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Residual Life Assessment on Cast Iron Pipes of Water Distribution System
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Abstract : Residual wall thicknesses, corrosion rates, and residual life of thirty four samples of cast iron pipes(CIPs) and
ductile cast iron pipes(DCIPs) collected from water mains of B city were studied to estimate their remaining service life or
optimum time of rehabilitation.

The internal maximum corrosion depths of samples measured using a dial gauge after shot blasting were twice higher than the
external in most cases. Therefore corrosion of water pipes was much more affected by internal water quality than soil. Residual
wall thicknesses of DCIPs were higher than those of CIPs. That reason was thought to be that DCIPs have been protected from
internal corrosion by lining cement mortar.

Residual life calculated by maximum corrosion rate was ranged up to 44 years with 12.40 years average. Since most CIPs were
much deteriorated, rehabilitation plan should be established soon in B city. Residual life of DCIP was 33.52 years average.
When cement mortar lining is used up by neutralization of DCIPs. DCIP also should be rehabilitated.

keywords : Remining service life, Residual Life, Residual wall thickness, Corrosion rate
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Table 1. No. of Pipe samples collected

Pipe | Laying | . Pipe Mi‘i"”(‘i‘?gm Laying
NO. | Samples type | year dl(aé‘n:\t)er pressunze areas
(kgf/cm’)

1 P-A02 | CIP 1968 200 - Road

2 P-B-01 CIP - 200 5(3.5) Coastal

3 P-B-02 CIP 1980 150 5(3) Coastal

4 P-B-03 CIP 1966 100 5(2) Commercial

5 P-B-05 CIP 1979 150 5(2) Coastal

6 P-B-06 | DCIP - 250 5(3) Coastal

7 | P-C-03 | CIP 1981 150 - Road

8 P-C-4 | CIP 1975 80 - Road

9 | P-D-01 | CIP 1973 200 - Residential

10 | P-D-03 | CIP 1974 200 - Road

11 P-D-05 CIP 1978 150 - Road

12 | P-D-08 | CIP 1976 150 - Commercial

13 | P-D09 { CIP 1983 100 - Commercial

14 | P-D-11 CIP 1979 150 - Commercial

15 | P-D-13 | CIP 1973 200 - Residential

16 | P-E-02 CIP 1982 300 7(5) Comumercial

17 | P-E-04 CIP 1979 200 7(3) Commercial

18 | P-E-05 CIP 1982 250 7(5) Residential

19 | P-E-10 | DCIP | 1983 100 7(5) Residential

20 | P-F-01 CIP 1977 300 4(1) Commercial

21 | P-F-03 CIP 1979 100 6(3) Residential

22 | P-F-09 CIP 1977 200 4(2) Road

23 P-F-11 | DCIP | 1990 100 4(2) Residential

24 | P-F-13 | DCIP | 1985 100 3(1) Residential

25 | P-F-14 | CIP 1982 150 4(2) Residential

26 P-F-17 CIP 1995 100 4(3) Residential

27 P-F-18 | DCIP | 1995 100 4(2) Residential

28 | P-F-19 CIP 1980 100 4(3) Residential

29 | P-F-20 CIP - 100 3(1.7) Residential

30 | P-G-02 | CIP 1981 100 7(5) Residential

31 P-H-3 CIP 1990 100 6(3) Industrial

32 | P-H4 CIP 1982 100 6(4) Residential

33 | P-I-01 | DCIP | 1985 100 6(2) Commercial

34 P-1-06 | DCIP | 1985 200 7(3) Commercial

o] A9y L Table 13} Zt} Table 1014 BB, 3
¥ FAE URE 19763 ~198537 A7 2102 A 7
k31, FAERE 100mm-~200mmrt hREL ZAd3
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Fig. 1. Pictures of CIPs after and before shot blasting.
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Where, R, = Residual wall thickness of pipe, mm
I = Initial pipe wall thickness of pipe, mm
Ena = External maximum corrosion depth of
pipe, mm
Inca = Internal maximum corrosion depth of
pipe, mm
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where, E,., = External maximum corrosion rate of
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pipe, mmpy

Ine = Internal maximum corrosion rate of
pipe, mmpy

y = Periods of laying, year
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E7} goldo] el Q7] wiEolth. wEkx DCIPS 73-¢-
AErye AMERZHZL F437 €@ AFe=RH ¥
o] Pd F AR o] IPHE Aoz He Ao B
g RAoltt. wets E dFAE DCIPY FEFT 34
o} 79 DCIPY| F43t&=g s, FF 44 F43
7t Hed 288 E 71HEG, F CMLo| &3 FA43tH
o Ze 22 4 TG o] AYHA de A
o2 ke 2 3 wWEdFdAM nE 23S o
8 4& ol&3to] APttt

_ Imcd

Where, # = Periods required of CML being 100%
neutralization

100% — CML neutralization
Rate of CML neutralization

Rate of CML neutralization =

CML. neutralization ratio
Periods of mpe laying
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B ATANE T A5 go AESA, U] - W
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23340,

- R _R
le o [Emcr + Imcr] Ct (5)

where, Ry = Residual life of pipe, year
C, = Maximum corrosion rate, mmpy

R, = Residual thickness of pipe, mm
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Fig. 2. Distribution of internal & external maximum corrosion depths on CIP and DCIP.
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Table 2. Results of internal & external maximum corrosion depths and residual wall thickness on CIP

-, Internal maximum External maximum .
Pipe .Imhal wall. corrosion depths of | corrosion depths of | Corrosion Bes1dua1 waIAl

Samples Laying year | thickness of pipe . . thickness of pipe

type (mm) pipe pipe Index (mm)
(mm) (mm)
P-A-02 CIP 1968 105 2.68 2.81 0.52 5.02
P-B-01 CIP - 12 3.90 228 0.52 5.82
P-B-02 CIP 1980 9.2 5.89 3.34 1.00 0.00
P-B-03 CIP 1966 8.2 5.55 4.85 1.00 0.00
P-B-05 CIP 1979 11.25 5.75 1.89 0.68 3.61
P-B-06 DCIP - 7.75 0.00 0.88 0.11 6.87
P-C-03 CIP 1981 124 7.70 0.32 0.65 438
P-C-04 CIP 1975 10.35 3.72 1.74 0.53 4.89
P-D-01 CcIp 1973 9.45 6.11 2.60 0.92 0.74
P-D-03 CIp 1974 121 3.69 2.02 047 6.39
P-D-05 CIP 1978 6.55 4.02 2.80 1.00 0.00
P-D-08 CIp 1976 10.45 4.45 3.07 072 2.93
P-D-09 CIp 1983 11.2 3.45 2.83 0.56 4.92
P-D-11 CIP 1979 8.4 5.95 1.58 0.90 0.87
P-D-13 CIP 1973 109 3.27 0.90 0.38 6.73
P-E-02 CIp 1982 8.25 4.26 1.70 0.72 229
P-E-04 CIp 1979 10.15 5.00 1.20 0.61 3.95
P-E-05 CIp 1982 1045 6.17 335 091 0.93
P-F-01 CIP 1977 121 3.35 3.15 0.54 5.60
P-F-03 CIpP 1979 10.75 540 1.66 0.66 3.69
P-F-09 CIP 1977 11.75 5.81 5.71 098 0.23
P-F-14 CIP 1982 6.6 3.95 340 1.00 0.00
P-F-17 CIpP 1995 10.85 4.53 1.37 054 4.95
P-F-19 CIP 1980 9.75 391 2.60 0.67 3.24
P-F-20 CIP - 9.2 3.70 0.83 049 4.67
P-G-02 CIP 1981 10.35 5.89 2.10 0.77 2.36
P-H-3 CIp 1990 114 6.90 448 1.00 0.02
P-H-4 CIP 1982 9.05 1.24 1.63 032 6.18
Average 10.05 4.51 2.40 0.68 3.26
Table 3. Results of internal & external maximum corrosion depths and residual wall thickness on DCIP
. Initial wall Internal corrosion External corrosion . Residual wall

Samples Fipe Laying year | thickness of pipe depths of pipe depths of pipe Corrosion thickness of pipe
e (mm) (o) (mam) ndex (mm)
P-E-10 DCIP 1983 82 1.05 0.00 013 715
P-F-11 DCIP 1990 9.95 0.68 0.00 0.07 9.27
P-F-13 DCIP 1985 8.35 1.89 0.00 0.23 6.46
P-F-18 DCIP 1995 7.7 1.72 0.00 022 5.98
P-1-01 DCIP 1985 8.6 0.91 0.00 011 7.69
P-1-06 DCIP 1985 11 1.70 0.00 015 9.30
Average 8.97 1.33 0.00 0.15 7.64
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Table 4. Results of internal & external maximum corrosion rates on CIP
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Internal maximum corrosion | External maximum corrosion | Maximum corrosion
Samples Pipe type Laying year rate of pipe rate of pipe rate
(mm/ year) (mm/ year) (mm/ year)

P-A-02 CIP 1968 0.08 0.09 017
P-B-02 CIP 1980 0.29 0.17 0.46
P-B-03 CcIp 1966 0.16 0.14 0.31
P-B-05 CIP 1979 0.27 0.09 0.36
P-C-03 CIP 1981 041 0.02 042
P-C-04 cIp 1975 0.15 0.07 0.22
P-D-01 CIP 1973 0.23 0.10 0.32
P-D-03 CIp 1974 0.14 0.08 0.22
P-D-05 CIpP 1978 0.18 0.13 0.31
P-D-08 CIp 1976 0.19 0.13 031
P-D-09 CIpP 1983 0.20 0.17 0.37
P-D-11 CIP 1979 0.28 0.08 0.36
P-D-13 CcIp 1973 012 0.03 0.15
P-E-02 CIP 1982 0.24 0.09 0.33
P-E-04 CIP 1979 0.24 0.06 0.30
P-E-05 CIpP 1982 0.34 0.19 0.53
P-F-01 CIp 1977 0.15 0.14 0.28
P-F-03 CIP 1979 0.26 0.08 0.34
P-F-09 CIP 1977 0.25 0.25 0.50
P-F-14 CIp 1982 0.22 0.19 0.41
P-E-17 CIpP 1995 091 0.27 1.18
P-F-19 CIp 1980 0.20 0.13 0.33
P-G-02 CIP 1981 0.31 0.11 0.42
P-H-3 CIp 1990 0.69 0.45 1.14
P-H-4 CIP 1982 0.07 0.09 0.16

Average 0.26 0.13 0.40

Table 5. Results of internal & external maximum corrosion rates on DCIP

Internal maximum corrosion | External maximum corrosion Maximum} corrosion
Samples Pipe type Laying year rate of pipe rate of pipe rate
(mm/year) (mm/year) (mm/ year)
P-E-10 DCIP 1983 0.00 0.06 0.06
P-F-11 DCIP 1990 0.00 0.07 0.07
P-F-13 DCIP 1985 0.00 0.13 0.13
P-F-18 DCIP 1995 0.00 0.34 0.34
P-1-01 DCIP 1985 0.00 0.06 0.06
P-1-06 DCIP 1985 0.00 011 011
Average 0.00 0.13 0.13
Table 6. CML-N ratio and rate of CML neutralization
, , CML-N ratio* Rate of CML t,
Samples Pipe type Laying year %) neutralization (year)
(%/yean)
P-E-10 DCIP 1983 100 5.88 0.00
P-F-11 DCIP 1990 10 1.00 90.00
P-F-13 DCIP 1985 50 3.33 15.00
P-F-18 DCIP 1995 10 2.00 45.00
P-1-01 DCIP 1985 50 3.33 15.00
P-1-06 DCIP o 1985 50 3.33 15.00

*CML-N ratio : Neutralization ratio of certent mortar lining.
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Table 7. Maximum corrosion rate modified by Fig. 8
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Internal maximum corrosion External maximum corrosion . R
Step Laying year rate of pipe rate of pipe Maximum corrosion rate

(mm/year) (mm/ year) (mm/year)
I Pre 10 0.51 0.33 0.84
s 11~15 0.31 0.20 0.51
I 16~20 0.24 0.14 0.39
1\% 21~25 0.19 012 0.31
v 26~30 017 0.10 027
VI over 31 0.15 0.09 024

Table 8. Prediction of residual life on CIP of B city

Samples Pipe type | Laying year Periods of laying Residual life of pipe (year) Total life of Pipe
(year) Ry Ry Ry (year)
P-A-02 CIP 1968 32 29 21 29 61
P-B-02 CIP 1980 20 0 0 0 20
P-B-03 CIP 1966 34 0 0 0 34
P-B-05 CIP 1979 21 10 13 13 34
P-C-03 CIp 1981 19 10 16 16 35
P-C-04 CIP 1975 25 22 20 22 47
P-D-01 CIP 1973 27 2 3 3 30
P-D-03 CIP 1974 26 29 26 29 55
P-D-05 CIP 1978 22 0 0 0 22
P-D-08 CIP 1976 24 9 11 11 35
P-D-09 CIP 1983 17 13 17 17 34
P-D-11 CIP 1979 21 2 2 2 23
P-D-13 CcIp 1973 27 44 28 44 71
P-E-02 CIP 1982 18 7 6 7 25
P-E-04 CIP 1979 21 13 15 15 36
P-E-05 CIP 1982 18 2 2 2 20
P-F-01 CIP 1977 23 20 22 22 45
P-F-03 CIP 1979 21 11 14 14 35
P-F-09 CIP 1977 23 0 1 1 24
P-F-14 CIP 1982 18 0 0 0 18
P-F-17 CIP 1995 5 4 6 6 11
P-F-19 CIP 1980 20 10 11 11 31
P-G-02 CIP 1981 19 6 7 7 25
P-H-3 CIP 1990 10 0 0 0 10
P-H-4 CIP 1982 18 39 22 39 57
Avrage 21.16 11.28 1052 . 12.40 33.52
Table 9. Prediction of residual life on DCIP of B city
Sample Pipe type Laying year Penod(il ec;fr )laymg (y:,; ) ReSIdl;{aUl, 1(1;eeac;§ pipe, Total g]f;;;f Pipe
P-E-10 DCIP 1983 17 0.00 14 31
P-F-11 DCIP 1990 10 90.00 95 105
P-F-13 DCIP 1985 15 15.00 24 39
P-F-18 DCIP 1995 5 45.00 41 46
P-1-01 DCIP 1985 15 15.00 . 28 43
P-1-06 DCIP 1985 15 15.00 29 H“
Average 12.83 30.00 38.50 51.33
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Table 9914 DCIP?] HF &4 38.50de2 CIP
Bohe o 3u) o) o ggkon, WPEFE o 5133de
2 B7Ech weka, DCIPY A$E A ALEARE 2
2ol 1 o) dolgle AeE BNY & ik 2 CIP
o} WSS vlws) B, dig 15 8 ol o 1 RS
2 B8 4 ¢tk a8, DCIPE CMLe] A3t 2
|, Yurol wmaA FJA=g CMLo] FA48HE7]
oldo] AWE BAL siof & ALE AL

4 2 E

B AFdNe mjddsd nE @A IAETFA, BHE
5 £2 grleta, FE AFERC) FAd A #F)
g A7, & 32493 o8 53 AF A7E nF}
gon, 7 Ade g7 Ak

BAlY] 7S, duRAgo)nthe WARAsl oF 24
AT O AXN AFERY Fyo nAe FFPo] EFRT
' 4473 94340 ¢ & RAoE wddth CIPg DCIP
9] AF=%A =4 ZAx, CIPE Omm~6.73mm ©]3lowH,
DCIPE 5.98mm~9.65mmZ CIP Hrle DCIPY) ZHEFA
7} o Hoh

T3, BEA&EEE CIPY A9, W - o HFAEEE
3 HAuRA&EsE 19759 o]d 7AAE  0.15mmpy ~
0.32mmpy, 19761394 1985d71A= 0.16mmpy~0.53mm
pyelgled, 853 ol¥ wmid€E CIPE l.14mmpy~1.18
mmpyE F4&%7} wWl$ wsick DCIPY 7§ wdds
of BAYel WY HUFHEze EF 0.00mmpyoe.
o, ojH HRA&re Hfoles 0.06mmpy~0.34mmpy
2 AAH HYRAETE CIPe Blgte of$ w3,
CIPS] DCIPUIE HjRa&E7] 36 o) weE RA2E 1
el DCIPY CMLY 2A3&EEE 1.00%/year ~6.67%/
year o]QQon, BFAH 2 3.65%/year ©|}rh

CIPe] A%, AESFHE 0d~4A(FT 124d)2F CIP
9] A=rjo] w9 He Ao BAHO A T uA|
of Wg MF AZYY FYeo) AFE Aoz AdEn
DCIPe] HE A=41L 385902 CIPEths ¢F 34 9]
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