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Question (1): (15 Marks)
For the shown statically indeterminate continuous beam, using the three-moment equation, draw the
shear force and bending moment diagrams due to the applied loads. 90 kN
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- The simply supported moment diagram on abcd is as shown.

90 kN
- Applying three-moment equation at b 120 kN.m 30 kN/m l
(for spans ba and bc): ;}7 C iéi IETEEEER téj ’7@(:
M (L) +2My (g + Lo )+ Mo (Lpe) = =65, | 5 2 7 4m Ti 2
(0)(4)+2My (4 +4)+ M, (4) =-6(100) GOkNm
AM, +M, =-150 ... (1) a M,

iz

- Applying three-moment equation

. : kN.m
at ¢ (for spans cb and cd): roa = 200 I = 80 re =800 Iy = 50
M, (Lep) +2M ¢ (Lgp + Log )+ Mg (Lgg) =6, T -
M, (4) +2M, (4+3)+(0)(3) =—6(130) rp = 100 r, = 130

4M, +14M_ =780 ....(2)

54,23 A
- From Egs. (1) & (2) 2 ? .

[V, =- 330713 = - 25.38 kN.m] IR, .-
36.35 36.35 13.85
and  [Mg=- 630/13 = - 48.46 kN.m] S.F.D (kN) 65.77

: 30
The shear force and bending moment ‘ 3OH6O o0
diagrams are as shown. ‘ 635 6.35“5.77 5771

16.15 16.15&

Mumaxsve i Span be = 23.615 kN.m at 1.808 m from support b 43-5
I 264 N
W, 27.7
473 23.08
B.M.D (kN.m

With my best wishes
Dr. M. Abdel-Kader



Question (2): (15 Marks) 40 kN/m
For the shown loaded frame with variable moment of B 2 |
inertia, using the virtual work method, AN ¢2) C D
(a) find the reactions at the supports A and B.
(b) draw the bending moment diagram. 0 3m
The relative moments of inertia are given between
brackets and E is constant. A
Note: _ _ — —
Take the main system by removing the support B. | 4m | 3m |
[ [ |
X1 40 kN/m
B {2 2 2
- Main system is as shown. (21 C D
- Draw Mg-, M;- and M,-Diagram. lXZ
- Calculations of displacements. 0 3m
Main System |
1 —-810 - |
Oy = IMOMl dL:_[(3X18O)(_%X3)]:— 1027810 A
El El El El — L
| 4m | 3m |
[ [ |
MM, e a0y gy 2160 | -2160 180 kN.m
Sp=] El dL El [( x )( )] El S0 El 180 kN.m M
(21)
_ s _ (MM, zi -1 -4 :E _s _18
% =0n = | El = [( ZX3X3)( )] T T M,-Diagram| E+3 (1)
M, M _1 _9 9 180 kN.m==
G- [T AL = Sl3aak-2x3)l- = ducg | 1kN I
(21)
M,M _ s 2 L Caxa)y-
op= 1MEzaL = o[ g xaxaf-gxa)l Sl(-3x4)-4)] )
_ 58.667 ~ 58.667
B |z & 3 kN.m
09+ X101 ++X,0,,=0 1 kN ’
Sy + Xypy ++X 55 = 0 4 kN.m
—810+ 9X,+ 18X,=0 >%2 1620— 18X,— 36X,=0 1) =
—2160+18X, +58.667X, =0 —2160+18X, +58.667X, = 0 —
|X1= +42.354 kNI and |X2 = +23.823 kNI IE
180 ;
95.3 T ? 4 kKN.m
]TT _ M 42.354 kN 40 kN/m
- -—B T 3I v v 333
84.7 &2 (21 C D
23.823 kN
)
| B.MD.(kNm) | Reactions
; 4o 4 42.354 kN A
e 4% T K7 42,4 kKN.m
X 424 k.
143.82 kN

With my best wishes
Dr. M. Abdel-Kader



Question (3): (15 Marks) 4@4

For the shown loaded frame, using the slope d 30 kN T
deflection method, draw the bending ) Im
moment diagram. Note that E is constant and Ac a
the relative moments of inertia are given A @) © T
between brackets. 0
4m
.
L 8m | 2m |
. I |
- Unknown displacements: only 6é..
- The static equilibrium equation required to determine this unknown is
dMa = Map+ Mg+ Mag + Mge = 0
Note that Mag and Mg are determined:  Mgq =0 and Mae = -60 kN.m
- Fixed end moments:
MFab = MFab = 0 and MFaC = MFca: 0
- The slope deflection equations are:
My =ME +2%(2¢9a +6,+3yy) = 0+2ET(')(29a +0-0)=Elg,
M, =ML +2%(249a +6,+3y,.) =0+ ZEéZ') (26, +0-0)=EIlb,
M, =0 and M, =-120 KN.m
- Substituting into the static equilibrium equation,
>M, =My +M,+M, +M, =EIf, +ElIf, +0+(-120)=0
2El6, =60 6, =30/El
- Back-substituting by @, into the slope deflection equations, the end moments become:
M, =EI8, =EI(60/El) =30 kN.m My, =0.5El18, =0.5EI (60/El) =15 kN.m
M, =El&, =EI(60/El) =30 kN.m M., =0.5E16, =0.5EI (60/El) =15 kN.m
M .4 = 0
\Y/ = -60 kN.m

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

With my best wishes
Dr. M. Abdel-Kader



Question (4): (15 Marks)
Using the moment distribution method, draw the bending moment diagram for the shown statically
indeterminate continuous beam. Assume that El is constant.

150 kN 150 kN 200 kN

= 2PL/9 = 2PL/9 l 1 10 kN/m l ,
p # TEEEEEEEEEEEEEEN. -
E I - ST S
N 101010 40m | 40 m | 15 | 15
| | | | | |
- Fixed end moments:
Mab = 2PL/9 150 150 My, = 2PL/9 MFpe = wL?/12 M e = wL?/12
=1000 kN.m l 1 =1000 kN.m =13333KNm 10 km_ =1333:3 kN.m
( % i A A 1
“la bk “b ck
10 |10 |10 40 m
| |
M eq = wL?/12 MFge = wL?/12 MFe =PL/8 200kN MF.=PL/8
=1333.3kN.m 1o kN/m =1333.3 kN.m =750 kN.m 1 =750 kN.m
7 I ( 7 -
“le dE “d el
- Distribution factors (D.F.) 40 m 15 | 15
|
Jointh: k=22 = LB and k= 2EL o2 E 23 E then Yk, =Koy + ko, = ——El
L. 30 L. 40 30 30

D'F'ba= kba =£ & D'F'bc= kbc :§ D_F,ba=4/7l D'F'bc:3/7
ki 7 ki 7 I;

Jointc: - D.F. b—05I|DF d—05|
Jointd:  _4E1 _4p 8. and _4El_ 4o then yk -k, +ky = Dch—3/7I|DF de —4/7|
L. 40 30 L, 30 0"

692.9 738.8 664.8
Bending Moment Diagram (kN.m)

With my best wishes
Dr. M. Abdel-Kader



