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Using the method of sections, determine the magnitude and nature of forces in
the members of the frame shown in figure | (7 marks)
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Fig 1

A composite bar is made up of two materials as shown in figure 2, If the
bars are stress free at 40°C, determing the stresses developed in the bars
when temperature drops o 20°C, when;

() the supports are unvielding

{11} the supports come nearer to exch other by 0.12mm,

Gven:
Aluminium:

[ 15 marks)
Ea = T0KN! mnr?
i =234x 10" per°C

Es =21 0kN/mm?
a, = Vs JD*p:r REE

Sreal:
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Fig 2
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2. Figure 3 shows a beam ABCDE build in at A and supported on rollersat B, C and D,
with DE being an overhung. The values of moment of inertia of the section over
each of these lengths are 31, 21, 1 and T respectively, the loading being as shown.
Analyse the beam using the three moments theorem, and hence draw the bending

moment diagram, indicating all the critical values. (20 marks)
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Fig 3
3 Using the method of moment distribution, analyse the frame shown in figure 4 and
plot the bending moment diagram indicating all the critical values. (20 marks)
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Fig 4
4. {a) A honzontal simply supported girder 14m long is of uniform section. and

carties two point loads as shown in figure 5, Using Macaulay’s method,
determine the deflection under each point load,

Take I=16x 10°mm® ,and E = 210kN/mm®. {9 marks)
13k N RE™

A T o B
| f,5m | 4.5m. El Conssant

Fig 5
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() Figure 6 shows a loaded simply supported beam and its cross-section. Draw
the shear stress distribution diagram indicating the critical values for the

maximum shear force. {11 marks)
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5. Figure 7 shows the plan and section through a precast conerete floor Using the load factor
method, design the bean given the following information:
Concrete mix 1:24
- Beams are 200mm wide and simply supported on 200mm load bearing walls.
live load = 3 EN/m?
Finishes = TkN/m?
- Diensity of conerete = 2400ka/m?
- Pat = 2305/ mm?, (20 marks)
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A square column of size 300 X 300mm is to transmit an axial load of 700kN 1o its base.
The column height centre to centre of floors is 3m, and is properly restrained at both
ends in position and direction. Design the column and its base given the following
informaton:

poncrete mix 113

Pst = 140N/mm*

Peée = 6,5N/mm?

Psc = 125N/mm?

ms= 15
-  bearing capacity of soil = 250kN/m*

Assume any other relevant infarmation. (18 marks)
Dretail the reinforcement for the column and its base as designed in (a). (2 marks)
i) Differentiate betwecen hasic stress” and *green stresd'as

applied o tmber,

Ll Explain each of the following in stress grading of timber:
vizaal stress graciing
machine stress erading. {f mearks)
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{=3] Figure 8 shows the plan and section through a timber floor for a
comestic dwelling. Design the timber joists for strength class SC2
given the following information:

- Joists are spaced at 400mm centres

- Joists have an effective span of 3.8m

- Self weight of T & G boards = 0.1kN/m?

- aelf weight of plasterboard ceiling = 0.2 kN/m?

- Imposed loading on floor = | SkN/m?
Depth of joist limited to 200mm
Density of tmber of SC2 class = S40kg/m"
Modification factor K3 ts as given in Table !
Mudification factor for load sharing systems, K8 = 1|

o
Depth factor, §7 = {%} , where b = depth of beam
Maximum depth to breath ratio is as given in Table 2
Crade stresses and modulus of elasticity for SC2 class is a5 given in Table 3

{14 marks)
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8, {a)  Figure 9 shows the roof plan of a proposed hall. The roof consists of 125mm thick
reinforced concrete slab support on universal beams. Check the adequacy of
233 X 163mm X 73 kg/m universal beams in grade 43 steel for the roof given the
following information:

- spacing of universal beams = 2 Sm centres
roof finish together with waterproof layer of thickness 75mm is of average
specific weight 20kNfm’
Live load on roof finish = 0.75kN/m®.
Density of reinforced concrete = 2400kg/m’.
- E=210kN/mm*
- [, = 165N/mm®

- Pg = 100N/ mm?
- Assume any other relevant information (12 marks)
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(b} Figure 10 showsa pra::-p::rsl.d bolted connection. Determine the safe [oad P.
Iak-: f=95N/ mm?, f=155N'mm?and f =300N/ mm*

8 marks}
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Duration of leadinp i Winliee ol K
Long term
[e.e. dead + pefmanent miposed) AT
Medium term
{e.g. dead +snow, dead + temporary unposed) .25

Short term

t¢.2. dead -+ imposed + wind. dead +imposed + snow = wind} .50
Very short term

(e.g. dead + imposed + wind) _ i3

Table 2: Depth factor. K7 (BS 5268)

1. K, =117 Jor solid beams havieg o deprk < T2mm

l‘ 2, K= 308 .":]IrIII for solid beams

with T2mm < &< 300 memm

3. K, =081 h* +92300)/(h" +536800) for solid beams

with < 30w

Table 3: Grade stresses, modulus of elasticity and density for strength class SC2 for
the dry exposure condition { Table 9. BS 3268)

Srremgtiy gu.lrdiﬂg Tension l.’_'-'..'.rr.',r.'rrj.'.'lc.-;r.'_Ii'.zim,c;n-'tss.‘-&n  Shear  Modwiis of elasticit lmprucine i
gy parallel I':.':?.r:..u'."n:'l' prrailed nerpendicifar pr.lrm'J'n:'l' e = Loy
lo grenn 13 Qrain I OraiH fir graun® o et s al! |'£._...._..,.-

™ mam 2t |'."~'mrr|"'_.l f.':l.'nrrn :u v ".i Tt a1 TS R g ' 1) ol B 1) flgrm 'y
W ST w3 35 0 21 12 046 6800 4500 4
52 | ] 53 s e ) (.66 SO0 EUI:':{I 540
"rl' 3 5.3 3.2 6.8 1.3 .7 (a7 SR SR 5401
SC4 7S 45 78 0 24 19 071 90 660D 5%

S-I:'_:";'- U] 5.0 i E EH # _E_.*:l_ 1.00 H'.I'H_:l_l'.'!_ 1. ?_E_!f?l] 3760

TRO8 1S 75 125 380 2% 150 1A00 1HR00 840

SC7 150 90 145 44 33 175 16200 13600 960

_5ct_ 175 105 155 52 39 200 18700 15600 1080
"s-{:l-' 205 L3 |.'-|._‘I ] ji -1lf|-_ F il :_l_@'!f'l.l I 3'!UU'!'| I 3_':_H:'

* When the specification specifically prohibits wane at bearing arcas. the higher values of
compression perpendicular to the grain stress may be used; otherwise the lower valves apply.
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. 1
Table 4: Reinforcement-bar areas {mm’ | per metre width tor vanous bar spacings

Bar I_I:I
Dhameter

ar spacing {mm)

| 75 100 125 150 175 300 395 o5 3
R -]l = 0 5ot e e gt wr
0 37 28F 6 WY W2 14E 136 13 1o
. 8 | 671 503 402 335 287 252 37 301 1ma
10 1047 785 6B 323 449 395 349 34 3ic
= .33 1308 1131 905 754 646  S66  S03 452 4
| 16 |2681 2011 1608 1340 1149 1005 894 804 531
|20 [41B9 3142 J513 2094 1795 ISTL 1396 1257 1149
| 25 6545 49 3927 3272 2805 2454 2187 1961 17k
| -3z - BO42  BA34 5362 4506 4021 3574 3717 2905
T e 10050 8378 7181 6283 35365  S027 4570
Areas of group of reinforcement hars (mm®)
| Bar [ Number of bars -nh =
(Do e e I e 2 9
o SN e e
(o 7 O B 13 ME 70 198 2985 254
- N N 1 AR [ W 2| WO § T - S Ll Y
W | 7 157 2% 3 a9 @ %50 R 07
|12 13- 238 339 452 565 %79 T9r o905 1017
6 201 4@ 603 R4 1005 1206 1407  160F  1R09
20 | 314 628 942 1357 1571 1885 2199 3513 2477
25 | 491 982 1473 1963 2454 3945 3436 1937 4418
12 | 804 1608 2412 3216 4021 4825 5629 6433 7237
|40 [1256 2513 3760 5026 6283 7539 8796 10050 11310
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