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Optimal Design of Pipe Networks by Using the
Marginal Cost Theory
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Abstract

An economically optimal design procedure for the pipe network is proposed. The conditions of pipe network

which we have considered are relatively large; no limitations of pipe elements, multiple water sources, mixed

conditions of reservoirs and pumping stations, etc. To solve the nonlinearity between the pipe cost and the en-

ergy cost the Rasmusen’s optimal algorithm which is based on the concepts of marginal cost and critical links is

adopted. For the initial flow distribution the theory of “minimum spanning tree” of E. Minieka is applied. The

hydraulic calculations are accomplished by the Hardy-Cross method. When a pumping station is installed, the

program may consider the pumping efficiency. The pipe materials should be decided by users, so that the de-

sign may be practically useful.

LA &

A WAEAe] F2 AF2E ol gl
FAHYCY $A ol gl B8, Bele B
4 2 A8 59 59 OFE VYL ol Gt
WAZAE TS 97t 43 nuss 7}
u giek dusE Bu5ast 27k Bl ne
A YR DI HAAT A 00
Felel Bl ggs A28} ol FolAok sl A7)
of AHg5E &4 7AE dYdo2 ogol sty
& wisiolx) Ausolok @, olo] Hatel 4

O]

o] o) AME o] X
£ o5 5338t Rh?} e s
£ 314sl7] st Aq7bA] & *]‘}_3}951

Featherstone® EL-Jumaily(1983),
(1981 h "rxﬂ E]— LEDZ}O}—7 -?»]6‘
(& 48) 2 A LoopH-# 1 Branch F%
3ttt Watanatada(1983) & 5470 @& 71
A4S s)Asly] $18te)  Davidon-Fletcher-
S Egsith v 23
Bl Y 9 ES AYE] 3 ASHA 94
% Jo2 Hg3l7|of of

i
=
l-Lll
£
39,
o o
o o
oo
1
op
! O

* solEn g FolEd e

ANYe : Bz HZ g, FZEAAIA, NS
Minimum spanning tree, Critical link
193



30

=T M 1A M 25

290l njer), gy 7
29 B 2] B3 ﬁagﬁl—g e
et P Aol g,

rO\

ﬂlﬂl%ﬂ?’;—é o &3iM o
Z2g AAE7) A3 AF
Maste] HAlF A7

e 527 9ol
2 g gon, g0l e N g AR A
THES 54 dole) 72E 2ES St

)

I, PIPE-NET®) &£ o]
L ¥z 7

ARl dolx AFEA L griA] g ¥
g9 £4& 7HAA H1 0|59 il wetM 5
7HA dej 2 ER3A

7} Type 1: 713 7L 3 e

2L st o @719 ol

L. Type 2: 0] A= & gl

" T

HEA FHoz
zA) g},

FHo] &

SOURCE TYPE 1 SOURCE TYPE 2

o
L

SOURCE TYPE 3

s ¥ty

SOURCE TYPE 4

SOURCE TYPE 5

{Fig. 1> Classification of source types

194

Asht F5EE okl £ FREHE 3
o] type 17 t}& Holth

H3ke
ol5 574 Type4
1>°ﬂ Yeld it bl ] B 24
Fo wa} gEtA Heg HA Ay BgRF o]

;

011: Fejol| Lot 712 Fdsto]of s},
2. 8= 44
Frs 2alal B Fgcte B¢ EAAE
Hzo] EAL YA Aok sttt ARG FEE A
A7) YJeire HTol U 4 FEE 28
2 3o} AR B2} 22559} fFS UEA
FNEE Adzgivhd AAA AlzlA HH AA
Fe A 4 gloy 134 X% 4% PIPE-
NETE A4be 8t o EAES LS
WA RE Bt A4z 28 FZe (Fig. 29
< el o] LRI EAFHE 7, o] FA
Fg 2 A9} fFAbol o BAE YERATH
Mol Ay HEZEY FHL oY aéEHi

PIPE-NETWell 4 (1) <] &&=
N @, a7} @9 ATE FS
o] ﬁz%g]ug }Hyﬂz},‘__ xj';g 5}
1— _TIJ_8_7}. 01]:]_
H,=a+ aQ+ o (1)
PIPE-NET: 9] AR glo]x ¥ &
g2 oz ®ze FgE wesn ST
PIPE-NET7} &&3t= 882 60%014% A%

L gy
Jn e
S

_8. =)

ol 2 2 rloomy
ox g
=) )
[e]
™ oX C:ll‘:
ok

olm o] B} & &S vehlE AT e AEH
=g a7t Add dold BZagol
100%%) 3+& -’:t 34 grom 90%01dold

o dsd Aoz Fdd. wekd PIPE-
NETo| M Hif &8&& 90%= 7H5-¢th. PIPE-



SHlH|RO|2S 0|18

2ot Z=x|o| &3 M) 31

NETE 60%88% Jeplie F +%, Qo(60%
eff.) —low and Qp(60% eff.) —highZ ¢E A=
2 873ty FAE hdd] 37 9t Ao /3
Qpr(90%) & F7hel Qpl60%)3& BEd s
ARg-gHT,

(Fig. 2)914 Be ule} o] BZ 54 F4
g9 sjH&zo uet Gk A €k 9A

JA5E 2= A9E BT £ 427 nA
Q

A7k AR BT AT meba (Fig. 3)°l
A} o] £749) Qp(60% Atolol EAsHE Y]
o) fol oo BES] HFS Lo I3hd A
A,

X n rpm 60%
" 70% max. efficiency

80% J

80%

o] Q60%low Qmax.eff. Q60%high —— Qp

acceptable range

i
(Fig. 2)> Acceptable range of pump efficiency in
PIPE —NET

. 4

0 Q60% T Q90% Q60% Qp
Qx

{Fig. 3> Interpolation of pump efficiency

7} Hardy-Cross &

o] #y L Y FHFE AP LA
-9 &2 wolt}, z7|gke] HAle} ZH3}
A ARE A 2 whE AT JF g 1Y
atA Boh, 28y e F27 AXA HA A
Aol BZ3A Ho] AFEHE o] &3ofof 3 o
735 27139 AR o) RerEL)

Lt. Minimum Spanning Tree

PIPE-NET+ Hardy-Cross W& 2 &8 4
AEE A48 FASIEE 2713 =
MAsE 750 9on, oF 9sl9 E
Minieka(1970) e 470" “Minimum spanning
tree” 41g&& o|&3tn Ytk Minimum
spanning tree ¢1E &9 WE&S fFFoz A
b ol o} o,

Hgo g #E 2ol
w), o] AR A Rk
Bloj it} 7H4 gkt

step 1 : Zojof wpeba] E7E #F5ollA A

o
L
ofn
o

w2l EFakn (Ke
o, T4} vhyy7t

[}
step 2 : FHIA

) e Y
A 7 aBT
1) 2o o] 22 wUo] dAUE
3
2) #% Qe vhruel wA dou o
g 4ge el g A%
3) FEY mF e e 4
1) Fadel 42 v WU @A 9
=
Dol 297 was, g B eaANOE
29 % step 28 A% P 2091 B9} 24
Be Fedow Aska vpuel BAIA %L
A1e TEZ Ago) BANE s YEdk
3)9] 47} wAeld, #2 FEAoR Astw
AHE O WUl BETh 49 97k
yal, $e FeAoz AT T U Bt
of the vkl v o,



S 2Hul

HI12H23

Zg3ith, 08X 4§ A Step 22
ZoprtM FUAHE wkEsi

o

t}-eo] Minimum spanning tree®] e
2 E9d. (Fig. o Fo3 Ao o
spanning tree& FAEH7] 18l HA el Lol
(e Zg)o] 2 ARH Z ¢AZ WET
B} th-o] £ 2 o] FojRka 7HE R ¢

(a, b), (d, &), (a, d), (b, e), (c, d), (c,e),
(b, ¢), (a, c). SlolA g duFel A

V)

3]
o

ue} A< 54 ol o} 2 AnE dA "o
MM Z Mz HRL 1 HEH 2
(a,b) 2 FEM apb HIO{U=
(de) 4 F2M ap de
(a,d) 7 FEM abde HOUS
(b,e) 11 FEM apde HOUS
(c,d) 15 FE2M abhdec HOAHUS

RE Ao sl wipye] IAHYoEE
due|Eo] Ads Fsioh

Yol Fedoz Azl 49 Ha, b), (d,
e), (a, d), (c, d)7} minimum spanning tree&
FAY sk 247 HY o]F 2902 JEY
(Fig. 5>} 2.

o ®

(Fig. 4) Example of minimum spanning tree

196

®-

©

{Fig. 5) Minimum spanning tree

G

2l &7| fay

ot} Minimum spanning tree’} AR =™, Z
ol i 27| FF& tha3d 2ol Ho, #
A a7 9] @ duto] Spanning treeo] AAE AH
& ANFozsd FFE W3t Spanning
treed] AFHA G #HQASE TEE FFHL0

o2 7Hgett. (Fig. 68 9 Minimum

A2k

27 &

spanning treet= A, B, C, Eo|n #AH
ol BAN S HejFt) o]gA A
2 7+ Iy &4

CrossH &

e 2714%
FF7& Add ¥ Hardy-

ol g3l BABY,

generated initial flow
Q=0
Qd=0
Qe=Qa
Qe=Qz
Qv=Qe+Qs
Qa=Qr

— 1€
not tree

(Fig. 6y Example of flow initialization

4, ZAAA &4

Z 2 0u8(TC)L A @1 &(TPC)H HA|
oA ¥ &(TEC)E &3 Aol
TC=TPC+ TEC (2)

2 g€}, TPCS TECAlolel w4dd #A7}
zAste] o] WA AER ¥ (Fig. D
7 gk o714 TPCE tha4 oz e



33

TPC=£, L Cd
TPC=2 % v|&(4)
Li=i##) #70](m)
Cdi=#7 ol uj2
Hxol A7t 7HE

di},

w920 42A( /m)
| (AEC) & theAloE ¥

c;{'NN{GnE” o .o
RN e
ug, pob !
A )

i)
X
Ipr

s oy A |8 (4 /kwh)

dgzAe) 7Y #3& ndeg & o o] 7|t
F4 285 E FolUA H&(TEC)S &3 2
ol EddH.

- I RY) 1 v 1 ..

olch,
4 (5) & T3t 2ol

- 11
()88} oA g Alole] ¥4

p—
—_

#AE A7) Ysked Rasmusen(1976)
A 70%r gHAIu]-&3} Critical link®] ¥ia8]&
< °]- 83t

TOTAL COST
PIPE COST
[+

ENERGY COST

DIAMETER

{Fig. 7> Typical relationship between pipe and
energy cost

197

—Critical link
A (EFE) N APZAAM A

2L

A2Q%%

Critical nodeg} &tar o] A3
3= #=2 Critical link2h 3
o}, wkek o] Critical node’} L.7-8h= %5
& ARoM 24T 00)
M 23555 24 € g}
H]£-9] 4% Critical linkWj o) ¢F
34 Fagors dod i ok
HEL 2

> e e
to
R o
e

B
_O‘l
x

o

Ir

22 Wi 4 2ow o AL w9 Abgel
et o= B wel 4P e Y A
o7}, =Y A sHE EAlE 27} o) vl
g3} 27} Bu g Afole] @A WAl 2
3 gt

MEC= . (7)
H, @ ol ost 335
Aol 27 e A MECE tha3%
2},
TEC
MEC=—IK (8)
H, : A4 ¥4 F5 59 Hawk
37 ol ij#] v]go] Critical linkE whbA]
dgstrhd
MEC=MEC (9)

olvf the AHeIA FAPIIA HE-L
the 4} go] DT,

MEC=(Z% Qu- MEC)/ £, Q. (10)
714 Qe A kol i7hx)9] fragolch,
-7 24
H'E 94 449 % P(374 D)E w24

she FRedold du HY'S o 2 B3

D& A9 o HAEE FFELdol 3t

WOF A9 fEAlele Hy—Hy'ol &
A v& ARA(MES)S (H;—H;")
- MECelth, BE B2 oA{F5R H =



ST M1 # A 23S

H-Hpn& 7HHEZ o] af+54E nd
e Boz 28 3FE 4 A Bk
o= ol Th o) oLix) ] & MWL
MES=(H,—H)'—H) - MEC, (11)
2 599, $79E BHlge
APC=L,- [C(DY) —C(DY]  (12)

o2 ¥4} gebA Bef MES)APCold #74

< DJ'2 F7MACk 3 gz APS)

AECo|d #7 & Zoo} 3t} of7]4
APS=L, - [C(D:) —C(D) ]
AEC=MEC,- (H! —H'— HE)

(13)
(14)

M, A=) =AA ] 4L

G&o gl g FEdH FHA AF I
o] &7 ZAJste 2$(Source type 5)°l) that
o HAAAF g BF) (Fig. )& A

0.056m' /g

{Fig. 8) Given situation of source type 5

{Table 1) Parameter of network

pipe No. length(m) node No. required head(m)
1 300.0 1 -
2 600.0 2 330
3 600.0 3 350
4 300.0 4 320
5 3000 5 -
6 300.0 6 330
L 7 300.0 7
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1) d&e : 0.2
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6) 48l }5e el B4
H2H(en) I14(8/ m) oA
80 800.0 0.0100
10.0 1000.0 0.0120
15.0 1500.0 0.0130
200 2000.0 0.0145
25.0 2500.0 0.0140
30.0 3600.0 0.0139
350 4200.0 0.0148
40.0 4800.0 0.0143
45.0 5800.0 0.0148
50.0 6500.0 0.0139
Final output result
No n/fc D L from to hlact1] hlact2] Qlpipe] H-loss
1 00130 150 3000 1 2 393 315 0009 138
2 00145 20.0 6000 2 3 375 35.1 0019 24
3 00140 250 6000 6 3 379 35.1 0037 28
4 00140 250 3000 4 6 386 319 0028 07
5 00130 150 3000 7 6 393 319 0009 14
6 0.0130 150 3000 2 4 315 386 0009 11
7 0.0140 25.0 3000 5 4 40.0 386 0037 14
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Cost analysis

**Total pipe cost=5,550,000.0

**Total energy cost=1,185,504.2

**Total cost of the project=6,735,504.2
end of the result
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