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A Determination of the Design Rainfall Durations of Various Recurrence Intervals
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Abstract

Many methods of estimating design floods from rainfall data involve a trial and error procedure to deter-
mine the duration of the design rainfall, which is very complicated and time-consuming. In this study, an effort
was given to derive an analytical expression for estimating the apprbpriate duration for use with a particular
unit hydrograph. According to the so-derived analytical expression the coordinates of hvdrograph curve and rain-
fall curve for the Musim Representative Basin were computed and then plotted on a same scale graph paper on
which the critical durations of design rainfall excess of various recurrence intervals were determined by the

point of intersection of the two curves.

® =1
FERERE o REHIOKE & MESh - B HikEY AR ) FRRRIE Riel o ¢ WM ST
Bks RS o, K BRS A SR X PR ARZ BT Jiikedl (Kerel @0l PRz IR
£ REdte 7]293% PRI B BEfHeh of

ol g Al FHEd Mg #O RFEHM BHst S E iR (hydrograph curve ) 3b BRI &
%ﬂ%;:t:imﬁ(ramfan curve )& HELE T, T RERE i WL 1o 1 Flol AShe HONE R

BAf 8- kb glod
F R
REBOREA WEE ST KA MERN RS 4 WS 20l & Bl el Pebaiel L PrEim

Aol 2ol JERAQ B mtie BER S HiR 2 o dbokikkE ] RERIRY > fiel pEWel g s

RAMERE & A2 2sbed RFAME & @Ml oz Y & ar ofueb. Roigtkib s 7)o | EE 82
B OKTH e Betol Kl == dhkH g sl Ealar ZEbdbaA el B Hihel 4 = S RS P
A b AHelvh ol fikdh KiFel ol MM sl MMIE el hal Bopdirstel WU ke el @A
3z o224 & U.S. S.C.S Method™', Chow Method  IQufilh/k i S R/EA7] 3= F96E OGS Hriiish & of it

=t

*/, Pullen Method'®’, Cordery and Webb ' %ec| 3} ¢ TSRS [FiY 8} i ok, oA Y= T
ool REARKICO R MY iR A L K S T N AR S Wkl BTN Hikel s {78 f el

REE BE SRR BT (HUERT Dl 2l sl 3

At 2ok SEEPREIING Soieb bEER Mo s 3,

H{TiI ol o 7b e Etatakod z&"éz% Hall A WAL THP CINBE AR R #D) (U Aol | (L &R
Blot e ok ¥ FE Heim =l ek EMIMY 9 d (Fig. 1)2) B eb abEb iy gietel s w s
7hRGEEI o @ WA = gloh FateiEe =l grop

* KFo HE PR (THE)
Kok EE - BB EMM




sHd A del

205 km?

FIGE MUSIM REPRESENTATIVE RIVER BASIN

2. mMm AW

Mo BRMES (Esh D-hr BGTS EREE

HomEe Heapmd Do Ade] wek el
o, d5E EEEN HY RHFEL Dol et AA
A oz HYEFFERS MR HHs e RIEEK
go A 2 FHEs, A2 o2 o= fHRE
o) Bk REHEKE REAN=VHE

obel o mzaMy R A& BYHE Ay HuRe
RIES #Ele 2 wob, BN HEL —EH HIEMIR
2, WElRE ¥ BEARE 29e @AE s Hond
e

TS B BEEES @Mt D-hr B
S ol BRAIAMT B instantaneous unmit hydrogra-
ph, IUH)2 28 44 #¥P + do=d ¢, X ¥
e Hmstd F BTEMS BEE S o

(D, ) =—{ Vo, )at (D

‘7] 4 UCD, )& Feseiifde] DR§RIl HLAIIGel =
Ulo, t )3 iR BRISLAI R ot}

G semel WY BAEYTEE(lm )02 ol T K
WARKS IUHotaNe Wil =k &,

vty =|! Ute. Dat @
£(D, ()& MAs,

0D, £) = { V(1) =V(t =D} @

DEsAnEotel vl BHIADEROZ AT BKKX
el EAKEL t=1t (74 tpr RAKES
el ) A s, g ReB FFE T
st

o A ek

w2 F2 1979%F 128 5T

--adi-gu( D, )} =0 (4)

# (1) & HRI(D BHH #srat %, D-hr iende]
Lo s TIERERD t, & B o R Hope wd

U(O.tp)’*‘U(O.tP -0)=1{ (5)
x(5)d &HS 29 R BRAS 24 Fw.2

- Q=HR LAGGED tuk

0.t}
AN 1
PN
Lo ] N
N
/o >
/ / ;‘_ \:Qzll\\

FIG.2 © GRAPHICAL DETERMINATION OF TIME TO PEAK DISCHARGE

g iEAGo] DBl Romol fihloz ¢l Ao
A& hamged 271«

Q =R-U(D, tp) (&)
oj e

s RFES S 2 BEEEL OMEAX
& (initial loss) 1L 3 Fig@dkE 2 M HRAkeRIBH
S} 4vlE BEAKECR MR (Fig. 38K o
& M sset

R=D:-(I—1f) (7}
)

!

—
-

RAINFALL EXCESS

INTENSITY OR

INFILTRATION RATE (mm/ nr})

RAINFALL

FiG. 3

o 7] 4
K1) & KB KR

Qp = D1, --1) -
ofct,

oW SUHE HRpEt & BoHges <
LFigange M —Hmes Fig. 48 o Forsl
o}

. RAINFALL LOSS AND EXCESS.

I, 4 FERMBED ol GTEHBERIMAES|cf.

7 Ashe

UlD, tp) (83



58 EWEIKEEE

(Qp ) max

FEAK DISCHARGE , Qp (CMS)

I
Ce
DESIGN STORM DURATION ,D (HRS)

PEAK DISCHARGE vS DESIGN STORM
DURATION
Fig. 4.9l D7t ot 2 HE AN Pl =,

FiG. 4

D, of F3he BAMB(Qp o) & & RE HRA
Ae Aol
S (@) =0 ®

K(8)% Dol wsred orsted X(Dol HAsIA

d d ... ..
35 VD, 3} ‘“"db“‘)(“'“‘”} o)
U(D, t,) = Dil, — 1
oA, K(DE Dol st WAL F ot=t, 2

o

d
——[-)—{ U(D, t5)}

=500, tp — D) S V(1) —V(t, — D)} (11
o| cf
KR(5)Y Ulo.t.;=Uo, t, —D) HES R(DA
HE RULA Hdol AT &, KUDA A£6L0%
(D, ) 2 vpre

4
45 LU0, )

5 Ry )JE‘IQD s};), ) ()
2 RUD & KO0 # Hl—stch

R0 HaL MEe 3¢ Ho 2 = EHR
EE2A —EY ERE B 7 o, L& HE

W T Em¥ein, Dv BHESE L4 o) £ale
2 RO HFD9 £&F% Bsa

«%{D(l,‘m =~ D“”' + (L, -0} a3
of o},

A3 RO fHllel RAZR o/ & R(DY
L A Fn B

. dl
V.t _ 7@ (i
U(D, tp) ,—0 .

7bosped, (1) frh wbE HEESHEE B

B
=

E

st s Ao mE kY

3. TWHME dhol

ST A&
AL i
ol shod FE s

FEpE IS

ikl
Flis

3|

Hy

dol FRREAN-
HATEY shrbell o dted jRgsie g
MO B E Fi#st o
Dl kel 2 s of.

B )
K14y el o sh gsgsl =

7=
=

et

&
K1) 9

1976 4 HF THP REMMMME &8 © 2 Aoz @\

o iRE R

5.0 Fast ot

I-HR R0 #f = £~ 130 Fig.

ey

e

Kool M GRS A
N T THR | Smothed[| 54§ | (- HR
COAWIM | @ s | IHR At
4 W iR [
[Chet () | (momey | (e || che) | € e
l M U o [ 23 950
Pouy i | oom b oo ] ours
I 2] s | oea } o0 s toeto
L3S0 080 05 26 | Aes
EEIRE I R boas | 7 )
Cosose gozw bouss | 28 0
61 w00 | o400 | aes 28 | 05
7 E 110 i 420 . ars || % 0.46
81 47 | 520 5.0 30 na2
90490 1 460 497 | 32 0.40
Wi o4 j 480 430 | ® | e
e [ 548 3.45 k] 0.33
120 310 280 2k 35 0.30
13 ‘ 260 | o2a 23 | 3 | om
14 ) 290 1 200 1 133 37 024
15 B0 LD Leu § 38 | oozt
16 | 160 | 160 vas f ot oo
17 t R R P AR T
LS R R T
A R N R
| 20, too | os 080 | 43 | 008
boi o ocee |oweo | e boaa |
b2 oGw a0 |oars pas | oaow |
T T T H
. e - T I
N i 1
T\ |
ale / ’v, \k . 1-HR UNIT HYDROGRAPH 4
a i !
A i
w S i \ -
2 1 ": ¢
E .“J"” \\ 1
s N\ |
]
|
!
i
i
o ¥
g Rl BRI e A bR e R REY
ot BTN $¢ D-bhr MK E #BslE S-

Curve 77 el BFURE @ Mstel HEsigox,
RS -

1UH ¢

13 K- 2o ikt Aot of ofzbol
o MEE= Aot TR EOEREER) A 4

SRt @EE ng o
H(1om2 EHEF LS

K

Eed
T

2l IUHE

Fig.

;
B
4

Smoothing JEE= HALK 2 F
ob T2 B sto] F ol B

Soll4 A # dglet



B IREBWHEKS [UHE Fig. 20 E&s A€
Dislar & A4 I B4R ZMste ZA
tp of WS ool A2 TUH o giEf. W ZAuia U
(0,t.) & skabgeh, W) tpel A2t Ulo,ty)
K(3)ez 285 o F ¥ upsp ol MM t, A Y
Wb 2 S B — D)7 o M s
e KR D2 by g o3l IUH
of w7 o) BN ZE-S IUH S S-Curve H{HE{H
o zome U(D,t,)& Fig. 604 s}y UHA S-
- DA elE B At Bl deid S
Curve i 28 kgt § D2 o] $9 e

wEE ko2 Rgr )l REHB U, ke
fz—zsz% goo, wpebd K (14)9) AsdifE

28

Curve &

A2 U B

lE HEE + Ak
; < —LURVE - . .
gr QF 1JH y _ .
= T "
‘};’3 D i n/é i
2 / /L/ LAGGED S ~CURVE
1= X OF TUH
\
T 1M E
FIG 6 EVALUATION OF U (D, tp)
A2 A HEN R R
TN 32 b o R (o, tp) u(p, 1) Ulo, tp)
Hiwe BT IRt 254N
OChr) t,inr) () (i) G0, 1)
! 560 s ! 1.90 1.043
i 2 920 162 ; 480 1025
| 3 9,90 158 176 5 %2
i 1 10.25 406 160 0.883
5 10.85 355 150 0,788
6 11,50 308 E¥d 0721
H 12.15 262 409 641
8 i 12,90 220 335 0.570

RAINFALL iRTENSITY, T

4. MEMEMRL HN

L0y ADfEs AYHTES fRemEil DRI B
ite] A AA MG RHBRREY AN RRME

of A 9 el Aok
Fig.3.0% %8 o + gl%o] £i%
Dt g Ko2 #n¥ + ek
IL

t

afeb A (148 A0 FRENEMRS 8 Rewe B,
SR RE o AR ol st HIE AL (finite
difference method) 2 2 84 4 girh

H

R R He 0

D=t~ (15)

B2 F2YE 19794

Dx FD; I[: """ I[x\
2 D,

L+ 1y =26)

128 59

D —

(D, +D,0(1,, -1,.)
i (Dx 'D,)(I“ + 1{! ‘2f‘)

(16)

R (16) e S A v Aol SFHE R R
R b Lo Eakd gL RS A TR

Biol gob ofal 5 HEREHIRTIN EHRENGE e R lH
of ola] keb whebs K SRl de HMERC S #
M2 sk ot

£ -3 976 4ERE THP #y &9 BBEIMRIN, Pt
HRIA) iR 2 e PREEAEE STEshe OBkt
Aol =, Fig. 7& o il REME Bfisae (- £
FUHE (O - HEHR(T) #E&kE &Rshe Aeh

1, Py

U.v%;mt» _mq.
(EERI R TERE

zu‘un‘x .
et (LI 1"7\,‘
i ]

T
- k3
& i0r— ”
r i
L
x 8r
3
oos
4
2
10 i i | 1 ; L 1 L
G 2 4 5 8 of 2 a € a8 0
FANFALL DURATION | t {MIN |
FIG. 7 REINFALL INTENSITY - DURATION - FREQUENCT § MUSIMG CHEON )
S LRS- A4 T regression analysis)e| 9 g}
o goRskd KT sk e
2 QOJ‘) T 1813
poew 2 THEYE T o7

0. o8

dhl PIHRR AR B CIL ) 9F R (D o] e !

S BB bl W RS Sl Wl el
W8k REH A oF v, & (uﬁl At OFn

tUkIel BT siet Lia gemi kel KRG L

R e 8 Wool hagt) Mblstcln Higsle F7bA
A od), IL=5w , f=5m hrel A5 1L (0m
f =5m hro § 495 048 ¥ A4S 58



60 WERKXERGIE

4 ERE SH
Ko PR HAEE T 106, DEVRKATE 1L = 10w, KHAEE {=5= hr
" —
|
HepE I WE SR ]‘ﬁammau!ﬂ:s} R I T A L A 1 TD'“D' f 4
t(hr) (t{ == hr) ] Dthr) (hr) (== hr) (= “hr) Che) g (hr) 5
S U P NS
0.25 84 4881 9.131¢
0.2311 0,4621 25,4903 133,479 0.1988 C.4639
0.50 38,4917 0.3305
0.4357 0,8713 11,1800 56,8034 6.2104 c.4754
0.75 47,8117 0.5408
0.6450 1.2981 6.0222 79,0012 0.2164 0.%029
1.0¢0 41,1395 0.7572
2.9788 1.9577 7.8062 64,5728 0.4432 C.533%
1.5¢ 33,3433 1.2008
1,8264 2,8527 4,0238 52,1429 0.4%18 C.5599
2,00 26,7596 1.6522
1.88%0 3.7620 3,1407 44,3784 0,457 0,5821
2,50 25.0189 2.1097
2.34C3 4,6800 2,308 38,9280 0.44613 0.6020
3,00 23,3091 22,5710
2,803 5.6063 1.7897 34,8285 C.4643 0,6204
3,50 21,5194 3.0353
3.2667 6.5373 1.4368 31,6001 0.4607 0.,6378
4,00 23,0806 3.502¢
3.73e3 T.4727 1.1890 28,9722 0.4687 B8,6544
4,50 18.891¢ 3.9707
4,2038 8.4116 1.0038 26,7794 0.,470% 08,6703
5.00 17,8878 4,4410
4,6768 9.3536 0.8w2] 24,9134 0.4717 0.6862
5.5¢C 17,0257 “,9127
5,1491 10,2982 0.7507 23,3007 0.4729 00,7016
6,00 16,2750 5. 3854
5.622% 11,2451 0,6613 21,8487 0.4740 0.71lé8
6,50 15,6137 5.8595%
6,0970 12,1940 0.5882 20,6392 0.4749 00,7318
7.00 15,0254 £.3385
$.3723 13,1447 0,%277 19,5231 0.4758 0.,7460
T7.50 14,4977 ¢.8102
T.,0485 14,0970 e, AT769 18,5185 0,478% O, Th1E
8,00 14,0208 7.2868
7.%256 15,0%08 0.,4337 17,6080 0.,2772 0,7767
8,50 13,5872 7.7640
8.0029 16,0059 0.396é 16,7778 0,477 ¢.7917
8,00 13,190 §.2419
ot 6. (D dlr ~dD) (It —f ‘-r~u~f_rApf—w~ﬁm.,-nWWMv~~, .
ol g HAFe derd K (1659 Fibow ol RE [
iRel ot DEtEdiig el st g HIE
BI04, 308, S504.% 100 4B of gk HEERA

o, G K- el gacsl o

5. WIAMMES BEEE RE

R14I2) fzns fabelel Aol rske, of 0§
R WES BEA S AN BT se
shwa she HERERI D, (Fig. 4 B16) o/ ch

sheid of R4S W3l K CATRE

AL,

(hydrograph curve ) 7} %4 ol 4] RK3b et PEaitheg
(rainfall curve )& [u}j— Wb boff “22d 7 <Jfie] &
ABhs BRG] Faerlinl-e cksbd o o A oeleh

#-20 HEAM S BB TR Kacet 2ol
8.~ Fig. iLoll fomnsl MO digel SAfEt R
olw, & HHRME Foll A — 4ol sHE= Nimel ofs 4

Fig.

B EBEEHRIC10. 30, 50, 1004) & &atid dhe &
stEste] 1 SRS dhiel ErER Katstg o
REAF R dhe o RN R PR el

o R wREs ZitaRhF el SRERRI(D )L vl

39
o iz
«
S
BE
O[O
P RAEAL L D URYE
HYORCG A~ Uk
G3
02+
. T.: oMM
Qi £ 5 MM/ HR
o L‘_J_ ——_ S P
o ' “ ) 3 kH s s
FAINFALL
FIG 8 0 TERIMNATION LF CRITICAL CURATION
o] A
el gk

B c - Lo, ol 2. i o) O
ox 1”[11 Bl B B s 2T,

52b A 6ol JLigs




+ MY DROGRAR TR/

PR

|
j
Fay 3 DETERMINATION OF 2917 CAL DURATON
|
1
4
: {
| e
I i
l
KA eGSO
7 CETZRMINATION OF L0 1CaL DORATICN
Tt BB ) I
% 2 EE R T 10 30 50 100
i I il - 5w 5.88 5.34 652 6.75
L
i ) L~ 7= T 500 537 6.55 578
P f S |
i D= 10 = 5.94 541 659 682
§
i ILNzZ= | 597 644 663 6.85

SHHEHEES AR ERE (BEk REL)
(HAL: hr

#%—5

' ff pew L odw | W s e
L

&EFHE SHRE ﬁfﬁﬂ%ﬁﬁ&;@’_( Fﬁ&xﬁaﬁai{ft)
(HfL - hr)

w12 W29 19794 128 61

| }
- o P
7 i
i
o !
§
i
g ost |
dho | H
I ! H
a |T 67 {
5 4'
to " 3
die <
305 os, N
! i RENFALL CURVE ™
4 PDROGRAPH CLURVE
sat
!
: ]
-5
¢zl 1
! i
|
i L MM
o MM
i
L
R ' 2 a 5 2 4
wavALL EXCESS DURATION, O [ HRS
i it DETERMINATION OF CRITICALL DJRATION
(= al 0]
ol & Fol A & 7 Aw uel ol HHMM Hat

g e HRGM =tel aold Eab obvizh 1IN
BEBEE 2A AL FFIL =10=)7 A e A
‘T‘\ILIS“)E‘_D*” okzk o i AL oF F e, )
Mk Ee 27 & FRPRE 1o & 28T 03
2 o Aoz vebarh ‘i.“‘i Ey stEEE A A
o A (f=5mshr)zt 2A 42 A-3(f = 10=/hr)
wrh ARhdiEe HEElinge g4 3Al verdh R
FHE Frplpidel HHE2 o2 2 o2 et
et

6. & oA

| RN MHT B Biim  SEo s
B g PRt e Nk REREC #
LIl REFE FHT R, 4 #S HeE o
et

L Aeheimel PRl SKiTEnne HME

o] 2] =

ot

& Aia ga grter RK¥ 4 vt
2. WIMEEEE S RS Fre ARllel & X BE oA

Tt
3 WA 27 E PeEEERel tt WEE 0la
o8 A P AR Rl B Eete
4 WS R AVARGE . PIRERIHK
B oY VR RN BELALSE. JUEY wE M
o} AFIARIENIE e EE

Aeka st ol
o SRR iR fTHISE Hebo R BEsicl



1

3.

BRI

U.S. Department of Agriculture, Soil Conservation
Service, “‘Hydrology-Watershed Planning,” in  National
Enginecring Handbook, Section 4, Part 1, tlovernment
Printing Otfice, Washington, [, C., 1964.

Chow, V. T., “Hydroiogic Desipn of Culverts,” Joumal
5 Hydraulics Div,, ASCE 38, No. HY2, »x&s,
el

Pullen, RO AL

Vol

“Syuthetic Unft Hydrographs for Scuth

Africa,” Report No. 3/69. Hyurol. Res, Unit. University

or Witwatersrand. fuhannesourg, South Africa, Decamber,
PuoY
4. Cordery, Loand SO N Webb, “Flog| tstimation in East-

et New South Wales-- A Design Methud,” Transaction,

Inst. Eng. Austrabin €'Elo(i), 8793, 1974

R S IO oY qllls

5. Dooge, I. C. 1., “A general theory of the Unit Hydro-
graph.” Journal, Geophysical Research, 64(2), 241-256,
195¢%

6. EROCED, [RBS RSO T #

1976.

A I e e &

-}

Chow, V. T.. "Hydrelegic Determination of Waterway
areas for the  Design of Drainage Structures in Sinall

Drainage Basins,” Engineering Experiment Station Bulletin
No. 462, University of Winois, Urbana, 1962
“rr AR MR i B B
KOCHRERPI B A g thos® -0 @K
1875,
S B

O R R
1978,



