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Question (1): (14 Marks)

For the shown beam, using the double integration method, determine:

(a) the deflections at A, C and E

(b) theslopesat Aand C 80 kN.m 40 kNl
and sketch the elastic curve of the beam.

El =5x10" kN.m? A B C D E
Reactions: = ,%
OMp=-80 +B,(5) +40x2=0 > B,=0 . 2m 25m |, 25m 2m| |

TF, = D,-40=0 > Dy=40kN 1 | L ' 40IkN ‘
M = -80 (x)° + 40 (x-7) ) =7

Ely" = -80 (X)° + 40 (x-7) ! >

Ely' = -80x + 20 (x-7)°+C4

Ely = -40x*+20 (x-7)°/3+Cx+C,

Boundary Conditions:
Atx=2m, y=0 > 0=-40(2)* + Cy(2) + C, > 2C,+C,= 160
Atx=7m, y=0 2> 0=-40(7)> +20(0)*/3+ Cy(7)+C, > 7C,+C,=1960

- (€, =360 and _C,=-560
So, the general equation of the deflection y at any distance x is,
Ely = -40 x* + 20 (x-7)%3 + 360 x —560

(@) The deflectionat A (x =0 )
Elya = -40 (0)* + 20=R/3 + 360 (0) —560 = -560

ya = -560/50000 =-0.0112 m = -11.2 mm |yA =11.2 mm lI

The deflection at C (x = 4.5 m)
Elyc = -40 (4.5)% + 20 (4-5=A°/3 + 360 (4.5) —560 = 250

The deflection at E (x =9 m)
Elye = -40 (9)* + 20 (9-7)%3 + 360 (9) —560 = -1520/3 =-506.6667

ye = -1520/3/50000 = -0.010133 m = -10.13 mm |¥E =10.1 mm 1|
(b) The slop at A (x=0)
Ely'a= -80x + 20«2+ C; =0+ 0+ 360 = 360

y'a = 360/50000 = T =041°

The slop at C (x=4.5m)
Ely'c= -80x + 206=R-+C,=-360+ 0+360=0
y'a= 0/50000 = |§|

A B S D E

Eyes B0k ¢ 20 Ci=-720+ 80+360=0
Ye = -280/50000 = <X 11.3 mm 10.1 mm
Elastic curve

With my best wishes
Dr. M. Abdel-Kader



Question (2): (14 Marks)
For the shown beam, using the moment-area method, determine:
(@) the slope at A
(b) the deflections at C and B
and sketch the elastic curve of the beam.
El = 1x10* kN.m?

(a) From symmetry, the slope at C (&) is equal ' LI ! ' !

tra A
to zero, the change in slope between the 20 Jangentat A
tangents of the elastic curve at points A and C 4 200 kN
(Gnc) is equal to the slope at A (6a), 40 kN/m
Oc=0c—On=0—0Op =-O ALY Y Y Y VYVYVYVYYRVYYYYYYYYYE
then 4\ B C D i
p 1[A ] 2m | 2m | 2m | 2m”7F”
-6n =—|[Area . . .
STEC 60 kN 60 kN |
L —[zx4 ><80—-x4><80]_i @B3)4 | (U3)x4
10000 3x10000 8|0
13)x2
=0.00533 rad (jr%__-— _ 40
. [6,=-0.00533 rad] T ] IRiili]
+
0 80
¥¥2" B.M.D (kN.m)

(b) The deflection at C (&) = 46 — tc/A
[(2 x 4x80)(2) — (3 x4x80)(5 x 4)] 8/375=0.02133 m

tom = é [AreaAC Xe ]

1oooo
& = 46r—tua = 4(0.00533) - 0.02133 = oo fse=0
OR
& =t = —[Area . X,] = —[(2x4x80)(2) — (2 x4x80)(2 x 4)|=0 oo lo.=0
El 1oooo

The deflection at B (&) = ZHA ta/a
——[(2x2x80)(Ex 2) - (4 x2x 40)( x 2)| = 2/375 = 0.00533

1 _
tg/a = —|Area . X
BIA EI[ re:Xe] = 1oooo

08 = 20p—tga = 2(0.00533) — 0.00533=0.00533m=5.33mm | .. |5B =5.33 mm lI

A E
A

B D
Elastic Curve

With my best wishes
Dr. M. Abdel-Kader



Question (3): (14 Marks) 80 kN.m 40 kN l

For the shown beam, using the conjugate beam
method, determine: A B C D E
(@) the deflections at A, C and E A ,é,
(b) the slopesat Aand C L 2m 26m |, 25m ;. 2m
and sketch the elastic curve of the beam. ‘ ' ' ' ‘
El = 5x10* kN.m?
The bending moment diagram is as shown. 80 kN.m 40 kN
The resulting moment diagram is then A B C D E
loaded to the conjugate beam. ’% 7%7
For the conjugate beam, determine the ’
. . 2m 25m 25m 2m
| | |
elastic reaction (ra and rg). . kN | L .
80

To determine the elastic reaction at B (Rg)
take the moment about D for part BD: T

B.M.D (kN.m)
> Rg = 200/3 1 80 80 100 80

Then Rp=200/3 ! -

Deflection at A = M/ El = -293.33/ 50000 A B C ' E
S = -293.33 /50000 = -0.005867 m 1| H ' D Z

111
" |5A =5.87.mm TI 80 80 Conjugate beam loaded by Moment
180 100
Deflection at C = Mc / El , 2m , 25m , 25m , 2m
= [200/3(2.5)-100(5/3)]/ 50000 100

oc=0 Joloc=0

Deflection at E = Mg / EI = 240/ 50000
& = 240 /50000 = -0.0048 m

° = 10
A8 mm E o o5m—t—25m— 80

Rg =200/3
M, =293.33
4A B

Slope at A = Shear at A/ El =226.67 / 50000
, 1 0 Re =146.67

=0.00453 IHA = 0.00453 radI h Ra=226.6

Slope at C = Shear at C / EI =[200/3-100] / 50000

=[-33.33] /50000 =-0.00067 IHC =-0.00067 radI =

5.87 mm B C D 7
' % 4.8 mm

Elastic curve “ E

With my best wishes
Dr. M. Abdel-Kader



Question (4): (12 Marks)

For the shown frame and truss, using the virtual work method, determine

the vertical displacement at d (5,).

For the frame, the relative moments of inertia are given between brackets and
E1=20x10° kN.m% For the truss, assume that all members have the same axial

rigidity EA=1000 kN.

' kNW

2 kN.m

2 kN.m

=+

2 kN.m

-

Ogy = jMOMZ dL :é[(-mgo)(z)] +é[(-%><2><150 -%Xg)]:izo

El

El

c

150 kN.m

90 kNm R

l75 kN 30 kN/m
vy v ¥V vV ¥V V¥V Vv ¢
d b
90 kN.ng_ . 0
| Zm\p 4m
|
I195 kN
240 kKN.m

520
20000

Ogy =-————=0.026 m=26mm+*

4m

e 5 d<5kN
4 m 5
| a 5 ‘ijk»'\'
5 kN |2 v‘;’kN
(No)

Reactions and member forces due to:

(a) Applied load

(b) Horizontal unit load at d

Calculation details for horizontal and vertical deflection of joint d

(c) Vertical unit load at d

Vertical deflection of jointd = & = Z"?f

Member EA L No N, NoNLL / EA
(kN) (m) (kN) (kN)
1(ac) 1000 4 0 0 0
2(cd) 1000 4 0 0 0
3(bd) 1000 4 5 -1 -0.02
4(ab) 1000 4 5 0 0
5(ad) 1000 4\2 -5\2 0 0
) Oy~ -0.02m
(= 20 mm Upwards)
NoN,L =20mm ¢

With my best wishes

-1
R 0
2
| 4m 1 kN
(N2)

Dr. M. Abdel-Kader



Question (5): (12 Marks)

For the shown beam, draw the influence line for:
(a) the reactions Ay, By and C,.
(b) the shear force at the section E and the bending moments at the sections E and G.
Also, determine the maximum moment at G caused by the shown moving truck.

80kN  80kN 20kN (E N

+ O ! C
G
om oz A ERT 2
| 20m | 20m 10m| 15m | 15m |
! I ! ! I 1
1
05
1
O =TT 0
-0.25  -0125
Influence line far A,
1.25
1
i i
0 L] M
Influence line far B, 0k 1
0 I-I'-I O
Influence line far C,
0.5
me-mm. 0
0.5 -0.25

Influence line fozr Ve
5

Lol

10
nfluence line for Mg

0 ww 0
+
_ 75
Influence line for Mg

6m |2

80 kN  80kN 20 kN

Mg max = 80(4.5) + 80(7.5) + 20(6.5)
= 1090 KN.m t71

|MG max = 1090 KN.m tjl 0 ""llllllllliilImﬂlliillii““|||||IIII||----— 0
4.5 o 65
I. L. for Mg

With my best wishes
Dr. M. Abdel-Kader



