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1.1



1.3

D)

(2)

3)

(4)

()

(6)

(7)

(8)

“ " CNS-13518 H3163
1995/4 /

” " CNS-13519 H3164
1995/4 /

“ " CNS-13520 H3165
1995/4 /

“ " CNS-13521 H2118
1995/4 /

“ ( )" 1990/3 /
" ()

" 1997 /
RP0290-90, “ Standard Recommended Practice for Cathodic

Protection of Reinforcing Steel in Atmospherically Exposed
Concrete Structures’, 1990, National Association of
Corrosion Engineers, U.S.A.

Model Specification for the Cathodic Protection of
Reinforced Concrete, Concrete Society Technology Report
No0.37, The Concrete Society, 1991, U .K.




2.1

2.2

2.3

2.4
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2.6

10 m?

1 ohm

2.7

1-2m

/
100 Mega-ohm




2.8

Wenner

10~75 mm

5,000~50,000 ohm-cm

2.9




31

31

3.1




3.2

10~20 mA/m?
100 mV

5 mA/m?
10~20 mA/m?> 100 mV
4~24 100 mV
4 24 >100 mV)
( NACE Standard RP290-90)

100 mV

24

10




3.3

(1)
(2)

i.

( )
i
15 mm
1000 m?

2~-5 Amp
34
(1)
(2

150%

11
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4.1
4.1.1

D)
(2)
3)

4.1.2

0.3 mm

13




4.1.3

ASTM, NACE Standard, British Standard

4.1.4

28

40 N/mm?

4.2

Titanium, Grade 1 per ASTM B265

(Mixed Metal Oxide, MMO)

14

30 x 70 mm

100 x




200 mm 200

mA/m? 10-50
(FHWA) Concrete Society
110 mA/m?
10-50
mA/m?
10-15 mm
( )
ASTM B6/B69

ASTM B8331 ANSI/AWS
5.33 FDOT 0.38~0.5 mm
Concrete Society 0.2 mm

15



4.3

AC
110/220 volt 220/480 volt

60 Hz
4.4
441

20%~50%
5~48 Volts

4.4.2
4.4.3

QD AC DC AC

On” DC [1] On"

(2)

16




3)

4.4.4

DC

AC

4.4.5

4.5
45.1

45.2DC
DC

17




25~16 mm? PVC HDPE
XLPE
45.3
451 45.2
2.5 mm?
AC
4.5.4
PVC

4.6

(DVM) 100 Mega-ohm

1mVv

4.7

4.7.1

18




4.7.2

4.5.3

0.5~1.0m

4.7.3

19




5.1

5.5
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5.2

)
5.8

(

)

5.5

(

)

(

5.
(

2

5.6

)
5.4

)
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(

)

5.3
5.7

(

)

5.1
( 53

57 )

)

5.8
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)

5.3
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)

5.4

(

)

5.5

(

)

5.6

(

)

5.7

(

)

5.8

(

5.1

)

5.3

(

)

5.5

(

)

5.7

(

)

5.8

(

5.2
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5.2

5.3

1 ohm

5.4

10%

30 mm

23

10 mm

15 mm




5.5

55.1
C )
Q) (drilling and taping)
) (clamping)
3 (thermit welding)
4) (pin brazing)( drawn arc brazing)
(5) (welding)
(6) (brazing)
55.2
(cables) 45.2
55.3

24




40 mm

5~40 mm

500~1000 mm
5.6

Wenner

(
(
20,000 ohm

5.7

25

(overlay)




ASTM E367
50 25

30cm
10 cm
30cm

26



5.8

581
AC DC
DC
(polarity)
582

(connector)

27




6.1

20%
DC

6.2
6.1

-750 mV/(
300 mV

24

14~28

29

100 mV




6.3

6.2

3.2

7~10

6.4

30




31
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7.1

1.2

DC

7.3

731

33




7.3.2

7.3.3
( )
7.34
7.35
DC
4.7
(1)
2
3 4 24
DC
4~24
100 mV ( 4 24 >100

mV)

34




7.4

7.3

74.1 7.3

14.2

74.3

7.5

(

64 )
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1.1

1.2

1.1
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2.1

2.2
(1)
(2)

(

)

(

)

39

(noble)
2.2.1
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)
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2.2.1

221

41




2.3

(1)
2) ( )
3)
(4)
()
1980
24
Ag/AgCl/seawater) -800 mV »
(Ag/Ag
(Ag/AgCl)
(Ag/AgCl/seawater) KC1
(Ag/AgCl/sat’d KCI)
(aerobic)

42




(Ag/AgCl/seawater) -800

mV (anaerobic)
( ) -900 mV (vs.
Ag/AgCl/seawater) -1100 mV (vs.
Ag/AgCl/seawater) 2.4.1
24.1
mV vs. Ag/AgCl/seawater | mV vs. Ag/AgCl/seawater

-800 -1100

-900 -1100
(Ag/AgCl/seawater) (SCE)

(Cu/CuSO0y)
242

243

24.2

-780 mV vs. SCE

-800 mV vs. Ag/AgCl/seawater
-750 mV vs. Ag/AgCl/sat’d KCI
-850 mV vs. Cu/CuSO,

43



24.3

E»s
(mV vs. S.H.E., at 25°C)
(mV)
Ag/AgCl 250 - -800 -50 mV
Hg/Hg,Cl, 241 -0.76 mV/°C | _780 -70 mV
Cu/CuSO, 316  +0.90mV/°C | _g50
Zn -800 - +250 -1100 mV
2.4.2
-800mVvV. 7”7
800 mV. > 7
2.4.1
+
A
-650 mV
-800 mV
-900 mV
24.1

44




2.5

(vs. Ag/AgCl/seawater)

-800 mV ~ -1100 mV

-1100 mV (vs. Ag/AgCl/seawater)

-800 ~

2.6

(mA/m?)

100
50
20

150
75
30

150
75
30

1 m/s
2 m/s
3 m/s

160
230
270

45




29

()

[NH," (ppm) + 1/CI'(%)]
0.8

2.6

46

29



(calcareous deposits)

50 %
2.7
=20+ixB  mA/m’
=10+ix B mA/m’
=1x B mA/m>
i 2.6
B : =

47




2.8

(1)

2)

€)

(4)

)

(6)

(7)

(8)

©)

(10)

“ ” CNS-13518 H3163
1995/4 /
» ” CNS-13519 H3164
1995/4 /
“ ” CNS-13520 H3165
1995/4 /
“ ” CNS-13521 H2118
1995/4 /
. oy
1989/2

« ()

» 1991/3

“Cathodic Protection Design” DNV RP-B401 Det
norske Veritas 1993

“Cathodic Protection, Partl. Code of Practice for Land
and Marine Applications”  BSI-BS 7361  British
Standard 1991

“Corrosion Control of Steel Fixed Offshore Platforms
Associated with Petroleum Production” NACE-
RP0176 NACE International 1994

1998

48




(4%

RP B401 (1993) BS 7361 RP0176-94(Rev’d Mar. 1994)
« ) - Cathodic Protection Design Part 1: 1991 Corrosion Control of Steel
( ) (1989.2) (1991.3) Cathodic Protection Fixed Offshore Platforms
Associated with Petroleum
) ) ( ) (DNV) (BSI) Production (NACE Int’l)
( (SCE) (Ag/AgCl[sw]) (Ag/AgCl [sw])
mV) mV \% -0.80 V
=770 -0.80
(SCE) -900 -0.90 Cu/CuSO, -0.80 300 mV
=770 =770 Ag/AgCl[sw] -0.80
Ag/AgCl [sat’d KCI] ( 1 V)
(Ag/AgCl [sw]) (SCE) -0.75 Cu/CuSO, -0.85
-780 =770 ~ -1050 Zn +0.25 SCE -0.78
Zn +0.25
(Cu/CuS0y) Ag/AgCl [sat’d KCI]
-850 Cu/CuSO, -0.95 -0.75
Ag/AgCl[sw] -0.90
Ag/AgCl [sat’d KCI]
-0.85
Zn +0.15
100 mA/m? (mA/m?)
50 mA/mz
2
10 ma/m? o - (@em) | (o) [——(MAM)
20 10 20 22 110 55 75
100x F 50x F 24 15 150 90 100
20+100S mA/m’ 20xF 10xF BP 50 2| 430 380 380
10+100S mA/m? 100 x K 50x K 26~33| 0~12| 180] 90| 120
100S mA/m’ 20xK 10xK 26~33| 0~12| 150/ 90| 100
1 m/s 160 80 15 30 130 65 90
S: = 2 m/s 230 115 0.1~0.25 23~30{ 12~ 18] 130 90| 90
3 m/s 270 135 20| 15~20| 180 65 90
F 1.0~15 20~30| 5~21 130 65 90
K 12~15 19 24 110 55 75




0S

RP B401 (1993) BS 7361 RP0176-94(Rev’d Mar. 1994)
« ) - Cathodic Protection Design Part 1: 1991 Corrosion Control of Steel
( ) (1989.2) (1991.3) Cathodic Protection Fixed Offshore Platforms
Associated with Petroleum
(« ) ( ) (DNV) (BSI) Production (NACE Int’])
|
(A/m?)
(m) 0 0 0
(>20°C) |(12~200)| (7~12°C) | (<7°C) (25Q.cm)
0.15 0.17 0.20 0.25 =100 mA/m>
0~30 0.07 0.08 0.10 0.12 =30~70
0.09 0.11 0.13 0.17 mA/m’
0.13 0.15 0.18 0.22
>30 0.06 0.07 0.08 0.10
0.08 0.09 0.11 0.13 10 ~ 30 mA/m’
fe [ x 100 (%)] (tar epoxy,
fe( FEKI+K2x /2 =0.2 mm)
fe( )=KI+K2x 5 mA/m’
I I il v
Primer 1 Primer 1  +|Primer 1  +|(Primer 1 +
DFT= 50 pm
(m) / 1 2 / / 3
DFT min.= |[DFT min.= |DFT min=
150~250pm |300pm 450pm
K1 0.10 0.05 0.02 0.02
0~30|K2 0.10 0.03 0.015 0.012
>30 (K3 0.05 0.02 0.012 0.012
DFT:




IS

RP B401 (1993) BS 7361 RP0176-94(Rev’d Mar. 1994)
() Cathodic Protection Design Part 1: 1991 Corrosion Control of Steel
( ) (1989.2) (1991.3) Cathodic Protection Fixed Offshore Platforms
Associated with Petroleum
) ) ( ) (DNV) (BSI) Production (NACE Int’])
Al-Zn-In
2.6~2.8 7.14 V) (Ah/ke)
(V vs. SCE) 1.08 1.03
W) 025 0.20 Al-Base e 2000 Volts kg/A-yr ke/Ayr
2500 max. |[|[Mg-Al-Zn | -1.5~-1.7 8
(A-h/g) 2.87 0.82 Volts |A-h/kg
Zn-Base 700 Zn-Al-Cd -1.05 12
(%) 80 90 95 -1.00 750 max. || Zn-He 105 12 Al-Zn-Hg [-1.0 (2760 |3.2
! mA/em® (kg/A~y(r? " 23.380 25640 ?f: (vs. Ag/AgCl[sw]) AlZn 097 A Znn |-10s 2229140 3.351
(%) 65% 65 AlZnSn | -LI~-LIS] 4-9 -1.05 |~2600 |~ 3.4
0.03 mA/cm® (Ah/g) 1.86* 0.53 Alzntg] 105 33 N Atznsn |- |os0 [0
(vs. Ag/AgCl [sw]) 2110 |~2600 |~3.4
V) (Ahke) ZnMIL-A|-1.0  |770 |12
MeMn| Mg6ALsza | 77006 800G~ [~820 [~107
174 177 Mg(H-1 |-1.05 |1100 [8.0
(V vs. SCE) 1.56 1.48 Alloy)|-1.0
V) 0.75 0.65 ~
(Ah/g) 2.20 221 -1.05
(%) 50 55 Long slender 0.90 -1.4
| mA/em? (Ah/g) 1.10 1.22 Stand-off ~-1.6
(kg/A-yr) 8.0 7.2 Long' flush-mounted 0.85
(%) 40 50 Short® flush-mounted 0.80
0.03 mA/cm? (Ah/g) 0.88 1.11 Bracelet
half-shell type 080
Bracelet 0.75
Mg Segmented type
(Vvs.SCE) | -1.08 ~-1.15 -1.10 -1.50 1) >4x
(%) 80 ~ 95 95 50 2) <4x
(A-h/kg) 2300 ~ 2750 780 1100




3.1

3.1.1

53
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3.2
3.2.1

(1)
2)
€)
(4)
)

2.7

30 cm

55

2.6

2~8




56

50 m~ 100 m
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1)

2)
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3.2.3

(M.L.W.L.)
(M.W.L.)
3.2.3.1
HWL 1 I | :r-
R L‘ﬁ Ty
MWL ICE
_OMLWL it
'Ef[:.'-'ul L i
i
H: : FE_.I-_
|
:.Em I s inddéd s diamd
|I
v
}//// / 4V 4
n iR
L ]
ol R | ||
3.23.1
(D
A s1I—Nn X Lx Hl

58




2)

L= m
H 1= m
n= (
)

Ao,=nxLxH,
A $2—
L= m
HZZ m
n:

Ap=nDx H;x N

A=
D= m
le m
N:

Ap=nD x Hyx N
A
D= m

59

3.2.3.1
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3231 (
YSP-I I | 125 YSPZ-14 Z14| 1.6
YSP-II  NKSP-II | II | 1.35 YSPZ-25 FSPZ-25 S
YSP-III NKSP-III | III | 1.45 NKSPZ-25 KSPZ-25 '
YSP-IV  NKSP-IV | IV | 1.6 YSPZ-32  FSPZ-32 230 | 18
YSP-V VvV | 1.65 NKSPZ-32 KSPZ-32 ’
YSP-Us NKSP-Us | Us | 1.3 YSPZ-38  FSPZ-38 25l 1o
YSP-Uy NKSP-U, | Uy | 1.4 NKSPZ-38 KSPZ-38 '
YSP-U;s NKSP-U;s | Ujs | 1.55 YSPZ-45  FSPZ-45 245|105
YSP-U,; NKSP-Upy | Uy | 1.7 NKSPZ-45 KSPZ-45 '
FSP-II  NKSP-II, ol YSP-B66
KSP-II  SKSP-II ' YSP-B74 1.2
FSP-III  NKSP-III, KSP-H

I | 1.65
KSP-III  SKSP-III YSP-F FSP-F O
FSP-IV NKSP-IV KSP-F '
o IV | 1.85 YSP-F, FSP- Fj
KSP-IV  SKSP-1V KSP- Fy Fo | 1.1
FSP-I,  NKSP-1,

I, | 14
KSP-1,  SKSP-1, YSP- F, KSP-F, | F, | 1.1
FSP-II,  NKSP-II,

I, | 1.6
KSP-II,  SKSP-II,
FSP-III,  NKSP-III,

IVa| 1.7
KSP-1II,  SKSP-III,
FSP-IV,  NKSP-IV,

IVa| 1.8 1.57
KSP-1V, SKSP-1V,
FSP-V;  NKSP-V,

v | 1.7
KSP-V;,  SKSP-V;
FSP-VI; NKSP-VI,

VI | 1.75
KSP-VI;  SKSP-VI{

()
1991

61
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I=) irxAi

mA

2.7

(1)

2.6

(mA/m?)

100
50
20

150
75
30

150
75
30

1 m/s
2 m/s
3 m/s

160
230
270

62




2)

mA/m>

=20+1x B
=10+ixB mA/m’
=1x B mA/m>
i 2.6
B : =
3.2.5
E
Ra
= mA
025V
R,= Q
0 1y > 30 c¢cm L >
4r)
Ra= L(lnﬂ - lj
27L r
R,= Q

63



L= cm
= ( ) cm
r
\F
r=.—
T
C= cm2
(2) - ( > 30 cm
4r)
2 2
Ra = P In 2L 1+ 1+(L) + (L]
2x L r 2L 2L 2L
R,= O
pP= Q-cm
L= cm
= ( ) cm
r
\F
r=.—
T
C= cm’

3 .

64



285
R.= Q
p= Q-cm
S= cm
(4) .
Rae 0.315p
J4
R.= Q
p= Q-cm
A= cm’

Dwight, H.B., “Calculation of Resistance to Ground”, Electrical Engineering 55,
12 (1936): pp. 1319-1328.

McCoy, J.E., “Corrosion Control by Cathodic Protection”, Transactions of the
Institute of Marine Engineering, 82, No. 6, June, 1970, pp. 82-86.

65



3.2.6

( )
N — 1i X Ai
Ig
N= ( )
1= (
) mA/m’
A= ( )
I= mA
N=OQ_Nix(1+ )

10% ~20%

66




3.2.7

- NxWxu
Q X ILavg
L= year (yr)
N=
W= kg
Q= kg/A-yr
Lave= A
0.5~0.55

0.67
u= 090 ~ 0.95
(Bracelet) 0.75 ~0.80 0.75 ~0.90

3.2.8
30 cm 2~8

67




3.3
3.3.1

(1)
2)
€)
(4)
()
(6)
(7)

(platinized titanium)

2.7

2.6

(titanitum coated with

the mixture of noble and non-noble metal oxides)

CNS

60 V

68

CNS
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50 m~ 100 m



3.3.2

N=I/Ig
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3.3.3

323
3.34
I=)iix A
i
I= mA
il'_
) mA/m’
Al':
32.4
3.3.5
=Ix(1+ )
10% ~20%
3.3.6

71




3.3.7

E:Ea+Ec+EW+e 360

E= \Y%
E= =
) V
E= v E0)
E,= v
o= V ( c = 20 V)
3.3.7
Eout: E X ( 1 + )
Eout = V
E= \Y%
X:

10% ~20%

72




4.1

4.1.1
(1)
(2)
(3)
(4)
(5)
2.8
4.1.2
CNS 13521
(1) (A h/kg)
(2) (%)
(3) (kg/A-yr)
(4)
( )
(A-h/kg)
CNS 13521
(AWkg) = (AD) 1000
(8)

73




0
2. (%) = (A.h)x100%

(g)x (A.h/kg)
1
kg/A.yr) = x 365 x 24 (h/yr
(kg/A.yr) (Abke) (h/yr)
4.1.3
CNS 13521
90%
(S.C.E.) 1.10
(-V) Cu/CuSO4 1.15
Ag/AgCl/Seawater 1.10
V) 0.25
(A.h/kg) 2900% 2
(%) >90
(A.h/kg) > 2600
(kg/A.yr) <3.40

74




4.2
4.2.1

)
4.2.1
4.2.1
mA/m’
kg/A-yr
(Fe-14.5% Si) 025~1.0 - 26 11
(Fe-14.5% Si-4.5% Cr)| 0.25~1.0 26 26 11
(Pb-2% Ag) 0.01 500
(Pb-6% Sb-1% Ag) 0.09 200
(Pt coated Th) 1.0 E-6 400
(Pt coated Nb) 1.0 E-6 400 80
(Pt coated Ta) 1.0 E-6 400
0.1~1.0 10~30 8 8~ 11
0.005 ~ 0.06 120 120 60
5.8~09.1 5
0.06 600
1997
42.2
AC
110/220 volt 220/480 volt
60 Hz

75




423

(1) AC
“on” DC

)

3)

13

76

13

DC

on

29

13

2

AC




AC
DC

424

DC
DC

2.5 ~ 16 mm? PVC HDPE XLPE

4.2.4

PVC

77




4.3

1 mV

(DVM)

1 Mega-ohm

4.4

(Ag/AgCl/seawater)

78




5.1

<T<—<—

5.1.1

2%

50%

79

+5%




5.1.2

30 cm

50m~ 100 m

5.1.3

5.14

5.1.5

(Ag/AgCl/seawater)

29 29

29 29

5.1.5

80




HEAELT
=
v g
]
i
——
FHEE :
m*nmﬂtﬁé
T
3
515
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5.2
5.2.1
522

82



523

1 ohm

524

(MDSA)

1.5m
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5.2.5

5.2.6
5.2.7
AC DC
DC (polarity)
5.2.8
20%
DC

53
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800 mV (vs.
Ag/AgCl/seawater) »

85



6.1

-800 mV (vs.
Ag/AgCl/seawater) »
6.2
6.2.1
1.
[
[
[
[
[
. )
2.

87




6.2.2
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7.1

7.2
7.3
7.3.1
50 m ~ 100 m
I m
7.4

7.4.1
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7.4.2
20% 3m~5m

I m

7.4.3

5% ~10%

(7431 )

= (D/4°-1- X
D =D, +D,+D5)/3
D; D; 10 cm
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# H51%

o~
74.3.1

2.
3.

7.5

-800 mV (vs.

Ag/AgCl/seawater)

7.6
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mV

2

29

29

2

-800 mV (vs. Ag/AgCl/seawater)
-800

7.7

6.2.2

6.2.1
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(1)

2)
€)

(1)
2)
€)

(1)

2)

€)

(4)

()
(6)

-1.0m

mA/m>

(PU
(

-10.0 m t
(+2.0 m)
PU (polyurethane)
+2.54 m
SP-VIL =24.5m
180 m
-10.0 m
(M.L.W.L.) +1.3m
PU (polyurethane) -1.0~+2.0m
10%
= 100 mA/m’ = 20
20
30 Q-cm
) (1.0m+ 1.3m) x 180m x 1.75 x 0.1=72.5 m’
) (10.0m - 1.0m) x 180m x 1.75=2835.0 m

(22.5m — 10.0m) x 180m x 1.75=3937.5 m’
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(1)
2)
€)
(4)
)
(6)

(1)
2)

[1]

(72.5 m* + 2835.0 m?) x 100 mA/m*=290.8 A

3937.5 m? x 20 mA/m*=78.8 A
=369.6 A

(150 +175)x 170 x 1380 mm
109.5 kg + 2%
30.3 A-yr
3.0A/
20

=369.6 A/3.0A=123.2
3 ( 1 )
2.0m = 46
4.5m =33

-7.0 m =46
=125

1991.
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-2.0m

) .

102.3 kg + 2%

-4.5m

-7.0m
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+2.0m

-1.0m

RC

+4.5 m EL.

LWL=00m g

-2.0m

-4.5m

-7.0m

-10.0 m

-22.5m




()
2)

€)

(4)

(1)

2)

€)

(4)

(1)

2)

€)

B -13.0m

(+2.0 m) -1.0m
(+1.0m) -1.0m PE (polyethane)
+1.4m
900® x 12t =35.0m
15 150
SP-VL = 22.0 m
20 m 10
200 m
-13.0m
-1.0 m
(M.L.W.L.) +0.7 m
-1.0~+2.0m
-1.0~+1.0m
10%
=130 mA/m’
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PU (polyurethane)

10



= 65 mA/m’

=30 mA/m*
(4)
(5) 20
(6) 35 Q-cm
(1) 10

09mxnx120mx5 =169.6m’

09mxnx9.0mx5 =1272m’

09mxnx60mx5 =848m’
=381.6 m’

( ) 200mx20mx1.7x0.1=6.8 m’
( ) 200mx4.0mx 1.7=136 m*
=142.8 m’

09mxnx1.0mx5 =424m’
200mx 1.0 mx 1.7=34.0 m*

09mxnx17.5mx5 =2474m’

09mxnx205mx5 =289.8m’

09mxnx235mx5 =3322m’
= 869.4 m’
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200 mx 14.5mx 1.7= 493.0 m’

2) (10 )

=381.6 m*x 10=3816.0 m’
=42.4m’x 10=424.0 m’
=869.4 m* x 10=8694.0 m’
=12934.0 m’

=142.8 m*x 10=1428.0 m’
=34.0 m” x 10=340.0 m’
=493.0 m* x 10=4930.0 m’
= 6698.0 m*

(1) 10

=381.6 m*x 130 mA/m°=49.6 A
=42.4m’x 65 mA/m’=2.8 A
= 869.4 m* x 30 mA/m’=26.1 A
=78.5 A

=142.8 m’>x 130 mA/m>= 18.6 A
=34.0m> x 65 mA/m’=22 A
=493.0 m®> x 30 mA/m’= 14.8 A
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2)

(1)
2)
€)
(4)
)
(6)

(1)

2)

=35.6 A

(10 )

=785Ax10=785.0A
=35.6 Ax 10=356.0 A
=1141.0 A

(130 +175) x 150 x 1990 mm

130.0 kg + 2%

36.2 A-yr

20

3.5A/

=785A/ + 35A/
=356 A/ + 35A/

=23
=10
=330

x 10=230
x 10=100
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122.1 kg + 2%

23/
10 /



3) 3 ( 20m -6.0m
-9.0m
-2.0m 15 10
-6.0 m 3 -
-9.0m 5 -
23 10
[1] ()
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