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Abstract

The current conditions of large water mains are evaluated by deteriorations and the causes of
deterioration are investigated through visual assessments in the field, mechanical tests and analysis of
chemical compositions in laboratory for each pipe material, unlined cast iron pipes (CIPs), ductile iron pipes
(DCIPs) and steel pipes (SPs)

Tubercles and scales from internal and external corrosion of unlined cast iron pipes were identified as
the causes of functional performance limitations in large water mains.

It is investigated that main causes of internal and external corrosion of water pipes are from lots of
depositions of organic and inorganic substances on pipe surface, concentrated pitting, and uniform
corrosion by local or global exfoliation or detachment of lining and coatings of DCIPs and SPs.

Internal and external corrosion depths of CIPs were higher than those of DCIPs and SPs. Consequently,
total corrosion rate summed internal and external corrosion rates of CIPs also were shown to be higher
than those of DCIPs and SPs. The failure time from hole generation of CIPs by total corrosion rate was
predicted to be taken sixteen years, and DCIPs and SPs were twenty-six years and one hundred and fifty
three years. And longitudinal deflection of investigated water mains were not happened and mechanical
strengths such as tensile strength, elongation, and hardness also were mostly suited to Korea Standards.
It was thought that the weakness of tensile strength of one sample(S-11) was, however, due to higher
carbon contents(%) in CIPs. Pipe deterioration score of S-46 was 55.2 and was preferentially assessed to
be rehabilitated.
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Table 1. General pipe and environmental characteristics of investigated large water mains
’ . ) Ling or coating materials Buried Electr|F:a| No. of
Pipe Buired Diameter corrosion .
. depth ) Road Type of joint
materials  year (mm) Internal temal ) protection lane
nternal externa (Yes/No)
S1 CIP 1982 400 None None 250 N 4 Mechanical
S-2 CIP 1975 700 None None 120 N 8 Mechanical
S-3 CIP 1975 600 None None 120 N 6 Mechanical
S-4 CIP 1983 400 None None - N 2 Mechanical
S5 CIP 1983 350 None None 120 N 2 Mechanical
S-6 CIP 1979 350 None None 100 N 2 Mechanical
S-7 CIP 1975 700 None None 160 N 8 Mechanical
S8 CIP 1982 500 None None 170 N 6 Mechanical
S-9 CIP 1975 600 None None 130 N 6 Mechanical
S-10 CIP 1979 450 None None 150 N 1 Mechanical
S-11 CIP 1975 600 None None 140 N 6 Mechanical
S-12 DCIP 1978 700 None None 180 N 6 Mechanical
S-13 DCIP 1979 350 None None 120 N 4 Mechanical
S-14 DCIP 1985 250 - 150 N 2 Mechanical
S-15 DCIP 1979 450 None None 200 N 2 Mechanical
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Table 1. Continuation
) . ’ Ling or coating materials Buried EIectriF:aI . of
Pipe Buired Diameter corrosion -
) depth . ad Type of joint
materials  year (mm) Internal external m) protection ne
(Yes/No)

S-16 DCIP 1979 400 None None 120 N 2 Mechanical
S-17 DCIP 1995 300 Cement mortar None 250 N 4 Mechanical
S-18 DCIP 1996 350 Cement mortar None 400 N 4 Mechanical
S-19  DCIP 1987 250 Epoxy Coal-tar enamel 115 N - Mechanical
S-20 DCIP 1987 250 Cement mortar Coal-tar enamel 115 N - Mechanical
S-21 DCIP 1989 700 Cement mortar None - N 1 Mechanical
S-22 DCIP 1979 450 None None 180 N - Mechanical
S-23 DCIP 1997 600 Cement mortar None 110 N 4 Mechanical
S-24 DCIP 1979 300 None None 110 N 4- Mechanical
S-25 DCIP 1982 500 None None 120 N 4 Mechanical
S-26 DCIP 1995 450 Cement mortar bitumen - N 4 Mechanical
S-27 DCIP 1987 300 Cement mortar bitumen 120 N Mechanical
S-28 DCIP 1987 700 Cement mortar bitumen 200 N 4 Mechanical
S-29 DCIP 1987 250 Cement mortar bitumen 170 N - Mechanical
S-30 DCIP 1994 450 Cement mortar bitumen 140 N 2 Mechanical
S-31 SP 1979 2200 Coal-tar enamel Coal-tar enamel 350 N 5 Welding-+painting
S-32 SP 1993 1200 Asphalt Coal-tar enamel 150 Y 2 Welding+painting
S-33 SP 1965 1100 Coal-tar enamel Coal-tar enamel 150 N 2 Welding-+painting
S-34 SP 1989 1100 Asphalt Asphalt 90 Y 4 Welding+painting
S-35 SP 1989 900 Asphalt Asphalt 170 Y 2 Welding-+painting
S-36 SP 1989 800 Asphalt Asphalt 350 Y 4 Welding+painting
S-37 SP 1980 1350 Asphalt Asphalt 550 N 4 Welding-+painting
S-38 SP 1997 1350 Epoxy Coal-tar enamel 200 Y 4 Welding+painting
S-39 SP 1988 1650 Coal-tar enamel Coal-tar enamel 200 N - Mechanical
S-40 SP 1989 800 Coal-tar enamel Coal-tar enamel 180 Y 4 Welding+painting
S-41 SP 1985 1100 Coal-tar enamel Coal-tar enamel 250 Y 2 Welding-+painting
S-42 SP 1992 2000 Coal-tar enamel Asphalt 200 Y - Welding-+painting
S-43 SP 1997 900 Coal-tar enamel Asphalt 250 Y 4 Welding-+painting
S-44 SP 1997 1200 Epoxy Coal-tar enamel 100 N - Welding+painting
S-45 SP 2001 500 Epoxy Polyethylene 150 N -
S-46 SP 1984 1500 Coal-tar enamel Asphalt 170 Y - Welding+painting
S-47 SP 1984 1500 Coal-tar enamel Coal-tar enamel 500 N Welding-+painting
S-48 SP 1991 1100 Epoxy Coal-tar enamel 250 N 4 Welding+painting
S-49 SP 1987 800 Coal-tar enamel Coal-tar enamel 160 Y 4 Welding-+painting
S-50 SP 1987 900 Coal-tar enamel Coal-tar enamel 200 Y 4 Welding-+painting
S-51 SP 1979 450 Coal-tar enamel Coal-tar enamel 200 N - Welding+painting
S-52 SP 1978 900 Unidentified Coal-tar enamel 100 - - -
S-53 SP 1996 1100 None Coal-tar enamel 400 - - -
S-54 SP 1964 1200 None None 110 N - Mechanical
S-55 SP 1998 1650 Epoxy Coal-tar enamel 200 Y 1 Mechanical
S-56 SP 1982 600 Coal-tar enamel Asphalt 75 Y 3 Mechanical
S-57 SP 1978 2800 Coal-tar enamel Asphalt - N 6 Welding+painting
S-58 SP 1971 1000 None None 500 N 2 Welding+painting
S-59 SP 1979 2200 Coal-tar enamel Asphalt 260 N 4 Welding-+painting
S-60 SP 1991 800 Coal-tar enamel Asphalt 120 N 6 Welding-+painting
S-61 SP 1984 900 Coal-tar enamel Coal-tar enamel - Y - Welding-+painting

Note) - ; it means Not measured or identified
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Table 2. Investigation items of the field

ltems

Category

General pipe and

environmental characteristics
leakage history, etc

Pipe materials, Buried year, Diameter, Lining or coating materials
Buried depth, Soil type, Electrical corrosion protection, No. of Road lane, Type of joint, Failure or

Inner and outer
deteriorated state of pipe

Diameter, Pipe wall thickness, Lining and coating thickness and damage, Area of external
corrosion, Depth of pitting corrosion, Thickness and area ratio(TA) of tubercle, Thickness and

area ratio of sludge(Deposits), CML neutralization, CML damage, etc.

Physical and Chemiczﬂ Iron(Fe), Carbon(C), Manganese(Mn), Magnesium(Mg), Silicates(Si), Phosphorous(P),
chemical composition Sulfate(S), etc.
properties of Mechanical Tensile strength, Elongation, Hardness, etc.
pipe Strength
aen BRGNS ToR P =R o 2.3. 2y
g FEow v TR, gl Ax, 11 &7 B dAFoME 4% 34, #5745 AFSHS
9 FAB(), ME F) 5L Fbel BRART vyl Aew s E AUAE AT, TA4Lo]
wol FAol dFE vAE FAA(NEED), # 52 Dial depth gauge S o] &3t} m=F o] wjA
W A dE A s HoFe AHAA, 28 T B nE Bz E4o HElsS ndelr] ¢
T e AAE UM ¢ gle WA #EH £ she] zh A9l diste] KS fFFe] we A E
A3 BT 58 THoZE AT (Tensile strength) (KS D 0802), <141& (Elongation)
(KS B 0802), 22]31 7 = (Hardness) 55 3743t
2.3, TH| =HAkel Hopuy 3, A A setd 24e BAGY. Sex
B AT E dA2AE Alger B4 =F  Ho CE x3slo] 67] FEL BAEYTH(KS D
FHE Brbehr] f e R A 5(2002) 5o 71 0001).
29l FEBE FAOR NI FRASTE B
9S Table33h o] +4 - WAt} Mgttt o 3. 2} U T
£ B AT 2% e BIYFER A8
o SERREA, F2 mEgd vge ¥ 31 T2 &4 Af U2 ZE37| As™E
& 545 AU Skl HrhgE AR diste] o] AbE)
g 5] MGHES it § =5 &4 w 3.1, B8A &4 3
£ wFERS VYA, $A54 59 9L E  2AYABEF DCIPS SPe] =AY et S
T e dAEA, &89 T A7), B T EF 2 =2%3 Ayt Table 49} 2}, Table 304
et wd, elHQ) S S wAay] 9k DCIPe] Q% 99 A ASH ZEE o)
AHEe B Cot 59 M ES Tt # Ss B 0.4mmE v S HA JeRgon | uw
A =B hE koA A 5(2002) FA = =A4A AWMERZEH TE o ZA45x 5o zbzt
Zdeol g B ES V8, FHRE, B 5.5, 0.48mmo| Tt &3] DCIP9] F WHEAAQ]
A, sz, BA&E, SeEA o8 7R AWERZEHY TA7L 0.6~87mmE HA9 Hu)
otil, o5 7} 2FES 204 0% stof HUSIe T Aol 14.54] oo w AWMERZH g
U, 2 Ad7dA e 7 B4R g 12 3 54 ") )¢ Ad Ao 2 Ytk SPo ) -
FUE 26902 3, o2 100902 BU8] = o AR ALEA TEZ ol Ei ofs
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Table 3. Pipe deterioration assessment items

No. detail factor range weight No. detail factor range weight
over 4% 0.00 over 20% 0.00
4~3% 0.25 depth of 20~15% 0.25
1 inner diameter 3~2% 0.50 14 . . 15~10% 0.50
inner corrosion
2~1% 0.75 10~5% 0.75
below 1% 1.00 below 5% 1.00
over 10% 0.00 over 80% 0.00
10~7.5% 0.25 circumference 80~60% 0.25
2 thickness 7.5~5% 0.50 15 ) . 60~40% 0.50
of inner corrosion
5~2.5% 0.75 40~20% 0.75
below 2.5% 1.00 below 20% 1.00
over 10% 0.00
clothing 10~7.5% 0.25 Tensile strength No 0.00
3 thickness 7.5~5% 0.50 16 (KS standards) Yes 1.00
5~2.5% 0.75
below 2.5% 1.00
over 80% 0.00 >3 0.00
i 80~60% 0.25 ) - 0.50
area of exterior Chemical compositions
4 . 60~40% 0.50 17 0.25
corrosion (KS standards)
40~20% 0.75 0.00
below 20% 1.00
over 20% 0.00 CML over 80% 0.00
20~15% 0.25 - 80~60% 0.25
depth of neutralization
5 . ) 15~10% 0.50 18 60~40% 0.50
exterior corrosion (concrete
10~5% 0.75 o 40~20% 0.75
neutralization)
below 5% 1.00 below 20% 1.00
over 80% 0.00 over 80% 0.25
circumference 80~60% 0.25 80~60% 0.50
6 of exterior 60~40% 0.50 19 CML damage 60~40% 0.75
corrosion 40~20% 0.75 40~20% 1.00
below 20% 1.00 below 20% 0.00
over 80% 0.00
~ 0,
. . ) over 0.0mm 0.00 20 exfoliation 28 ig; 822
ISSUre size 0.0mm 1.00 of inner clothing ° '
40~20% 0.75
below 20% 1.00
over 20% 0.00 below 60 0.00
-~ 0, -~
depth of 20~15% 0.25 HWC value 60~80 0.25
8 ) 15~10% 0.50 21 80~100 0.50
pin-hole (roughness)
10~5% 0.75 100~120 0.75
below 5% 1.00 over 120 1.00
over 80% 0.00 over 7.0kgicm*>  0.00
- 80~60% 0.25 i 7.0~6.0kglcm®>  0.25
exfoliation hydraulic )
9 ) 60 ~40% 0.50 22 6.0~5.0kg/lcm 0.50
of outer clothing pressure )
40~20% 0.75 5.0~4.0kg/lcm 0.75
below 20% 1.00 below 4.0kg/cm? 100
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Table 3. Continuation

No. detail factor range weight No. detail factor range weight
over 80% 0.00
~ 0,
80~60% 0.25 inhabitation of group 0.00
10 scale area 60~40% 0.50 23 clam separate 0.50
40~20% 0.75 no 1.00
below 20% 1.00
over 20mm 0.00
20~15mm 0.25 . over 3cm 0.00
scale mud accumulation
11 ) 15~10mm 0.50 24 ! 3.0~0.5cm 0.50
thickness on pipe floor
10~5mm 0.75 below 0.5cm 1.00
below 5mm 1.00
100% 0.00
100~75% 0.25 . - no work 0.00
operative condition
12 sludge area 75~50% 0.50 25 not enough 0.50
of valves
50~ 25% 0.75 good work 1.00
below 25% 1.00
over 4mm 0.00
) 4~3mm 0.25 penetration of Yes 0.00
13 sludge thickness 3~2mm 0.50 26
ground water No 1.00
2~1mm 0.75
below 1Imm 1.00
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& vehd Aolh. Fig 14 ouiuche g =4 o 10% 4% 927k 8 Ao deiker] i =
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Fig. 1. Exfoliation ratio of external and internal lining or coating on
large water mains.
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Table 4. Lining or coating thickness of investigated large water mains

Pipe materials Lining or coating materials Lining or coating thickness(mm)
CIP External None -
Internal None -
DCIP External Coal-tar enamel 0.442(0.4~0.48)
Cement mortar 5.5(0.6~8.7)
Internal
Epoxy 0.48
SP External Coal-tar enamel 5.9(1.7~13)
Asphalt 2.9(0.1~4.8)
Internal Coal-tar enamel 2.10(0.12~3.4)
Asphalt 26
Epoxy 1.16(0.6~2.1)

T 16w

k) ss " . () S54

Fig. 2. Examples of Internal lining or coating damages of large water mains.

o= g WYl g =FEG2 79 gle Aer A ol g ¥ dei= Fig 49 2. Fig. 4
FEETRG 3 F2). o =3 A3y dell oA CIPE 74.2%(5~100%) 2] WF-ERlo] =AY
A Eulgel ok &4, e A dolojRx EE ZA Fol AgEo] e AoE Uewon,

& 2  EE
& vFel w2 # sReEd, AdHed Bdgst olf Ave FEHOR 35.8mm(2.6~63.0mm) 2
o2 Aue T (Fig.3 4% UEbETh. Fig. 4olA nl=d = =7 geld
DCIP %= SP SellAe F4o] Masi gllon,
d37), JAE ZH ol DCIP #f ¥ ~AY EZHAL 52.2% (0~
ZAF G TR T Wi AAA7), AAE 22 100%), SPE 21.8%(0~100%) 2 UEst), o] 3

(@) S-60 | (b) S-46 () S-40

Fig. 3. Examples of Internal lining or coating damages of large water mains.
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Sample ID of water mains

70

Fig. 4. Internal scale or tubercule distribution.

(a)S-33

(b) S-46

20 30 40

Sample ID of water mains

50 60 70

Fig. 5. Internal sludge distribution and maximum size of large
water mains maximum size of large water mains.

(©) S-52

Fig. 6. Examples of sludge deposited on pipe internal surface of large water mains.
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Fig. 7. Ratio of external and internal corrosion areas of large water
mains.
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Fig. 9. External and internal corrosion rate of large water mains.
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Table 5. Avg. ratio of corrosion areas, avg. corrosion depths and rate of investigated large water mains
) Avg. Pipe  Avg. ratio of corrosion areas Avg. corrosion depths Avg. corrosion rate
P|p§ thickness (%) (mm) (mmpy)
Materials
(mm) External Internal External Internal External Internal Total

CIP 104 32.0 51.6 161 4.47 0.07 0.19 0.26

DCIP 10.5 7.6 19.0 0.67 1.25 0.04 0.06 0.10

SP 10.3 0.5 10.6 0.00 0.31 0.00 0.01 0.01

Avg 10.45 134 271 0.76 2.01 0.04 0.09 0.12
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Table 6. Average chemical compositions of investigated large water mains

Chemical compositions(%)

Pipe
Materials c Si Mn P S Fe Mg
cIP 3.396 1.996 0.263 0.036 0.060 93.720 0.020
(3.130~4.240)  (1.600~2.330) (0.024~0.600)  (0.018~0.061) (0.006~0.230) (92.700~94.300) (0.000~0.030)
DCIP 3.294 2222 0.279 0.033 0.008 93.654 0.018
(3.170~3540)  (2.000~2.440) (0.180~0.530)  (0.018~0.052) (0.001~0.014) (92.700~94.000) (0.010~0.020)
SP 0.144 0.144 0.702 0.017 0.0179 8511 0.005
(0.050~0.220)  (0.010~0.330) (0.320~0.980)  (0.006~0.023) (0.005~0.090) (96.200~99.000) (0.000~0.020)
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