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Abstract

In this study, a modified indirect evaluation method was developed to predict the deterioration level of water pipes. The accuracy of the
modified method was verified by comparing it with the direct method. The weights of index were adjusted by reducing the weight of
water quality corrosion, soil corrosion, lay depth and road type according to the importance of the existing evaluation factors and adding
the weight of pipe thickness. In the results, the weight of pipe thickness was determined to be 0.1530. Comparing with the direct evalu-
ation method, the accuracy of the modified indirect evaluation method increased by 31.03% compared to the indirect evaluation method.
The modified indirect evaluation method will be able to select relatively old pipes more accurately and efficiently than the existing
indirect evaluation method when prioritizing the improvement of old water pipes.

Keywords: Modified indirect evaluation method, Indirect evaluation method, Direct evaluation method, Pipe thickness, Analytic hierachy
process
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Table 1. Evaluation factors of the indirect evaluation method

Pipe Indirect evaluation method
type Factor Unit Note
Pipe diameter mm O
Service year Year O
Water quality corrosion LI O
Soil corrosion Q-cm O
Electron-Chemical protection - -
Lay depth m O
DCIP Y P
Road type - O
Maximum water pressure kgf/cm? O
The number of damages Case/km/year O
Valve/Waterworks density Count/100m O
Soil type - -
Pipe thickness mm -
3.0
O O O Romanoff Data
O—0—0O Nahal and Khelif
2.5
E 2.0
=
s
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Fig. 1. Corrosion depth according to service year
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Table 2. Correction coefficient () according to service year

Service year Correction coefficient
0 ~ 10 years 100
10 ~ 20 years 90
20 ~ 30 years 80
More than 30 years 75

Table 3. Range of indirect evaluation factors
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Indirect evaluation method

Factor Range Value Factor Range Value
Less than 300 0.00 Expressway, industrial road 0.00

Plpe diameter 300~500 0.35 2 lanes one way 0.50

Road type

(mm) 500~800 0.70 1 lane one way 0.70
800 or more 1.00 Side road 1.00

More than 30 0.00 More than 7.0 0.00

Service year 20~30 0.35 Maximum water 5.0~7.0 0.35
(Year) 10~20 0.70 pressute 3.0~5.0 0.70

: (kgflem?) i :

10 or less 1.00 3.0 or less 1.00

Less than 2 0.00 More than 1.0 0.00

Water quality 2~ 0.35 0.75~1.0 0.25

corrosion : The number : : :

(L1 -1~0 0.70 of damages 0.5~0.75 0.50

0 or more 1.00 (Case/km/year) 0.25~0.5 0.75

700 or less 0.00 0.25 or less 1.00

700~1,000 0.20 More than 5.0 0.00

Soil corrosion 1,000~1,200 0.50 Valve/ 3.0~5.0 035

(9-cm) Waterworks density

1,200~1,500 0.80 (Count/100m) 1.0~3.0 0.70

1,500~2,000 0.90 1.0 or less 1.00

More than 2,000 1.00 Soil type - -
Electron-Chemical protection - - More than 10 0.00
More than 3.0 0.00 10~7.5 0.25
Pipe thick
Lay depth 2.0~3.0 0.75 pe t(o/'c) ness 7.5~5 0.50
0
(m) 1.0~2.0 1.00 5~2.5 0.75
1.0 or less 0.10 2.5 or less 1.00




700 H.J. Kwon / Journal of Korea Water Resources Association 56(11) 697-703

Table 4. Grade of aging condition

Pipe type Status grade Indirect evaluation method Pipe aging condition prediction
1 More than 45 Good condition
DCIP 2 35 ~45 Old age progress
3 less than 35 Old age estimation

Table 5. Weights of indirect evaluation method and modified indirect evaluation method

Pipe Indirect evaluation method Modified indirect evaluation method
type Factor Weight Factor Weight
Pipe diameter 0.0520 Pipe diameter 0.0520
Service year 0.2360 Service year 0.2360
Water quality corrosion 0.0340 Water quality corrosion 0.0054
Soil corrosion 0.0710 Soil corrosion 0.0113
Electron-Chemical protection 0.0000 Electron-Chemical protection 0.0000
Lay depth 0.0380 Lay depth 0.0061
DCIP Road type 0.0390 Road type 0.0062
Maximum water pressure 0.1250 Maximum water pressure 0.1250
The number of damages 0.2490 The number of damages 0.2490
Valve/Waterworks density 0.1560 Valve/Waterworks density 0.1560
Soil type 0.0000 Soil type 0.0000
Pipe thickness 0.0000 Pipe thickness 0.1530
Total 1.0000 Total 1.0000
AohH T Pl 271 g2 9loll whet Table 33 Table 6. Assessment results according to evaluation method
dy o] g é?l’r/]' 3}_} T 771]—4 e Oﬂ tq'— 2AF2 A7 ]’lﬂ Evaluation method Assessment grade
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Table 8. Actual measurements of corrosion depth of each pipes

AJF7-2 430.180 kmF: 30 73Tt o] 0.970 km, =5k Region | PP | Pive n?efe The:: Cﬁer;;ilon oo
© & 225 0] 40.263 km©]| 1L H T2 652.220 kmB: 30 oG | iy || ) ||y |
Hol et o] 12.600 km, 1= 9¢ho = 74 o] 41.294 00691 |DCIP| 100 | 7.00 | 0.95 13.57
kmo]tt. JH A= 958.740 km%- 301 0] 3t 0] 4.666 00848 |DCIP| 100 | 7.00 | 0.86 12.29
km, oo 2 FHHE o] 106.455 kmo]1l XAl = Chilgok | 00322 |DCIP| 150 | 7.10 | 0.76 10.70
1,842.253 km3 30 0] 3 13F o] 157.826 km, e FHO 02189 |[DCIP| 150 | 7.10 1.24 17.46
2 ZA = 710]289.747 km O 2 UERGTH E Lol A 2 F 00177 |DCIP| 150 | 7.10 1.18 16.62
7} A8Yet T 7= pCIPTo] ™ B2 100 mm, 150 003181 |DCIP| 100 | 7.00 1.33 19.00
mm, 200 mm, 250 mmj’d'% EH/EJ'RE %7]—% 7141335]_93\1;}. 003602 | DCIP | 100 7.00 1.06 15.14
Table 8-& 2 W7} of| oot A= T=7]] =7 2|0t} Table Cheongdo 003496 | DCIP| 100 | 7.00 0.71 10.14
9= 2] 7P Wy 0 2 ©2.8 AH S uf 7] & 7Y 00781 |DCIP| 100 | 7.00 0.60 8.57
004708 | DCIP| 150 | 7.10 0.83 11.69
003077 |DCIP| 200 | 7.30 0.81 11.10
Table 7. Pipe length according to service year by region 01587 |DCIP| 100 | 7.00 0.76 10.86
_— ?%pe aging . Pipe length Ratio 00072 |DCIP| 150 | 7.10 0.79 11.29
condition prediction (km) (%) Pohang 11405 |DCIP| 150 | 7.10 0.89 12.54
Good condition 376.85 69.53 11346 |DCIP| 200 | 7.30 0.82 11.23
Chilgok Old age progress 85.99 15.87 17855 | DCIP| 200 | 7.30 1.47 20.14
Old age estimation 79.14 14.60 11801 |DCIP| 250 | 7.40 0.92 12.43
Good condition 562.91 86.31 159 |DCIP| 100 | 7.00 0.70 10.00
Cheongdo Old age progress 48.02 7.36 Seongiu 201 |DCIP| 150 | 7.10 0.60 8.45
Old age estimation 41.29 6.33 297 |DCIP| 200 | 7.30 0.57 7.81
Good condition 1,220.670 66.26 214 |DCIP| 250 | 7.40 0.51 6.89
Pohang Old age progress 331.837 18.01 003548 | DCIP| 100 | 7.00 1.48 21.14
Old age estimation 289.747 15.73 007085 |DCIP| 100 | 7.00 0.97 13.86
Good condition 371.11 86.27 006929 | DCIP| 100 | 7.00 0.97 13.86
Seongju Old age progress 18.81 4.37 Yeong- |008041 | DCIP| 150 | 7.10 0.98 13.80
Old age estimation 40.26 9.36 cheon |002253 |DCIP| 150 | 7.10 1.23 17.32
Good condition 707.06 73.75 007755|DCIP| 150 | 7.10 0.56 7.89
Yeongcheon Old age progress 145.23 15.15 008215 |DCIP| 200 | 7.30 0.57 7.81
Old age estimation 106.45 11.10 004262 | DCIP | 250 | 7.40 1.04 14.05
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Table 9. Evaluation results of each pipes 100
Hindirect evaluation method
. Modified indirect evaluation method
Indirect MO(?lﬁed Direct 80
. . . indirect R
Region |Pipe No. | evaluation . evaluation
method evaluation method < 60 —
method &\;
00691 3 3 4 g 40 —
=
00848 3 5 g
Chilgok | 00322 1 3 5 20 I
02189 3 3 3 o
00177 3 3 5 100 150 200 250 Total
Diameter(mm)
003181 3 3 5
003602 3 3 5 Fig. 2. !\/Ia.tCh accuracy of indirect evaluation method and modified
indirect evaluation method
003496 3 3 5
Cheongdo 00781 3 3 5
4.2 21270} H|w
boaros | 3 ’ : 718 AT o) et BT A
003077 ! ! > Table 107} Z0] 29712 TH2 2 12(41.38%) 7] T2/} Aot
01587 3 3 3 70 2 BAETE 100 mmo] 60.00%(670) 2 St 7}
00072 2 3 > 7H =9F0 1 200 mmT-E 20.00%(170) 2 A= 7} 713
Pohang |2 |3 ’ d whohon] 54 b 0 2 BAR AT 207e] B %
11346 3 3 > 21(72.41%)7] T271 D25t A 0 2 BA ]t 250 mmT
17855 2 3 > ©] 100.00%(37h) & e=7t 71 =3L2™ 200 mm -2
11801 ! 3 > 60.00%(370) = =7} 7P WA Yetstt
19 | 2 ; ’ 5 VP T AR P BT AT AT
Seongju 201 2 3 > 20| WrFAo] tigt A= 41.38%00 A 72.41%E 7]&
27 2 3 > R E7PR E T} 31.03% A A4 = Ll s ol A A=t
2| 2 ’ ! E7h % A 0.2 BAH G Fig. 2 (PR
003548 | 2 3 ; 7MY o) Jewg v ue e,
007085 3 3 5
006929 3 3 3
008041 1 3 1
Yeongcheon 5. ?E-.I %
002253 1 3 5
oo7rss | 1 3 s 2 QPO 71 E AP 7 R
oos215 | 2 3 5 T2, A7 AT, GAA) H 851l LEE B R
0462 | 1 ! : YakoArk. 71 2B A BEA FES 7715k 10
Table 10. Comparison of indirect evaluation method and modified indirect evaluation method
. Indirect evaluation method Modified indirect evaluation method
Diameter (mm) - —— - ——
Number of pipe matching pipe accuracy (%) Number of pipe matching pipe accuracy (%)
100 10 6 60.00 10 7 70.00
150 11 4 36.36 11 8 72.73
200 5 1 20.00 5 3 60.00
250 3 1 33.33 3 3 100.00
Total 29 12 41.38 29 21 72.41
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