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This Paper Consists of THREE Parts. You are required to Answer ALL.

In all cases involving calculations, you are advised to show all the steps in your working.
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CONSTRUCTION OF A SHADE

Study of a shade for reserve players and coaches in a football stadium. )
The drawings on page 4 represent a shelter in a stadium. This shelter is made up of two reinforced concrete porta
frames, three IPE purlins, and a reinforced concrete bench.

PART ONE: STRENGTH OF MATERIALS /52.5 marks
I - Study of an Intermediate IPE Purlin (see mechanical sketch below)
Related Technical information: :
- Weight of Aluminum roofing sheets plus the IPE Profile=250daN/m?
- Exploitation load =400daN/m?
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- Deflection at mid span=——r—
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MECHANICAL SKETCH OF A
PURLIN
a) Determine the dead load per meter length along the purlin. ' (2.5 marks)
b)  Determine the live load per meter length on the purlin. (2.5 marks)
c) Deduce the total load (Ps) at SLS with Py~ gtq. ’ - (1.25 marks)

d) Write the equations of T and M along the purlin and sketch their diagrams at the ULS considering
Pu=850daN/ml (7.5 marks)

e) Taking Ps=600daN/m, Chose the required profile and give its characteristics. (5 marks)
f) Supposing that the purlin is IPE180, calculate the maximum tensile and compress stress in the beam.

(5 marks)

g) Draw the corresponding diagram. (5 marks)

IT - Study of the Portal Frame in R.C. (see mechanical sketch below)
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Let the diagram above represents the mechanical sketch of the portal frame, Také R=

angle at h=0. v 3600daN, and the inclination

a) Determine the reaction at Point E. 5 marie]

b) Give the expressions of the shearing force, normal effort, and bending moment T oss e Boria fran(le m

c) Draw their respective diagrams. _ ' (1 1(72: mar::z;
. .5 mar
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PART TWO: REINFORCED CONCRETE /37.5 marks

Study of the Slab of the Seat (see mechanical sketch)
Complementary information
- Itis consider as a beam of section 40 by 10cm
- It supports the following:-
e Self-weight.
o Weight of persons on it=150daN/M?
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Transversal bar——g
Density of concrete = 2500daN /m’®, Fes =25mpa, Fe = 400mpa
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MECHANICAL SKETCH OF THE SLAB

a) Calculate the permanent load (g) and the live load (q) per meter. : (8 marks)
b) Calculate the total load per meter at both SLS and ULS. (7 marks)
¢) Supposing that M,=7000Nm and Mser=5000Nm, Calculate and chose the steel bars needed for the slab.

(15 marks)
d) Deduce the transversal steel bars. . (2.5 marks)
e) Draw a section of the slab showing the reinforcement bars. (5 marks)
PART THREE: FLUID MECHANICS /10marks

a) A circular butterfly gate pivoted about a horizontal axis passing through its centroid is subjected to hydrostatics
thrust on one side and counterbalance by a force F, applied at the bottom as shown in the figure below. If the
diameter of the gate is 4m and the water depth is 1m above the gate, determine the force F; required to keep the
gate in position. The density of water is 1000kg/m’. (5 marks)

b) If the gate is to retain water to its top level on the other side, determine the net hydrostatic thrust on the gate and
suggest the new condition for the gate to be in equilibrium. : ' (5 marks)
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Figure :')]":lc"s"ms Q Mass Sectio | Mechanical characteristics
= yrofiles ‘
IPE BEAM profiles Lo 1. |kem nCmZ DAY [ oV [y |
Cm4 xCm3 [ Cm4 | yCm3

100 96 | 100 |5 [16.7 |212 349 |73 134 |27

120 4 [ 1205 [199 [253 |606 | 106 |231 |38

140 133 | 140 | 5.5 [247 |31.4 1033 | 155 |389 |56

160 152160 |6 |304 |388 1673 |220 |el6 |77

180 171 | 180 |6 |355 |453 |2510 |294  |925 | 103

200 190 | 200 | 6.5 | 423 |53.8 |3692 |389 | 1336 | 134

220 210 [220 |7 | 505 |643 [5410 [515 | 1955 | 178

240 230 | 240 | 7.5 | 603 | 768 | 7763 | 675 | 2769 | 231

260 250 | 260 | 7.5 [ 682 |86.8 | 10460 | 836 | 3668 | 282

280 270 | 280 | 8 | 76.4 | 973 | 13670 | 1010 | 4763 | 340

300 290 | 300 | 8.5 | 88.3 | 112.5 | 18260 | 1260 | 6310 | 421

320 310 | 300 |9 | 97.6 | 1244 | 22930 | 1480 | 6985 | 466

340 330 [ 300 | 9.5 | 105 | 1335 |27700 | 1680 | 7436 | 496
0 | Weight | Perimeter | SECTIONS OF BARS IN cm2
mm | kg/m | cm 1 s M E 4 5 6 7 8 9 10
5 |o154 |1.571 0.196 |0.393 |0.589 | 0.785 | 0982 | 1.178 | 1.374 | 1571 |1.767 | 1.96
610222 |1.885 0282 |0.565 |0.848 | 1.130 | 1.414 | 1.696 | 1.979 | 2261 |2.544 |2.82
8 0394 |2513 0.502 | 1.000 | 1.507 | 2.01 |2.51 |301 |351 402 |a52 |s502
10 (0616 |3.142 0785 |1.57 [235 |3.14 |392 | 471 |549 |628 |707 |7.85
12 | 0887 |3.770 1.130 [ 226 339 452 565 (678 |792 |9.04 |1018 | 1131
16 [ 1578 |5.027 201 |4.02 [6.03 804 [1005|12.10] 1407|1613 |18.15 |20.17
20 | 2.466 6.283 3.14 6.28 | 9.42 125711571 [ 18.85|21.93|25.13 | 28.27 | 31.42
25 | 3853 |6.283 491 |9.82 |14.73]19.63 | 24.54 | 29.45 | 34.36 | 39.27 | 44.18 | 49.09
32 6313 [10053 [804 |1608|24.13 32,17 |40.21 | 48.25|56.30 | 64.34 | 72.38 | 80.42
40 | 9.864 12.566 12.565 | 25.13 | 37.70 | 50.27 | 62.83 | 75.40 [ 87.96 | 100.53 | 113.10 | 125.66




