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50 kN
- The Exam consists of 2 questions in 1 page. 30 kN/m l
Question (1): (10 Marks) N RR t‘,é: 11 *CU ERR ERR! *DU 1y} c
gor the shown beam, using the 3-M 2 | 2 | 2 | 2 2m |
quation, | 1 | | | |
(a) draw the shear force and bending moment diagrams due to the given loads.
(b) calculate the moment at fixed support A due to settlement of support B by an amount of 1 cm.
El = 40000 kN.m?
Answer: 50KN | 50
(a) Separate the beam as shown m
c#&### #HN?D
Only the part ABC is statically
indeterminate. 30 kN/m i 85 kN 85kN I 30 kN/m
o
The moment at B, Mg = -230 KN.m A R g’éj 1y *C D ;;E
2 T2 L2 2 4 2m
The simply supported moment diagram ! ! ! ! ! '
on AB is as shown and the elastic 30 kN/m 85 kN
reaction at A =10 kN.m?, AT T T I3 3 1 1 4
A B C
Applying three-moment equation at A 2 - 2m
(for spans A,A and AB): L
2MA(2)+ Mg(2)=-6r, =-6(10) 3
AMp + 2Mg = -60 ra=10 15 KN.m 50 kN
2Ma —230 =-30 ' 30 kN/m
’.-"
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B D

> [Ma=+100 kN.mI A c “E
- 2 2 2, 2 2 2m

|
The bending moment and shear force 145 25
diagram are shown above. 0 I e O
(b) Applying the 3-M equation at A: - -25 -I-U.I.LL_“_J_I_I_
(note that A, = 0 and Az =1 cm = 0.01 m) 135 -195 -145
g " | S.F.D (kN) ]|
-230
2M A(2)+M;(2) :6EI((O_O) + (O_O'l)j
2 2 O 111 0

4M , +0=6EI (%'Olj =—-0.03el 100

[ B.M.D (kN.m) |

M, = 00340000 _ oopun

|MA due to settlement of support B (by 1 cm) = -300 kN.mI

Please turn over




Question (2): (10 Marks)

10 kN
-

For the shown frame, using the Consistent ¢ (21) d
Deformations (Virtual Work) method,
draw the bending moment diagram due to am (1) )
the applied load. Note that the relative
moments of inertia are given between
brackets as shown and E is constant. S r.g o ] |5
I 1
Answer: 10 kN
1
S = E[(%x4x40)(§)]=320/3E| c 21) d
Sy = %[(—%x4x40)(8)]: —640/ El am| | (1)
1 | Main System |
Sy = —|(Ax 4x40)(1)]=80/EI bl o)X
1 1 ke Ll A7L
5 = g 2 ax 9G]+ o [Bx4)(4)] =320/ 381 ! >
1 1
S5y = E[(4x8)(8)]+E[(%x8x8)(§x8)]:1024/3El 100y
c d
a3 = é[z(4x1)(1)]+i[(8><1)(1)]=12/ El (@)
St =521_—[( 4x8)(2)] +—[(——x8><8)(4)] 128/ El 0 (0
. E
— — l PR =
59 =0 = =23 < ax O]+ TR EE I —— b
50 = L [AxOD] L [ x8x)D]= 48/ ssoun I v
El 2El | 1) df |
320/3 + (320/3)Xy — 128 X, +32X3 =0 -- (1)
640 — 128 X, (1024/3) X;— 48 X3 =0 - (2) () ()
[80+ 32 X1— 48 Xy+12X3=0 ---(3)
x4 Xq=1
320+ 128 Xi— 192 X, +48X3 =0 — (3°) ble-
c ==+ 1L === d
From Egs. 2) +(3) = [Xp =15/7 = 2.1429 kN TI — 8 kN.m
— O] = (1)
Then, from Eq. (1)x3 and Eq. (2)x2 = and —
[X; =807 =-11.420 kKN O = 1143 kN ] %E - )
z A
Then, M =My+ X; M1 + X, My + X3 M3 X,=1
8.57kN.m 1"“,”“IIIIIIIIIIIIIIIIIIII[ ST 2 kN
| | (1) d
> 857 kN.m
(DE
B.M.D (kN.m)
3

11.43 kN.m 11.43 kN.m

M,=-40+ 5 (0) + (15/7) (8) +(-80/7)(-1) = -11.429 kN.m
Mo= 0 + 5 (-4) + (15/7) (8) +(-80/7)(-1) = 8.5714 kN.m
Mc= 0 + 5 (-4) + (15/7) (0) +(-80/7)(-1) = -8.5714 kN.m
Mg= 0 + 5 (0) + (15/7) (0) +(-80/7)(-1) = 11.429 kN.m
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