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A Study on the Pipe Network System
Design Using Non-Linear Programming
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Abstract[ ] The objective of this study is to develop a method which can design an optimal pipe network
system using nonlinear programming(NLP) technique. The method finds the minimum-cost pipe network
while satisfying all the design constraints including hydraulic constraints. The method developed in this
study was applied to the Goyang distribution area in Goyang, Kyoungi—do. It has been found in the applica-
tion and the comparison between the original design and the optimal design of this study that the optimal
design method developed in this study does not require the trial-and—error procedure while satisfying the
discharge and pressure requirements at the demanding nodes. Therefore, the optimal design method using
NLP could be effectively utilized in the practical design considering economic aspect of the pipe network
system at the same time.
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L (cmd)
#1 (-)1700 {-)2550.0 71.00 R |
#2 102 153.0 56.40 (V=1200m*)
#3 47 70.5 53.80
#4 39 58.5 54.90
#5 50 75.0 56.00
#6 45 67.5 57.00
"7 42 63.0 53.90
#8 32 48.0 54.50
#9 28 42.0 57.90
#10 20 30.0 62.10
#11 28 42.0 62.80
#12 25 37.5 58.60
#13 25 37.5 59.30
#14 42 63.0 59.80
#15 | 297 445.5 59.20
#16 72 108.0 53.60
#17 53 79.5 54.80
#18 37 55.5 55.10
#19 79 118.5 54.20
#20 83 124.5 54.50
#21 21 31.5 62.90
#22 533 799.5 61.80
Min. Cost=f(D,H) @)
3. J|8o0|&
Subject to(AFZAA);
B 28 HHAA ] YA BAlE o A
F2PE HEAFIE HAHAAN HAAH 9] HA EFY oA HEWH
£ sk Aolth. /1Y B ME TR A <
o gado) AW 7 B fgo 7+ GHDI=0 @
oA o) AH3} myo] M¥oz FEE F A
. AFFAEA
ou AgslZY (looped) FFY FHH3 L
Q ¥loro y: —
HAdgo s Yepsd gk dutxon de) 3 H<H<i 3)

23t BAIE FoEHNAMe 4 He 7|8t oY
AARMs D2 JehiE oe 2

Objective Function(E3§4);

A 23

u<uD < u

(4)




62 HRASREL

71el Al EH) 2RWS DR B9 37,
Zo] &%FFo] oy (2)4ez Folx|= A
doze waby WA, dAfszwAdy a8
FEHAATol o AAA A
& A&t FRAEHANAM Y FEFVE 2714
Ao mapH Ao EFEA m (3) 2ol A
T ToAERANAEY FHFegely ofF sg(H)
1} AFeH(H) Atole] groloje} gt (4)Hoz F
Ax = AG2AAL ofE EAQFEA A
o] Aofgol o] AR ot YoM Fof
Z ARkAR FAIE B ATl HLg Hz), 473
A FoR uke} 2 HAHI mYPE g F AN
=3

E AFoAe 5 dgsioA #A3tg vl
g A3 ngo} Fold gl World Bankell A
st GAMS(General Algebraic Modeling
System)©ofl v]1% A=Y A £3F MINOS
S wWes: GAMS/MINOSE  o|galath
GAMS/MINOS = th&7 22 Jd=z 3dE 5
Qe HAH3 EAE E7198 AgtE FORTRAN
A& vigte 2 g T2 aYo|u)

Minimize F(x)+c"™x+d%y (5)
Subject to f(x)+Ay<h (6)
Ax+Ay<b, (7)
1< [ * J < u (8)

Y

o714 ¢, d, by, by I, us HEox, A, A,
As ez JeElAe 3oy F(x)&
smooth scalar function, f(x)+ smooth function
o WEolth. xz TAE 4EE wNY ¥R,y
2 748 4re 4YUTHD AZ4EY 904
(6)Ae uAg AtzAA (AL 48 Aoz
Adolgti & & YL (6)AFH (A& sl o
g AleprAelgta vk ulHdE AlgfzAAz)
g A5y AFE A2 my, nofgt 3L, Aok
Z27043 ¥y FAFE 42t m, nojet 3t A,
£ mmEY nnPez FHE PHE oFA
Hn, (8)dolA Fojzl AgzPMe 2E H
FE dF Ak e} sEka]e] HAE YRl

ot AfzANE Fol g AS xgEan Q)
& 9 GAMS/MINOS djA+= projected Lagran-
gian algorithm® (9.2 o]@3led ujXd A&y
EAE EolgA =9 o] algorithme H|HE A
FRANES HAYslsled Yo Y AGzTA
S TR AYxAHSe] BE M
subproblem& wHEAIAEHE B E AXA "ol
k-7 qHEAAd A B AE W59 ghe xi, La-
grange multipher& Az} &0, $9] (6)24]oA f
(x)&= &3 o] A¥sl & 5 Urh

f=f+J(x=x0)
7|14 J,= Jacobian matrix o], k—#Ax Wt

EAA B4 A A== subproblem & Th&x
o] vehd £ drt.

Min. F(x)+c™x+d"y-A (f-f)
+% o (-7 (D) )
Subject to  f+A,y<b, (10)
Ax+Azy<b, (11)
X
1< [ : J <u (12)

o] subproblem®] EZE421 (9)4S Yie
E4get HEgsE vAE AFRAN uig
Lagrange multiplierdts} penalty3le X &3}
augmented Lagrangiano]g} &zlgth. GAMS/
MINOS+ reduced—gradient algorithm$ A}£-3}
of fael MY AR AGLAAE HlA
o] augmented Lagrangiang #A33s}4 Hc}.

4 EHS 2yol S48
41 2271234 ¥ BPY S me uB
Aoz TlREASEE ANss FANE

Hazen-Williams &3 Darcy—Weisbach Z&2]9]
AEEEd, e #@%sidels  Hazen-Wil



liams o] F2 AHgHY] ches} 2ol Uehd
k.

K L 1.85
A (13)

o714 K A42A4 10.666, L& faZo]
(m), Q= #%(cms), D= #4(m)& ey
CE= Hazen—Willlamse] ZEAF2A gutdgoz
90| A 1104}ole] kg 7HA=dl o] =Fgo
wpe} Azl 2 ke JeRdA dch

7 99 "ol(m)F ¥ &L MR
e = 499 A g e EAgs
Holl &3 A+ RaMPA thga & BA
& AH83

Cost( Q) =0.2897 x D*+ 36036 (14)
7|4 D& #7 (m)E Jepdot

42 23§+

YA RS AAR Aol FHFFE AA

vl & Has) et Ao BE AANES @
AAdulgt g AR A e 5 Ao

Min. zzjfi" L, (0.2897- D2 + 36036)
=1

K
+ I XPy-CP (15)
k=1

oq7]4 L, D= #240/(m) ¥ 7 (mm)o]x
XP= ¥ k9 ¥31(m), CP& HZ ko] &9
FFnF dAvL(H)oln, n& B F A, K
= g9 Ageo|t}.

4.3 HY=H
EAgo A sejsor & Algzde WA

urg Aol ok Aok, AP o7t
AR, £AFLEEHY A 7 Agxd, =8

H2r 8 T4 19945 124 63

ARlN BB 7120 B Az, AW
4] ol &9 % fthe Nonnegativity A2}z
A% 574A o)}

4.3.1 WA YA Ao 22 B2z

2 g 2Q (16)

Jel;

A7 g M BE B = Q:
4y ioINe) $a8E, Lo £84 i% o
| #o zgold 2z Fadydl tete] Ba
g 5% 4% Yol FARFHL FEAAG
£ zdo® 744 7124 Holch,

4.3.2 HES| 2T 4lof| 2|3t H|bxH

2 h,;=0 (17)

tel

@29 9832 (loop) ZHabo] thabed &

A55e) o] B4 0ol AkrALR o714
st gz sol &% el Zgoln, Z 2o
A5FE gold AFE 4(13)3 2.

a
T

433 £ASSYYA| o H QN

KLQlBS

h= =Cs D (18)

RE @2 z}zto)] gi3] Hazen-Williams Z4]&
‘&é*]ﬁ@ sl ARV He #2o g &
AeE, 374 2 439 goz gA=h

4.3.4 TIFTAT|E0 8 M= A

H<H<H (19)

zZt FoARAA e IFFge] AAVIE] HE
BHeEA| (H) e 4@xI(H) Apololl EAjajof ok



64 HHEKAEL

Atzdoz FE AAZNEVH o8 SR
15m, 493 40ma FoIATH

4.3.5 Nonnegativity H2=Z

Db =20
q =0
h, =20
XP =20

(20)

2R He B2y # ,
HEFAD e Fro #HE /A ez o] 21%
RHEA Ao} fi

AolM B EARFE 873 2 95T o
& Hgez ‘%EJrUleD# 57k219] Ak &

2y dad ANzAEE =¥ ¥t )
A, o] HEE 3%lAM AE Hiebzte] GAMS/
MINOSE ol g3t} Folatd AAVIEE UHA
7le WA Aar (ST, 83, d2fF
T)E AA 72+ 3

5. 21t B4

2 A3 iy HAsrdes GAMS/
MINOS =213 ol&siM stz o) 2z
Br B4 SFAE FA FUE A$ 1Y-1d
A AR 307 #A2F 9 BR H3
WHo] 002 ALdEA) ol yniz) 217H-°4 &+
2% EB7)¥(branched) e &
FRAHAAMY FFY FYEAE “*5‘—*17—4 F AU
om 9/ #AZ M =i HjEE ooz
HA 7o BYAIA" A7 7HsEE on|gict.
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HE 273 (mm) (mm) (mm) H3 =7 (mm) (rm) (mm)

#1 200 166 200 #16 80 80 80
2 200 160 200 #17 80 80 80
#3 150 124 125 #18 80 87 100
4 150 108 125 #19 80 115 125
#5 150 86 100 #20 80 80 80
#6 100 97 100 #21 80 80 80
#$7 80 80 80 #22 80 80 80
#8 100 80 80 #23 80 80 80
#9 80 80 80 #24 80 80 80
#10 80 80 80 #25 80 80 80
#11 80 80 80 #26 80 80 80
#12 80 80 80 ®#27 80 80 80
#13 80 80 80 #28 80 80 30
#14 80 80 80 #29 80 85 100
#15 100 80 80 #30 80 80 80

* 3} Ayte P2 4£29296.14HP



F278 F 45 19945 12H 65
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e A7) 2 _® 5 Hle/ar)
- (a9 A g 3 | J|EEAY | ZIEEAA+ | FHgds A B4
. (emd) (m) FHAREA] | HIZARRA] | BAAEA AHE-A]
(a) (b) (c) (d)

#1 (~)2550.0 71.00 - - — -
#2 153.0 56.40 1.30 2.86 2.70 2.89
#3 70.5 53.80 1.52 3.08 2.86 3.12
#4 58.5 54.90 1.34 2.91 2.65 2.91
#5 75.0 56.00 1.20 2.77 2.45 2.75
#6 67.5 57.00 1.10 2.64 2.20 2.55
#7 63.0 53.90 1.44 3.00 2.81 3.08
#8 48.0 54.50 1.37 2.93 2.68 2.95
#9 42.0 57.90 0.99 2.55 2.16 2.49
#10 30.0 62.10 0.53 2.09 1.68 2.02
#11 42.0 62.80 0.47 2.03 1.66 1.98
#12 375 58.60 0.80 2.36 1.94 2.30
#13 375 59.30 0.72 2.28 1.87 2.21
#14 63.0 59.80 0.47 2.03 1.68 2.09
#15 4455 59.20 0.48 2.04 1.69 2.09
#16 108.0 53.60 0.49 3.07 2.81 3.07
#17 79.5 54.80 1.29 2.85 2.64 2.90
#18 55.5 55.10 1.26 2.82 2.61 2.89
#19 1185 54.20 1.33 2.89 2.68 2.92
#20 1245 54.50 1.26 2.82 2.57 2.80
#21 315 62.90 0.47 2.03 1.82 2.02
#22 799.5 61.80 0.53 2.09 1.80 2.01
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£ dFdA e W ieRde #2571 3070
olx, &8 AFEFIL 227, W E3 =2 (loop)
F7b R FAEHAA dom AT SN B
o HEd e pyoldn @ 4 o e
W ol& 3 A3 2YPYA nE AFz2A
< 19671, ¥4 9L EA Ay EAlzAe O
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B} A 89 (nonlinear programming) <] §HA ol
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oke] HHsl FAlol Qo] vy BA9 F3It

2 AR AL £ER9 2 Y (hydraulic simula-
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terface) Al o028 EAo 27|18 HH3 Yol
9E F e 2712 Y F Aok o= HAHFE
Al 2lol AFzAA ] R 2Tt ZAHES
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A Uk 2Y-2& HAFA o ol&d) <7 I
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o2 vela Qo iR ugel 3wy
o] dAle AR ALPL P FAHY
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th= 3% 7ML o

A3 =¥
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