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Calculations

Plot
A
B
C
D
Roof Catch-ment
Floor 

Catch-ment
Grass Patch

Area

m2
0.11 * 0.295 = 0.03245
0.23 * 0.295 = 0.06785
0.16 * 0.225 = 0.036
0.23 * 0.21 = 0.0483
5.28 * 29.48 = 155.6544
31.5 * 52.2 = 1644.3
51.03 * 29.185 = 1489.3106

Area

Ha 

(10–6)
3.245
6.785
3.6
4.83
15565.44
164430
148931.06

Run-off Coefficient
0.85
0.85


0.85
0.85
0.85
0.85
0.50

Wetted   Perimeter, m
0.81
1.05
0.77
0.88




Hydraulic radius R
0.04006
0.08812
0.04675
0.05489




Assumptions:

a)       Let tc = 5 min for all areas

b)       Assume slope to be 0.006

Using Manning’s Equation,


Q = (1/n)AR2/3S1/2

= (1/0.015)[(0.03245)(0.04006)2/3(0.006)1/2 + (0.06785)(0.08812) 2/3 (0.006) 1/2           


        + (0.036)(0.04675) 2/3 (0.006) 1/2 + (0.0483)(0.05489) 2/3 (0.006) 1/2]



   = 0.149 m3/s
i) For 5-year return period

From the IDF curve, Intensity  = 188 mm/hr

Using Rational Formula
Q = (1/360)CIA

Q = (1/360) [ (0.85)(188)(3.245 + 6.785 + 3.6 + 4.83 + 15565.44 + 164430)

       ( 10–6) + (0.50)(188)(148931.06) ( 10–6)]


    = 0.11879 m3/s

Peak discharge (taking into account of the depth of freeboard) 

= 1.15 (0.11879)

= 0.137 m3/s
ii)
For 10-year return period,


Intensity = 210 mm/hr

Using Rational formula,

Q = (1/360)[(0.85)(210)(3.245 + 6.785 + 3.6 + 4.83 + 15565.44 + 164430)(10–6)


          + (0.50)(210)(148931.06) (10–6)]


     = 0.133 m3/s

Peak discharge (taking into account of the depth of freeboard) 

= 1.15 (0.133)

= 0.153 m3/s
iii)
For 25-year return period,


Intensity = 260 mm/hr

Using Rational formula,

Q = (1/360)[(0.85)(260)(3.245 + 6.785 + 3.6 + 4.83 + 15565.44 + 164430)(10–6)


           + (0.50)(260)(148931.06) (10–6)]


    = 0.164 m3/s
Comments

According to the three calculated values for peak runoff using the Rational Formula for the 5-, 10- and 25-year return periods, it is obvious that the drains are sufficiently designed to withstand the 5-year storms.

However, for the case of a 10-year storm, flooding of the drains will occur if no freeboards were allowed in the construction. According to the calculations, the drains should be expected to be able to withstand the 10-year storms, however a freeboard of 15% should be allowed in case of any unforseen instances. If this freeboard is taken into consideration, the drains will not be deep enough to prevent overflowing.

For 25-year storms, it is clear from the calculations that the drains are not designed to cope with such storms even before considerations regarding the freeboards.

The reason for the above may be due to the fact that the drains in Singapore are only built to withstand 5-year storms since the occurrence of 10- and 25-year storms are rarely possible. If all the drains were built to be able to cope with such storms, it may be uneconomical and building costs of the drains may be too unnecessarily high.

Difficulties encountered

Certain areas are out of bounds for proper measurements to be taken. One of such areas is the roof catchment area, where the whole catchment has been fenced up and our team had to measure the area at the ground floor instead. Although it is a very good approximation, it may not exactly reflect the true catchment area.

Also, as the drains are slightly circular at the bottom, it is difficult to tell exactly how circular it is with the lack of knowledge of the appropriate apparatus to be used. Our team, with the help of flexible measuring tapes, measured the actual wetted perimeter, then compared it with the calculated wetted perimeter taking into account the circular portion, and found that the difference is hardly significant. Thus we have assumed all drains to be rectangular.
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Site Map of the Proposed Site





85 infiltration holes, 0.6 m interval





Note: All drain sections are assumed to be rectangular, as measurements have shown that the wetted perimeters are only negligibly deviated from that calculated when the bottom curvatures have been taken into consideration.


Note: All slopes are assumed to be 0.006.
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