23M5/303
2307/303
STRUCTURES
Oct/Nov. 2011
Time: 3 hours

THE KENYA NATIONAL EXAMINATIONS COUNCIL

HIGHER DIPLOMA IN BUILDING
DIPLOMA IN CIVIL ENGINEERING

STRUCTURES

3 hours

INSTRUCTIONS TO CANDIDATES

You should have the following for this examination:
Mathemeaiical tables | pocket caleulator;
Draowing instrunienis.
~Answer any FIVE of the following EIGHT questions.
All questions carry equal marks.
Maximum marks for each part of a question are as shown.
Relevant design tables are provided.

This paper consists of 10 printed pages.

Candidates should check the guestion paper to ascertain that all
pages are printed as indicated and that no questions are missing.

£ 001 The Kevwe Nerfora! Exerndngions Council

Turn over




Using the method of moment distribution, analyse the frame shown in Figure 1 and
plot the bending moment dizgram indicating the critical values. (20 marks)

E

Figure 1

2 Using the three moments theorem, analyse the beam shown in Figure 2 and plot the bending
moment diagram indicating the critical values. (20) marks)
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Figure 2

3 {a) (i} Explain the following reinforced concrete beams:
- Balanced section;
- Under-remnforced section;

- Owver-reinforeed sechion.

(1)  State four assumptions made in elastic theory of reinforced concrete design.
(& marks)

(b} A reinforced rectangular concrete beam 1s of breadth 200 mm and depth 450 mm.
Determine:

{i]

{1}

2M5, 2307/303

the moment of resistance of the beam;

the area of steel. if high vield bars are used;

-




{i1r)
simply supported over an effective span of 4 m.
Use the following information:
= Concrete mix: 1:15 :3. of pcb = 8.5 N/mm® and m = 15;
- High vield bars of pst = 210 Nfmm™
- Density of reinforced concrete = 2400 kg/m”
(12 marks)
4 (a) {1 Design a reinforced concrete column given the following information:
- Axial load = 600 KN
- Effective length =6 m
= PSC = 125 N/mm*
- PCC = 53 N/mm-
= Section = 300 x 300 mm
(i) Detail the reinforced concrete column section designed in 4 (1),
{10 marks)
(b} A 15 m long cantilever beam carries a uniformly distributed load over the entire span.
Determine the maximum intensity of the uniformly distributed load over the beam if
tensile and compressive stresses are limited to 25 Nimm® and 75 N/mm® respectively,
and the beam cross-section is as shown in figure 3. {10 marks)
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Figure 3
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the maximum uniformly distributed load that the beam may safely carry when




5

Using the method of joint resolution, dete rmine the magnitude and
member of the pin-pointed frame a8 shown in figure 4.

G0k

nature of forces for each
{0 miarks)
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f. (&) Figure 5§ shows the plan of a proposed timber floor. Check the adequacy of
150 x 50 mm four joints spaced at 400 mm centres, given the following
information:

- Load on floor inclusive of self weight = 2,75 kN/m".
- Permissible stresses in imber:
bending = 6.2 N/mm®,
parallel to grain = (1.6 Nfmm®,
perpendicular to grain = 193 N/mm?,
- Permissible deflection = (1.6 N/mm-.
- E = 9.7 kN/fmm".
Effective span of joinl = 2,75 m.
(103 marks)

15050 Floor joists

200 wall

Mote: All dimensions i mm
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(k) A fliched beam is simply supported over a span of 5 m and carries a uniformly
distributed load of 2 kN/m over the entire span. If the beam cross-section is as shown in
Figuare 6, determing the maximum tensile and compressive stresses developed in both
materials due to the loading. Take Es = 210 kN/mm’ and Et = 10 kN/mm®;

(95 marks)
7
- o———— Timber
- Steed
Z Mode: All dimensions in mm
100 Il! 10
Figure 6 *
1. {a) (1) Stite three advantages and three disadvantages of welded connections.
(1) State four assumptions made in the design of bolted connections.
(5 marks)
(b)  Determine the safe load P for the bolted connection shown in Figure 7.
Take fs = 935 Nfmm=, ft = 155 N/mm* and fbr = 300 N/mm®.
{7 marks)
Mo, 152 102mmx23 99k g'm - 12.6mm thick Angles
l_ —Bolis A: 3Ne.
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D 5mm Cassset Plabe

Balts B: 4Mo, Mute: All boltz are 19%mm in
dismeter, turned znd of

sirength designation 4.6

P 12%= § mm Plate

Figure 7
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A steel beam of 8 m effective span carries & uniformly distributed load of 20 kN/m self
weight inclusive. If the flange is held against lateral displacement, design the beam in
grade 43 steel given the following information:

- Allowable bending stress, pbe = 165 N/mme.
Young's modulus of elasticity, E = 210 kKN/mm®.
= Allowable shear stress, fg = 100 Nimm’.
(8 marks)

State the objective of limit state design and mention four serviceability limit states.
{3 marks)

A uniformiy disributed loead of 5 kKN/m, longer than the span, rolls over a simply
suported beam of 23 m span. Using influence lines. determine the maximum shear force
and bending moment at a section 10 m from the left end support.

(7 miarks)

Figure 8 shows a retaining wall which supports a cohesionless soil having a density of
1900 kg/m* and an angle of shearing resistance of 30", The density of the wall material
is 2400 kg/m®. Examine the stability conditions of the wall with regard to:

(i) tension in the joinis;

(i)  ground bearing pressure.
(10 marks)

4.0m

[ Wall: p,=2400kg/m’
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Figure 8
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Table 1

Reinforcement-bar areas (mm®) per metre width for various bar spacings

Bar | Bar spacing (mm)

D‘?ﬂ“;“ 75 100 125 150 175 200 225 250 275 300
I
6 377 283 226 189 162 142 126 113 103 94
8 671 503 402 335 287 252 23 201 183 168
10 | 1047 785 628 523 449 393 349 314 286 262
12 [1508 1131 905 754 646 566 503 452 411 377
16 | 2681 2011 1608 1340 1149 1005 894 804 731 670
20 | 4189 3142 2513 2094 1795 1571 1396 1257 1142 1047
75 | 6545 4909 3927 3272 2805 2454 2182 1963 1785 1636
32 - B042 6434 5362 4596 4021 3574 3217 2925 268l
40 z - 10050 8378 7181 6283 5585 5027 4570 4189

= Aress of group of reinforcement bars (mm’)
Bar Number of bars

Diameter ™7 2 3 3 5 T § 9 10
(mim)
6 28 57 8 113 141 170 198 . 226 254 283
8 SO 101 151 201 251 302 352 402 452 503
10 79 157 236 314 393 471 550 628 707 785
12 113 226 339 452 565 679 792 905 1017 1131 |
16 201 402 603 B04 1005 1206 1407 1608 1809 2011
20 314 628 942 1257 1571 1885 2199 2513 2827 3142
25 491 982 1473 1963 2454 2945 3436 3927 4418 4909
32 804 1608 2412 3216 4021 4825 5629 6433 7237 8042
40 | 1256 2513 3769 5026 6283 7539 8796 10050 11310 12570
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