 50 kN/m 4
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S, —
S+ X3, =0 > X, =-20 _ 7810 _goo5 4y [ X, = Fos =5625 kNI
511 144

Ma =Mao+X; Moy = 0+ (56 25)( 6) =-337.5 kN.m

c Muacave=31.64 kN.m

Question (3): (12 Marks)

D 6 kN

16 kN;

i=mN i Ny L i=nN,; Ny L
Sp= >—2 17 =36 and = Yy 4T -3
is1 EA i-1 A

Ocn =019 + X161, =0
X1 (X1= Cy) can be obtained from the above equation as follows:

) —36 _ | I
)(1 = _éj -> X1 = 6 +6 kN Xl :Cx =6 kN « With my best wishes

Dr. M. Abdel-Kader
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Question (4): (12 Marks)

- Unknown displacements: only 6,.
- The static equilibrium equation required to determine this unknown is

dMa = Map+ Mg+ Mag + Mge = 0
Note that Mag and Mg, are determined; Mag =0 and Mg =-120 KN.m
Fixed end moments:
M =MFp=0 and MTpe=M,=0
The slope deflection equations are:

M =M§b+%(29a+0b+3y/ab) = 0+2E4(') (26, +0-0)=Elg, e
2El 2E(21)
MaC=MaFc+T(20a+t9c+31//ac)=0+ 5 (26, +0-0)=EIl4, 60%20

M, =0 and M, =-120 kN.m
30

Substituting into the static equilibrium equation,
>M, =My +M,+M, +M, =EIf, +EIf, +0+(-120)=0
| Final Moment (kN.m) | go

2E16, =120 6, =60/El 2 b3

Back-substituting by &, into the slope deflection equations, the end moments become:
M,, =ElI8, =EI(60/El) =60 kN.m My, =0.5E16, =0.5EI (60/El) =30 kN.m

M, =El6, = EI(60/El) =60 kN.m M, =0.5E16, =0.5E1(60/El) = 30 kN.m

M4 = 0
M =-120 kN.m

ae

- The final bending moment diagram for the whole frame is as shown.

Question (5): (12 Marks) 30kN  Mg= MFa=0 MFp= MFep =
60 KN.m N 40 kKN.m 30 kN/m 40 KN.m

- Fixed end moments:
- Distribution factors ,«) T ( L 28 2 20 2 2 §>
2 b b ck:

Joint b d

b
ko = 2L _AEL gy 2m 4m
L, 4

_4EI_4E@D o

I

e a_ 55
then Zkl = kba + kbC + kbd = 4EI e - AN T
D.F., =025 DFy, =075 D.Fy=0
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16.25 kN.m

-
| Bending Moment Diagram |

With my best wishes
Dr. M. Abdel-Kader



