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ABSTRACT:

Harbor facilities are generally classified as steel-structured and reinforced concrete
according to constructing materials. Because of exposure to marine aggressive
environment all year long, facilities are easily corroded, deteriorated and damaged. Their
deterioration and safety have been much concerned than ever. Based on physical
requirement, this study is especially focused on the durability on steel-structured and the
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In order to meet the practical anti-corrosion demand, the second-year study was
divided into three sub projects. Field Investigation on Ports Sheet-Piles Situations and
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Testing on Reinforced Concrete. The results indicated that steel-piles corrosion rates at
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but a little more corrosion rates for up to 0.1mm/yr. were obtained at Taipei port.
Corrosion prevention criteria were revised partialy. As to concrete, self-compacting
concrete performed excellent workability and enhanced durability.
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0.1

!

0.2 0.1

i

0.2 0.1

0.2

0.1

Corrosion rate (mm/yr.)
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0.2

0.1

0.2



(w) yrdaq

#4-80-1

#4-80-2

#4-80-3

#4-80-4

#4-80-5

1.0
0.0 —
-1.0 =
-2.0 4
-3.0 o
-4.0 4
-5.0 —
-6.0 —
-7.0 _-

0

|

0.1

#4-80-6

0.2

|

0.1

#4-80-7

0.2

|

0.1

#4-80-8

0.2

|
0.1

#4-80-9

0.2

|
0.1

#4-80-10

0.2

1.0 -
0.0
-1.0 =
-2.0 7
-3.0
-4.0 7
-5.0
-6.0
-7.0

0

|

0.1

#4-120-1

0.2

?

0.1

#4-120-2

0.2

|

0.1

#4-120-3

0.2

|
0.1

0.2

#4-120-4

#4-120-5

|
0.1

0.2

1.0
0.0 —

-1.0 —

-2.0 —

-3.0

-4.0 —

-5.0 —

-6.0 —

-7.0 —

0

|

0.1

#4-120-6

0.2

|

0.1

#4-120-7

0.2

|

0.1

#4-120-8

0.2

|
0.1

0.2

#4-120-9

|
0.1

0.2

#4-120-10

0.0 =]
-1.0 M
-2.0 =]
-3.0 =]
-4.0
-5.0 4
-6.0
-7.0 =

|

0.1

3.25

0.2

|

0.1

0.2

0.1

0.2

|
0.1

Corrosion rate (mml/yr.)
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0.2

|
0.1

0.2



10 #4-160-1 #4-160-2 #4-160-3 #4-160-4 #4-160-5
0.0
-1.0 7
-2.0 7
-3.0
-4.0 =]
-5.0 -]
-6.0 -]
O -7.07
g L) ' L) L) ' L) L) ' L) L) ' L) L) ' L)
:—jn- 0 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2
’é\ #4-160-6 #4-160-7 #4-160-8 #4-160-9 #4-160-10
Nt . -
0.0 =
-1.0 =
-2.0 -]
-3.0 -]
-4.0 -]
-5.0 7
-6.0
_70 —
L) ' L) L) ' L) L) ' L) L) ' L) L) ' L)
0 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2
Corrosion rate (mm/yr.)
3.26 4 3
45 5HE
J0m Blm [20m 160m
-
= -10m __|
da
[
R
%— Bl | —
e (fk 10 45 1 50D
7.0m |
1] 41, B
3.27 4

3-27



3.7 4 mV
(m) (m) (m) (m) (m)
-1.0 | -1027 -1.0 - -1.0 -7 -1.0 -97 -1.0 | -1002
#4-00 027 41440 %4 114-80 9734412 IE YR Q0
T[40 a00s "7 7 40| oo T 40| org" [ 40[ -osg” [ 40] 1020
-7.0 -992 -70 | -1013 -7.0 | -1068| -7.0 | -1054 -7.0| -1033
-1.0 =977 -1.0 -082, -1.0 -905 -1.0 -973] -1.0 | -1000
#4-00 #4-40 #4-80 #4-12 #41
T [40] -a00g "7 40 sool T a0 oo™ 40| oo™ 40 -1010
-70| -1009 -70 | -1012 -7.0 | -1028| -7.0 | -1016 -7.0 | -1030|
-1.0 - -1.0 - -1.0 - -1.0 - 10| -
#4-00 9 44,40 988 4480 9981 4412 73 un 1 1000
5 [40] coor " 40 o T[40 a00g T 40 | aos ST 40 1086
-7.0| -1000 -7.0 | -1014 -7.0 | -1023 -7.0| -1009 -7.0 | -1030
-1.0 -974 -1.0 084 -10 -972 -10 -971 -10 -997
#4-00 #4-40 #4-80 #1412 #41
4 -4.0 -997 4 -4.0 -092 4 -4.0 -978 4 -4.0 -085 4 -4.0 | -1025
-70| -1015 -70 | -1016 -7.0| -1018| -7.0| -1001 -7.0| -1033
-1.0 -972 -1.0 -088| -1.0 -975] -1.0 972 -1.0 -998
#4-00 #4-40 #4-80 #4412 #41
5 -4.0 -083 5 -4.0 -905 5 -4.0 -088| 5 -4.0 -088| 5 40| -1012
-7.0 | -1011 -7.0| -1012 -7.0 | -1059 -7.0 | -1016 -7.0 | -1026
-1.0 973 -1.0 -095 -1.0 -081 -1.0 -972 -1.0 -993
#4-00 #4-40 #4-80 #412 #41
6 -4.0 -087] 6 -4.0 -905 6 -4.0 -089 6 -4.0 -088| 6 -4.0 | -1000|
-70| -1019 -70| -1018| -7.0| -1019 -7.0| -1007 -7.0| -1029
-1.0 -973 -10 -088 -10 -086 -10 -973 -10 -04
#4-00 #4-40 #4-80 #412 #41
_7 -4.0 -001 _7 4.0 -002 _7 -4.0 -906 _7 -4.0 -092 _7 -4.0 -1005
-70 | -1006 -7.0| -1005 -7.0 | -1014 -7.0 | -1005| -7.0 | -1024
-1.0 -942) -1.0 | -1014 -1.0 -085| -1.0 -973| -1.0 -991
#4-00 #4-40 #4-80 #4412 #41
g |40 w008 T 40 aone " T 40 oo™ S 40[ oer] o[ 40| 007
-7.0 | -1013 -7.0 | -1014 -7.0 | -1023 -7.0 | -1007 -7.0 | -1023
-1.0 971 -1.0 -991 -1.0 -088 -1.0 -977 -1.0 -092
#4-00 #4-40 #4-80 #4412 #41
9 -4.0 -082 9 -4.0 -903] 9 -4.0 | -1003| 9 -4.0 -0006| 9 40| -1011
-7.0| -1008 -7.0| -1039 -7.0 | -1023 -7.0 | -1015 -7.0 | -1024
-1.0 -973 -1.0 | -1007] -1.0 -978| -1.0 -978| -1.0 -990
#4-00 4.0 1002 #4-40 4.0 1019, #4-50 4.0 1011 412 4.0 1005 41 4.0 1014
o [0 008 g | A0 1019 g | 40} A0H) 44 | 40 ) 1005 44 | 401 -
-70| -1010 -7.0 | -1014 -7.0| -1019 -7.0| -1009 70| -1021
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3.3.3.3

520
PE

-7.0m

3.9

99

12 mm

PVC

6

3.39

4.5

+4.5m

0.05

250
800 mm
3.28

-12.0

3.29
30

3.8

-30m

@

3.34 3.38

33 34 35

+30m +10m -10m -3.0m

0.07 mml/yr.
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3.8 99

g/m?
SSPC-SP-10
150 2
POLYURETHANE PAINT 30U m 24
MITSERON R PRIMER
PU 4000
2.0 mm

MITSERON S100/A-5000

MITSERON B-500/A-1000

20
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3.10 3.40
ONE©) @ O
0.10 mml/yr. 0.10
mm/yr. 33 @ +3.0m +1.0
m 0.19 mm/yr.

1.0 mm

3.9 99

(m) | +45 | +30 | +1.0 | -1.0 | -30 | -7.0

0.06 | 006 | 006 | 005 | 0.06 | 0.07

mm/yr.

5.0
4.0 —
3.0 =
2.0 =
1.0 —
0.0 —
-1.0 1

(w) yrdaq

-2.0 =
-3.0 —
-4.0 —
-5.0 =
-6.0 —
-7.0 —

T | T
(] 0.1 0.2

Corrosion rate (mm/yr.)

3.39 99
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341
-10m -40m -70m 3.11
3.12 -969 mV -1087 mV
-1100 mV -850mV ( Cu/CuSO,

)
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3.10 99 mm/yr.

6 7
(m) L1 | L2 | L3 | L4 | L5 | L1 | L2 | L3 | L4 | L5
+4.5 0.03 | 0.07 | 0.05 | 0.07 | 0.02 | 011 | 0.10 | O.11 | 0O.09 | 0.06
+3.0 003 | 009 | 008 | 0.05 | 002 | 011 | 0.3 | 0.22 | 0.10 | O.10
+1.0 0.06 | 0.05 | 0.08 | 0.10 0.09 | 0.13 | 0.23 | 0.09 | 0.05
-1.0 0.01 | 0.07 | 0.09 | 0.01 0.04 | 013 | 0.11 | 0.04 | 0.02
-3.0 0.03 | 0.15 | 0.05 011 | 024 | 0.11 | 0.03
-7.0 0.14 | 0.07 0.07 | 0.13 | 0.04

8 33
(m) L1 | L2 | L3 | L4 | L5 | L1 | L2 | L3 | L4 | L5
+4.5 0.07 | 0.06 | 0.09 | 0.01 | 0.02 | 001 | 028 | 011 | 0.05 | 0.04
+3.0 0.06 | 0.08 | 0.09 | 0.01 | 0.02 | 0.01 | 0.19 | 0.09 | 0.06 | 0.03
+1.0 0.08 | 010 | 0.06 | 0.02 | 0.04 | 005 | 019 | 0.05 | 0.05 | 0.04
-1.0 0.06 | 0.06 | 0.06 | 0.02 | 0.02 | 0.06 | 0.16 | 0.05 | 0.05 | 0.04
-3.0 0.06 | 0.09 | 0.06 | 0.04 0.04 | 0.11 | 0.03 | 0.04
-7.0 0.09 | 0.08 0.06 | 0.14 | 0.03

34 35

(m) L1 | L2 | L3 | L4 | L5 | L1 | L2 | L3 | L4 | L5
+4.5 004 | 015 | 011 | 0.05 | 0.03 | 0.05 | 0.04 | 0.03 | 0.02 | 0.05
+3.0 0.03 | 0.03 | 0.09 | 0.06 | 0.05 | 0.07 | 0.03 | 0.02 | 0.02 | 0.06
+1.0 0.02 | 0.03 | 0.07 | 0.06 | 0.05 | 0.06 | 0.03 | 0.02 | 0.02 | 0.04
-1.0 0.02 | 0.05 | 0.08 | 0.08 | 0.04 | 0.04 | 0.05 | 0.02 | 0.02 | 0.04
-3.0 0.02 | 0.05 | 0.07 | 0.09 0.07 | 0.05 | 0.03 | 0.02
-7.0 0.01 | 0.03 | 0.04 0.07 | 0.05 | 0.04

3-40




Symbol

L1
L2
L3

——9O L4

L5

0.2

0.1

35

s

2

m—

=1

H =

0.1

|
SN

(w)yidag

0.2

0.1 0.2

0.2
Corrosion rate (mm/yr.)

99

3.40
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3.11 99 1
6
L1 L2 L3 L4 L5 L6 L7
A B C D A B C D A B C D A B C D A B C D A B C D A B C D
1]-1033 1084 1 0 3]41030[1-10234-1029) © 3 0]31234]-1034] - 1 0]59 |} 1 0 p-8061] 41@%]+ 1 0)310937]-1037]-1037] - 1 0)31030] -1028] -1029] - 1 0] 31034 -1034] -1059
4]1-10137 10837 1 0 3|81032j1-1031 -lO-ZEHI 0 3 P|31039|-1039| - 10]6 2 |} 10 $-6063| 11@6|2 1 0]31838|-1038]-1037| - 1 0/31232]-1031|-1029] - 1 0]31039]| -1039] -1060
7]-10]37 1088 11@83| 81029 j1- 1037 -1025|—1036 -1036] -1035] - 1 0] 51266 -1057] -1056| -1057] -1038] -1037| -1037| -1040] -1030] -1029| -1027] -1025] -1036| -1036| -1035] -1058
7
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A B C D A B C D A B C D A B C D A B C D A B C D A B C D
1]-10f25 | 10¢p8 10 3]0 1 03 -1J033] -1p34]|-10340|-1030B-528]-1029 3 1 O|BIBR}}-10341 -A033Y - -1 D|B1®B3Y| -1037(Q -3037| - 1 0|31834]-1034] -1035
4]1-10/28 | 10832 10 3|4 L 03 -J040] -1p42|-10442|-1032§-1031]-1029 7 1 0|BIO3D [7-1039] 0038 - 1 D|G1BIB| -1038] -3037| - 1 0|31837] -1040] -1035
7]-1029 1083 10 3|3 1 03 - 039 -1p38|-1(3030|-1029B-7027]-1025 71036 |11035 B-1035] 1033 -1038 |0 1837 | -1037| -1040| -1026 | -1026 | -1026 | -1026
8
L1 L2 L3 L4 L5 L6 L7
A B C D A B C D A B C D A B C D A B C D A B C D A B C D
1]-10/14 10} 4 10 1|5 101 -J021 -1p22]|-194197]-10438 {10Q@Q28 - [ +102H-8028] D@P|6 -1 O|B1BF5|-1049]Q 2043| - 1 0[{61000] -998 | -999
4]-10/18 | 10%8 10 2|9 1 03 -1J027] -1p28|-1(2630|-103p-B35]-1029 31026 [110256 b-1026] -A02F -1034|01®2 | -1027| -1025] -1001 | -1001 | -1000] -1000
7]-1017 [10%3 10 2|5 1 02 - 3029 -1p27 |- 1(Q2629|-1028p-526{ -1025) 21025 [1102P B-1031] 00BHY -1024 [61DF | -1024 | -1022| -1005 | -1005] -1004 | -1004
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3.70

3.72
2.
3.73 10 3.17
3.74 10
-0.70 m -1.00
m 0.11 0.07 mm/yr.
3.75 10
0.17 mm/yr. -0.70m -1.50m
0.10 mm/yr. 2.15 mm

3-71



3.76 10
-0.70m -1.00 m

0.12 mml/yr. 0.10 mm/yr.
3.77 3.18
3.19 —967 mV -1087 mV
-850 mV
3.20 —624 mV -719 mv
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3 4 99
2 3 10 15
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3 4 80
-20 -50
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236 Om 160 m
6 4 Om 80m 160m
9
99 84
1 2 -20 -30
a 225+265 x 250x 650 556
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160 m 1 3
14 3 90
-20 -3.0 -50
225+265 x 250x 650 110

7

322 3
-1073 mV

72
20
8 79
4 4
-2.0 -7.0 m
2 190+230 x 210x
134.98
143 m 146 m 149 m
L1 L3 5 L1 2 L2 2 L2
15
/
4 3.21
-1058 mV
-1140 mV -1199 mV
-1012 mV -1063 mV
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-1093 mV -1205 mV -850 mV

3.21 3
mV  vs. Cu/CuSO,

#3-0-1 -1073 | -1072 | -1071 | -1140 | -1159 | -1140
#3-0-2 -1063 | -1064 | -1062 | -1156 | -1172 | -1178
#3-0-3 -1061 | -1060 | -1059 | -1177 | -1180 | -1189
#3-160-1 -1061 | -1061 | -1058 | -1188 | -1199 | -1156
#3-160-2 -1059 | -1059 | -1059 | -1156 | -1204 | -1183
#3-160-3 -1062 | -1062 | -1062 | -1180 | -1183 | -1180

-1058 -1140

-1073 -1199

3.22 4
mV  vs. Cu/CuSOy

#4-0-1 -1048 | -1048 | -1063 | -1200 | -1204 | -1205
#4-0-2 -1019 | -1020 | -1017 | -1183 | -1180 | -1200
#4-0-3 -1018 | -1018 | -1012 | -1204 | -1205 | -1114
#4-80-1 -1038 | -1037 | -1016 | -1113 | -1113 | -1119
#4-80-2 -1034 | -1033 | -1035 | -1102 | -1103 | -1089
#4-80-3 -1021 | -1018 | -1037 | -1093 | -1086 | -1113
#4-160-1 -1016 | -1034 | -1033 | -1113 | -1113 | -1119
#4-160-2 -1016 | -1034 | -1033 | -1102 | -1103 | -1089
#4-160-3 -1035 | -1042 | -1040 | -1093 | -1200 | -1204

-1012 -1093

-1063 -1205
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2. 99
3.23
-1008 mV -1073 mV =107
mV -1205 mV -850 mV
3.23 99
mV vS. Cu/CuS0Oq
6-1-B -1073 | -1072 | -1071 | -1120 | -1136 | -1140
6-2-A -1063 | -1064 | -1062 | -1159 | -1140 | -1156
6-2-B -1061 | -1060 | -1059 | -1172 | -1178 | -1177
6-3-A -1061 | -1061 | -1058 | -1180 | -1189 | -1188
6-3-B -1059 | -1059 | -1059 | -1199 | -1156 | -1156
6-4-A -1062 | -1062 | -1062 | -1111 | -1183 | -1180
18-1-A -1048 | -1048 | -1063 | -1200 | -1204 | -1205
18-1-B -1019 | -1020 | -1017 | -1114 | -1113 | -1119
18-2-A -1018 | -1018 | -1012 | -1102 | -1103 | -1089
18-2-B -1038 | -1037 | -1016 | -1149 | -1092 | -1067
18-3-A -1034 | -1033 | -1035 | -1086 | -1072 | -1081
18-3-B -1021 | -1018 | -1018 | -1093 | -1086 | -1099
18-4-A -1023 | -1022 | -1022 | -1143 | -1156 | -1156
18-4-B -1009 | -1009 | -1008 | -1132 | -1134 | -1134
6-1-B -1012 | -1010 | -1009 | -1185 | -1183 | -1189
-1008 -1067
-1073 -1205
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2 3 3.24
2 E2-1 —882 mV
—886 mV —-892 mV —-893mV
3 E3-1 El14 -1012
mV -1063 mV -1049 mV
-1106 mV -850 mV
3.24 2 3
mV  vs. Cu/CuSOq
E2-1 -886 -886 -882 -892 -891 -893
-882 -892
-886 -893
E3-1 -1033 | -1032 | -1033 | -1080 | -1089 | -1088
E3-2 -1032 | -1032 | -1032 | -1049 | -1056 | -1056
E3-3 -1023 | -1022 | -1022 | -1080 | -1089 | -1088
E3-4 -1062 | -1062 | -1062 | -1099 | -1106 | -1106
E3-5 -1019 | -1020 | -1017 | -1081 | -1083 | -1080
E3-6 -1045 | -1045 | -1063 | -1090 | -1094 | -1095
E3-7 -1017 | -1021 | -1017 | -1084 | -1083 | -1089
E3-8 -1016 | -1018 | -1020 | -1082 | -1083 | -1089
E3-9 -1028 | -1027 | -1026 | -1069 | -1062 | -1067
E3-10 -1014 | -1013 | -1015 | -1086 | -1072 | -1081
E3-11 -1019 | -1020 | -1020 | -1093 | -1086 | -1099
E3-12 -1013 | -1012 | -1012 | -1083 | -1086 | -1086
E3-13 -1019 | -1019 | -1018 | -1092 | -1104 | -1104
E3-14 -1017 | -1019 | -1019 | -1085 | -1083 | -1089
-1012 -1049
-1063 -1106
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10

3.25
-1013 mV -1037 mV
-1022 mV -1089 mV -850 mV
3.25 10
mV  vs. Cu/CuSO,
E10-143.4-1 -1016 | -1016 | -1013 | -1065 | -1084 | -1089
E10-143.4-2 -1016 | -1018 | -1018 | -1022 | -1024 | -1024
E10-143.4-3 -1026 | -1031 | -1025 | -1035 | -1033 | -1036
E10-143.4-4 -1019 | -1022 | -1026 | -1025 | -1028 | -1028
E10-143.4-5 -1036 | -1037 | -1022 | -1038 | -1038 | -1030
E10-146.5-1 -1016 | -1016 | -1013 | -1065 | -1084 | -1089
E10-146.5-2 -1016 | -1018 | -1018 | -1022 | -1024 | -1024
E10-146.5-3 -1026 | -1031 | -1025 | -1035 | -1033 | -1036
E10-146.5-4 -1019 | -1022 | -1026 | -1025 | -1028 | -1028
E10-146.5-5 -1036 | -1037 | -1022 | -1038 | -1038 | -1030
E10-149.5-1 -1016 | -1016 | -1013 | -1065 | -1084 | -1089
E10-149.5-2 -1016 | -1018 | -1018 | -1022 | -1024 | -1024
E10-149.5-3 -1026 | -1031 | -1025 | -1035 | -1033 | -1036
E10-149.5-4 -1019 | -1022 | -1026 | -1025 | -1028 | -1028
E10-149.5-5 -1036 | -1037 | -1022 | -1038 | -1038 | -1030
-1013 -1022
-1037 -1089
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3.34.2

1 3 4
3 6 4
3
10
3.26
25.6 71.2 kg 47.9 kg
109.4 kg 87.0 kg 80
4.9 8.4 kglyr. 6.7 kglyr.
60 cm 3.78 3
4 3.27
66.3 kg 52.6 kg 68.6 98.4 kg
kg 80 53
6.3 kglyr. 40 75cm
3 379 4

3-87

Al OH

63.8

20

36.6
824
7.6 kglyr.



3.7

cm

99
15
3.28
84.4 97.4 kg 47.9 kg
11.7 kg 7.3 kg 84
2.8 3.5 kglyr. 1.0 kglyr. 90
3.80 381
2 3
2 1 E2-1
1 2
3.29
80.8kg 54.2 kg 84
6.0 kglyr. 61 73 cm
12
14 E3-1 E3-14
3.29 101.9 108.8 kg 105.6 kg
12 8.1 kg 4.4 kg
0.5 3.2 kglyr. 1.8 kglyr.
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100 cm

3.82
4 10
5
2
3.30 91.8 107.8 kg
271 43.2 kg 33.3 kg
80 2.3 3.6 kg/yr.
85 cm
3.84 3.85

3-89

3.83

15

101.6 kg

2.8kglyr.



3.26 3
cm
kg kg kg kglyr.

#3-0-1 31 | 50 | 38 |39.7| 1350 31.6 103.4 8.0
#3-0-2 40 | 58 | 47 | 483 | 1350 49.9 85.0 6.5
#3-0-3 44 | 51 | 40 | 450 | 1350 54.5 80.4 6.2
#3-160-1 | 50 | 63 | 46 | 530 | 1350 712 63.8 4.9
#3-160-2 | 26 | 39 | 34 |[330| 1350 25.6 109.4 8.4
#3-160-3 | 49 | 59 | 51 | 530 | 1350 54.7 80.2 6.2
71.2 109.4 8.4

25.6 63.8 4.9

47.9 87.0 6.7

3.27 4
cm
kg kg kg kglyr.

#4-0-1 45 | 58 | 50 | 510 | 1350 44.6 90.4 7.0
#4-0-2 50 | 60 | 55 |550| 1350 48.5 86.5 6.7
#4-0-3 47 | 60 | 55 | 540 | 1350 47.5 87.5 6.7
#4-80-1 56 | 70 | 60 | 620 | 135.0 56.9 78.1 6.0
#4-80-2 37 | 54 | 48 | 463 | 1350 50.0 85.0 6.5
#4-80-3 49 | 63 | 52 | 547 | 1350 59.8 75.2 5.8
#4-160-1 | 50 | 60 | 50 |[533| 135.0 63.3 71.7 55
#4-160-2 | 54 | 63 | 53 |56.7| 135.0 66.3 68.6 53
#4-160-3 | 48 | 75 | 43 | 553 | 1350 36.6 98.4 7.6
66.3 98.4 7.6

36.6 68.6 53

52.6 824 6.3
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3.28 99
cm
kg * kg ** kg kalyr.

6-1-A 95 | 93 | 92 | 933 | 101.15 91.1 10.0 14
6-1-B 95 94 92 | 93.7| 101.15 894 11.7 1.7
6-2-A 95 | 97 | 97 | 963 | 101.15 94.3 6.8 1.0
6-2-B 98 | 93 | 98 | 96.3| 101.15 92.6 8.6 12
6-3-A 9% | 97 | 97 | 96.7 | 101.15 95.2 6.0 0.9
6-3-B 99 | 95 | 97 | 97.0| 101.15 95.4 5.8 0.8
6-4-A 99 | 96 | 98 | 97.7 | 101.15 95.6 55 0.8
18-1-A 94 | 96 | 98 | 96.0| 101.15 96.2 5.0 0.7
18-1-B 93 | 95 | 95 | 943 | 101.15 94.5 6.7 1.0
18-2-A 94 | 95 | 95 | 947 | 10115 94.7 6.5 0.9
18-2-B 98 | 96 | 89 | 943 | 101.15 89.6 11.5 1.6
18-3-A 95 | 93 | 99 | 957 | 101.15 92.7 85 12
18-3-B 9% | 97 | 99 | 97.3 | 101.15 95.3 5.8 0.8
18-4-A 91 | 98 | 97 | 953 | 101.15 97.4 3.7 0.5
18-4-B 48 | 96 | 94 | 79.3| 10115 93.7 7.5 11

97.4 11.7 17

89.4 3.7 05

93.8 7.3 1.0
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3.29 2 3
cm

kg * kg ** kg kglyr.

E2-1 62 | 71 | 63 | 653 | 134.98 80.77 54.21 6.02
E3-1 100 | 101 | 100 [100.3| 110.00 101.95 8.05 3.22
E3-2 101 | 102 | 102 |101.7| 110.00 103.22 6.78 2.71
E3-3 101 | 103 | 100 [101.3| 110.00 103.76 6.24 2.50
E3-4 102 | 102 | 104 |102.7| 110.00 106.88 3.12 1.25
E3-5 103 | 103 | 100 [102.0| 110.00 105.42 4.58 1.83
E3-6 103 | 104 | 103 |103.3| 110.00 108.46 154 0.62
E3-7 102 | 103 | 100 |101.7| 110.00 105.03 4.97 1.99
E3-8 105 | 104 | 102 |103.7| 110.00 106.34 3.66 1.46
E3-9 102 | 103 | 103 |102.7| 110.00 102.60 7.40 2.96
E3-10 106 | 104 | 105 |105.0| 110.00 107.76 2.24 0.90
E3-11 102 | 103 | 102 |102.3| 110.00 107.64 2.36 0.94
E3-12 103 | 104 | 103 |103.3| 110.00 105.72 4.28 1.71
E3-13 103 | 104 | 103 |103.3| 110.00 108.84 1.16 0.46
E3-14 104 | 103 | 102 |103.0| 110.00 105.04 4.96 1.99
108.8 8.1 3.2

101.9 1.2 0.5

105.6 4.4 1.8
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3.30 10
cm
kg * kg ** kg kalyr.

134.4-1 87 | 90 | 86 |87.3| 1350 103.3 31.7 2.6
134.4-2 85 | 8 | 83 | 850 | 1350 99.1 35.8 3.0
134.4-3 85 | 86 | 87 |860| 1350 99.8 35.2 2.9
134.4-4 86 | 89 | 8 |86.7| 1350 95.3 39.7 3.3
134.4-5 87 | 90 | 86 |87.3| 1350 104.8 30.1 2.5
146.5-1 87 | 89 | 86 |87.0| 1350 102.3 32.7 2.7
146.5-2 85 | 89 | 8 |853| 1350 95.8 39.2 3.3
146.5-3 83 | 86 | 83 | 837 | 1350 91.8 43.2 3.6
146.5-4 87 | 90 | 8 |87.7| 1350 104.4 30.6 2.5
146.5-5 87 | 89 | 8 |87.0| 1350 101.1 33.9 2.8
149.5-1 88 | 92 | 87 |80 | 1350 107.8 27.1 2.3
149.5-2 90 | 91 | 86 |89.0| 1350 106.1 28.9 2.4
149.5-3 87 | 90 | 86 |87.3| 1350 104.1 30.9 2.6
149.5-4 86 | 89 | 8 |86.7| 1350 102.7 32.3 2.7
149.5-5 87 | 90 | 86 |87.3| 1350 106.1 28.9 2.4

107.8 43.2 3.6

91.8 27.1 2.3

101.6 33.3 2.8
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3343

15
1 3 4
3 331
0.4 0.1 0.23
0.5 0.25 0.45
4 3.32
0.3 0.1 0.21
0.5 0.25 0.46
3.31 3
A
#3-0-1 0.30 0.00 0.50 0.00
#3-0-2 0.20 0.00 0.40 0.00
#3-0-3 0.10 0.00 0.50 0.00
#3-160-1 0.10 0.00 0.30 0.00
#3-160-2 0.40 0.00 0.50 0.00
#3-160-3 0.25 0.00 0.50 0.00
0.40 0.50
0.10 0.25
0.23 0.45
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3.32 4

A

#4-0-1 0.00 0.20 0.00 0.25
#4-0-2 0.20 0.00 0.25 0.00
#4-0-3 0.30 0.00 0.60 0.00
#4-80-1 0.00 0.10 0.00 0.80
#4-80-2 0.20 0.00 0.30 0.00
#4-80-3 0.20 0.00 0.30 0.00
#4-160-1 0.30 0.00 0.35 0.00
#4-160-2 0.20 0.00 0.80 0.00
#4-160-3 0.20 0.00 0.50 0.00

0.30 0.80

0.10 0.25

0.21 0.46

99
4.33
0.5 0.1 0.256
0.8 0.3 0.46
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3.33 99
A
6-1-A 0.10 0.10 0.30 0.00
6-1-B 0.00 0.10 0.00 0.30
6-2-A 0.10 0.00 0.50 0.00
6-2-B 0.10 0.00 0.50 0.00
6-3-A 0.40 0.00 0.40 0.00
6-3-B 0.30 0.00 0.40 0.00
6-4-A 0.10 0.00 0.30 0.00
18-1-A 0.20 0.09 0.30 0.00
18-1-B 0.30 0.00 0.60 0.00
18-2-A 0.00 0.10 0.50 0.00
18-2-B 0.20 0.00 0.50 0.00
18-3-A 0.20 0.10 0.60 0.00
18-3-B 0.30 0.00 0.40 0.00
18-4-A 0.20 0.30 0.80 0.00
18-4-B 0.10 0.30 0.50 0.00
0.50 0.8
0.10 0.3
0.25 0.46

3-96




3 3.34
2 0.1 0.3
3 0.6
0.1 0.14 0.7
0.18 0.37
3.34 2 3
A
E2-1 0.00 0.10 0.30 0.00
E3-1 0.00 0.10 0.00 0.30
E3-2 0.10 0.00 0.10 0.20
E3-3 0.10 0.00 0.50 0.00
E3-4 0.10 0.00 0.30 0.00
E3-5 0.10 0.00 0.18 0.00
E3-6 0.10 0.00 0.25 0.00
E3-7 0.00 0.10 0.20 0.00
E3-8 0.00 0.10 0.35 0.00
E3-9 0.00 0.10 0.00 0.30
E3-10 0.20 0.00 0.50 0.00
E3-11 0.20 0.00 0.50 0.00
E3-12 0.10 0.00 0.30 0.00
E3-13 0.30 0.00 0.70 0.00
E3-14 0.20 0.00 0.50 0.00
0.6 0.70
0.10 0.18
0.14 0.37
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3.36
0.56 0.12 0.29
1.0 0.3
0.65
3.35 10
A

E10-143.4-1 0.28 0.10 1.00 0.00
E10-143.4-2 0.21 0.00 0.20 0.30
E10-143.4-3 0.32 0.00 0.61 0.00
E10-143.4-4 0.25 0.00 0.30 0.00
E10-143.4-5 0.12 0.00 0.40 0.00
E10-146.5-1 0.29 0.00 0.82 0.00
E10-146.5-2 0.25 0.00 0.54 0.00
E10-146.5-3 0.26 0.00 0.67 0.00
E10-146.5-4 0.46 0.10 0.90 0.00
E10-146.5-5 0.39 0.00 0.79 0.00
E10-149.5-1 0.25 0.00 0.61 0.00
E10-149.5-2 0.35 0.10 0.89 0.00
E10-149.5-3 0.15 0.00 0.48 0.00
E10-149.5-4 0.20 0.00 0.80 0.00
E10-149.5-5 0.20 0.00 0.00 0.50

0.56 1.0

0.12 0.3

0.29 0.65
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#3-160m-1 3 #3-160m-1

3.78 3
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#4-0m-1 #4-0m-2

#4-0m-3 #4-80m

#4-80m-1 #4-80m-1

3.79 4 1
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#4-80m-all

#4-80m-all #4-80m-all

#4-80m-all #4-80m-all

3.80 4 2
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6-3B
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3.82 99 2
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=
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3.85 10 1
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3.86 10 2

3-109



34

34.1

34.2

10
2
3
02 03
10 99
99 2
1 2
99 10

3-99

99

10
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4.1

(FHWA)

4-1

90

[21]

(

(92

)

1973



4.2

1823
( )
[22,23,24,25,26]
4.1 1998 6 (American
Society for Testing and Materials, ASTM) G-1
41 [22,23,24,25,26]
( ) 1997 4
1999 6
BSI-BS 7361
thodic Protecti Partl. d
Catho 1(.: roreetion, Tar C(? eBI’itiSh Standard 1991
of practice for land and marine
applications
BS EN 13174 British & E
ritis uopean
Cathodic protection of harbour P 2001
) ) Standards
installations
EN 13173
Cathodic protection for steel|Euopean Standards 2001

offshore floating structures
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EN 12474 Euopean Standards

Cathodic protection of| 2001
submarine pipelines

DNV RP-B401 Det norske Veritas 1993
Cathodic Protection Design

DIN 30676 German Institute for

Design and application of|Standardization 1085 10
cathodic protection of external

surfaces

NORSOK Standard M-503 Norwegian Technology 1997 9
Cathodic protection Standards Institution

NACE-RP0169 NACE International

Control of External Corrosion on 2002
Underground or Submerged

Metallic Piping Systems

NACE- RP0176 NACE International

Corrosion Control of Steel Fixed 1994
Offshore Platforms Associated

with Petroleum Production

NACE-RP0387 NACE International

Metallurgical and Inspection

Requirements for Cast 1999
Sacrificial Anodes for Offshore

Applications

NACE-RP0492 NACE International

Metallurgical and Inspection 1999
Requirements  for  Offshore

Pipeline Bracelet Anodes

NACE-RP0286 NACE International

The Electrical Isolation off 2002
Cathodically Protected Pipelines

NACE-RP0572 NACE International

Design, Installation, Operation, 1995
and Maintenance of Impressed

Current Deep Groundbeds

NACE- TMO0101 NACE International

Measurement Techniques Related 2001

to Criteria for Cathodic Protection
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on Underground or Submerged
Metallic Tank Systems
US Army TM 5-811-7 Departments  of  the
Electrical  Design, Cathodic|/Army 1985 4
Protection
US Navy NAVFAC- MO-307  |Naval Facilities Engineering 1992
Corrosion Control Command

1998

4.1
4287
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1%

4.2

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_ Offshqre Platforms
Associated with Petroleum
« ) ) ( ) (DNV) (BSI) Production (NACE Int’l)
( mV) (SCE) (Ag/AgCl[sw]) (Ag/AgCl [sw])
mV \Y -0.80 V
(SCE) -770 -770 -0.80
-900 -0.90 Cu/CuSO, -0.85 300 mV
(Ag/AgCl [sw]) -780 -770 Ag/AgCl [sw] -0.80
Ag/AgCl [sat’d KCI] -0.75 ( V)
(Cu/CuS0y) -850 (SCE) Zn +0.25 Cuw/CuSO,  -0.85
-770 ~ -1050 SCE -0.78
Zn +0.25
Cu/CuSO, -0.95 Ag/AgCl [sat’d KCI]
Ag/AgCl [sw] -0.90 -0.75
Ag/AgCl [sat’d KCI] -0.85
Zn +0.15
100 mA/m’ (mA/m?) l
50 mA/m?
20 mA/m? |
10 mA/m? 100 50 (Q.cm) (mA/mz)
20 10 (©C)
- 100 x F 50x F PP 20 22 | 110 | 55 75
20+100S mA/m 20xF 10x F ’ 24 15 | 150 | 90 | 100
10+100S mA/m’ 50 2 430 | 380 | 380
100S mA/m? 100x K 50xK 26~33 [0~12| 180 | 90 | 120
20x K 10xK 26~33 | 0~12| 150 | 90 | 100
1 /s 160 80 15 30 | 130 | 65 90
S: = 2 m/s 230 s [01~025 23~30 [12~18] 130 | 90 | 90
3 m/s 270 135 20 |15~20| 180 | 65 90
20~30 | 5~21| 130 | 65 90
F 10~1.5 19 24 | 110 | 55 | 75
K 12~15




9

4.2 ()
RP B401 (1993) BS 7361 RP0176-94(Rev’d Mar. 1994)
() (1991.3) Cathodic Protection Design Part 1: 1991 Corrosion Control of Steel Fixed
( ) (1989.2) Cathodic Protection Offshore Platforms AssociaFed
) with  Petroleum  Production
« ) (DNV) (BSI) (NACE Int’1)
|
A/m?)
(m) (259'0111130 mA/m’
(>20°C) [(12~20C)| (7~12°C) | (<7°C) 30~ TomA/?
0.15 0.17 0.20 0.25
0~30 0.07 0.08 0.10 0.12
0.09 0.11 0.13 0.17 10 ~ 30 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 ( tar epoxy, =0.2
mm)
5 mA/m’
fo [ x 100 (%)]
fe( )=KI+K2x 12
fe( FKI+K2x
1 1I 111 v
Primer 1 Primer 1  +|Primer 1 +|Primer 1 +
DFT= 50 pm
(m) / 12 / / 3
DFT min.=|DFT min=|DFT min=
150~250pum |300um 450pum
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:




LY

4.2

()

RP B401 (1993) BS 7361 RP0176-94(Rev’d Mar. 1994)
() (1991.3) Cathodic Protection Design Part 1: 1991 Corrosion Control of Steel Fixed
( ) (1989.2) Cathodic Protection Offshore Platforms Associated
with  Petroleum  Production
« ) ) ( ) (DNV) (BSI) (NACE Int’l)
i
Al-Zn-In V) |Aahke)
(V vs. SCE) 2'(1 582'8 Z'(l);‘ Al-Base | -1.05 | 2000 Volts | kg/Ay kg/Ay
V) 025 020 2500 max. || [IMg-Al-Zn | -1.5~-1.7 8 Volts |A-h/kg
(A'h/g) 2.87 0.82 Zn-Base -1.00 700 Zn-Al-Cd -1.05 12 |Al-Zn-Hg | -1.0 | 2760 | 3.2
(%) 80 | 90 95 750 max. || |Zn-Hg -1.05 12 ~-1.05|~2840| ~3.1
(A'h/g) 2.30 | 2.60 0.78 Al-Zn -0.97 4~8 ||Al-Zn-In -1.05 | 2290 3.8
1 mA/cm® (vs. Ag/AgCl [sw])
(kg/Ay) 38 | 34 138 Al-Zn-Sn |-1.1~-1.15| 4~9 ~-1.10 |~ 2600| ~3.4
. (%) e 165;5;‘* 06553 Al-Zn-Hg | -1.05 35 ||Al-Zn-Sn | -1.0 | 930 | 9.5
0.03 mA/cm (A'h/g . .
* V) |(Ahke) (vs. Ag/AgCl [sw]) ~-1.05 |~ 2600| ~ 3.4
AlBase | -0.95 Zn(MIL-A| -1.0 | 770 | 112
Mg-Mn| Mg-6Al1-3Zn ZnBase | -0.95 -18001)  [~-1.05 | ~820 | ~10.7
1.74 1.77 Mg(H-1 -1.4 1100 8.0
(V vs. SCE) 1.56 1.48 Alloy) ~-16
W) 0.75 0.65
(A-h/g) 2.20 2.21
(%) 50 55
(A-h/g) 1.10 1.22 Long slender
1 mA/cm’ 0.90
o (kg/Ay) 8.0 72 Stand-off
, (%) 40 50 Long' flush-mounted | 0.85
0.03 mA/cm (A'h/g) 0.88 1.11 Short® flush-mounted 0.80
Bracelet
0.80
Mg half-shell type
(Vvs.SCE) | -1.08 ~-1.15 -1.10 -1.50 Bracelet 0.75
(%) 80 ~95 95 50 Segmented type '
(A-h/kg) 2300 ~ 2750 780 1100 N S4x

2) <4x




4.3

()
1980
431
+ «C )
()
«C ) ()
() 4.1
(AC) (DC)
432
( )
( )
() 4.2
( )
( )
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)

(

)

(



4.3.3

433.1
1.
) ( 43 )
(D) (M.L.W.L.)
@ ( HW.L.~MLW.L)
10%
3 (MLW.L. ~ MW.L)
i N - —
\
S HWL W i
_ MWL it
ML WI i¥
— ek :
i
s .' i ok
o :-&.m — e il &E
o o 4 405
79 ¥ -
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A51=n X LLx H]
A52=n X LLx H2

(M%) Ay (m®)
(m) H, (m)
L (m)

Ay=7mD x H; x N
Ap=rD x H, x N

(my)  Ap (m’)
(m) H (m)
D (m)
(7]
[=>1ix A

(mA)
(mA/m?)
(m?)

pH

4-11



50 %

Ig ZEXIOOO
Ra
Iy (mA)
E V)
R, (9))
R,
(1) >30 cm
a.L>4r
Yol 4L
Ra= ﬁ[h’l T - lj
b. L <4r
2L r ) r r )
Razzf {IH{T{“-’/IJF(EJ J]+Z—1/1+(—j }
R, (9))
p (Q-cm)
L (cm)
r ( ) cm
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I
T
A (sz)
(2)
Ra=L-
2C
R, Q)
(Q-cm)
C (cm)
3)
_0.315p
Ra= —\/Z
R, Q)
p (Q-cm)
A (sz)
()
N = 1i X Ai
i= Ig
N;
i; (mA/m?)
A (nlz)
I, (mA)
N=0Q_ Ni)x(1+ ) 10% ~20%

4-13



5 ()

L NxWxu
E x Iavg
L () C .y
N
W (kg)
E (kg/A‘Y)
Lov (A)
~0.55 0.67
u 0.90 ~0.95
~0.80 0.75~0.90
6.
30 cm 2~8
4.3.3.2
1.
4.3.3.1
2.

4-14

0.5

0.75



1997

( )
10~20%"" 1998
25~50%%]
3.
E=E,+E.+E, +e<60

E V)

E, (=
(V)

E. V) ( E~=0)

E. (V)

e V) ( e~2.0V)

4.
(V)
Eout:E( 1 +X%)
Eout V)
E V)
X 10% ~20%
4.4
4.4.1
(Galvanic)

C )
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(1)
2)
3)
4)

4.2

4.3

[29]

4-16

(A-h/g)

CNS 13521



4.3

(S.C.E.) <-1100
(mV) Cu/CuS0O,4 <-1150
Ag/AgCl/Seawater < -1100
V) 0.25%+ 5
(A.h/kg) 2900+ 2
(%) 90
(A.h/kg) 2600
(kg/A.Yr) 3.40
4.4.2
( )
4.4
( ) o
4.4 (
mA/m’
kg/A-y
(Fe-14.5% Si) 025~1.0 - 26 11
(Fe-14.5% Si1-4.5% Cr) | 0.25~1.0 26 26 11
(Pb-2% Ag) 0.01 500
(Pb-6% Sb-1% Ag) 0.09 200
(Pt coated Ti) 1.0 E-6 400
(Pt coated Nb) 1.0 E-6 400 80
(Pt coated Ta) 1.0 E-6 400
~1.0 10 ~30 8 8~11
0.005 ~ 0.06 120 120 60
~9.1 5
0.06 600




4.4.3

(Ag/AgCl/seawater) KCl
(Ag/AgCl/sat’d KCI)
(SCE)
(Cu/CuSOy)
4.5
4.5
E25
(mV vs. S.H.E.) (mV)
s Ag/AgCl 250 - -800 -50 mV
, Hg/Hg,Cl, 241 -0.76 mV/°C _780 -70 mV
,Cu/CuSO, 316  +0.90mV/°C -850
, /n -800 - +250 -1100 mV
444
AC
110/220 volt 220/480 volt 60 Hz
AC DC
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4.4.5

4.4.6

Mega-ohm

4.5

45.1

(DVM)
1 mV

30 cm
()

50m~ 100 m

4-19

PVC

2~8



4.5.2

(

)

1 ohm

50m~100m

4.5

4-20

4.4

1.5



Ag/AgCl/seawater)

AC

2

29

DC

4-21

(stray current)

DC
(polarity)

20%
DC

-800 mV (vs.



oy L3R 12 4]

- '4
i
4 EE
AL ESE
bk 1 1 '
4.4
i
«
r |
A,
(MDSA)

4.5
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4.6

4.6.1
1992 NACE (Standard RP-0169
-92)B)
(D) 850mV
2) 850mV
3) 100 mV
-850mV
(IR drop)
-850mV IR drop (
-1100 mV )
( ) -850mV
IR drop
-850mV
100 mV
Standard RP-0169-92
2002 Standard RP-0169-02 Standard
RP-0169-92
4.6
(aerobic)
-800 mV (anaerobic) ( )
-900 mV -1100 mV
4.7 -800 mV
~ -1100 mV
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4.6

-780 mV
-800 mV
-750 mV
-850 mV

4.7 / ( Ag/AgCl

-800 1100
2900 1100
4.7
47.1
20%"!
DC
4.7.2
1.

424



(1)

(2) 20%
3m~5m
(3) ()
5% ~10 %
A. ( 4.6
= (D/4y-1-
D :(D1+D2+D3)/3
D; D3 10 cm
D,
/
B.
C.

4-25
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4.6
-800 mV (vs. Ag/AgCl/seawater) 77
-800 mV 77
4.8
A -10.0m -

1.

(1) +20m -1.0m

PU (polyurethane)

(2) +2.54 m

(3)
2.

(1) SP-VIL 245 m

4-26



2) 180 m

(3) -10.0 m
(1) (M.L.W.L.) +1.3m
) PU -1.0~+2.0m
10%
(3) 100 mA/m” 20 mA/m’
4)
(5) 20
(6) 30 Q-cm
(PU ) (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’

(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
(1)
(2) (150 +175)x 170 x 1380 mm
3) 109.5 kg +2% 102.3 kg + 2%
(4) 303 Ay
(5) 3.0 A/

4-27



(6) 20

(1) =369.6 A/3.0 A=123.2
2 3 ( 4.7 ) 20m -45m -7.0m
-20m 46
-45m 33
-70m 46
125

4-28



6CtY

+2.0m

-1.0 m

RC

PU

+4.5 m EL.

IWI.=00m

V

4.7

-2.0m

-4.5m

-10.0 m

-22.5m




B -13.0 m

(1)
(2) +2.0 m -1.0m
+1.0m -1.0m PE (polyethane) PU
(3) +1.4 m
4)
(1) 900D x 12t 350 m 10
150
(2) SP-VL 22.0 m
10
(3) 200 m
4) -13.0 m
(1) -1.0 m
(M.L.W.L.) +0.7 m
2
-1.0~+2.0m
-1.0 ~+1.0 m
10%
3)
130 mA/m’
65 mA/m’
30 mA/m’
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(4)

(5) 20
(6) 35 Q-cm
(1) 10

09mxnx120mx5 =169.6m’

09mxnx9.0mx5 =1272m’

09mxntx60mx5 =84.8m’
=381.6 m’

( ) 200mx20mx1.7x0.1=6.8 m*
( ) 200mx40mx1.7=136 m’
=142.8 m*

09mxnx1.0mx5S =424m’
200mx 1.0 mx 1.7=34.0 m*

09mxnx17.5mx5 =2474m’

09mxnx205mx5 =289.8m’

09mxnx23.5mx5 =3322m’
=869.4 m’

200mx 14.5mx 1.7=493.0 m
(2) (10 )

4-31



=381.6 m*x 10=3816.0 m*
=424 m"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
=785A

=142.8 m*x 130 mA/m’=18.6 A
=34.0 m’ x 65 mA/m’=22 A
=493.0 m* x 30 mA/m’= 14.8 A
=35.6 A
) (10 )

=78.5Ax10=785.0 A
=356 Ax10=356.0 A

=1141.0 A

4-32



(1)
2)
€)
(4)
()
(6)

(1

2)

3)

(130 +175) x 150 x 1990 mm
130.0 kg + 2%

36.2 Ay

20

=78.5A/
=35.6 A/

=23
=10

=330

-9.0m

3.5A/

3.5A/
3.5A/

x 10=230
x 10=100

4.8

4.8
4.8

122.1 kg + 2%

23
10

)

-2.0 m

-2.0m

15

10

-6.0 m

-9.0 m

23

10

4-33
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4.9

(m)
(EL. m) (m) (m)
A 5o LHZT75| 28 26.9 10.9 1.0 14.5
ZH 12 22 21.1 5.1 1.0 14.5
s 5o [HZ715| 28 26.9 10.9 1.0 14.5
ZH 12 22 21.1 5.1 1.0 14.5
c 140 HZ 775A| 26 24.9 9.9 1.0 13.5
ZH 12 20 -19.1 4.1 1.0 13.5
HZ 775 | 26 24.9 9.9 1.0 13.5
b -14.0 ZH 12 20 -19.1 4.1 1.0 13.5
(1) 25 Q-cm
(2)
100 mA/m*
50 mA/m’
20 mA/m’
(3)
4)
2.065m Hz 775 ZH
12 2.26m(HZ 775  0.99m+ZH
12 1.27m)

(2.065 m)

4-35




4.10

4.10

A B C D

145x226=32.77m?> | 13.5x2.26=30.51 m>

1.0x2.26=2.26 m> 1.0 x2.26=2.26 m>

10.9 x 0.99= 10.79 m? 9.9 x 0.99= 9.80 m>
5.1x127=6.48 m? 41x127=521m°

= X
4.11
4.11
A B C D
100 mA/m?> 3.28 A 3.05A
50 mA/m> 0.11 A 0.11 A
20 mA/m> 0.35 A 0.30 A
3.74 A 3.46 A
(1)
(2) (210 + 250) x 240 x 1000 mm
(3)

4-36



D:\/4A :\/4><(21+25)><24 :26.51cm>@cm
T 2n 6

= (21+25+24.08 x 2) x 100= 9416 m’

0.266p  0.266%25

Ra = = 0.068530)
4 V9416
=t = 925 _36aga
Ra  0.06853
N.W.:(zl t25 245 1.6) x100x 2.7 x 1073 =146.9kg
146.9
L= _ =23.01yr
x 15, 3048
2
6.
(1) 4.13 m (=2.065 m x 2) 4.12
4.12
. ()
B (374 Ax 2)+ (3.684 A+ 2) 42~5
C D (3.46 A x 2)* (3.684 A+ 2) 3.8~4
2) 3 10m -5.0m -9.0m
4.9
()
()
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5.1

5.1.1

Self-compacting Concrete  SCC

5.1.2



5.2

521

Concrete HPC
2

HPC

HPC

HPC

HPC

SCC

SCC

5.2.2 /

High Performance
(1)
3 (2)

HPC
(53 HPC
. SCC [34]
SCC
TAICON
TAICON
HPC SCC
--SCC HPC
HPC SCC

(39]



45

235

D

F delLarard

50Mpa( 7000psi)

)
a
b.
C.

3

a

(@

CALSPAN-UP

28

250 ) (fc

ACI 318-95

HPC

HPC

14000psi (980 K g/cm?)

8000 psi)



5.2.3

/m

(b) 4

(c) 4

300

(W/B)

0.35

(W/B)

3000psi (210 Kg/cm?)

5000psi (350 K g/cm?)

37

5-4

80%

(wiB)(

5.11%¢)

170



(20kQ -cm)
(<2000
)

(ACI)

15psi
(W/B)



[36]

51
HPC/SCC
(Mpa) 21~42 >42 >21
(mm) 25~100 100 230~270
(mm) >600
2800 Blaine 28 |C:S
28 MPa (4000 psi) |3500~4000Blaine
7
29.4Mpa(4200 psi)
3/8'~3/4" 3/16"~3/2"
FM2.3~3.0 2.6
1" 15 (FM=3.0)
( )
ACI 318
5~20%
100mm
390~560 /m® 0.3~0.4 <400 /
320 /m? m® <0.6




1990

524 SCC

HPC/SCC

D)

ASTM Typel

20mm

HPC/SCC



(2)

(FM) 3

FM  (23~3.1)

3.
ACI
ASTM F
( ) G | )
HPC SCC
(1) (Sulphonated
naphthal ene formal dehyde condensates SNF) (2
(Sulphonated melamine formal dehyde condensates SMF)
3 (Modified salts of ligninsulfonates MLS) (4)
(Polycarboxylic acid sodium salt PCA)
4.
5~20%



1)
) /

3

5 2l3839]

a
SiOz A|2O3
Fe,Os 0.4um~100um
2.0~2.2 SO,
Al,O4 Ca(OH):
C-A-H C-SH
5.5%
CaO C
C-SH
F
ACI
C 15~35% F 15~25%
b.

(SO
Al 203 FeZOS



[38,39]

5.2
S 0O, Al .05 CaO S 0O, Al 203 Fe0Os |S 0O,
MgO N& O K,O
1. 1. 1. 1.
2. 2. 2.
3. 3.
2. 3. 4,
3.
1. 1. 1. 1.
2. 2. 2. 2.
1. 8% 1. 20~30% |1. 12% |1
2. 15~-35% |2. 50% 2. 3~18% |2 20%
3. 30% 3. 75% 3.
5 - 3. 10%
4, 22% 4, 40~50% - 4, 20%
5. 40~65% 4,
- 20~33% -
5. 6%
6. 6~9%

5-10




2000

85 98%
2 25 3.15
0.1um 1/100

3CH +2S - C3SH3(3Ca0 2SO0, 3H,0)

5-11



( 10 )

5.25
1.

[40]

(1)
[41]
2
(Bleeding)
(Segregation)
(42 goshiroda [43]
( )
)

(Air-entraining admixture )

5-12



3)

ok 5.1
(4)
(Slump loss)
5.2 49 Hattori
(Chemical bonding) [46.47)
2.
(48]
5.3 (461 (Drying
shrinkage) 11%
o (Creep)
[46]

5-13
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3 T % 20 20
BeHA (E)
53 [46]
3.
ASTM C618
[49]
3000cm?/g )
1)
[50]

(2)
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Miyosui 28
90
1200601
3-8
30967
3
(Amorphous)
-H) C-SH C-A-H
CH
Aft  Afm
Kimurs
Hooton  T.Gerry
0.026
(4)

5-16

Tsukayama
21
10

10%

(CH+ A/S+H-C-A/S

[45]

10
R.Doug
30%

0.152050°1



(4~7 )

(53]

[54,55]

5.2.6
[34]
SCC
85 ~90
SCC
[56]
527
921
1998 SCC 120
LNG
[57]
SCC
Sheerbrooke  Webster SCC

5-17



5.3

5.3.1

50

5.3.2

Montreal Meauharnois
SCC
Brite-EuRam
NCC

[57]

SCC

SCC

5.4

5-18

7.5cm

Hibernia
SCC
GTM
[58]
30 40
V
5.3~54



5.7

FM

Type

2.72

HiCON

5-19

2.90

12"
5.5

5.6



Y

NO

5.4

5-20




5.3

5.4

(

)

® 15%x30 7 14 28
cm 56 90
® 10%x20
56
cm
® 10x20
28 56
cm

5-21




5.5

ASTM C33
1 100 100
3/4 100 90~100
1/2 78.03
3/8 35.69 20~55
NO.4 0.67 0~10
NO.8 0 0~5
5.6
ASTM C33
NO.4 98.4 95~100
NO.8 81.2 80~100
NO.16 67.2 50~85
NO.30 51.6 25~60
NO.50 24.6 10~30
NO.100 6.6 2~10

5-22




5.7

2.57 2.58
0.83 1.0
2.0 2.0
2.72
kg/m® 1533
cm 1.3
5.3.3
5331 SCC
sccC
5.8
1.
JASS 51997 18-3 sccC

I5mm 20mm 25 mm

V,=0.01m*/m®
W, =V, x p, x1000

Py v

[60]

20 mm

5.8

5-23

[57]

59 g

1.0



SCC E

13 mm 12" v =030m’/m’

25 mm
1" Vv,=035m*/m?
G/Glim G/Glim
=0.5 V,(G)=05xG, x(1-V,)
W, =V, xp, x p,x1000=0.5x x(1-V, )~ 0.5x
Glim Glim= /( X
)
2.

Vs = (1_Va _Vg )X (Vs/vm)

W, =V, x p, x1000

P VNV, 0.40~0.47
S/a=0.50+0.02
U
3.
Ve =1-V, -V,
Y

0.38~0.42m?/m?

4.

5-24



1997 JASS5

W,,=160~185kg/m®

V,,=0.16~0.185m°/m®

0.16~0.19m°/m?
400 kg/m®

W, =V, x SG, x 1000

SG

p

SG 100

(R/sc)

NgE

1]
=

nv)

W =W, xR

OoPC

OPC 270kg/m®

300 kg/m?

(26]

5-25

SG,

4.5



f

c

f = ik

143.1 WA
C(1+K,+K, +GGBS

K ,=aggrefate coefficient

;

R, =cement strength measured on matar

W= free water content (kg/m°)

A=volume of the entrapped air (litre/m°)

K,=0.4PFA/C+3SF/C(K,<0.5)

K,=0.2LSP/C(K,<0.07)

5-26

GGBS
PFA
SF

LSP

28



5.8

(59]

1 2 3
(mm) | 35~60 | 60~200 |200
(kg/m*) | 350 100~350 | 100
300 300 300
(mm)
(R1 )|(R2 )| ( )
(m* m% |0.28~0.30(0.30~0.33/0.30~0.35
(mm) 650~750 | 600~700 | 500~650
10~25 | 7~20 7~20
(sec)
500mm
5~20 3~15 3~15
(sec)
5.3.3.2
30 40 50
sccC
13mm 2.57
2.58
3.15
2.90
R1 D10 5 35mm

5-27



5.8 R1
0.28~0.30m*/m° V,=0.30m*/m?

W, = 0.30x 2.57x1000 = 771kg/m’

2.
1.0 V,=0.01m*/m® V. NV, )=047
V,=(1-0.01-0.30) x 0.47=0.3243 m*/m®
W, = 0.3243x 2.58x1000 = 837kg/m®
3.
V ase=1-0.30—0.3243=0.3757~0.38m*/m*  O.K.
4,
W, =185kg/m°
V,=0.185m*/m?
5.
V,=0.3757-0.185-0.01=0.1807 m* /m°
6.
(1) 30
SG, = 100 =3.071
(70/3.15)+(30/2.9)

W, =0.1807x 3.071x1000 ~ 555 kg/m?

W, = 555x 0.7 ~ 389kg,/m’

5-28



W, =555%0.3~167kg/m’

(2 40
W, ~ 330kg/m®

W, ~ 220kg/m®

(3) 50
W, ~ 273kg,/m’

W, ~ 273kg/m’

Wl WZ
14
(1) 30 W, =555x0.014=7.77kg/m’
(2) 40 W, =7.7kg/m°
3 50 W,, = 7.64kg/m°
28
fC
(1) 30
f, = R R

- =72.37 MPa~ 723.7 kg/cm’

1+3.1 WA
C(l+K,+K,)+GGBS

(2 40

5-29



f, = % R

> = 60.55MPa ~ 605.5 kg/cn?

1+3.1 WA
C(l+K,+K,)+GGBS
3) 50
K
f, = o°R _ = 60MPa ~ 600 kg/crm?

W+ A
C(l+K,+K,)+GGBS

[1+ 31

K,=46(for graved ) R =58MPa

g

5.9

5.9

(kg/m?®)|(kg/m?®)| (kg/m®) | (kg/m?®) | (kg/m?®) | (kg/m®) | W/C | W/B

389 | 185 771 837 167 6.54 |0.49|0.34|30

B | 330 | 185 771 837 220 6.98 | 0.58|0.35|40

273 | 185 771 837 273 7.42 |0.70|0.34 |50

5.34

5.34.1

5.10

5.10

% 30 40 50

90

5-30



5.34.2

A-30 B
C 50
535
x 20 cm 24
5.3.6
5.3.6.1
20cm 30cm
25
[57]
1. CNS 1176

30
40 B-40
C-50

$15cmx30cm ¢ 10cm

CNS 1176
10 cm

16 mm 60 cm



2.0mm 0.8mx0.8m

500mm 500mm
1mm
L
12
1/10
2
300mm 2~3
50mm
500mm
1/10
50 cm

5-32



(57]

536.2 V

10

5.5

12

/10

50

qcy

18

75

7.5

5.5

5-33



5.3.6.3

10

(57]

5.6

R1 R2

5 R2 D13

Imm

5-34

1/10

5.6

R1

D10



> « 200

‘AN
280
A A
8
<
8
S

R1

5.6 U

5-35

R2

1mm



30cm
5.3.6.4
1.
ELE2000KN 5.1
CNS 1232
2.
CNS PUNDIT (Portable Uitrasonic
Non-Destructive Digital Indicating Tester) 5.2
5.11 [61]
511 (o]
(m/sec)
<2500
2500~3000
>3000

5-36



5.3
10 x 20 cm
(300 kg/cm?) (70 kg/cm?)
50 kg/cm?
7
(Darcy Formula)
P |Oge% Q
ks ———e < ( )
2t h P
k cm/sec P kg/cm®
ro cm f cm
Q cm’/sec P, kgf/cm?
4.
ASTM C1202
(60V) (NaCl NaOH)
( = )
5.4 5.5
5.
Colebrand Advanced Engineering
5.7
5.6
512 [62]
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5.12

62

(kohm.cm)

<5
5-10
10-20

>20

Allarnaling curienl supply ] T

Volimetar

/

b

Elecirodes 5

wilh couplant

Curmgnt Tlow b EQusirolEnil) surface

5.7

5-38




T e

5.1 ELE 2000KN

-39



5.4

5-40



5.6

5-41



5.4

54.1
1.
SP
SCC
2.
25~26cm R1

SCC

5.13
65~69cm
65~75cm

C-50

5-42



5.13

A-30 B-40 C-50
(cm) 26 25 255
(cm) 69 65 66
3.V
5.14 5.7-5.8
300mm
V R1 25
/2 13mm
sa
0.51~0.57
0.52
5.14
A B C
(mm) 306 302 303
(mm) 690 650 660
V
24 23 22
(sec)
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57 V
5.4.2
1.
[63]
5.15 5.8
28
605.5kg/lcm® C-40  600kg/cm?
( ) 5.8
28
90
50

58 U

A-30 723kg/cm?
5.15

40

5-44

SCC
B-40

30



C-50

kg/cm?

5.15

90

769
770
738

56

751
763
706

28

720
688
655

14

474
455
401

255
240
231

A-30
B-40
C-50

800

(zwo/Bx)yibuans anissaidwod

200

100

80

60

40

Age(day)

5.8

5-45



59

5.16

C-SH

5.11

4.0km/sec

30
50

OA -
EB- 40
acC-

o

o O

I 5 Y YT 0™

(o0a@s jwy)

90

56

28

14

5.9

5-46



5.16 km/sec

7 14 28 56 90
A-30 4288 | 4.329 | 4418 | 4471 | 4520
B-40 4197 | 4300 | 4416 | 4489 | 4531
C-50 4102 | 4245 | 4308 | 4.399 | 4.492
5.17 5.10
14 20 kQ -cm
28 A-30
30
56
20 kQ -cm
5.12

S5-47



5.17 kQ -cm
7 14 28 56 90
A-30 14.1 16.8 21.6 25.2 30.1
B-40 13.2 16.0 17.5 254 32.9
C-50 13.0 15.8 16.1 20.8 27.3
3
3
£
o 2
v 2
i EHA- 30
- 1 mB- 40
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5
0
7 14 28 56 90
( )
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5.18

56 28
40 9.32 x 10°%cm/sec
5.18 1x10%cm/sec
28 56
A-30 10.89 9.36
B-40 11.12 9.32
C-50 1251 10.77
55
551
1. SCC
2. (56 90 )
30 50
3. 4.0 km/sec
4. 20 kQ -cm
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