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Assessment of external corrosion deterioration of large diameter
metallic water pipes buried in reclaimed land

0|Zu-ZEHS LW HHS
Ho-Min Lee-Tae-Ho Choi-Jung-Hyun Kim-Cheol-Ho Bae’

St=XFEEAL K-water 12
K-water Research Institute, Korea Water Resources Corporation

ABSTRACT

The purpose of this study was to evaluate the corrosion damage of large diameter metallic pipes buried in reclaimed land
due to the corrosion effect by soil, and to propose a method of installing metal pipes in the reclaimed land. The results
are as follow. First, the soil of the reclaimed land was gray clay, the soil specific resistance indicating soil corrosiveness
was at least 120 Q-cm, the pH was weakly acidic(5.04 to 5.60), the redox potential was at least 62 mV, the moisture
content was at most 48.8%, and chlorine ions and sulfate ions were up to 4,706.1 mg/kg and 420 mg/kg. Therefore,
the overall soil corrosivity score was up to 19, and the external corrosion effect seems to be very large. Second, the condition
of straight part of pipes was in good condition, but most of KP joints were affected by corrosion at a severe level. The
reason for this seems to be that KP joints accelerated corrosion due to stress and crevice corrosion in addition to galvanic
corrosion in the same environment. Third, as a result of evaluating correlations of each item that affects the corrosion
on the external part, the lower the soil resistivity and redox potential, the greater the effect on the KP joints corrosion,
and the moisture content, chloride ion, and sulfate ion, the higher the value, the greater the effect on the corrosion of
KP joints. In addition, among soil corrosion items, the coefficient of determination of soil resistivity with corrosion of KP
joints was the highest with 0.6439~0.7672. Fourth, when installing metal pipes or other accessories because the soil of
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the reclaimed land is highly corrosive, it is necessary to apply a corrosion preventive method to extend the life of pipes
and prevent leakage accidents caused by corrosion damage to the joint.

Key words: External corrosion, Metallic water pipes, Reclaimed land, Soil corrosivity
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Fig. 1. Investigation site of research.
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Table 1. Specifications of pipe and connecting components

Categories Specifications Notes
Pipe type CML-DCIP

Installation year 2003

Diameter (mm) 700

Thickness (mm) 12 Class 2

. Internal Cement mortar lining
Coating : - -
External Bituminous material
Thickness (mm) 9
Compressing bend Width (mm) 90
Bolt hole (EA) 16
Bolt Diameter (mm) 22.17 24 mm
Length(screw length) (mm) 105(65)
Diameter (mm) 24
Nut Width (mm) 38.94
Thickness (mm) 8.37~9.45
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Table 2. ANSI/AWWA evaluation method(modified)

Weight
tegori R
Categories ange factor
< 700 Q-cm 10
700~1,000 8
Flectrical 1,000~1,200 5
resistivity of soil 1,200~1,500 2
1,500~2,000 1
> 2,000 Q-cm 0
0~2 5
2~4 3
4~6.5 1
pH 6.5~7.5 0
7.5~8.5 1
> 8.5 3
> 100 mV 0
. 50~100 mV 3.5
Redox potential 0~50 mV 4
() 5
> 20% 2
Moisture content 10~20% 1
< 10% 0
Oxide < 100>m;131()(?r£§/1;%ement) 3;)
(chloride/sulfide) 8 0 ;

Table 3. Evaluation standard of corrosivity by soil condition

Evaluation score Range
< 2 Insignificant corrosivity
2~5 Low corrosivity
5~10 Moderate corrosivity
> 10 High corrosivity
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Table 4. Soil corrosivity measure methods
Categories Measure method Equipment Notes
Electrical resistivity of soil Soil box method Nilsson soil (;Z;lls;fn;ilrﬁigr model 400 Field
pH pH meter PRN-41 (Ag-AgCl electrode) Field
Redox potential ORP meter PRN-41 (Ion electrode) Field
Moisture content Soil moisture monitor ECH,O check Field
Oxide (chloride) Spectrophotometer DR/4000 (Mercuric thiocyanate method) Lab
Oxide (sulfide) Spectrophotometer DR/4000 (Sulfa ver 4 method) Lab
A o7 Hrlslz] 5t I FH R R EoF Aoz oA Qth (Javaherdashti, 1999; Javed et al.,
T EeES AAT &, AF B4 55 ol8ste]l & 2015; Li et al, 2001). Table SoA &2 =4 W
WA E AA EwEo] flal eadol Erd AHol 71733 BlE AER, g0l wrhe A s
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H 7P A] FoF F9l S33) S4 A T2 Bk AE
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oh dutd o7 EQFH|AFlo] A or Yoy Tt
F Ao FEFS = F4 AR 550 FoHER
Halo] ®Hrt &Z1E 4~ Qlth (Booth and Tiller, 1962;

Hamilton, 1960; Malvin, 1958; Rajani and Makar, 2000).
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Table 5. Soil corrosivity test results at the sites
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. Electrical resistivity of soil Redox potential | Moisture content | Chlorine ion | Sulfate ion
Sites pH

(Q-cm) (mYV) (%) (mg/kg) (mg/kg)
S-1 5,200 5.24 134 35.3 198.7 28.5
S-2 2,000 5.60 121 36.7 365.3 420.6
S-3 530 5.53 62 46.8 606.5 312.3
S-4 120 5.49 124 48.8 4,706.1 348.0
S-5 2,100 5.04 152 37.1 249.2 260.1

Note: All items except chlorine ion and sulfate ion were measured at the survey sites
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Table 6. Corrosion conditions of pipes and connecting components at the survey sites

Straight pipe Compressing bend Bolt (diameter=22.17 mm) Nut (thickness=9.45 mm)

Sites Corrosion Corrosion Corrosion Corrosion Corrosion Reduced diameter Corrosion Corrosion

area (%) depth (mm) area (%) depth (mm) area (%) at tip (mm) area (%) depth (mm)
S-1 0 0 50 < 1.83 90 < 2.54 20 < 1.0
S-2 0 0 80 < 2.45 100 < 3.77 50 < 2.0
S-3 0 0 80 < 4.06 100 < 9.27 80 < 4.5
S-4 < 80 < 0.6 80 < 4.05 100 < 22.17 100 < 8.39
S-5 0 0 5 < 1.50 100 < 14.96 50 < 1.29
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S-1

S-2

S-3

S-4

S-5

a) Straight pipe

(b) Compressing bend

. (c) Bolt and nut

Fig. 3. Corrosion conditions of pipes, compressing bends, bolts and nuts at the sites(after abrasive brushing).

(a) Before blasting

(b) After blasting

Fig. 4. Corrosion conditions of bolts and nuts before and after abrasive blasting.
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Table 7. The relationships among KP joint components and soil corrosivity factors

Categories Compressing bend (C) Bolt (B) Nut (N)

Soil resistivity of soil (Q-cm) = -O.(2)81n(C) + 0.87 = -0.2201ln(B]+1.8778 = -0.12811n(N]+1.7187
R* = 0.7672) (R* = 0.6439) (R* = 0.7126)
= 7E-0.5e"°%C = -0.1619B+1.3468 = 0.2579¢"050N

pH (R2 = 0.6385) (R* = 0.0106) (R = 0.0003)
_ -0.01C _ -3E-04B _ -0.003N
Redox potential (mV) [_R20.25?1§58782] IRBiG?EMZ) (_1%20.30(?;730127)
Water content (%) = 0.20202C-0.5169 = 0.2005860.1004B = 0.(2)3689N-1.0465
(R* = 0.8966) (R* = 0.4861) (R* = 0.5507)
Chlorine ion (mgkg) = 4];:-05(3+0.2539 = O.(2)002B+0.2907 = 0.(2)001N+0.3064
(R* = 0.4187) (R* = 0.6405) (R* = 0.6026)
, = 0.1879e0.0015C = 0.1667e""%B = 0.145e"005N
Sulfate fon (mg/ke) (R? = 0.249) (R = 0.249) (R? = 0.3254)
Soil corrosivity evaluation score - 0'2202C+0'0984 - ?'164980‘07% - 9'161780‘076%}
(R? = 0.9156) (R? = 0.2628) (R? = 0.3206)

Note: C, B, N are corrosion ratios of KP joint
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Fig. 5. The relationship of soil corrosivity factors and corrosion ratio of the KP joint(compressing bend, bolt, nut).
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