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Failure Risk Assessment of Reinforced Concrete Sewer
Pipes on Crack—-Related Defects
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Abstract : CCTV inspection method has been used in Korea for more than 20 years, but there is no proper assessment
system for sewer failure severity that considers the domestic circumstances, This study classified the defects caused by the
overburden load of reinforced concrete sewer pipes depending on severity and developed defect code by analyzing the domestic
CCTV inspection videos, The defect score was assigned to each defect code, and it was classified into 5 grades for the decision-
making of repair and rehabilitation, The result of this study is expected to be useful for domestic CCTV inspectors to assess the
sewer condition and helpful for managers to make a decision of repair and rehabilitation.
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Table 1, Structural defect codes and scores under overburden load in overseas countries

England” Australia®
Defect EN 13508-2 (MSCC Code) Code
Description Score Description Score
Code | chl | ch2 | MSCC Code Code | chl | ch2
BAB A B Circumferential 2 C any | S surface 0.1
BAB A A Longitudinal 2
Surface Crack
BAB A C Complex 2
BAB A D Helical 2
BAB B B cC Circumferential 10 C C W wall 1
BAB B A CL Longitudinal 10 C L w wall 2
Crack
BAB B C CM Complex 40 C M W wall 5
BAB B D Helical 40 C S simple 1
BAB C B FC Circumferential 40 F C W wall 8
BAB C A FL Longitudinal 40 F L W wall 15
Fracture
BAB C C FM Complex 80 F M \4 wall 40
BAB C D Helical 80 F S simple 8
BAC A B 80 B D Displaced 50
Pipe Broken B M Missing 60
B E Exceptional 50
BAA D 0-5 % 20 D any <5% 1
BAA A 6-10 % 80 5-10 % 10
Deformation BAA B >10 165 11-15 % 30
16-20 % 90
21-25% 125
Collapse X 165 X 165

Source: 1) Sewer Rehabilitation Manual 4" Edition(WRc, 2001)
2) Conduit Inspection Reporting Code of Australia 2™ Edition (WSAA, 2008)

FULE (EN 13508-2: 2003)9] A5, G2 57| A9, GFE $TA AHR=(MSCC
AA\A P (BAA, BAB 5)& AH83tel SR code)® ETiR Ao] B4ol g 44t 4]
Ao 52 TRES AYTORA FYAT WP FRAAG. 53] spuATt 22 ¥
S50 ARAAZ FUslo] ABES al7]  Bol o|27]71A12) W2 (Failure Risk)E 3
3 Asolry, AUSE I/hER kA A WS BEY S Y=S AWUSE AL
AakT i, gelA At ol AR drh BFe] EAANC any ) 2 B
FE el ol2t Hote] Mt 165MGE  ARERO.LDE LHsk o] Mg of
olol, 2% Azwel metd 245, 20 vl S vlEle AFUSAH ol RS =, f)
MO, 10UEE), S0UUED) 5 13 ARBYY SolA PASE FuaY 5 o
stol S0l Aol et W Y £FA visith Solgt 4o ¥ WP (Deformation)
AZ w23 QItHTable 1), 3+ 0|42 AHEH 23] 49, ¥ WY 15 % ol H(30%)
AU WA 55 £ AH Gakd o et FREOR Y HRE 275
4o AU 5 UES AN AolcHTable ). A e Beata YCHWWSA, 2009)
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Table 2, Structural condition grading thresholds using peak score

Grading 1 2 3 4 5
. No immediate No immediate Monitor for R&R R&R in the .
Appropriate response . . , , . . Immediate R&R
action required action required in medium term short term

England <10 10-39 40-79 80-164 2165
Pealk Australia <5 59 10-39 40-59 >60
Score

New Zealand 0-2 2.1-15.0 15.1-30.0 30.1-50.0 > 50.0

Note : R&R is rehabilitation and renewal, but approriate response to the grading is not mentioned concretely in New Zealand Manual,

Table 3, Structural defect codes and scores under overburden load in New Zealand

New Zealand
Defect
Code Description Score Examples of defects
CC, S The crack is visible but not open 2 [CC, L]
The crack is chipped and open, but there is no evidence that the
cc,M 4 i 15
Crack crack extends through to the outside wall of the pipe
Circumferential The crack extends through to the outside wall may include the
CC, L width of the crack, displacement of the crack, the presence of 30
roots, infiltration and encrustations,
CL, S The Crack is visible but not open 3
The Crack is open but there is no evidence that the crack extends
CL,M . ) 15
Crack through to the outside wall of the pipe
Longitudinal The crack extends through to the outside wall may include the
CL, L width of the crack, displacement of the crack, the presence of 30
roots, infiltration and encrustations,
CM, S The Crack is visible but not open 10
The Crack is open but there is no evidence that the crack extends
CM, M through to the outside wall of the pipe 20
Crack Multiple g - PP
The crack extends through to the outside wall may include the
CM, L width of the crack, displacement of the crack, the presence of 40
roots, infiltration and encrustations,
Damage extends up to 10 % of the circumference or parts of the
PB, S X , . 4 15
pipe are displaced by less than half the pipe wall thickness
Damage extends 10-25 % of the circumference and parts of the
. PB,M | pipe are displaced by less than half the pipe wall thickness. Parts 30
Pipe Broken ) . . .
of the pipe are displaced 1/2-1 of pipe wall thickness,
Damage extends over 25 % of the circumference and parts of the
PB, L pipe are displaced by less than half the pipe wall thickness. the 75
pipe is close to collapse
Deformation 10 % or the pipe diameter, and there is continuous -
DP, M o ; 15
longitudinal cracking.
Deformed Pipe
Deformation greater than 10 % of the pipe diameter and there is
DP, L . - . L 65
continuous longitudinal cracking. Collapse is imminent,
collapse PX Pipe collapsed 100
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Table 6, Defect grading for decision-making of repair and rehabilitation

Grading Peak Score Appropriate response CcC CL CM PB PX
1 0-14 No action
- . " CC1(15)
2 15-29 Point repair cc2(25)
3 30-49 Rehabilitation using CIPP CC3(45) gagg; CM1(40)
4 50-74 Renewal in the short term CM2(50) PB1(70)
5 =75 Immediate Renewal PB2(90) PX(100)

Note: Number in Parenthesis have been proposed for defect score,

739 |—



4' Journal of Korean Society of Water and Wastewater Vol. 27, No. 6, pp. 731-741, December, 2013

o 5 AHE SHoIA ghEel dEket A 3) sk Al oA A ee A
o =X A% PB29t PXV} sidEn. & A S wRAAR FEstar ZHzhe] Ak
< Ao sl 9] T)se] dE At & WS viEsld. 1e5e 2ANE
53] FHT o7 mE HSAA TR of sigste] Hdud A= s 2
w7l dgell A= Wit g st o FIETE Qo 252 FEESTY A
A ZA 713122 okttt & DARA CC1zt CO2 A AlAIsH

o 35aE ARy A8 ©A
4.4 =2 2A] CC3, CLL, CL2, CM1 A AlA

o elute} 1980 ~ 19904 to] B X0 u) PIST. dsHs W7] AR BE ¥ 2
Ae YAEAZZI g ERS AIESE7) 20 ~ Al EAEA CM2 5 PBLE AJAISH
3001 ol afatol ciorat Aol AR 3l . O el Heel @ e
ot bt Aol e g 22 ARG FAE AESo] B 7

2R QA Sk A% sl % ool AA B4 AYE, #US BA
T thess] ZAIREe] oloje] Tkl ojat A of nst=E= A7 - /\]*oHOIE o 55
_ =4 = 232o| oulsl PR2, PX Adlo

o

B, C 53850 2 Nass AdEsie Ao .
24 A US43 28 A8 DBE olfsfet sioi/p sl ol dht =5
Sap)7t of et AZE St

' D BF AFNBAY oA ShrnAY Ta

B oepe Syo] g7 X 135 km Skl

CCTV 2AHd#E 43 - w5 Avar, 3t 2, 24 AFRFAAS Sst 29

#0719 of] /1A AWEA £ ez © A ReE BAE wed sele
shol wrAyE] Fol2EE ofslE|s 1z At L= 7R E 4SSt o] 5 EYE F3
1ol efotel et Aol % et Hoz Pue e BEsts R0l
27} o] Rotelgion, F) S4-0A 4B ol e A el et
A Defstel sha QoS AU
o + o Aoz Adar,
DB FAe B xe) B U ARelpe g T AT WARA 2 84 M9 Ay
of BHE zUToRA WARE gog O IUTIIEN FY W olER 5ol 4T
A, AT, dewgRd, sty oot AR I Fadad g s
= owguae pRagn, sqpae g o TSNS SR U Sed gad e
Aol 27 Agel Mrbwol] ofsyg ux P REUE FF ATy ¥ f4
Z] o]—ol:q 7\/\]_x} ]_ 70 1@9_; 1%3]_7] %ﬂ% %‘%3}71 $ 3]']/\'] ‘E‘ Oﬂ‘?éﬂ'g‘ Biﬂfﬂ
2 =z TP ANY

2) AgE7IYE 2o

[
FHkekd CCl, CC2, CC3, =43k AbAL
CL1, CL2, B&+4Y CM1, CM2, & uh& 2 dte seedAdrlsdtE (AW
PBI, PB2, 3t PX& 83513 2120l 2 3:414-111-002)9] d7H] A (AT E &5
AR AL &} AE 5 AIAISEAT w2 A=Al Ao A=Y



ISSN (Print) 1225-7672
ISSN (Online) 2287-822X

Journal of Korean Society of Water and Wastewater Vol. 27, No. 6, pp. 731-741, December, 2013

Oz

The Ministry of Construction (1993) Guide to sew—
erage cnstruction management, pp. 18—1—
18—1, The Ministry of Construction
Kim, E.S., Lee, J.H., Kim, J . H. (2003) Weight
Calculation in Each Sewer Defect Content
by Analytic Hierarchy Process, Journal of
Korean Society of Water and Wastewater,
17(2), pp. 277-290
Seoul Metropolitan City (2009) Seoul Metropolitan
City Sewerage Master Plan (modification)
Vol 1, pp.5—159—-5-160, Seoul Metro—
politan City
Lim, S.K, (1994) The existing state and issue of
sewerage, Korean Society of Water and
Wastewater, Sewerage Research Journal,
40, pp. 157-183
Choi, Y. C. (1993) The establishment of guide to
sewerage construction management, Ko—
rean Society of Water and Wastewater,
Sewerage Research Journal, 29, pp. 99—
111
KWWA (2006) Sewerage construction manage—
ment manual, Korea Water and Wastewa—
ter Works Association
KWWA (2011) Sewerage facility standards, Korea
Water and Wastewater Works Association
The Ministry of Environment (1997) The study on
urban sewer rehabilitation methods, The
Ministry of Environment
The Ministry of Environment (2011) The study on
the standardization of sewer evaluation
and the establishment of selection crite—
ria for sewer repair and rehabilitation, The
Ministry of Environment

ACPA (2007) ACPA CP Info “Cracks in Installed
Reinforced Concrete Pipe”, American Con—
crete Pipe Association, USA

ASTM (2003) Standard Practice for Rehabilitation
of FKxisting Pipelines and Conduits by the
Inversion and Curing of a Resin—Impreg—
nated Tube(ASTM F 1216—03), American
Standard Test Methods International, USA

ASTM (2006) Standard Specification for Rein—
forced Concrete Culvert, Storm Drain,
and Sewer Pipe, American Standard Test
Methods International, USA

FHWA (1986) Culvert Inspection Manual, Federa—
tion Highway Administration, USA

FHWA (1995) Culvert Repair Practices Manual

Volume I, Federal Highway Administra—
tion, USA

McAlpine, G. (2001) Rehabilitation of Fully Dete—
riorated Rigid Pipes by Flexible and Rigid
Liners, Conference Paper, Pipeline 2001,
ASCE, USA

NZWWA (2006) Pipe Inspection Manual Third
edition, New Zealand Water & Wastewater
Association, New Zealand

WRe (2001) Sewerage Rehabilitation Manual 4%
Edition, Water Research Center, UK

WSAA (2008) Conduit Inspection Reporting Code
of Australia 2 Edition, Water Service As—
sociation of Australia, Australia

741





