KSCE Journal of Civil and Environmental Engineering Research ISSN 1015-6348 (Print)
Vol. 43, No. 4: 421-431/ August, 2023 ISSN 2799-9629 (Online)
DOI: https://doi.org/10.12652 /Ksce.2023.43.4.0421 www.kscejournal.or.kr

Water Engineering 23t

OiIE3Z Ay FES 0188 Ol-U=0| AXH 2T =3

=¥, OAO** *kk Sxkkk
?DHgT'_‘ e o= 1 ’g‘ﬁﬂ ) t—'tﬂ'%

Kang, Byong Jun*, Yoo, Soon Yu**, Zhang, Chuanli***, Park, Kyoo Hong****

Estimation of Structural Deterioration of Sewer using Markov Chain
Model

ABSTRACT

Sewer deterioration models can offer important information on prediction of future condition of the asset to decision makers in their
implementing sewer pipe networks management program. In this study, Markov chain model was used to estimate sewer deterioration
trend based on the historical structural condition assessment data obtained by CCTV inspection. The data used in this study were limited
to Hume pipe with diameter of 450 mm and 600 mm in three sub-catchment areas in city A, which were collected by CCTV inspection
projects performed in 1998-1999 and 2010-2011. As a result, it was found that sewers in sub-catchment area EM have deteriorated faster
than those in other two sub-catchments. Various main defects were to generate in 29% of 450 mm sewers and 38% of 600 mm in 35 years
after the installation, while serious failure in 62% of 450 mm sewers and 74% of 600 mm in 100 years after the installation in sub-catchment
area EM. In sub-catchment area SN, main defects were to generate in 26% of 450 mm sewers and 35% of 600 mm in 35 years after the
installation, while in sub-catchment area HK main defects were to generate in 27% of 450 mm sewers and 37% of 600 mm in 35 years
after the installation. Larger sewer pipes of 600 mm were found to deteriorate faster than smaller sewer pipes of 450 mm by about 12
years. Assuming that the percentage of main defects generation could be set as 40% to estimate the life expectancy of the sewers, it was
estimated as 60 years in sub-catchment area SN, 42 years in sub-catchment area EM, 59 years in sub-catchment area HK for 450 mm
sewer pipes, respectively. For 600 mm sewer pipes, on the other hand, it was estimated as 43 years, 34 years, 39 years in sub-catchment
areas SN, EM, and HK, respectively.
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Fig. 1. Schematization of Markov Chain Model for Sewer System
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Table 2. Condition State Evaluated by Grade Based on Defect Rate

o Grade by defect rate
Condition state
a b c
1 0% 0% <60%
2 <20% <40% > 60%
3 >20% > 40% -
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Fig. 2. Distribution of CCTV Inspected Sewer Pipes According to the Pipe Diameter and Material: (a) Diameter Distribution, (b) Material

Distribution
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Table 3. The Temporal Fraction of each Condition State of Sewers with Diameter 450 mm and 600 mm in each Area

Sub-catchment Year of CCTV 450mm 600mm
area inspection Csl1 CS2 CS3 csl1 CS2 CS3
1984 0.99 0.01 0.00 0.99 0.01 0.00
SN 1999 0.706 0.294 0.000 0.654 0.346 0.00
2010 0.852 0.122 0.026 0.797 0.183 0.020
1984 0.99 0.01 0.00 0.99 0.01 0.00
EM 1998 0.667 0.333 0.00 0.429 0.143 0.429
2011 0.768 0.158 0.074 0.754 0.138 0.108
1984 0.99 0.01 0.00 0.99 0.01 0.00
HK 1998 0.715 0.166 0.119 0.693 0.191 0.116
2011 0.805 0.165 0.03 0.711 0.264 0.025

CS : Condition State
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Table 4. Estimation of Transition Probability according to Condition State of Sewers with Diameter 450 mm and 600 mm in each Area

Future state
Sub-catchment area Condition state 450mm 600mm
Cs1 cs2 CS3 Cs1 cs2 CS3
Cs1 0.9916 0.0084 0 0.9881 0.0119 0
SN CS2 0 0.9700 0.0300 0 0.9776 0.0224
CS3 0 0 1 0 0 1
Cs1 0.9881 0.0119 0 0.9850 0.0150 0
EM C;‘gf;t cs2 0 0.9659 0.0341 0 0.9661 0.0339
CS3 0 0 1 0 0 1
CS1 0.9915 0.0085 0 0.9871 0.0129 0
HK CS2 0 0.9916 0.0084 0 0.9963 0.0037
CS3 0 0 1 0 0 1
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Table 5. Comparison of the Observed Value with the Simulated
Value of each Condition State for Sewers with Diameter
450 mm
Area | Year | OO csl cs2 | cs3
Simulated
Observed 0.706 0.294 0
1999
SN Simulated 0.872 0.102 0.026
Observed 0.852 0.122 0.026
2010
Simulated 0.794 0.140 0.066
Observed 0.667 0.333 0
1998
EM Simulated 0.837 0.128 0.034
011 Observed 0.768 0.158 0.074
Simulated 0.717 0.180 0.103
Observed 0.715 0.166 0.119
1998
HK Simulated 0.879 0.114 0.007
011 Observed 0.805 0.165 0.030
Simulated 0.787 0.190 0.023

Table 59} Table 694 ¥]asle] Htrh
Table 59419} Zo] 1998dol|A4] 1999d0] 450 mm THZ o]
sl dSE AR JE 55 v HojE AR AJE 55 HE0)

Table 6. Comparison of the Observed Value with the Simulated
Value of each Condition State for Sewers with Diameter

600 mm
Area | Year | Observed cs1 cs2 | cs3
Simulated
Observed 0.654 0.346 0
1999
SN Simulated 0.828 0.145 0.027
Observed 0.797 0.183 0.020
2010
Simulated 0.726 0.204 0.070
Observed 0.429 0.142 | 0.429
1998
EM Simulated 0.801 0.158 | 0.042
011 Observed 0.754 0.138 | 0.108
Simulated 0.657 0.217 | 0.125
Observed 0.693 0.191 | 0.116
1998
HK Simulated 0.826 0.170 | 0.005
2011 Observed 0.711 0.264 | 0.025
Simulated 0.697 0.287 | 0.016
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& Aol VERIIL 9= whE, 2010904 2011d0] B2H B&
¥} By ZAife] zpolrf vha 7HAg Ao & Uit Table
62] 600 mm T2l YEIME 2010~2011d2] B=Z}e} RO
A3} gke] B3t 2Jo|7} 1998~ 19991de] wjo| e Tha 7Ha®
A& FRIT 5 Atk
S} Relgke] & zlole] ¥Qls #AIsIeltE #A, HK
BT} TR S iR TR A3k Bojgke] et 2k
AL o] o] A Jlidte] AFYE Ho)7] wiiEe] slgE Al
FHe] Al FEE GRS 7Fs/d0] Stk 2L SN, EM
HISRETE 1980 o] % tpdA| o] 3 - St A A
Aoz FAg A HolwA 3 SIS $J3l skd=
AP} AP ol FolA B Als F4e] Al Sk& 5 Slrk
T WA olf2e sdE Frke] AlglA BelEa e
2 i AEE Al AR QPN O, wARS 4
sle] Uzl 719J8kE To= Are] Fg3ds wiAst 4= glck
a3 gH 59 5 CS39 BEg} Bojgk A & & ohE
o= #Ro] AlFe EAI(FFALL s, ARkE) §)7t
Y= Fo] gk wA) B e uPdA) Hale] o] 9le
T et ole tigk FEsk ks F50] ofHg] fle Ze=
7Hgele] QA TS 4= Sl Aol oo dis) st
ofd EAPAER o] B alyAlele] Hdo] TFsslES AAH o]
I 2AAR] Y ks FEshe 2lo] dasitt o)F F3l o
S oSl sl 2RkdEe] ATt
& Ast 5= gkg Zlofk Al WA o2 d5E AL AREY
zol7} Athe Aotk A WA #5 AR F v A= Fhe
oF 10 A= o5 VERl= F WA B3t Bolgke] Zjo)r)
A WA BSH LFHT}; Q0] Fo] Ze RS Folgt
Ttk F= v Axox] A MR BSo] o] Fofxl 1998~
1999137k oF 2013%ke] vid Ho|SE-e HEAo] Ajzles
FEBRE 24 <Jujsh, o]$- 2010~2011d7k4]9] oF 10137ke]
id Ho|ekEe AEHAdo] AJakd Zlo g whekst 5= gl ujehy
v e AARCHEE @A) g QS e vfE s A
e Ex) nojg Holgge] 912 A Sl Aa
Sho] HSTRE 1HAS Adrgsto] AEAR] B50] o] Fofxof gtk
+ Zloltk. vl WA o= CCTV w5 A O /e & F
Ak 271(1998~1999) 2] Fheee] skt 10d5-2] 72}
3}do] wik$- Zjoluli= Aotk o)l wle} Z71e) sFHox] FE0)
ool S B M7t o AX AVIE e
Atk obA A|AgE CS39] ASHF} Hofghe] zjo|7t st H=
AR B 4 QAR o] Qlo] 3 Adte] @ {EHE]
71918 &= lth= Aolth A= ZAR= ARF 2Jol& 7R 7]
wizol] v FUsE A=A} SR 2l Brbssit) sk
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