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Abstract

The water supply pipes are buried across wide range of areas, so it is hard to spot them using excavation and takes a large
amount of expense, Thus, there is a high risk for direct research and application, accompanying many difficulties in implementa-
tion of them_ Therefore, it is more economical and convenient to use indirect evaluation variables than direct evaluation of the
buried pipes in assessing the degree of pipe deterioration, To assess the degree of pipe deterioration using the indirect evaluation
variables, it should be done first to identify how and to what extent they affect the degree of deterioration,

This study measured the evaluation variables for pipe deterioration using the pipe endoscope and analyzed the measurement
results and the degree of impact on the pipes, In addition, this study attempted to evaluate the adequateness of the pipe dete-
rioration evaluation using the indirect variables based on the analysis results, The evaluation variables measured through the pipe
endoscope were the thickness of sediments, size of scale, degree of desquamation and condition of connections, For the indirect
evaluation variables, the data such as the property data from GIS pipe network map as well as the material, diameter, age and
pipe lining material of the pipe, road type, leakage frequency, average water velocity and water pressure using the leakage repair
records was collected, Using the collected data, this study comparatively analyzed the indirect evaluation variables for the degree
of pipe deterioration and the results from the pipe endoscope to choose appropriate variables for pipe deterioration evaluation
and calculated the weights of the indirect variables on the degree of deterioration.

The results showed that the order of the impact of indirect variables on deterioration was pipe age ) pipe lining material ) road
type ) leakage frequency ) average water velocity with their weights of 0.45, 0,20, 0,15, 0,10, and 0,10, respectively, Conclu-
sively, the results suggest that the measures of sediment thickness, scale size, degree of desquamation and condition of connec-
tions are appropriate for the evaluation of pipe deterioration and sufficient for the analysis of the impact of the indirect variables

on deterioration,

Key words : Pipe Deterioration Evaluation, Pipe Endoscope, Indirect Variables, Weighting factor
FHO : ASZRE ST I 2 LA, ZEETIRIRL, S|

*Corresponding author : Tel.: +82-2-2210-2624, Fax @ +82-2-2244-2245, E-mail : jykoo@uos.ac.kr(J. Y. Koo)

669 |——



Journal of Korean Society of Water and Wastewater
Vol. 26, No. 5, pp. 669-683, October, 2012

o] == o7 oF 100
o] SiApE 7 TS AR A2 214

o sherhglom DAL ASE AP 13
stad wejsha Qlck, WA AEet e A
SEo] 3t BES 4] oA BF, £
QPR BB, 4oke] FEA FRets BEE B
o AgAoln AAMORE GATe & 4 Uk
M-S Fo} o) SPAT ko] FEAS
shuste] A9 fAB} et AL A
£BE TS Aol

oot T AR AHE AM] AAZ
AT DA oln] 1 Fol A PLEA A

70 A L2 AFs] 2 H|2S A5t Q= AF
Tz tieh #ert atET AR o
A AAHR) ASE A28 S Slete] 4
4% DB W B8 A€ 7%, A% 9 H}
of w3 4] 58 Eakw lcF:%Ol chieo
ol 7o) 7L ict. ahAI, %
ASEBE §7) W P ALHS Holu
shar qlom, gelA el Wlol ot A te
WA W A 949 AHS 9T Y =
77t Bag Aol
L R e 2
A ) dEo] glol 23 5o ez A3}
sto] Zelsh7] o Hil Q%= HE=E A7)

wo Al AT W gl hat SHR

B ¥ =TS G A A 3
QA o] g5k o] HHAE BAE A
2 Brshe 3 mek o A Mo HA gol e

o] e},

AHAIAAE ol §3tel B =T ES BoFo
7] 91aiA = 2 BRI B o] 3 e o] o]
3 Ak mA T o AES] GRS AR

£ WA motsfof gttt NRC-CNRC(2002)%2t
Hassan Al-Barqawi(2008)& A4z =3
Lo FFE vA= RS =94, A, &9
olZt2 HF3h vl 911, AWWARF(1986)
e B P L ET
=04 =, dded, a8z 9
|35FAtt. E3F Jeong(2001)2 Ak
/;]

‘ﬂ}

oi
Lo

e
o ¥ vA= WAl 8=
7

‘RAE} 1“4 7= ?LOHHL 4,

d4o0 ¥ e & 4

L
h‘U
= ok
:L-‘
_O‘L
_&
HU
1o
>.
é
ne,
LU
)

= 7%@@7}%4 B pre JugEE

A7 Qe A9 2R el
AAE ZA87] HsiAe i
of g Wyt ofje}, vjuE =
Asloker. OlEM ArdE

H
of
k!
fu

il
AL
+
>
Mr
il

wjeb B el B WA Sk B
o] I wEE Hrlass zg‘L U
A} Aol sgarzol mﬁg }JX}Q}&’J
Heg BAgomH, ol

B wFE Bl 47

2, 1Y

B Aol Re el A T Al
ZAVATE o] §ste] HH W wFE )
o1 B34l A sttt

4e pmol dAA B AR 2 92

H
hlEe +45n BAsig. of B4an



A5t Tats|x|, =&
263 53, pp.669-683, 102, 2012

‘ Selection of pipe ‘

] 1

‘ Pipe endoscope investigation

l l

| Diameter ‘

Collection of indirect variables

‘ Material |
[ Aee ]
‘ Road |

Sediment
thickness

Scale size

| Lining ‘

| Leakage ‘

Condition of
connections

Degree of
desquamation

‘ Velocity | | Pressure ‘

Selection of indirect variables

Y

No Adequacy
Assessment

Yes

‘ Determination of weight ‘

v

‘ Pipe deterioration Evaluation
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Table 2, Rate of comprehensive evaluation and pipe material

Division Excellent Good Average Bad Serious Total
CIP 0.00 20.00 6.67 53.33 20.00 100.00
Rate of DCIP 13.45 25.73 38.60 14,04 8.19 100.00
comprehe.nsive Sp 0.00 33.33 0.00 66.67 0.00 100.00
evaluation
(%) PE 0.00 0.00 100.00 0.00 0.00 100.00
HI-3P 0.00 50.00 0.00 50.00 0.00 100.00
CIP 0.00 6.12 1.47 22.86 17.65
Rate of DCIP 100.00 89.80 97.06 68.57 82.35
pipe material SP 0.00 2.04 0.00 5.71 0.00
0 PE 0.00 0.00 1.47 0.00 0.00
HI-3P 0.00 2.04 0.00 2.86 0.00
Total(%) 100.00 100.00 100.00 100,00 100.00

% CIP(Cast iron pipe), DCIP(Ductile iron pipe), SP(Steel pipe), PE(Polyethylene pipe), HI-3P(High impact 3 - layer water pipe)

Table 3, Rate of comprehensive evaluation and pipe diameter

Division Excellent Good Average Bad Serious Total
150 mm 19.00 29.00 28.00 15.00 9.00 100.00
200 mm 5.13 21.79 43.59 21.79 7.69 100.00
Rate of
comprehensive | 250 mm 0.00 60.00 20.00 20.00 0.00 100.00
evaluation 300 mm 0.00 0.00 57.14 28,57 14.29
%
o0 350 mm 0.00 0.00 0.00 0.00 100.00 100.00
400 mm 0.00 0.00 100.00 0.00 0.00 100.00
150 mm 82.61 59.18 41,18 42.86 52.94
200 mm 17.39 34.69 50.00 48.57 35.29
Rate of 250 mm 0.00 6.12 1.47 2.86 0.00
pipe diameter
300 mm 0.00 0.00 5.88 5.71 5.88
(%)
350 mm 0.00 0.00 0.00 30.00 5.88
400 mm 0.00 0.00 1.47 0.00 0.00
Total(%) 100.00 100.00 100.00 100.00 100.00

Table 4, Rate of comprehensive evaluation and pipe age

Division Excellent Good Average Bad Serious Total
(= Syear 40,00 44,00 12.00 4.00 0.00 100.00
Rate of (= 10year 17.74 24,19 51.61 3.23 3.23 100.00
comprehensive | (= 15year 0.00 11.11 51.11 31.11 6.67 100,00
evaluation (= 20year 3.13 31.25 12.50 28.13 25.00 100.00
o0 (= 25year 8.33 25.00 33.33 16.67 16.67 100,00
) 25year 0.00 31.25 12.50 43.75 12.50 100.00
Average age year 7.13 12,82 11.90 17.78 18.29
(= Syear 43,48 22.45 4,41 2.86 0.00
(= 10year 47.83 30.61 47.06 5.71 11.76
Rate of (= 15year 0.00 10.20 33.82 40,00 17.65
pipe age
06 (= 20year 4.35 20.41 5.88 25.71 47.06
(= 25year 4.35 6.12 5.88 5.71 11.76
) 25year 0.00 10.20 2.94 20.00 11.76
Total(%) 100.00 100.00 100.00 100.00 100.00
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Table 5, Rate of comprehensive evaluation and pipe lining material

Division Excellent Good Average Bad Serious Total
Lo . 0.00 33.33 0.00 66.67 0.00 100.00
Liquid epoxy resin
Rate of Cement mortar 13.37 26,16 38.37 13.95 8.14 100.00
comprehensive | jensity polyethylene | 0.00 0.00 100.00 0.00 0.00 100.00
evaluation o '
(6) Unplasticized polyvinyl 0.00 50,00 0.00 50,00 0.00 100,00
No 0.00 14,29 7.14 57.14 21,43 100.00
Lo . 0.00 2.04 0.00 5.71 0.00
’ ¢ Liquid epoxy resin
Rate o Cement mortar 100.00 91.84 97.06 68.57 82,35
pipe lining . .
rerial High density polyethylene 0.00 0.00 1.47 0.00 0.00
materia
%) Unplasticized polyvinyl 0.00 2.04 0.00 2.86 0.00
No 0.00 4.08 1.47 22.86 17.65
Total(%) 100.00 100.00 100.00 100.00 100.00
Table 6, Rate of comprehensive evaluation and road type
Division Excellent Good Average Bad Serious Total
Footway 3.57 32,14 25.00 28.57 10.71 100.00
A 1 lane 14.93 23.13 37.31 16,42 8.21 100.00
Rate of
comprehensive 2 lane 10.00 40.00 35.00 15.00 0.00 100.00
evaluation 4 lane 0.00 14,29 28,57 28.57 28.57 100.00
(%)
! 6 lane 0.00 0.00 100.00 0.00 0.00 100.00
8 lane 0.00 0.00 0.00 0.00 100.00 100.00
Footway 4.35 18.37 10.29 22.86 17.65
1 lane 86.96 63.27 73.53 62.86 64.71
Rate of 2 lane 8.70 16.33 10.29 8.57 0.00
road type
4 lane 0.00 2.04 2.94 5.71 11.76
(%)
6 lane 0.00 0.00 2,94 0.00 0.00
8 lane 0.00 0.00 0.00 0.00 5.88
Total(%) 100.00 100.00 100.00 100.00 100.00
Table 7, Rate of comprehensive evaluation and leakage frequency
Division Excellent Good Average Bad Serious Total
0 /Syear 13.70 25.34 37.67 17.12 6.16 100,00
Rate of 1 /5year 4.00 32.00 28.00 20.00 16.00 100.00
comprehensive 7070 18.18 9.09 27.27 27.27 18.18 100,00
evaluation
(%) 3 /Syear 0.00 20.00 20.00 40,00 20,00 100.00
)= 4 /Syear 0.00 40.00 40.00 0.00 20.00 100.00
0 /5year 86,96 75.51 80.88 71.43 52.94
Rate of 1 /5year 4.35 16.33 10.29 14.29 23.53
leakage
s 2 /Syear 8.70 2.04 4.41 8.57 11.76
frequency
(%) 3 /Syear 0.00 2.04 1.47 5.71 5.88
Y=4 /Syear 0.00 4,08 2.94 0.00 5.88
Total(%) 100.00 100.00 100.00 100.00 100.00

677 |—



Journal of Korean Society of Water and Wastewater
Vol. 26, No. 5, pp. 669-683, October, 2012

woll efobr e HeEn,

& ATFEIE o|ek FARSHA WER o,
A-ATel| w2 =l FFE vAH
Fhe FE4aA > e > %@2?}*{ > DJ
A o8 dEgT, GEeabat &
o] Aol alld == e 2ok 2 04%“:‘
TE= BE] ofgle JoR wnEo] A9
SPATt. 1E|al Qo) - E2att T
EREG e o F gegs vAl= A

2 Ueheeh, ol QlEo] A9 BT gEARA
olpe] ERzbel 91Xt glon] QlEe] A
A} ARgre] Sfel7k gtolA] Astel HjUE P

of ¥&F= Bol vl

2 7oz werE,

SRl o
A45o] Ee7te] v
R R ki
EUNS Pt
Aol = o 4= 9]
Lol Aol S BRS
W4Tt B TO) Aol e B
o] ol et} 1A 9] 47| S} B ke
7h 2 ATVt Qe AoR B

) 4>
)
_{
=
o
flo

o

aul ‘Ii
1

4> ¢ &
o
_\;
o[n

Y o&

@ %

o,

2 =
T"—_"‘i"—cﬁ

t}2 Table 8& £3tH7 3
3 HoFEol i SEE7F HE
sgoltt, F3rE 7| gt HAF&5HlE
o] P& TEH| v 3
T RoH, HFFS5ol g S 7HES
3% FatH 7o A Htf-Sof o2
2 = Stk BAA I} Hd5-450] 74%‘—?%3'&

F3E7 Avke v 2

2

=

ot

i

il
do

1B

i)

E
rr

|

O

]

U5 Table 9= E98 7l tie <<t ¥l
&3 Fabelol divt FE7E HlEE e

oA 2N FY FEB7 AE uhg
© % B ARG ot 71
B 7FHE AR,

W
N
L\'-
I
08!
=l
o
A
10
=
I
]
i

T
02
oo
H

N
0z

=
CUBILA ARRY G

N
L2 N
e

ofN

)

o T
_}L
ﬁa
3
ot
lo
U
o
2
lo

el

l'm
fr 4>
N
o
Q_I‘
Q2
L2 o2 Z g
)
o N o Y ont

>,
o,
N
>
1o
o\
i)
of,
N
olr
]
1,; -5
=
=
o o
G
o fol
Rofrorid o -
o o

jabad

N

N

lo

N

N

N

N

—

[N
D)
1o
=

o N

1o o
o
2 o
o\

?L'

e,
)
<
=
2
rr
of o

ol

aand
o 2
HT
i
N
S

Al b 2y
o i
3
s
2
et
o
2
=3
S
i
L
ro
)

Q
g}
rr
o

o
O
U

L BE = Adsaol 4 237

N, 6671, 247H, 14702 FH € 7

=]
DCIPS] g+t 215 A4t sl 2,784 0] =1L
CIP, SP, PE, HI-3P% 53 yyoz A4l
sto] A3 Hl&2 go] 1o] FA| Abgeiet, 1

>
Zi
ol



A5t Tats|x|, =&
263 53, pp.669-683, 102, 2012

Table 8, Rate of comprehensive evaluation and average water velocity

Division Excellent Good Average Bad Serious Total
(=0.4m/s 11.32 22.64 41,51 19.81 4.72 100,00
Rate of (=0.8m/s 10.87 26.09 34,78 19.57 8.70 100.00
comprehensive |55 20,00 24,00 16,00 12,00 28,00 100,00
evaluation
(%) (=1.6m/s 8.33 50.00 25.00 8.33 8.33 100.00
(=2.0m/s 0.00 33.33 33.33 33.33 0.00 100.00
(=0.4m/s 52.17 48.98 64.71 60.00 29.41
Rate of (=0.8m/s 21.74 24,49 23.53 25.71 2353
a t
average Water |\ 2 mss 21.74 12,24 5.88 8.57 41.18
velocity
(%) (=1.6m/s 4.35 12.24 4.41 2.86 5.88
(=2.0m/s 0.00 2,04 1.47 2.86 0.00
Total(%) 100.00 100.00 100.00 100.00 100.00
Table 9, Rate of comprehensive evaluation and average water pressure
Division Excellent Good Average Bad Serious Total
(=2 kgf/m' 0.00 0.00 50.00 50.00 0.00 100.00
Rate of (= 4 kgf/m 9.89 28.57 36.26 17.58 7.69 100.00
comprehgnswe (= 6 kgf/m 13.79 2414 33.33 19.54 9.20 100.00
evaluation
(%) (= 8 kgf/m’ 22.22 11,11 33.33 11.11 22,22 100.00
(=10 kgf/ o 0.00 33.33 66.67 0.00 0.00 100.00
(=2 kgf/m’ 0.00 0.00 1.47 2.86 0.00
Rate of (=4 kgf/m' 39.13 53.06 48,53 45.71 41,18
Avers At
average WAl | 6 kgf/m 52,17 42.86 42.65 48,57 47.06
pressure
(%) (=8 kgf/m' 8.70 2,04 4.41 2.86 11.76
(=10 kgf/m’ 0.00 2.04 2.94 0.00 0.00
Total(%) 100,00 100.00 100,00 100.00 100.00
Table 10, Degree of effect by indirect variables
Factor Classification Weight Factor Classification Weight
Footway 0.23
DiJPIP 8?; 1 lane road 0.19
Pipe cIP O. 27 Road 2 lane road 0.16
material PE O' 20 type 4 lane road 0.28
HI.3p 0'21 6 lane road 0.20
: 8 lane road 0.33
228 22 8;;) 0 number/5year 0.19
. ’ 1 number/5year 0.24
Pipe 300 mm 0.27 Leakage
. . 2 number/5year 0.22
diameter 250 mm 0.18 frequency
200 mm 0.22 3 number/5year 0.27
150 mm 0.18 Y= 4 number/5year 0.24
(= Syear 0.10 (=0.4m/s 0.19
(= 10year 0.15 (=0.8m/s 0.20
Pipe (= 15year 0.24 Average (- 1'2 m/s 0'23
age (= 20year 0.26 water velocity (= 1.6 m/s O' 19
(= 25year 0.23 (= 2'0 /s 0'21
) 25year 0.25 : i )
Liquid epoxy resin 0.23 (=2 kgf/m’ 0.24
Pipe linin Cement mortar 0.19 Average (=4 kgf/m’ 0.20
xi aterhlg High density polyethylene 0.20 water reg;sure (=6 kgf/m' 0.20
‘ Unplasticized polyvinyl 0.21 P (=8 kgf/m' 0.22
No 0.28 (=10 kgf/m’ 0.17
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o}, a8l o|Evgro 2 w2 0 ujddss, Table 11, Results of ANOVA
E%]'XHX], EE?"E‘Z ll:‘}l\“ﬁ‘/lk“, %‘ﬂ"ﬁ“i\", TO‘E.L Sum of df Mean v sig
Sgfol T T el B GFHE F /15 e square |
_ Regression | 65.001 14 4.643 6.471 | 0.000
=2 AXslA
== 0_0]‘”\]:]— B B Residual 126,999 177 0.718
7R A2 HEY 3 A4S $ot Total 192.000 | 191
of Al on, FEUSE B hAZ At
%@%7}374% 8}1 %% %4\_% 3’1:]_—%—, %73, UH Table 12, Results of multiple regression analysis
319 A : N o . Standardized coefficient :
Ads, =34, 258, w8, B Variables ; o ¢\ F | Sig.
&, FArg o= stk shATE T 7RI} Pipe age 0.438 0.064 | 3 | 46.763 | 0.000
= 3% W1 A0ko O o] e 5 T
T WE WA, B Aeele # =¥ Pi‘;jtzg;lg 0.194 0.064 | 2 | 9.266 | 0.000
Oﬂ U] il}i 05]63:15]E7 Z]‘% ﬁgi L}E}L}:}:gtq’ Road type 0.149 0.061 3 5.897 | 0.001
Hry 39 2AET 2323A 7 (-)Fkel Leakage
o Uéfc 0.102 0.062 | 3 | 2.660 | 0.050
Ui, auency
Bz WA o 2oro] 744 T o Average
wrebA] B, W, B de] IHE 7R water 0.094 0.062 3| 2299 |0.079
g Ak, S, BAAY, mRpR, e L
4\‘7\_‘/?‘, l—gi"ﬂ?‘é‘\‘g 57]'X] ?_]X]"g— %al‘j tﬂ‘ik‘i Table 13, Weight of indirect variables
6]'01 %ﬂﬂ%}*\j’% }\]8&46]’93\1:]‘. %“ ?‘] “E‘&l‘% Pine Pipe Road | Leakage Average
0 A = = 26 15l E = ok ° Division p lining 8 water
|30t Ayl =3 HArle] AslrE ¢olH 7] € age | erl | ype | frequency velocity
01-01 REFS Lokl RAREA S Aldskelth, Ret Weight | 0.45 | 0.20 | 0.15 0.10 0.10
£ 0.5822 Ueht £37) B4 ol 4
= A3 AoR Yepton, EAA Avbs
=212 AASE Ay o Ad e 4 2 -5
t}-S Table 113} 7o Lpepdeh 7V A5 AAReE A3 viddeTE 7MY =5
. Lo 9FFe wol njx Aoz S T e
ARPd(H)E 78 BANE o) =g =) TIE Bol WA ASE HERLS T
o] ¥ orirt} gty e u), GoJstEol o7 =R, BRAE, e, Bdns

0.00002 §elz 0,05Mct 24 vepyry, o HERE.
wlebx] AAEAZ 6,471 AL (14, 177)9)
FR3Zof O3t 7|zt o EFHE T}, 337t

Tt b O 71AEERR 2 AN auxoz # wsE g e Hgwsiel
= oSl ol S Ao AHET AIE - A5 ojgsli W, IR /RIAE ol gl
02 2 Ao, SR 24 REATLS o] gon, 1 IS o] 43 wol= 57
T2k A= Table 129} 2o] R, ol whyoluh 47l Sol gtk

o714, EHHY HEZIA ¢ FHHS wheba] E Ato) Al AAE 7HE Lol o] 7}
s FE=E %?E ‘:’r/\] Tl ZPE7E =29 sgma el 7HEW IS sto g I
A= BES A o w2l o 2o wIwE WylE 4 gty 18a EAHC
FY=E vt} wx& 57}x1 HHAAA o s & HolA A BEe} ASS ol
o) 7H5) Fol 1o] Hlms PHB7IRIAS) M slo] T keFw WS AR S Sk B AT
A2 8|5 oFg Table 133} 2ch, NN e B = FE Yrha e gt g
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