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Question (1): (15 Marks)
Using the three-moments equation, draw the
shear force and bending moment diagrams for
the shown loaded beam.

- The simply supported moment diagram (Mo)
on span ab is as shown.

- The moment at a,, My, = 0 and the moment at b,, My, =0
- Applying three-moments equation for spans a,a and ab:
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But from symmetry, My =M,

pan(2e8)onf?

16M, + 8M, = -6 (1200)

1

16M, + 8M, = -6 (1200)

2> 24M,=-7200 - IMa =—300 kN.mI

The bending moment and shear force diagram are
as shown.
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Question (2): (15 Marks)
For the shown loaded frame with variable moment of

inertia, using the virtual work method, l(l B — *29 k+N£m+ 3
(a) find the reactions at the supports A and B. C D
. . (21)
(b) draw the bending moment diagram. lx
The relative moments of inertia are given between 2
brackets and E is constant. ) 3m
| Main System |
- Main system is as shown. A
- Draw MQ—, M;- ar_1d M,-Diagram. | am ’f"flﬁ am |
- Calculations of displacements. ! ! !
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Question (3): (15 Marks)

20 kN/m
3 3 3 ¥ ¥ ¥ 13

For the shown loaded frame with variable moment )
of inertia, using the slope deflection method,
(@) find the rotation at C (&) and the sway of the
frame A.
(b) draw the bending moment diagram.
The relative moments of inertia are given between
brackets and E is constant. |

(21 C D

0 3m

4m |

1- Unknown displacements: &: and A. |

2- The static equilibrium equations required to determine these unknowns are

>Mc = Mca+ Mcg+ Mcp = 0 MF 0 MFep =
YFx = 0 N /% 90 kN.m 20 kN/m
B ) s 4
3- Fixed end moments: = CE C “AC D
| 4m | 3m |
| I [ |
A
TR MF
4- The slope deflection equations are: KJ AC =

2EI 2E(I
MCA:MCFA (2‘9c+9A+3V/CA) 0+ 3()

3ElI 3E(21
MCB—MCB+T(90+ Wes) =0+ (21)
Mcp =-90 kKN.m

2EI 2E (I
Mac =MGa+=— (20, +6: +3wcp) = 0+ 3( )(

5- Substituting into the static equilibrium equations,

(2004

(Oc + 0)=

3AY _ 4 2
0—?j 4EIg; - 2EIA

SEl 6

0+6; —%Aj 2EIG, —2EIA

>Mc =Mcp+Mcg +Mcp =2 Elf —2EIA-90 =0 YEIO; —2EIA=90 ... (1)
YFx = Xa=0
Xa = (Mac + MCA)/LAC:(% El6- —%EIA+%EIO€ —%EIA)/C’):O %EIHC —%EIA:O e (2)
6- YEIG -2EIA=90 ....(1)
Eq.(2) x3 > Elfc —2EIA =0 ....(2)
Th _ 540 _49.09 _ 810 7364
& CTHEl E “UEl E
7- Back-substituting by éc and A into the slope deflection equations, the end moments become:
3 _ 73.636)\
Mcg =3 El 6- = 73.636 KN.m
Mac =2Elf; —£EIA =-16.364 kN.m 16.364

8- The final bending moment diagram for the whole
frame is as shown.
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Question (4): (15 Marks)
Using the moment distribution
method, draw the bending moment
diagram for the shown loaded frame with
variable moment of inertia. 10 kN/m
E is constant. The relative moments of
Inertia are given between brackets..

- Fixed end moments:
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