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Abstract In the previous researches for storm sewer design, the flow paths in overall network were determined
to minimize the construction cost and then, it was not considered the superposition effect of runoff hydrographs
in the sewer pipes. However, in this research, the flow paths are determined considering the superposition effect
to reduce the inundation risk by controlling and distributing the flows in the sewer pipes. This is accomplished
by distributing the inflows that enter into each junction by changing the flow path in which pipes are connected
between junctions. In this paper, the superposition effect and peak outflows at outlet were analyzed considering
the changes of the flow paths in the sewer network. Then, the flow paths are determined using genetic
algorithm and the objective function is to minimize the peak outflow at outlet. As the applied result for the
sample sewer network, the difference between maximum and minimum peak outflows which are caused by the
change of flow path was about 5.6% for the design rainfall event of 10 years frequency with 30 min. duration.
Also, the typhoon 'Rusa’ which occurred at 2002 was applied to verify the reduction of inundation risk for the
excessive rainfall, and then, the amount of overflows was reduced to about 31%.
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1. M2 L g 95mle] BabEe a4t B
ofx|aL glom, o]zt A9 WAHE Wi A
L EAGolA WIHE] Wgets IR AEEe B4 geE oprIgith whebA mAIGHolA S Wl Al
B Qs HRe| st U0k R AR e &R0 AR A7 %S AN (0871 & S ATF01)o] Slgt AA]
theol7lerid Akl Atu] Aol ofsf = YsUTh
"WAIA A} ;0] B (leejh@hanbat.ac.kr)
A4y 109 109 05 +44 109 129 164 AL 10 12 17

5151



grakely| setelie A A1 4|12, 2010

AEe] HE Uil A" ads SHAIZI LA ok
A7F Zefoll FEEaL ik

A EAFe] A HAl= HgAT e A =
A AR wet 24889 FAHIE AET 5 s
AAE Qe B3 o] AAof Bt 712 A
5 B3 WY A W BA ALY Aol lojA
2:H|8-8] Ao F5tE]o] ot Lbdo] 2|4 dA o
ot 229 AFE 5 Tekeli et al.(1986)[3] standard
shortest path algorithm& ©|-&38}o] L3-S AA3}7|
ot LGA =RFPS NI on, Weng and
Liaw(2003)[4]2 ‘network layout’9] &3} FA|Q}
‘hydraulic design’®] 2|23} ZAIE SAlo] L& 4= Q)
= SSOM/LH X&& 7jdsldct F3F Weng et
al.(2004)[5] -=2hde] 2 HA ZAL}F =2 A
AE Aol aLgstr] flste] f-42 GareE&E o-&5t
A AA mEgS NEs e, Jang et al.(2006)[2]
RAEE et 24 ey 44 23S skl
o] BML YIS Hrlslr] Ysto] First Order
Second Moment(FOSM) H}H o] 2]3t B34 HAo] o]
|k T2t o]t 7] AqtEellA Tl A
= F&HEE B, E Sz eH, ojnf WA |
SEolt WA AAE Qe =AY B IA A oE
AHEA LA = gtk &, 20y A S
ojA T =40 WA webs dEtxe Bl 559
HIFR QIS ol it alel= o] FolX|A] gdTh

a4 JE5E 5200911 #AL A Ao o
E WYl 559 WHIlol| TgE A+ ALE AAE v
St} o] Aoz AAY EAGY WY A4S Y9
Aog HAAA 1o E fFEolAY AFFEFol

A2k 4 9l Eglch el g mAlo] ¢l
Hom AYEYon], YEIEFS Haoke 5 Ut o

W ile] Aol T mRO) AL ololAA elsk
& delME AE5E 52009119 23S vhg
2 95UY 52T ARRET Ho3E BT
ps) HLe
h o=

A

arelle) A p 2

kg mEe Eo].o:]
225 Az &3S AZ] st AANES 2uhet

8 T A TR

=]

ol PSR tebd 7 AHo R FUE Sut
Aol A=A sk W%jﬁq{superposmon effect)’} &
22w, WY S S HAF fEFY 2Ho| o= 4
= e Hok £3 HEREUe) Aol e 34
59l St FAane Aol ez
o| A T'Po 3
S s,
19 I8 2 AFE 52009112 AF
VA B e W] U Spaae] FH el 1
Anke A et 83T HEaswe] Hate Ueh
o 38 194 93 AR 5T 300 ol e

U A

5 p Ryl E AHoR

sisict.
olg|3l AL W wAlo] gepye webd 19 29}
Lol fEToINY TAREFEIAY BRAL T

Atk o714 h1~hoe 7t WEW Gol4ETMo] 45
R =gl o] M GUGEDAE ey
o), 29 2(2)0) h29h WA BT AAATES 2=
QS| Lehn, olefat 2 fel4EAl)
A Amo] wet SESEDAC] BEA7 Sebal

=

AEE F2009)[1]19] AFoles o] =4 WA
o3t BA WY $ESETHY FHE BAAIRORA
@l 5 9lee Agtehel

Ho| AEaEerel sty 2
oul, AA] felo] Hasto] A Ao PR QojHo
2 wrste] 1 wnke @S v otk
2 P olyel o7 datg ug
7S olgste] W 1wil WAl uhE a
3 wistel 1= AF §E7 @%%%%m LY

sttt



outlet

(b) case |l

(¢) Unit hydrograph

[3z 1] $wd 4 dll

3

(a) case I (b) case II
[33 2] &A1) F4-EIA41]
3. 940 =M 2N DY

Y] AAs ARERE SHRE oloAlE ¥

o sl ufel 0.2 ololol s, 47] e
B4 2 2 A e SAE AL Bstel ol

of gtk el £ ATl A T M) Al WA
2 427 ool wish 4] Faste] 22

= O
qA59E

A AA BE e AEEh &, NtE vge o4y
golAle] $4 R BAA AHE Aeolx] Pl 1

Aol FalAsE AAWSS Austeck weby P A
o] Aol gloiAe] & mHo] H4ge A A

53 & B A Aoz 3t

g
3 de o

o)

&

FHl

A oA Bko] ol Tt A3} LA

£ 32317 skl f-H1RF &a1e]E(Genetic Algorithm,
GA)S o]83lgon, thee] 17 32 Ads T w4
4% uge 5EEE vehich

&]7] 4], M(network matrix)<
Fe Uehlls 2da2A]
W7F e FoRHE Yo
29 1 4@t M
29 40 olF viges

A A

v =

o}
=

a

ZFAJ = network matrixS U

. O]t matrixo] A9 12 WE7H
Fe Upehiich

| Production of network matrix, M |

| SWMM — Reproduction of M |
Mutation
[ Evaluation |

Crossover
Sclection

[aZ 3] ¥ =4 24 =y
NI 2 BI[EEE 7]
[jodixoro 0 o0
0000100
o 0¢T30 0 0{ixo0
4o o 0o 0 1 0 0
4 e L Bllo o oo o0 01
e o [5] B4 tm el
s e [6]lo o o0 1 0 0
@[JeLm [@jo o000 00
(a) sample basin b) Network matrix

[Oa2 4] =A]-8Y network matrix

el

e A A4S FHgshe IgolA
ol SFste M AYAFE o)A, APARE Bt
qelds EAgelel dEd §% 64
SWMM(Storm Water Management Model) ©]-&3]

aA:

2
S

=2 B

o

oflt r_>C, oX,

2l
2~
T
A0t [e)
S EH A
H

2

i

ENEEERE %@m A

o Wk BALS 9fte] 2 o

s67ho) e A S ol%om 7} o)

o o714, SAl9] BhlEE AET

0] A7 TPet WSS Lrehnl, e

AEDE 1efE o mAo] 2y J&. 12 et
5 AWz 1

Tl X

_E

(]
T




grakely| setelie A A1 4|12, 2010

o] W22 0.1ha, | EHAR= 0.007, B3 1.0m,
< 100mo]H, YFAH= 0.0050]ct.

EL 40m EL45m EL50m ELS55m EL 60m

e
ol
l
|

EL.35m

EL6.5m

EL.3.0m
EL.25m L

EL.20m

EL.6.0m

EL.55m

EL.50m

EL.1.5m

EL.45m

(B ——( B ——( B —— (B ——

EL.1.0m

EL 40m

1

EL0Sm EL10m EL15m EL20m EL.25m

EL.05m

EL.35m

EL.0.0m EL.30m

[22] 5] Sample sewer network

olof| gt FEollAle] HER
7t B WY 2AS 22 HA-3E Fdte
= 29 19 631} Zh ojnf A-8H AL
W= 9] huff 489] 73-9olm, 7199 2|<47|7k

FEFO] 2
5

i
oft B
o

rlo

A7 A 2/\]7]-0 28319k o|Ate] thokst 7t
2|2 AT o Zeko] P Ao
7R Q] Y = Ao] A= e

CHEE]
e 27} g

EL3Sm

EL40m EL4Sm ELSOm ELSSm EL6Om

EL3om 2 0 ELGom

EL25m

ELSSm

EL20m

ELSom

EL1sm

EL4sm

ELtom ELdom

EL0Sm EL3Sm

EL0Oom

EL30m

] Siemn elum Ebion Euase Eiam

(a) Network of minimum peak outflow

EL4om EL4Sm ELSOm ELSSm EL6Om
D

EL35m % EL65m

EL30m

®

EL6om

EL25m @ ELSSm

0
) 1
r—@ 2) @
[‘—@ @
ELtom i Tg—@ Isun...

EL3Sm

EL20m ) EL.50m

EL1sm

ELsm

EL0Sm

ELOom ]

(b) Network of maximum peak outflow

[32 6] & % o

EL30m

ELOSm EL10m EL1Sm EL20m EL25m

TT T = o

=
o o ya

S Mo

(%]

HEo = )k A

g ek R ATolA Ty o] W) W A
Zepo] wisjol vt 271 AES skl 19 T3t
Brlo) ol We I 2 FYTon AgtE
A B oS 283t

%0111 : N
g [ /N
O“ g o
Wt AN

s SR O
e
fu
=)
K
o

T2
L
w3
5:
&9
o
O
=2
=
<t

PR DR VRS PR PR R s PPy

i e o5 e e i o) 1.5

e e e e e ) €150

o e e e e e €14

6 e 53 mee me meS meS) E1. 41 eion (5

i 5o o e e o) 61350 o B

L 000 (S e el e e ) €L 36

(a) Horizontal connecting (b) Vertical connecting

oo a9 8L 7 3
R BEREY 22 5

L

0 50 60
Time(min.)
o 7] A O =
() ZA¢AE717 308 FEEA

Outflow(nt/s)

60 70 80 20
Time(min.)

(b) AAE71E 60 &

outflow(nt'/s)

N 4
I 4

110 120 130 140
Time(min.)
o A [S RN
(©) AAE7IT 1208 20254

[38 8] Ae-A&7xhd wdd

5154



olabe] Amolx] Hehe] HBFAEY thH] ol HE
FEH) Pt W2 308 U 1ARE A9oA] 5.6% 9
oLt wmAlo] WA Eol Alskalel A
W 23 whe SX9 Paduk ohw,
_g_ [e]

T2 o=

o WY GET AFRET @)
o - -

Az | HH L HE D gme | ey
Gy | BEREY | HERES| W0 | e
- 7 Ty He | He
30 0.54 0.51 0.53 0.52
60 093 0.89 091 0.90
120 1.27 1.24 1.26 1.26

i
i}

e

N rlo o

o
£
&
ofl
>
>
)
oft
b
K
3
=3
2
3
lo e
o.

S ot
N

0 mq‘_‘
o
ol
S
£
2

[& 2] &F FAP AR

Time | Rainfall | | Rainfall | .| Rainfall
(mm) (mm) (mm)
01:00 20 | 10:00 | 385 | 1900 | 625
02:00 25 | 11:00 | 250 | 2000 | 735
03:00 40 | 12:00 | 185 | 2100 | 735
0400 | 190 | 13:00 | 440 | 2200 | 560
05:00 95 | 1400 | 315 | 2300 | 980
0600 | 200 | 1500 | 185 | 00:00 | 340
07:00 | 315 | 1600 | 225 | 0L00 | 115
08:00 | 455 | 1700 | 260 | 0200 L5
09:00 | 785 | 1800 | 360 | 03:00 13

5155

FOU 400 TOO 1000 ISU0 1600 1900 ZZW L0
lime (hrimin)

(38 9] o AP g

(& 3] &iF “FAPol gt ¥ 4R/ A 23

Bk H2 | e .
- L _ _ B)ulsF | £HlSF
deEsEw | 4RREY | UL | Sy
-‘1_ uo]- -‘1_ UO]_ o o
ol= gk
ETE ° 1122.4 771.2 852.1 8279
(m)
L1=uly
=2TT 270
werpe | ’ S

olfe] Ao A FETolA HFErETe
=5 d ol dF AT H IR
Ao M7t 7P WA el dR SR
i AFrEE Y oiv e AFRE delA o
313% fass Ao YEpton, oL HFaew
= Faspro =y I Al A 9] B E58 48]
wilsted 352 SHANE B4R Aok

=
9
= =
o

5. 248

ey Aol ARt 710 e HavEe|
T a9 AL 2ol =gtE o] $hom, of#jt 7]EL
ATEe B 255 WY A wE dnEMAnt 1
oIS & WY Al whE I 259 et Al
o] o glet. eyt 2 Atollde= o] Al
Aol mebs WY A9 BF0] HMekEA o, oA
< FEIAY FHEYE 2T o A wgelA
A W 259 atoll Wt A Yl 5t A
A3f wge] kAl Hotol| wpEbA FY FEelA e A
TrESE gaAd e, ol ANES 20



grakely| setelie A A1 4|12, 2010

5§
-

20
e
e p
oX,
flo W
« Mo
ka
iy
2 ool
o &
U
SL
rir

ot
==
te
o
o
)

N
oz
1

2
&
)
Ly
1o
ox
>
2
£
M(
=
i
ot > ot

i

2
-
Lo

2 1 oy
rlﬂ S
o=
1o

=)
rr

o ¥ olN

>

e

*1

pol)
X o
o

o,
253t BANA A

A 28E sAlol Lt

2 AT} o]5of Aok wlet.

2
x
8
X

r
Jﬂ
ook

= 4&1

_N

LxErlomﬂErtﬁﬂ b ol
2
(o

qul

Hn2s

HO

(1] HAsE 44, dgE, o s, “eeuA 35 A
oS 1R WY AAl w3 A7, A=At

T4, seks], Al9w, AE, pp.1-7, 2009.

S., Roesner, L.A. and Park, D.,

of Urban Storm Sewer Optimal Layout Design Model

of the World
Environmental and Water Resources Congress 2006,
May, omaha, Nebraska, USA., 2006.

[3] Tekeli, S. and Belkaya, H.,

generation for sanitary sewers”,

-

= L

£,

[2] Jang, "Development

Considering  Risk", Proceedings

“Computerized layout
Journal of Water
Resources ASCE, Vol.

112, No. 4, pp. 500-515,

Planning and Management,
1986.

[4] Weng, H.T. and Liaw, S.L., "Studying a Sewer
System Layout Optimization Model with Applied
Enumeration  Algorithm(SSOM/LH)",  Proc.  16th
Environ. Planning & Management Conf.,, Taiwan
CIEnvE, pp.28-29, 2003.

[5] Weng, H.T., Liaw, S.L. and Huang, W.C,

"Establishing an optimization model for sewer system
layout with applied genetic algolithm", Environmental

Informatics Archives, Vol. 5, No. 1, pp. 26-35, 2004.

5156

0| ¥ S(ung Ho Lee) ("33
e 20039 29 : mEoistw FId
ol ERATIY (354

Ab

* 200841 89 : ecfeta Fuluf
_] Egﬂ%l_b_gl._q_ (/\_Tv_b-h:ﬂ—

*})

2008 9¢ ~ 20099 8 :

Hofjstn 2A AT e

FAIE Ams

© 20099 99 ~ A : FPFhLieln EEget A
pAPNS

H
<A Hop>
AT IF) ATE
AotrEgsl, 423t




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


