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Question (1): (10 Marks) (a2, a5)

(a) Choose the correct answer (Put a, b, ¢ or d in front of the statement number in your answer
paper).
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(b) TRUE or FALSE (Put v or % in front of the statement number in your answer paper)
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Bending Moment Diagram




Question (2): (20 Marks) (b1, b7, cl. c6

For the shown frame, using t_he O kN 120 kN/m 160 kN 120 kN/m 160 kN
stiffness method: Neglect axial T Ty T 717 TTTIVT I T 1T Il Tl
deformation 2 3% T 2 3 4 N
(@) Determine the displacements at
the nodes due to the given load. om 2
(b) Draw the bending
- 320 kN 320 kN 320 kN
moment diagram. T |
Given Data:
E = 2.1x107 kKN/m? 2m 2
A =0.15m? 1 5
| =3.125x10% m* ,31,? - .
15 15 ( 15 ;15 | 15 | 15m
Element (1): (nodes 1 & 2)
A=cosa =0 and u =sina=1
6EI/L? = 6 x 2.1x107 x 3.125%x107 /42 = 24609
4EI/L = 4 x 2.1x107 x 3.125%107% /4 = 65625
2EI/L = 32813 150kN.m 180 KNI 154 |in/m 150 kn.m
Xl [- = —i= = = 246097( 0 (-160 AT IVITTY
il ol - - - = 0 0 0 160 kN.m A 3
M| |- - — — — 32813 || 0| ]160 7N T
1l
Fol |- - — - - 24609 |] 0 (") -160 21 «—  260kN 260 kN
160 kN
Fa| |- - — - - 0 0 0
My| L= - - - 65625 ||0,] |-160
: $20 kN Fixed End Soluti
Element (2): (nodes 2 & 3) — Ixed ENd >olution
A=cosa =1 and u =sina=0
12E1/L3=12 x 2.1x107 x 3.125x103 /3% = 29167
BEI/L? =6 x 2.1x107 x 3.125%x10% /32 =43750
4EI/L = 4 x 2.1x107 x 3.125x103 /3 = 87500 1] 160kN
2EI/L = 43750 —
Fal - — o — o fo 0 \(/‘
Foo| |= — 43750 - —20167 —|| 0| |20 160 kN.m
M, | |- - 87500 - -43750 —||6,| | 150
= +
Fes - - 0 - 0 -1l o 0 S
Fy3 — — —43750 - 29167 - vy 260 g
My | L= - 43750 ' — —-43750 —|| o |[-150 i 2
' T
Frame equation 1l
1 2 3 200~
X(] [- - - - - — 24609 - — (0] (-160 k e
il |- - - - - 0 - -  —|lo 0 L
231,25 %] 88.75
M1 - - - - = 32813 - — -0 160 :
0 - - - = = (24609 + 0) - 0 -1/ 0 -160
0'=|- - -1 - — (0+43750) - —=29167 -} 0 }+< 260
0 - - — — - (65625+87500) — -43750 —|(6,| |-10 1753
X S _ _ . .
3 0 0 0 0 Bending Moment Diagram
0 g . — - 43750 - 29167 - Vg 260
Mg| |- - - - - 43750 ~ -43750 -]l 0] |-150

FromRowNo.6 = 0 = (153125) (6) - 43750 (vs) - 10

From Row No.8 > 0 = -43750 (&) + (29167) (v3) + 260 > |6b = - 4,3428x10* radl and |¥3 =-0.01543 ml

From Element 1
M1 = 32813 (—4.3428x10%) + 160 = + 17.5 KN.m
M, = 65625 (—4.3428x107%) — 160 =— 445 kN.m
From Element 2
Mz = 87500(—4.3428x107%) — 43750(-0.01543) + 150 = +445 kN.m
M3 = 43750 (—4.3428x1073) — 43750(-0.01543) — 150 = + 335 kN.m
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With

my best wishes
Dr. M. Abdel-Kader



Question (3): (20 Marks) (b1, b7, c1, c6)
For the shown truss, using the stiffness method:
(a) Determine the displacements at the nodes due to the given load.
(b) Determine the reactions at the supports.

Given Data: E = 2.0x107 kN/m2.
A for each member is as shown on the truss.

A=200 mm?
[ EA , EA EA , EA
- =2 =Zu; =2 -==m
Y (global axis) e ELA ELA,U ELA ELA,U
Y (local axis) 02 ¢ 2 2
= = = —== 3
Node [K ]: L H L H L H L H 7;;’.‘-
- X (global i —E/Iz —Ei Eﬂz El
Truss (Bar) el 2 ELA ELAﬂ EIA ELAﬂ
russ (Bar) element 2 2
= == == =
A T T T
Where, A=cosa and u =sina
Element (1): (nodes 1 & 2)
A=cosa =06 and u =sina=0.8
EA/L =2.0x107 x 2.5x10* /5 =1000
X1| rse0 48 -360 —4s0][0
Yo | | 480 640 -480 -640 O
Fyo| |-360 —384 360 480 ||u,
Fy2 —-480 -640 480 640 Vo
Element (2): (nodes 2 & 3)
A=cosa =0 and u =sina=-1
EA/L = 2.0x107 x 2.0x10* /4 = 1000
Fe2l To o o o 7up
Fya| |0 1000 0 -1000|}v, 16 kN A
X3 0 0 0 0 0
o 2 12 kN
Y3 0 -1000 0O 1000 (|0
Truss equation
1 2 3 am A=200 mm?
X1| [360 480  —360 -40 0o o /0
A 384 640 @ -384 — 640 0 0 0 12 kN
12| |-360 -480 (360+0) (480+0) O O ||u, -l I
16 [ |-480 —640 (480+0) (640+1000) O —1000 v, 3m 0 kN
X5 0 0 0 0 0 0 0 16 kN | 0 kN
Yg| L O 0 0 —-1000 0 1000 || g Reactions
From Row No.3 -> 12 = (360) (u2) + (480) (v2)
From Row No.4 - 16 = (480) (u2) + (1640) (v2) - IU2 = 0.0333= mI and |\-/2 = OmI
FromRowNo.1 - X;=-360(0.0333) — 384 (0) = -12kN |X1 = 12 kN él
FromRowNo.2 - Yi= -480(0.0333) —512 (0) =-16 kN Y1 = 16 kN ¥
FromRowNo.5 - X3=0(-0.0333) +0(0) =0 X3 = 0
FromRowNo.6 > Ysz= 0(-0.0333) —1000(0) =0 Y3 = 0

With my best wishes

Dr. M. Abdel-Kader



