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Abstract

In the hydrologic analysis and design, the relationship between the
rainfall and the peak flow is often expressed by a number of empirical or
semi-empirical formulas. The mest, representative one among these
formulas is the rational formula which«is very simple and convenient to
use when estimating the- peak flow  after- the runoff coefficient is
empirically decided. Since the rational-formula was brought up in 1889, it
has been applied extensivelyto:estimate the peak flow of watersheds

where few or no records of flow exist before.

This study utilizes realistic field data to calculate the time of
concentration defined by Kadoya and the rainfall intensity while
incorporating with the rational formula to estimate the runoff coefficient
of each watershed. Watersheds with similar characteristics are grouped
into the same cluster by the two-step cluster analysis to increase the
accuracy of the follow-up analysis, as shown below: cluster 1 contains
watersheds with drainage area < 550km?® and slope < 0.41; cluster 2
contains those with area < 550km? and slope > 0.41, and the rest

with area > 550km? are classified as cluster 3.

From the results calculated using multiple regression analysis, the

il



correlation coefficients for the three clusters are 0.77, 0.75 and 0.93, with
each cluster containing four variables including the runoff coefficients,
the rainfall intensity, the area, and the slope of watersheds. It is
demonstrated that the analysis of the results from this study can be taken
as a basis of reference for decision making for the runoft coefficient in

practical engineering problems.

Keywords : peak flow, rational formula, runoff coefficient, cluster

analysis
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EFERHELITLR ARBEA LR E ERE T AT AR R EGF
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3. & 4 % jE3t (Manhattan distance )

Xik _Xjk‘ (3'3)
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(3) ek 347

ek BT EA S - 5300 & - BEFF & R4 1
MR R BT A L B T ORBEEH BTG R4
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3. T334 2 (Average linkage )
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LA P BESEY BRI R TEBNERT Y

BEH ERE - v L FEF T 2 £ 8 4o Punj & Stewart (1983)

1. *J":/,J'—‘/‘é": > —I;"::J@'f[#' él:l’— Pbﬁl %iilzﬁ&ﬁ @'f[#'/z‘ f‘%\ iz o

2. T FEREHEZ B AERE L X R VAR (Outlier) 2 ¥

=hi
frt,
S
d
4
&
N4
Ve
ETIRS

Ao T HEE T R B

32



3.KSEE R R B HE £ A B2 IR L
2 B R BEHTE G F L EJFRPEL -

4, rIZEREH S i BAnhnBEpE > K390 2 2 A Han R AL > B Y
FrE o ? RHRGARE(TF L L TR G  wl gd B
B B3 EE )P KIEE2 sk REREE TR 4240

5. BEEF 2 NREBIFERDFE I ZRDEER o

(6) = FEEx (Two step)

H—

FE R fo2ird & g;%x R % 5 4t 8L 3t F Milligan (1980) #% 41 %
Eea iz NFRE oAt e g Lk B 2

B R £ 1Y R B R e R R A

LPER el 2 A 45 2 W RS o
= ARG AT

FEA B a Brrl enp REHFIREDRTY BT RR LD

Yzt ok LA 4 AT ( Multiple regression analysis ) o 1% RO |

{w.

R B T TR p uE IR BTG R R AT

PRI B o b B2 2 - AR - B By REKERY - B
%

33
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F I A T
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818.41 0.428 12.95 0.32
146.21 0.04 5.02 0.03
955.93 0474 22.38 0.36
599.32 0.372 7.87 0.28
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PE- P

o | 1 o - o | PRRGEE |V RGEA 2 .
wh | I(mm/r)| A (kmd S e CE|£FQ, IF M Ci| ¥F'EQ, [wi#ki 1;&’9 o ¥ ¥
B A 3.89 160.40 0.403 0.441 76.45 0.140 2428 | 214.88% -- --
27 21.43 160.40 0.403 0.442 422.84 0.793 757.50 | -44.18%
Sl 22.67 160.40 0.403 0.442 447.19 0.515 520.90 | -14.15%
e 22.90 160.40 0.403 0.442 451.80 0.594 606.60 | -25.52%
i 4 28.86 160.40 0.403 0.443 569.59 0.385 496.00 | 14.84% | 32.19% 0.20 1
PR 25.56 160.40 0.403 0.443 504.30 0.506 576.80 | -12.57%
LS 6.13 160.40 0.403 0.441 120.69 0270 - | 73.87 63.38%
PetF ok 6.62 160.40 0.403 0.441 130.19 +0:293 86.40 50.69%
L AR B K RRELE
TP - o |[PURGEE [V RGRA 2 .
#wh | I(mm/hr)| A (km?) S e CE| #FQ, FmCE| F%RQ, [V HFiL 1::;;; o ¥ ¥
7 i -30.18°
ﬂ% i) 36.25 259.20 0.398 0.388 1012.33 0.555 1450.00 | -30.18% 47 28% 0.24 1
=5 4.73 259.20 0.398 0.386 131.51 0.235 80.00 64.38%
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wh  [I(mm/hr)| A (kmd) S e CE| £FQ, I Ci| ¥F'EQ, |wi#ki N ;i,; o g F¥
i 2 5.09 257.85 | 0.437 0.406 | 14823 | 0.123 4476 | 231.17%

% 19 6.86 257.85 | 0.437 0.414 | 203.41 | 0963 | 47340 |-57.03% |144.15% | 0.87 2
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%0427 A BBk T REE S
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e 12. . . 2 . 401 = | 1080. -28.079
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Al 160.40 0.403 17.26 0.442 0.437 1.19% 1
b QIR 257.85 0.437 5.57 0.408 0.417 -2.09% 2
%9 750.76 0.339 10.40 0.281 0.283 -0.71% 3
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¥ % i i Bk % * ;% ” i;}i %k P8 Q, I (mm/hr) C

] 6 1996.7 840.00 22.87 0.391

¢ § % B4 | 33800 | 0305 F-
% 19 1997.8 261.00 7.33 0.379
I 1990.8 235.00 9.04 0.850
TR 1991.8 226.00 23.75 0311
= 1994.8 138.00 6.67 0.677
T , ¥ 1994.10 196.00 8.80 0.729

o te 3Tk A 109.95 0.308

e A %A 1997.8 90.00 9.55 0.308
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+ % 2005.9 22.50 2.17 0.340
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A TR R 499.18 0.328 ,
‘ R =B Fey 2001.7 440.00 11.45 0.277
B 1991.8 595.00 28.13 0.308
s e i 1994.10 493.00 13.20 0.543

v L toi 3R FL 247.28 0.347 ::E, ﬁ"
% 19 1997.8 309.00 7.51 0.598
B 2005.9 85.20 5.11 0.242
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¥ % - 5 He b p g Q» I (mm/hr) C
¥ 1992.8 390.00 11.15 0.904
A 1994.1 81.60 8.17 0.258
g 139.07 A 3 2001.10 112.00 16.17 0.179
% 7 2005.8 409.80 13.82 0.767
+¥ 2005.9 123.60 12.66 0.253
i 44138 & }i 1991.8 357.00 6.78 0.429
P 2001.7 253.00 9.43 0.219
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303 2005.9 375.66 11.18 0.233
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K 1991.8 217.00 15.00 0.235
b 2173 %i’ 1992.8 275.00 13.36 0.334
B 1994.10 680.00 23.51 0.469
B4 1997.8 495.00 17.31 0.464
ia 1998.10 996.00 37.83 0.427
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W% * ’;; " i;];;; B P 3 Q, I (mm/hr) C
t | 2135 | o041 2 19959 | 25.0 3.30 0.101
et 20007 | 344.86 6.49 0.702
etk 20007 | 329.00 1437 0.173
47616 | 0419 gl 2000.10 | 1490.00 | 23.07 0.488
53545 | 200412 | 150500 | 25.01 0.455
x g 20017 | 1010.00 | 13.25 0.671
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i = 40851 | 0433 pfos Bas | 200412 | 42800 16.90 0.223
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FHEF | 20008 | 663.00 | 27.89 0.506
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12856 | 0452 —— o
L#a | 19967 | 8825 4.16 0.593
£ 19958 | 391.00 9.76 0.384
e 20016 | 192.00 4.60 0.400
37508 | 0456 ——
¥R | 20038 | 221.00 7.96 0.266
Bl 20038 | 591.00 11.56 0.490
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B prw |7 ;; 7 i;l wh iy Q, I (mm/hr) C

I @ 1990.8 263.50 11.25 0.202

T 1991.7 183.00 5.41 0.292

e 4n 1994.7 1120.00 12.31 0.785

1] 417.08 0.453 iF 2 1995.9 86.00 427 0.174

I fa 1996.7 1090.00 10.24 0.918

AR 1997.8 252.50 5.39 0.404

B3 1998.8 67.20 4.67 0.124

i 4 1991.1 18.30 2.79 0.213

4@ 1994.7 96.90 13.26 0.237

= R 110.71 0.461 s 1995.9 24.29 2.28 0.346

7 1997.8 120.75 5.08 0.773

% 19 1997.8 152.50 6.22 0.797

i g 2065 0.470 vi 1991.7 0.94 1.27 0.129

¥4 1992.8 12.40 3.48 0.620

i ¥ iLig 24218 0.471 1: al 1991.7 1980.00 58.96 0.499
% 11 2005.8 443.58 16.91 0.390

&R 1991.8 44.94 4.00 0.258

4w £ 156.49 0.478 B4 1997.8 168.54 5.29 0.732
19 42 1998.9 37.88 2.73 0.319




78

e gkw | " ;; C e | X Q | 1emhn | C
BEF | 1990.6 | 680.00 25.94 0.691
—_ 5 Rt g 646 | 0480 k # 1990.9 840.00 42.64 0.519
Py 2004.10 81.75 5.44 0.396
4 11 2005.8 | 249.00 14.25 0.461
e 2 i 453 0450 o jﬂz 1995.6 41.60 5.88 0.562
Fs 20017 | 341.00 40.16 0.674
P4 19988 | 274.00 9.28 0.263
4R 1999.6 | 294.00 6.27 0.417
3B ERS 403.90 | = 0.482 B35%% | 200412 | 31200 7.97 0.349
% 2005.7 831.32 14.30 0.518
2 20058 | 425.69 13.84 0.274
Ca w 437 58 o f&%ﬁ 1994.7 181.00 9.26 0.161
P 1998.10 | 1000.00 14.54 0.565
WIS | 1990.6 890.00 16.44 0.427
¥ 1992.8 375.00 9.44 0313
+ s " w5 19929 | 295.00 5.91 0.394
AL + R 43632 0489 sk | 19948 561.00 15.50 0.285
+ 4 1995.8 822.00 18.82 0.344
L FE 1998.8 880.00 17.44 0.398
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KR F | BkET
B * ;%“ 7 i;;i % b P Q, I (mm/hr) C
i 1995.7 390.00 14.65 0.225
i o . . . 0.222
1259 0,49 1995.9 192.00 732
15 4% 1999.6 960.00 11.46 0.707
i1 2005.9 1137.50 32.07 0.300
i 1990.6 418.03 5.15 0.709
41140 | 0494 [P
1 # 1990.8 283.54 20.96 0.118
iz o 1995.9 51.26 2.77 0351
190.20 0503 =
FAg, 2000.7 138.36 5.55 0.472
i 1991.9 402.78 16.92 0.744
115.08 0.505 g8 1995.9 144.80 11.56 0.391
Ffi, 2000.7 66.25 475 0.436
o 1995.9 8.70 2.83 0.281
39.40 0.528 B3 1998.8 25.32 3.44 0.672
= 1998.9 5.84 2.07 0.257
i 1994.7 212.00 3.61 0.353
599.32 0.461 :
21 199410 | 586.00 13.12 0.268
L 1999.8 788.00 9.65 0.460
3R E 638.78 0.430
% 11 2005.8 617.25 13.61 0.255
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% - 5 He b p g Q» I (mm/hr) C
g 1991.7 10.42 3.77 0.128
TR 1991.8 34.96 6.24 0.260
K 1991.9 12.96 1.92 0.314
w5 1992.9 26.60 3.47 0.356
L 77.45 4o 1994.7 78.00 3.89 0.930
B 5k 1994.9 86.60 14.46 0.278
R 27 1994.10 65.80 3.52 0.869
%37 1997.8 66.91 9.67 0.321
B 3 1998.8 7.87 4.61 0.079
g g 1994.8 636.00 6.36 0.443
o 1995.8 481.00 7.35 0.290
B Al 1996.7 726.00 6.48 0.496
B3 1998.8 630.00 15.54 0.180
- $12.03 75 ﬁ 1999.6 1220.00 9.96 0.543
¥ 2001.7 3400.00 46.53 0.324
3 I5 48 2004.12 709.02 9.38 0.335
3 1! 2005.8 303.76 23.30 0.058
EAE™ 2005.9 211.26 2.53 0.370
3 2005.9 338.94 12.94 0.116
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B Bk 4 oy B b p Ay Q, I (mm/hr) C
1547 1999.6 660.00 8.71 0.320
A1 2000.10 764.00 8.49 0.379
= 853.00 0.436 f -
i 2003.8 385.00 5.50 0.295
% 15 4% 2004.12 347 40 8.80 0.167
, R 1994.8 3190.00 32.76 0.382
5 R 916.00 0.375
1 B 1997.8 953.00 12.01 0.312
_ L 1997.8 1312.00 14.13 0.350
x4 953.80 0474 :
B A7 2000.10 519.00 7.20 0.272
Bt 1994.9 1090.00 20.65 0.199
SR 1997.8 328.00 7.43 0.166
g 955.93 0.372 =
R i ) 1998.10 232.00 4.44 0.196
Py 2001.7 4460.00 30.24 0.555




