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| | SULIT DCC6213: HYDRAULICS AND HYDROLOGY

| SECTION A : 50 MARKS
| BAHAGIAN A : 50 MARKAH

' INSTRUCTION:

[
|
| This section consists of TV’

I
{ ARAHAN:
| Bahagian ini mengandungi DUA (2) soalan bersiruktur. Jawab semua soalan

O (2) structured questions. Answer ALL guestions.

?
!
| QUESTIONI  Bub
| SOALAN I

| (a) Define terms below:

CLOI
Takrifkan istilah berikur :

CLO
! 0009 calculate the

13
|
i
{
;
|
,} 1. Hydraulics
|
! Hidraulik
1
j
i
| ii.  Hydrology
l .
]J Hidrologi
| ifi. Fluid Mechanics
I
| Mekanik Bendalir
i
! £ -
f [5 marks]
J [5 markah]
/
{ ~ fa,
!1 %ﬁb 2. i
oy . i & cxm
i’(b) A manﬂular channel with an apex angle «f 75° carries a flow of 1.20 m°/s at a
Ca i L .
- # Lh of 0.80 m as shown Figure A1, if the bed slope is s
| SRR RN R BR RIS SRR oxd, B TP Skt Belp a L Y
1
‘ roughness coefficient, n of the channel
j Satu saluran berbentuk segitiga mempuwnyal sudut 73 ° dengan kadaraliv 1.20
mls pada kedalaman 0.80 m seper i citmfukkan  dalam Rajah 41 Jika
i bagi saluran

J; R Yald Toabioral pomms uudtifo Jib L N S £ R
kecerunan saluran.s adalah 0.009, kiras wn 1ilal pekaii kekasarann

fersehiu
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Figure A1/ Rajah Al

(.80m

[10 marks]
[10 markah]

(c) A channel of rectangular section 4 m wide is discharges water at rate of 6.48

2
m/s

Saru

. Value manning of coefficient for channel is 0.025. Calculate:

14

saluran berbentuk segi empat dengan lebar 4m mengalirkan air pada

kadaralir 6.48 m’/s. Jika nilai pekali manning adalah 0.023. Kirakan :

ii.

i1t

iy,

Critical of Depth,y. 7~

Kedalaman Kritikal,y.

Critical velocity,v,

Halaju Kritikal, v,

Critical slope,S.

Kecerunan Kritikal .S,

Value of minimum specific energy.E; i

b Tomfir AdTm7199 I
lenaga fentu Mining, Ly,

\

L

ey
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DCC6213: HYDRAULICS AND HYDROLOGY

i .ih”ﬁow“’> FUM""‘J“L% == P“mm%h
 QUESTION 2 - - hap
ESOAinNz bab i putflon = peudcursegan = pevfants
| 3ohat f_‘ s Sl

June 2016 is 25 x 10¥m N e

(a) The lake capacity storage in the beginning of

recorded inflow and outr ow of the lake ‘O 0 /s /s and

During this time, the
15.5 mjrespectn ely. A month later, the lake received a ramﬁJJ of 100 cm
The average

and the evaporation from the 1akc was estimated to be 40 cn“

urface area of the lake w as .)O Lm Calculate the changes of storage and its

new storage of the lake (in m®) at the end of July 2016, Assuming there is no
contribution to or from the groundwater storage.
al Jun 2016 ialah 25 x 10° m* Padg

Simpanan bagi sebuah tasil: pada aw
s dan kadar alir

i
i waktu ini direkodkan kadar alir masuk adalah 100 m
m s, Pada bulan ber ikumya, tasik tersebut menerima

keluar adalah 155
tersebut dianggarkan

! '1
hujan sebanvaé i 00) cm dan penyejatan dari fasik
. [t
sebanvak 40 ¢ cm qf Luas kawasan tasik adalah 30 ki’ Kirakan perubahan
simpanan  dan  simpanan  baru bagi tasik rtersebut (dalam m’) pada
penghujung bulan Julai 2016, Anggapkan tiada aliran bawah tanah,
[10 marks]

[10 markah]

A2(b). calculate the rainfall depth at station G (0,0) by using

habs:

| Berdasarkan Jadizal A2(b), kirakan kedalama; hujan pada stesen G (0,0)

Based on Table
the Quadrant Method,

denga: mengeunakan Kaedoh Sukuan

1

i

i Table A2(b) /Jadual A2(5)

’ . _ %
i T S | i ~ - T = i o
i Station A 1 B | ¢ | D | E :i F | G ;
I i { { {
b ! ! i H { i |
{1 ) | | i i | i
[f Stesen i i | I i | j !
B | | i ! [ I i
Moo i I i T i ] T
| Station coo ‘dirata | i | J | J | j
/] I yooo | ' l ! | |
- ; S i Fomss owm F . e VR B s P
i Kordinar . resew | (8.2) | (7% | (5.10) I’ (-3.-9) ' CAIZ) [ (8100 | (0,D) |
—_ A | ; i 4 SR
! Rainfall ¢ oty | ’ ! | -J f |
H ifall ¢ xptiy | ] F ] ! j ‘
P- | ; | | ] ’ :

| Kedalaman wyan - 223 | 206 | 23.0 | 336 | 407 34 :

f — | % ‘

Eagvpny ’ : |




'SECTION B : 50 MARKS
\ BAHAGIAN B : 50 MARKAH

I?\TS TRUCTION:

l
| This section consists of FOUR (4) structured questions.
i

P

! sahaja. 5
J’ L ’\HP 1»2 r d %

)
1]
3
Q:

|QUESTION1 == = i
| SOALAN I

f

|

I /[
‘DISCharg
!

 Kadaralir o | 100 | 200 | 300 | 350 | 400
[ rc

Q (iterisec) st U PP TP I

| Head, ===

|

Turus tekanan, 17 18 18 16 14 11,
H (m)

|

Efficiency,

5
~

(5]

’ Kecekapan, 0

(%) . | s

e

720 rev/min produced the d

al pump runeing at ata in Table B1. The pump

| was used to deliver v atcr from 1ts Jow tank to a high tank through 500 o mm di diameter
0. OO

!

]

|

! pipe along a 2600 m iot 1 lcj'nmh of pipe. If the mctmn f‘oefﬁczem of pipe is

| S -

g.

| and the the head diffe -ence between the two o tank 1s IS

S?Dufzh pain empar beropzrasi dengan kelajuan 720 pzsszfnganr}nin menghasilkan dafa
Pay 1ini telah digunakan univk menyalurkan air dari sebuah tangki

 seperti Jacdual Bl.
| yang rendah kepada tc 1gki yang 1inggi nw;-zggzvffm}:an paip yvang berdiamerer 300 mm
13T Turus di

k00023 dan perbez

1)
by
=Y
|
<

P sepanjan

1
'

4o

DCCs213: HYDRAULICS AND HYDRGLOGY |
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i
|

———

Lukiskan graf ciri-ciri pam

| (a)_Draw the pump characteristics graph.

o DCC6213: HYDRAULICS AND HYDROLOGYJ

ccapfﬂ 3

[19 marks]
[19 markah)

il f“ ) f';{ Sy .

CLOT 4y gt ) enm i s Y
C4 Q {b) Qi culate the power output and pump efﬁueng_\- at the operating point.
}“'L/K'z'f'akan kuasa yang terhasil dan kecekapan pam pada titik operasi
|
i ™ T -
| [6 marks]
1 [6 markah)
.’ Y /
) | QUESTION 2 -
|SOALAN2 0 A [
} o Chupler §-
/ (a) Isohyets for rain storm in a catchment area is shown in Table B2 Using the
CLO 2 Isohyetal method, calculate the average rainfall for the area.
G vels bagi satu ribut hujan di sebuah kawasan tadahan ditunjukkan dalam

/ Isol

! Jadual

2. Dengan mengeunakan Kaedah Isohyets Firakan purata lebat hujan
o C:lg - : by J

[ bagi kawasan rersebur.

/ ; Table B2 / Jadual B2
! ﬁ Isohvets (cm) f Area (](_mj) {
] | |
7 12.0 | 30 f
|
—
| | 12.0-10.0 T 140 =
f - | |
f | 10.0--8.0 ; 80 |
; | 8.0~ 6.0 ; 180 ‘%7
f ﬁ
| o 6.0-4.0 | 20 il
i { s H i
I j g
’ b o - |
! | 2.3~ ] 20 ;
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| SULIT DCC6213: HYDRAULICS AND HYDROLOGY .

| (b) Calculate the mean precipitation for the following data by using:

Kirakan purata hujar bagi daia berikut dengan menggunakan.

i) Arithmetical mean method

Kaedah purata aritmetik

i) Polygon Thiessen method Pk

Kaedah polygon thiessen

Table A2/ Jadual A2

Station Area () | f'rec‘;pitétion (]:'_I}ID)’ )
A 72 90 (%
B 34 110 @
5 76 105
D 40 150

i E 76 160
F 92 140
G 46 130 A
H 40 135
I $6 905

[12 marks]
[12 markah]




| SULIT

|
I T T Y
| QUESTION 3 Chagter &

; SOALAN 3

|
!Table B3 below shows the current meter gauging data for Sungai Linggi. By using
| gauging g

I the Velocity-area Method.
| Jadual B3 di bawah menunjukkan bacaan data bagi Sungai Linggi. Dengan

| ;
| menggunakan kaedah Halaju-luas,

.
|

Table B3/ Jadual B3

4 Distance ; |
from left Vertieal Stream

water edge depth (m) depth (m)
(m)

Time (s) Revolution

|

e L
, ] 6.3 0.757 l 6.613 | 66 ’ 53 [
/’ 9 1.5 1 02D f 6? I 67 ]
Y N I L R LA
{ l 13.5 } K } 0.2D ] 65 I 140 I
| L ] ! 0.8D / 6 ! 173 J
; [ 16.8 [ 249 ) 0.2D I 6.? ) 130 ‘
| ’ _ ) L 0.8D ) 63 [ 92 /
] 205 ’ 0.9 ’ 0.6D ’ 60 L 60 I

(a) Calculate the velocity of Sungai Linggi. Given V = 0.44N + 0.)7

r Kirakan halaju bagi Sungai Linggi. Diberi T'= 044N+ 0.07
{13 marks]

[13 markah]

'(b) Calculate the discharge of the river

ey i d o [Ty [ i R T Pogepg et
Kirakan kadaralir bagi sungai tersebui

DCC6213: HYDRAULICS AND HYDROLGGY
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DCCe6113: HYDRAULICS AND HYDR:OLOU ¥

QUESTION 4 (,’fthfe.r F

SOALAN 4

he flow generated from a minor drainage of

=t

(a) Calculate the design peak for

medium density residential area of 12 hectares in Kuala Lumpur. Assume 50 m of

over land flow followed by 450 m of flow in an open drain. Average slope of

catchment area is 0.5%. The design catchment paved surface, n = 0.0015, ty=7

i, v=1.0 _lpf’rs and C = 0.87 and design ARI M& ( §_)__§iears.

Hitung rekabentuk puncak untuk menghasiikan svatu aliran dari saliran 'I;ecz'!
untuk kapasiti penduduk sederhana yang berkeluasan 12 hekiar di Kuala
Lumpur. Anggapkan 30m aliran aras permukaan diikuti 450 m untuk aliran
saliran terbuka. Kecerunan puraia untuk kawasan tadahan fersebut adalah 0.5%.
Rekabentuk kawasan tadahan seperti berikut bagi permukaan berturap, n =
0.0015, tg="7min, v=1.0m's and C = 0.87 dan rekabentuk ARI untuk lima (3)

rahun.
[15 marks]

[15 markah]

O



| SULIT DCC6213;: HYDRAULICS AND HYDROLOGY

(b) An urban drainage scheme is being carried out on the 15 hectares areas in
CLO2 Kuantan. The area has medium density and is equipped with an open drain of 600

C4 . )
eter and overland flow of 200 meter. The catchment area was designed with

paved surface and the slope is 1% , assume velocity = 1.0 m/s and minus systern,
design ARI for five (5) years.

Sebuah skim saliran Bandar sedang dijalankan di kawasan seluas 15 hektar di
Kuantan. Maklumat menunjukkan kawasan ini mempunyai kepadatan sederhana
dan dilengkapi dengan parit terbuka 600meter dan 200 meter aliran darat.

Rekabentuk kawasan tadahan merupakan permukaan berturap dan kecerunan
1.0 m’s dan system minus, rekabentuk ARI utk

i
!

|

|

l

l

|

|

’w adalah 1%. Andaikan halaju =
;f lima (3) tahun. |

!] Calculate :

Kirakan

! i Concentration time (t. )

Masa tumpuan (1)

i

|

!

j 1i. Rainfall depth

‘) Kedalaman hujan

j [10 mark:s]
| [10 markah]
I

|

I

|






SULIT DCC6213: HYDRAULICS AND HYDROLOGY

LIST OF FORMULA FOR
DCC6213: HYDRAULICS AND HYDROLOGY

| | OPEN CHANNEL FLOW |

E=y+Vilg . 3 |
i ‘ Y g : ‘ Emin = Eyc
l‘y (qz)m . Vo= o N
C\g
' Q= [AR"JS } Q
J 9=7
l
I Wi q E = _‘l?_
i N
1 _ 3
&=“(\11+8FT'22—-1) Eng..z__ll.}_
Y. 2 4y1Y2
PUMPS
, fLQZ H,=H;+H,
HL -
3d5
N = Hy + Hy b= 01+ Q>
(y_'l i Ay ) (&1 &)
;12 N, 1z
= Ex 100%
WATER BALANCE EQUATION
i AS = Total Inflow - Total Qutflow |
| J
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 SULIT i
| Urban St orm Water Management Manual

Table 4.1 Design Storm ARTs for Urban Stormweater Systems

! Typ= of Developrment | Average Recurrence Inbarval {ARD) of Design Storm

(year)
{See ok 1) { uieny Rulfy
 Minor Major System
System {s2e Note 2 2nd 3)
Cpen Space, Parks and Agricubaes! Land in 1 ] up o 100 3 manth ART
urbam arsas {for aki typas of
i ’ development)
Residentish ,
& Low density 2 v o 100
¢ Medim density 5 up to 100
_‘ | & High density 16 @ 0 100
.1 Commerdal, Business and Industrial — Cther S op o 100
than CBD
| Commergsl, Business, Indusitial in Cantral 10 : up o 160 !
! Businass Disirict (C83) ereas of Large Cities | {

¥ & development fafis undar two categorias then the higher of the zpplicable storm ARIs from the
Table shali be sdopted. ;
(2) The required size of trunk drains within the major drainzage system, varies.
practices the bunk dreins are providad for the areas larger than 40 ha. Proceading downstream In the
drainage system, a point may be reachad where it betomes necessary to increzse the size of the unk
dr=in in order to fimit the magnitude of “gap Aows” as descaibad in Secton 4.5.2.

| Ideally, the selertion of design storm ART should also be on the basis of economic eficiency, In
practice, however, ezonomic efficdency is typically replaced by the corept of the lavel of protedisa.
i In the cese where the design storm for higher AR would be impractics!, then the seledtion of |
‘ appropriate ARI should be zdjusted o oplimise the ralic cost to beneft or socal factors
Consequently lower ARI shouid be adapted for the mejor system, with consultation and approval from
Local Authority, Howzver, the consaquences of the higher AR shall be investigatsd and mzde known.

| Even though the stonmwate- system for the axisting devetaped condfion shall be designed for 2 lower
£RT storm, the land should 2 reserved for hisher ARL so that the system can be ungraded when the

area is bl up in the f fwre )
Habftabiz fioor levels of buiic nps shall be shove the 100 vear ART flood Taval,

?‘\E..Osmﬁg e curreryt

<) In ceiculsling the di aarge from the desion storm, 2Bowsnce shell be made for =0y rediston iy
=g it
discharge due o quonlty contol {detenion or reterdion) mezzures mstslad as described &

Secton 4.5,

LA
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i

Design Rainball

APPERDIX 13.A FITTED COEFFICEENTS FOR IDF CURVES FOR 35 URBAN CENTRES

Table 13.41  Coafficiants for the IDF Equations for the Different Major Chies and Towns in Malaysiz (30 £t 2 1090 mén)

A1 | Coafficergs of the IDF Polynomial Equations
State Locabion Diata Perind {year) - =
| a b c d
] : 2 46800 | 0A718 | -0.1915 | 0.0053
’ 5 57549 | -0.1944 | -6.0413 | -0.0008
Peris Kangar 1950-1983 10 65896 | -0.6048 | 0.0445 | -0.0054
20 68710 | 06670 | 0.0478 | -0.0059
50 71137 | -0.7415 | 0.0621 | -0.0067
i 100 65715 | -0.2462 | -0.0518 | 0.0016 |-
2 56750 | -0.0276 | -6.0993 | 0.0033
5 4.9709 05460 | -0.2176 | 0.0113
Kedzh Alor Setar 1951-1983 10 5.6422 0.1575 | -0.1329 | 0.0056
20 5.58203 0.1053 | -0.1248 | 0.0053
50 57420 02273 | -0.1481 | 0.0063
100 63202 | -0.0778 | -0.0849 | 0.0026
2 45140 05729 | -02311 | 0.0118
5 3.9559 1.1284 | -0.3240 | 0.0180
Pulau Pinang Penang 1851-1930 10 3.7277 1.4333 | -0.4023 | 0.0241
20 33255 1.7629 | -0.4703 | 0.0285
50 28929 2.1456 | -0.5465 | 0.0335
100 2.7512 22417 | -6.5610 | 0.0241
2 52244 03853 | -0.1970 | 0.0100
5 5.0007 06148 | -0.2405 | 0.0127
Perak Ipch 1951-1930 10 5.0707 0.6515 | -0.2522 | 0.0138
20 5.1150 06895 | -0.2631 | 0.0§47
50 4.9627 0.8489 | -0.2965 | 0.0169
100 5.1058 0.8168 | -0.2905 | 0.0165
2 4.1683 0.5160 | 0.2726 | 0.0149
5 4.7867 0.4919 | -0.1953 | 0.0099
Parak Bagan Seral 1960-1983 10 52760 0.2436 | -0.1436 | 0.0059
20 5.6661 0.0329 | -0.0544 | 0.0024
50 53431 03538 | -0.1686 | 0.0078
100 5.3299 0.4357 | -0.1857 | 0.0083
2 5.6134 | -0.1208 | -0.0651 | 0.00004
5 6.1025 | 0.2240 | -0.0484 | -0.0008
Perak : Teluk Intan 1950-1983 0 63160 | 0.2756 | -0.0350 | -0.0012
20 63504 | 0.2458 | -0.0377 | -0.0016
50 67638 | -0.4595 | 0.0054 | -0.0050
100 67375 | -0.3572 | -0.0070 | -0.0043
2 42114 0.9453 | -0.3154 | 0.0175
5 4.7986 05803 | -0.2202 | 0.0807
Perzk Kuals Kangsar | 19601383 10 5.3916 02953 | -0.1640 | 0.0071
20 5.7854 0.1175 | -0.1244 | 0.0042
50 65736 | -0.2903 | -0.0482 | 0.00002
o 100 6.0681 0.1478 | -0.1435 | 0.0065
2 5.0790 03724 | -0.1796 | D.0051
5 52320 03330 | -0.1635 | 0.00:8
Perak Satiawan 1951-1550 10 5.5858 0.0%64 | -6.1014 | 0.001
. 20 55254 02189 | -0.1348 | 0.0051
50 52993 0.4270 | -0.1780 | 0.0082
100 5.5575 03005 | -0.1465 | 0.00:8
2 4.2055 0.5056 | -0.1551 | 0.0044
. 5 5.1943 | -0.0350 | -0.0392 | -0.0034
Salangor Kuata Kubs Bahru 1870-1530 10 55074 | -0.1637 | -0.0116 | -0.0053
20 56772 | 04562 | -0.0229 | -0.0040
SD 0934 | -0.3710 | 0.0233 | -0.0073
L 100 63094 | -0.4087 | 8.0229 | -0.0%:8 |
(Contirsed)
3

thhan Sawmeats Maregsment Maral
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e The lower Bmit of the durstions ansiysed was 1S
mimtes, DID should expedie the nstfation of
digital phndometers to caphre data from short storm
buersts, down to 5 minutes duration.

e The limés of rainfdl ART were bobwesn 2 years and
100 years. .

¢ The arves ware not 0 a comversers form for use in
maodern competer models.

»  There was no guidance given for urban aress oudsids
the 42 cantres listed. ’

E is recommiendad that the curves should be updafed by
DID to incorporate addifional dafa and edend the
coverage as oullined above.

13.2.5 IDF Carwes for Other Urban Areas

DF anves are ciculated from bea! phedometer dais.
Recognising that the pracipZation data used tn derive the
& & deskable to develop IDF arves directly from local
rairgauge records if these reconk are suffidently bong
and refiable. The analyses iwolbve the Following steps:
Data Series (identificstion)
§
Data Tests
¢
nistribution Identifista
¢
&
Stines of Distributi
4

The required analyses are highly specialised and would be
cutside the soope of nterest of most users of this Manusl,

Local msthorities are advized to find ot from the DID to
the avalabiity of IDF crves or cosffidads for their
respechive aress, or to obisin local ploviometer dats for
those wishing fo condudt their own anzlysis.

132.3.6 Pohmomi=! Approximation of IDEwves

Polynomial expressions in the form of Egustion 13.2 have
been fited to the pubdlishad IDF amves for the 35 main
aitesfionns i Malaysia,

B0, )ma b (E) IR At (13.2) .

where,

%, = the average rainfall intensty (mofhe) for AR and
duration ¢

R = zverage réfurn infeevi {vears}

¢ = dirafion {minutes)
2 to d are fiting constants dependent on ARL.

Fmgme&ic’ex:tsarﬁmsid-zeﬁh&sﬁmﬂ.zmkaep
the caloulation simple for a reasonable degree of arouracy,
Higher degree of polynomisl cn be used o g2t moee
accurate values of ranfall mtensfy. The Equation cn be
wmed for dedving rainfdll miensdy valves for a given
duration and ARI, once the valuss of coefficients st dare
known, The equafion s in 2 more stebls form for most

spreadshest of computer cladafion procedures,

The ames in "Hydrological Defa® {1991) are valid for
duratiors betwean 15 mimuies axd 72 hows.  Extrapobfion
of the curve beyond thess limits intradisces possile errors,
and & not recommendad,  Alsa, Eguation 13.2 should not
be used ocutside thess més. Alemstive procedures for
deriving TDF valuss for short dustions are given in

Section 13.2.7.

The possible uncertainty range of the IDF figusres derived
i accordance with this Manual is flely to be up to + 20%.
Among the sources of eror noted are:  problams of
exirapolation to bong ARIs use of kocal rather than
generalised analysis, and problems with the acowacy of
shoet-diration intensity recards.  The emor is Ekely o be
highest for the dwetions shorier than 30 miutes and
longer than 15 hours, and for ART longer than 50 years.
For particidarly aritical applicaticns & may be appiopists fo
conduct sensitivity tests for the effects of desion rainfall

EITOIS.

Table 13.2 gives valuss of the fitted coaffidents in
Equation 13.2 for Kuala Lumpur, for rainfall ARIs bebween
2 yozrs and 100 years and dewalions within 30 o 1000
minutes (see Figere 13.2 for the graphs). Appendix 13.A
gives datived values of the cosffidients in Equation 13,2 for
the 25 and 10 uiben cenbres in Penbwdar and East
Malaysiz, respacively. Du= to imegular chape of the
curves, coefficients for 6 other wban cenbres in Eash
Malaysia are not sutable to be used in Equation 13.2. IDF
values for these 6 stafions should ba taken from ther

respactive curves availabla in HP-25 (1583)
Table 13.2  Cosfficiants of the Fitied IDF Equstion for
¥uala Lisnpur
-
AR (ysars) = b c d

- 2 5.3255 | 0.1806 | -0.1327 | 0.0047
5 51086 | 05037 | 02158 | 80112

B i 4.95% | 0.6796 | -0.2534 | 0.0147
20 4.9781 | D.7533 | 02736 | 00166

3 50 4.8047 | 0.933% | -0.3218 | 0.0157

C 100 5.0064 | 0.870% | 0307 | 0.0185 |

{dstz period 1953 — 1997} Vabdiy: 30 £t £ 1000 mimses

Lty Stovmssater Memagemant Maral
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Design Rainlal

Teble 13.A1  Cosfficients for the IDF Equations for the Different Major (Rties and Towns in Maleysia (30 £ t £ 1000 min)

ART | Coefficients of the IDF Polynomial Equations |

Stim Locabion Deta Period -

{year) a b c d

2 43716 | 03725 | -0.1274 | 0.0026
5 45451 | 0.4017 | -0.1348 | 0.003%
Pahang Raub 1966-1583 10 54226 | 01521 | -0.0083 | -0.0056
20 525835 | 00175 | -0.0371 | -0.0035
5 48654 | 03420 | -0.1058 | 0.0012
100 5818 | 02173 | -0.0834 | 0.0001
} 2 4.9356 | 02645 | 0.1638 | 0.0082
5 4.6471 04965 | 02002 | 0.0093
Pzhang Cameron Highland 1951-1930 10 43258 | 07684 | 02549 | 0.0034
20 48178 | 05083 | 02022 | 00400
50 53234 | 0243 | 04402 | 0.0055
160 50166 | 0.4675 | -0.1887 | 0.0089
2 5.1899 | 02562 | -0.1612 | 0.009%
5 47556 | 06588 | 0.2529 | 00167
Pahang Kuarfan 1951-1930 10 43754 | 09634 | 03058 | 0.0198
20 48517 | 07649 | 02697 | 0.0176
50 50350 | 0.7267 | -0.2589 | 0.0167
100 52158 | 06752 | -0.2450 | 0.0d55
2 46023 | 04622 | 0.1729 | 0.0056
5 53044 | 00135 | -0.0550 | -0.0019
Pahang Temerich 1970-1933 10 45851 | 05465 | -0.1646 | 0.0043
20 44378 | 07118 | -0.1550 | 00058
50 44823 | 08403 | -0.2288 | 0.0095
100 45261 | 07210 | -0.1988 | 0.0071
2 52577 | 00572 | -0.1091 | 0.0057
5 55077 | -0.0310 | -0.0899 | 0.0050
Terengganu Kimla Dungun 1571-1983 10 5.4881 0.0628 -0.1165 | 0.0074
20 56842 | 0.0393 | -0.0862 [ 0.0051
50 55773 | 04111 | -0.1231 | 0.0081
100 61013 | -0.1960 | -0.0557 | 0.0035
F] 46684 | 03966 | 01700 | 0.0056
5 44516 | 0.6583 | 0.2292 | 0.0143
Terengganu Kuala Terengganu 1951-1283 10 5.2985 0.2024 -0.1380 | 0.00B%
20 58299 | 0.0935 | -0.0739 | 0.0046
- 50 6.1694 | -0.2513 | -0.0382 | 0.0021
100 6.1524 | 0.1630 | -0.0575 | 00035
2 54683 | 0.0459 | -0.1171 | 0.0070
5 57507 | -0.0132 | 0.11%7 | 0.0078
Kelantzn Kota Bharu 1951-1520 10 52497 | 04280 | -0.2033 | 00439
20 54724 | 03551 | -0.1810 | 0.0415
50 53578 | 05054 | -0.2056 | 0.0131
| 100 5.0646 | 07917 | -0.7583 . 0.0161
2 46132 | 06008 | -0.2250 | 0.0114
5 38834 | 12174 | 0,624 | 0.0213
Kelantan Gua Musang 1971-1999 10 46080 | 08347 | 0.548 | 0.0161
20 47584 | 07946 | 02749 | 0.015%
50 46406 | 05382 | 03155 [ 00176

L 100 46734 | 05782 | 03152  0.0183 |

(€ oreimesad} '
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Table 1341  Coofficients for the IDF Equstions far the Differert Major Clies and Towns in Malzysia (30 £t < 1009 min)
ARI | Cosffichants of the IDF Polynomial Equations
{year) a b c d

2 53255 | 0.1806 | -0.1322 | 6.0047

5 S1085 | 05037 | 02155 | 00112

Fedaral Tesviory Kisda Lionger 1953-1383 10 45626 | 0.6796 | 02584 | 0.0147

0 45781 | 07533 | -D2795 | 0.D165 |

= 45047 | 09399 | 0328 | 00197

100 50064 | 0.8709 | 03070 | €.0185

= 2 37091 | 116327 | -0.3289 | 00176

5 43987 | 07725 | 02381 | 00112

Makzcra Malaces 1951-1990 0 49530 | 04661 | ©.i740 | 0.0069

) 50856 | 05048 | -0.1875 | 00052

55 48506 | 07398 | 0.2388 | 60117

100 5379 | 04628 | 01826 | 0.0081

2 52565 | 0.8719 | -0.1306 | 0.0065

5 54653 | 0.0586 | -0.1269 | 0.00&2

Hegeri Sembilan Seremban 1970-1990 10 61220 | 02191 | 00830 | 0.0039 |

P 63733 | 02451 | 00888 | 0.0051

50 69912 | -0.5087 | -0.047% | 00031

100 70782 | 04277 | 00731 | 00051

2 3.992 | 05722 | 03215 | 0.0185

5 37967 | 12904 | 0.4012 | 00247

Hagsi Sembilan Kuala Pilzh 1570-1530 10 45387 | 08474 | 03008 | 00175
) 45287 | 0.6897 | 02753 | 00163

50 47768 | 0.8716 | 03158 | 0.0151

100 46588 | L0163 | -03471 | 00713

2 45855 | 07083 | -0.2761 | 0.0170

5 5.0571 | 04815 | 02920 | 0.0133
Jchor Kluang 15761850 [ - 10| 52665 -| GAZBE | 02131 | 0.0125

2 54813 | 03471 | 0.1945 | 00116

50 5.8808 | 0.1412 | -0.1458 | 0.0085

100 63368 | -0.0783 | -0.1066 | 0.0059

2 51028 | 02603 | -0.1627 | 0.009%

5 57048 | 0.0635 | 00771 | 00035

Johar HMersing 1951-1930 10 55489 | 0.0850 | 00705 | 0.0032

o 48420 | 07395 | 02579 | O.0165

55 | 62257 | -0.1493 | 0.0631 | 0.0032

100 6.77% | 04104 | -0.0i60 | 0.0005

2 25023 | 06159 | -0.2283 | 0.0119

5 3.98%5 | 0.3883 | -0.1769 | 0.0055

Johor Bty Pabmt 1950-1583 0 S247¢ | 02916 | 0.1575 | 0.007%

20 57407 | 0.0204 | -6.0979 | 0.0032
59 62276 | -0.2278 | -0.0472 | 0.00002

100 65443 | -0.3840 | -0.0135 | 00022

2 38685 | L1150 | -0.3272 | 0.0182

5 43251 | 10147 | 03308 | 0.0205

Johor Johor Bahru 1950-1983 10 4.48% | 05971 | 03279 | 0.0205

P 47556 | 0.8922 | -0.3060 | 0.0192

50 45453 | 11612 | -0.3758 | 0.0249

| 100 50532 | 08998 | -0.3227 | 0.0215

} 2 3.0293 | 14428 | -0.3924 | 0.0232

; 5 42804 | 09393 | -0.3161 | 0.0200

Iohar Sagmmat 15701583 0 62%1 | 0.1466 | 0.1145 | 0.0080

20 73616 | -0.6982 | -0.0131 | 0.0021

=0 74317 | 0.6047 | -0.064 | 0.0041

100 8.1159 | —0.9379 | 0.0176 | 0.0013

{Contnued)

13-12
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Fgure 13.2  IDF Curves for Kuala Lumpar

132.2.7 IDF Yalues for Short Duration Storms

E is recommended that Eguation 13.2 be used to d=ive
design rainfall intensties for durabions down to a lower
limit of 20 mimstes, This value corresponds to the original
range of durations used in derfving the aeves,

Estimation of rainfall intensities for dumations batween 5
and 30 minutes imvolves exdrapolation beyond the range of
the data used in derfving the curve fitling cosffidents. The
recommendad mzethod of extending the dats is based on
HP No.1-1982, which gives a rainfall depth-duration
plotting graph for duralions between 15 minutes and 3
hours. This grephical procedure was converted into an
equation and extended as desoibed below. An adddional
adjustment for storm ntensity was induded based on the
method used in "PNG Flood Estimation Mamual" (SMEC,
19%0), for topical dimates similar to Malaysia. This
adjustment uses the 2 year, 24-hour rainfall depth 2P, as
& parameter.

The design reirfall depth £, for = short durstion o
{rriinurtes) is given by,

By =Py = Fo(By = Py} (133}
wivete Py Py ave the 30-mirnste and 60-minarte durstion
raifaf depths respectively, obteinad from the published
design curves. & 5 the sdjustment facior for sform
chaation

Equation 13.3 should be used for dwrations less than 30
minutes. For durstions bebween 15 and 30 mintftes, the
resuits should be checked against the published IDF
curves. The relabionship is valid for any ART within the
range of 2 to 100 years. .

The value of £ is oblained from Table 133 as a funcion
of 2Py, , the 2-year ARI 24-hour rainfall depth, Valuss of-
*Prey for Peninsular Malaysia are given i Figure 1.3,
Intermediate values shoul] be interpolated.

Mote thet Eguation 13.3 & in terms of rainfall dapth, not
intensity. I intenshty is reguired, sich as for roof
drainage, the depth A, (mm) is converted to an intensity J
{mmfhe) by dividing by th-. durstion d'in haurs:

-] (13.4)
Table 13.3  Value: of £ for Egquabon 13.3
Duration *Pogy {mim)_
West Coast East Coast
{minutes) | <100 120 | 150 | =180 A%
5 203 | 1.85 | 1.62 | 1.40 1.39
i0 128 . 113 | 0.99 | 086 1.03
15 080 072 | 0.62 | 054 0.74
20 047 | 042 | 035 | 032 0.48
30 0.00 | 0.00 | 0.00 | 0.00 0.00

i an Somvats Mamgamet Mass!



SULIT DCC6213: HYDRAULICS AND HYDROLOGY

|
; :
| Desgn Ranfal
|
[ Tahle 13.A1  Coaffidents for the IDF Equstions for the Different Major CGiies and Towns i Malaysia (30 £ £ 2 1000 min)
|
| W1 | Cosfficierts of the IDF Polymomial Bqioes
[ St Location Data Period
! {year) a b c d
| 7 5.1968 | 0.0414 | 0.0712 | 0.0002
[ 5 56093 | -0.1034 | -0.0353 | -0.0027
! Sabah Kota Kinzhadu 1957-1980 15 5.5468 | -0.2595 | -0.0012 | -0.0050
i 20 52150 | 0.3033 | -0.1i64 | 0.0026
! 50 515922 | 0.3652 | -0.1224 | 0.00%7
| 2 37427 | 17253 | -0.335% | 0.0191
; . 5 45246 | 0.5151 | -0.1895 | 0.0095
| Sabah Sandakan 1957-15E0 i0 527258 | 0.3693 | -0.1624 | 00063
| ezt 45397 | 0.6675 | -0.22%2 | 0.0133
i 50 0022 | 06587 | -0.2195 | 0.0133
2 41091 | 0.6/58 | -6.2122 | 0.0093
! 5 3.1065 L7041 0.4717 | 0.0298
| Sabzh Tawau 1565-1578 10 41419 | 11244 | -0.3517 | 0.0220
[ 20 44633 | 1.0439 | -6.3427 | 0.0220
3 41878 | 0.5320 | -0.3115 | 0.0183
5 37522 | 13976 | 04055 | 0.0245
Sahah Kusarrsut 1259-1580 10 41594 1.2539 | 03837 | 0.023
20 3.8427 | 15659 | -0.4505 | 0.0282
) 56774 | 03053 | D164 | 0007
100 63202 | 00778 | -0.0845 | 0.0025
2 43333 | 07773 | -02644 | G.D144
5 559834 | 04524 | -0a88s | 6.pigo
Sarawak Simanggeng 1553-1980 10 S.6753 | 0.0623 | -G.1057 | 0.0938
20 5.5006 | -0.0085 | -0.0322 | 0.0037
5 34515 | 14161 | -0.3754 | 0.0200
Sarmyak Sibu 1252-1580 10 3.6423 13383 | -03508 | 0.0177
20 33170 | 1.5906 | 03955 | 0.0202
2 52707 | 01314 | -0.0976 | 0.0025
5 55722 | 0.0563 | -0.0919 | 0.0031
Sarawak Binkul 1953-1980 10 61060 | -0.2520 | 00253 | 0.0012
20 6.00B1 | -0.1173 | -0.0574 | 0.0044
5o 62652 | -0.2554 | -0.0244 | -0.0008
2 3.2235 | 12714 | -03268 | 00164
5 45416 | 0.2745 | -0.0700 | -0.0032
Sarawzk Kack 1554-1574 10 45184 | 0.2886 | -D.0500 | 0.0045
20 5.0785 | 0.0820 | 0.402% | 0.0L10
2 51719 | 01558 | -0.1093 | 0.0043
5 4.8825 | 0.3871 | -0.1455 | 0.008
Sarawak Kuchisg 1951-1980 10 G.1635 | 02268 | -0.1033 | 0.0039
20 5.2479 | 0.2107 | -0.0968 | 0.00%
50 52780 | 02240 | -0.0932 | 0.0831 |
2 45302 | 02564 | -0.1240 | 0.0038
5 SER16 | 02152 | -0.0276 | 0.0021
Sarawak Piri 1553-1580 i0 61841 | 0.3856 | 0.0134 | -0.0048
20 61551 | 03188 | 0.X21 | -5.0044
50 63582 | 03823 | oad7p | 0.0054

{ifan Soornnater b et Maned



DCC6213: HYDRAULICS AND HYDROLOGY

it Lritieed Gandinis

Oty Arsay R &ndd Solidly Built Up

Surface Clay, Poox Pavirg, Seulisonme Resk
Cmemﬁﬂ&ﬂwhmﬂnsaym&ﬂp
Senml Defrcted Houss o Recp Eareh
Bm&ﬂg&rmmr%dmm&w
B&EMMM&:&H with Gartens

|
|
|
|
I
Urbian Reigantlsl Foliy Soift Up

T
H
®
®
®
0,
®

f..h

&,

A

St Fulty Bt Upon Sardd Sraks

@ iViSely Destachied Houwss o Onfinary Losm
@ Park Lsrars and Maadows

SRR V)

I
16 110 X 138 MO 160 0 170

W
i

s et S

o9

8

SEER N N N I
- M yﬂln!llalvlﬂllrl_l:lLuV NI e lr”yﬂll[/ { A/r !!!!!!! 2
il ﬂllllifff M N IEIUVA NN < /lfl!il 8
k L] L] AN TN L NN /f!ff
.m lll_.lllllll |ll|.llr|l..l...... ..........fn.lr..r..'!.l.............,l.l.f..l. J._...,..........l”” i
LbLL = "
.m - " L) IIH.LL L | | - L - [ | -
_ g 3 5 3 4 3 oy i
< M M m <]
. 2 _§E§tg=x
e
= §
5]

Rainfall Intensity, 7' (mm/hr)

Design Chart 14.3 Runoff Cosfficiarts for Urban Catchments

Source: ARRR, 1977
Mote: For F> 200 msnjhy, inferpalate lineaily o ©= 0.9 2t 7
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Fgure 13,3 Vales of 2Py, For use with Table 13.3
{seece: HP 1, 1982}
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Rainfall Infensity, 7 {mmf)
Source: ARSR, 1977

Deasign Chart 14.4 Renatt Coelfficients for Rural Cotrhrnanis
tote: For I'> 200 mmfh, intepoldts inealyip C= 09 = 1
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