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Question (1): (10 Marks)

(a) Choose the correct answer (Put a, b, ¢ or d in front of the statement number in your answer sheet).

1. |a
2. |d
3. |C
4. |b
5. |a
6. |d

(b) TRUE or FALSE (Put v or % in front of the statement number in your answer sheet)

1. |* |6. |v |11 |V
2. |v |7. |v |12. |V
3. |v |8 |v |13. |V
4, |v 9. |V |14, | x
5. |* |10. |%

Question (2): (10 Marks)

- — . 15 kN
The matrix equilibrium equation of
the shown structure is: 40 kN 14 kN
- f 30 kN/m l \
. {F} = [KI{A} + {F} IEEERRR H¢HH 3
Write 1 2 AN
- The nodal forces vector {F} 4m | 4m | 4m |
- The nodal displacements vector {A} ! ! ! !
- The fixed end solution {F'}
200 KN.m 200 KN.m
N 30 kKN/m
X1 0 0 GHHHH HHHH)
1 Y1 0 140 4
0 140 kN 140 kN
N(I)l , 200 | 4m | 4m | 2m
u I 1
2 0 | 3
2|14 Vo 140 2 3
0 o — 200 | 4m |
Fy =gt &= 12 Fri=15 | |
X3 0 0
3| Y, 0 0
0 63 0
15 Uy 0
4, 0 Vg 0
0 04 0
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With my best wishes
Dr. M. Abdel-Kader



Question (3): (20 Marks) 40 kN gkN.m |15 kN
For the shown loaded frame with variable ﬂ ‘J,\
moment of inertia,_ using the sti_ffness method A1 @) > 1]
and neglecting axial deformation, ]

(a) determine the displacements at the nodes —
due to the given load. (L2 kN/m | 4 m
(b) draw the bending moment diagram. |
Given Data: 3 '_} L
E=2.1x10"kN/m* 1=0.8x10°m* A=0.02m’ L 4m | 4m
Element (1): (nodes 1 & 2) 40 kN
a =0 A=cosa =1 and u =sina=0 40 kN.m 1 40 kN.m
6EI/L? = 6 (2.1x10") (2x0.8x107°)/8* = 3150 <
4EI/L = 4 (2.1x10") (2x0.8x107)/8 = 16800 Tl ZT
2EI/L = 84P0 _ 20 kN 20 kN
N e 0 0 I 4m 4m |
| I |
Fi1 - - —:— — 3150 || O 20
I e 8400 0 X 40 16 kN.m
e |- - - - - 0 ||of7] o 2\
Fa| |- - - - - -asof[o] |20 awm [ [
My L= - - - - 16800 {0 |-40 Fixed End Solution ]
Element (2): (nodes 2 & 3) ‘_12 KNm| 4 m
a =270=-90 A=cosa =0 and wu =sina=-1 o
6E1/L? = 6 (2.1x10") (0.8x10%)/4*> = 6300 24 kN [ al
4EI/L = 4 (2.1x107) (0.8x107%)/4 = 16800 x 3/
2EI/L = 8400 16 kN.m
Fol [- - 6300 - - —|[0 24
Fool |- - 0 = - -0 0
Mol |7 = 16800 = = =)0 )16
Fa| |- - -6300 - — —||0 24
Fa| |- - 0 - - - 0
My| [~ - 8400 - - -0 -16
Frame equation
1 2 3
Xl [-- - - - 0 - - —|[o 0
A - - - - - 3150 - - —|lo 20
M - - - - - 8400 - - —||o 40
0 - - — - -  (0+6300) - - —||O 24
-150=|- - - - - (-8150+0) - - —[K0¢+< 20
8 - - - - - (16800+16800) - - -|l6, —24
X3 e - 6300 - - —||lo 24
Yol |- - - - - 0 - - —|lo 0
Mg| |- - - - - 8400 - - —|lo -16

From Row No.6 - 8 = (16800+16800) (&) + (-24)

> |92 = +9.5238x10* radI

From Element 1

M1 = 8400 (9.5238x10%) + 40  =+48 kN.m

M, = 16800 (9.5238x10%) —40  =—24 kN.m
From Element 2

M, = 16800 (9.5238x10%) + 16 = +32 kN.m

Ms = 8400 (9.5238x10%) —16  =—8 kN.m
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Question (4): (20 Marks)
For the shown truss, using the stiffness method:
(@) Determine the displacements at the nodes due to the given
load.
(b) Determine the reactions at the supports.

Given Data: E =2.0x10° kN/m*> A =2.0x10"*m?

Element (1): (nodes 1 & 2) Element (2): (nodes 2 & 3)
A=cosa =06 and u =sina=0.8 A=cosa =0.6 and wx =sina=-0.8
EA/L = 2.0x10" x 2.0x10™ /5 =800 EA/L = 2.0x10" x 2.0x10™* /5 =800
Fye| [- - —288 —384][0 Fyo 288 -384 - —|[u,
Fya| |- - -384 -512|) 0 Fy2| |-384 512 - —|Jv,
Fyo - - 288 384 |[|u, Fy3 -288 384 - —||0
Fy2 - - 384 512 ||V, Fy3 384 -512 - —||0
Truss equation o sz .
1 2 3
(X)) - - _2s8 ~384 0 o]0
Yl - - 384 -512 0 0f|0 4m
|- - (288+288) (384-384) - -||u,
—16( |- - (384-384) (512+512) - —||v,| 6KN 3 JBKN
Xq 0 0 —288 384 - —1lo T 3m | 3m .
L Y3 ] 00 384 - 512 - 10 8 kN I Reactlions |8 kN

From Row No. 3 0 = (288+288) (uy) + (384-384) (v2) 2
~16 = (384-384) (up) + (512+512) (vo) =
X1=-288 (0) — 384 (-0.015625) = 6 kN
Y1= -384 (0) —512 (-0.015625) =8 kN
X3=-288 (0) + 384 (-0.015625) =-6kN

Y3= 384 (0) — 512 (-0.015625) = 8kN

9
From Row No.4 -
FromRowNo.1 -
FromRowNo.2 -
FromRow No.5 -
9

From Row No. 6

2 =0

(=]

|V2 = -0.015625 mI

1:8|(N
3= 6kN &

8 kN

& XM =<MEX
I =
I

»

oy

N P
> L

Another Solution using symmetry 8 kN

Truss equation = Element (1): (nodes 1 & 2) X T
A=cosoa =06 and g =sina=0.8
EA/L = 2.0x10" x 2.0x10” /5 =800

X,] [- - —288 —384](0 4m
Y| |- - -384 -512|]0

X,[ |- - 288 384 |0 1 1
-8 |- - 384 512 ||V, 3m |

6 KN 4
—

FromRowNo.4 > -8 = (512) (v,) - |v2 = -0.015625 mI 8 kN

FromRowNo.1 - X;= —384(-0.015625) = 6 kN X1 = 6 kN =2
FromRowNo.2 - Y;= -512(-0.015625) =8kN Y, = 8kKN PN
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With my best wishes

Dr. M. Abdel-Kader



