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1. HAGIRATRIC & DR LA S OE KT

(1) §kAl+JEMRY — X . (2) $¥k> — 2
(mV_SCE) (mV_SCE)
R1 R2 R 3 R4 R5 R6 R3 R 6
-240|-246{-251{-256|-212|-2117 -266|-230
2. HFLENA L TRMBZSEBICL D MEL ABEREL
(1} gkip+JEblE sy — X
(mV_SCE)
1 2 3 4 5 6 7 8 9 10 11
@ -198{-174|-192|-157|-170|-153|-187|-193|-178
®@ -191|-192|-191|-176|-190|-162|-203|-185]-181
€) -192|-174|-183|-145|-189|~160|-185|-175|-164
@ -208(|~-211|-179|-190(~-181|-175|~189|-184}-205
® -206|-~-214|-202|-179|-185(-177{-200|-192{-187
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R1 R 2 R 3 R4 R5 R6 R3 R6
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(1) $kip+3IEMZY — R
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1 2 3 4 5 6 7 8 9 10 11
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BAEEMmNO.
s s R 1 R 2 R 3 R 4 R5 R 6

tmime |08 W[ -374|-327|-347]-315]-310[-309
OFF BEh% | —320 | -321 |-3281-308|<305]|-303

swiyme | 0N FE| =386 -381-383]-369]-366]-370
OFfF Bifi¥ | - 369 | -369 | -370|-356|-357|-3523

Swa/pe | OV B[ =475 -462 | ~461]-459|-445]-452

OFF Bhiff | — 452 | -436 | -432 | —-428|-421-427

lomame | O | -556|-537 -537[-544[-518|-532
OFF B30 | ~502 | -496 | -490|-495|-480|-492

20mA/n? ON | -706|-637-641]-654]-615]-635
OFF B%I5 | —604 | 558 | 551 -560|-545|-560
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OFF Weis | -728 | -694|-674|-698|-686]-7017
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IOUmA 2 ! 1 1 ' ! '
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OFF BfF | - 294 {-302]-295|-307|-318|~-302
ImA/ne ON |l -354|-3711-361]-365]-385|-365
OFF BeB¥ | - 345 | -356|-349|-353]-371]|-351
SmA/n2 0N | —427 | -455|-442|-432|-466|-440
OFF BRR¥ | — 404 | —424 | -4131-406|-437|-409
10mA/n? 0N | -491]-530|-514|-494|-539]-508
OFF Bil¥ | ~454 | -480|-468|-451[-492|-458
90mA/n2 ON | -578{-635|-611|-583]-639{-605
OFF BEliF | - 512 | -549 ] -530(-507({-560|-520
S0mA/n? ON Bl -736|-846|-800|-757]-832[-797 ’
| OFF B | -625 | -692 | -658|-624]-716]-649
[00mA/n? ON B -924 |- 1,099 — 1,036 —966 | — 1,060 — 1,043
OFF Wi | - 743 |1 -838| -803|-768 -873|-783

® SBE: BEN] VAROHBEOMESEREN 329, K- 3 2108L0%-329,
&= 3 21017 g, No I HEERERICHOVDTRIFANRLEICE > T100mV Y EORBERBEET
Wi No 3 BEERMRIC >N T, —REBE 3 ARE L1cds, BEDLOD 1 ADOBHEOS THE
LTWa77cw, EBlhoEOEIT100mV OFBEZHE LTHd 7,
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®l+ 45|+189]+211{+290{+214|+214|+223|+222|+274}+167|+ 10
®|+ 52|+222{+184}+258|+235|+254|+226|+244{+204(+171+ 15
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o 7 a -7 wm o 5
(ELEERR F1 F2 F3 F4 F5 . F6 C1 c2 A
No, M#ik{4| 0. 222| 0.381| 0.367| 0.197| 0.326| 0.459|47.5 0.342|-50

No. 24344 | -0, 068 }{-0. 032|-0.094!-0.177|-0. 036 0. 008 0.414|-0.010 -

No. 3344 | 0. 311 0. 386 0.304 0.398 0.372 0.392|47. 8 0.215|~50
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e. IHBER A, BEARELE 6nf
® HHOBEIKE
DB E0LERB LT, BEHORABREREORED I DIV 7 ) — PCERD I T 9 7 D3FR
HELTHW, Tk, —HOHBHTREERBELILTOHBRAUTH »1, ‘
—%RJI biti] i~
S\G3S I TITITTEEITIIII [T 7
!’/////////////// Z///! |CR> V///////////////////A‘
f { LM Dl IN LM -]
= T 1
—
-
/
J \
]
-/
L3
11Ti)

M—-331 BRUeNRER (ZZZ)




(2) BEBHASHE
KRB, BECHEBEEINZ —KEHBE LTOSRERE, —RERD D>OERE M S
H 21D OWEEME OMAADRIC L ZAMERE S RCL DT o7, ARE LTI, HEM
GlREE - BEREL 2L (AFR) EEEA v+ F 2 v EREE+BEH B (BAHR) ©
2 HRTIT -1,
BAREE T =2 — T 270, SHBAE= 4 - AICHRAERE BHREe =2 - Ic%ksH
Fo—7%avy ) — bhicEE LU,
@ BREHAME O
a. SIREE

Bk A B

B, | HEEBIEGIRTERE | Ggt o+ F 8 VIR

Ay A ¢ 7.87 mm ¢ 1.5 mm
EEIES dmx 3 K 4mx3 XK
b. 4B
AR A B
B HA ey v WY
BAiR 15 mm 150 um X 2MEY
c. LBEE
AR A B

Pt O R RVPRVE X1 B W VDTEIPe% 31

BAGE {200 um X 1WZRY | 25 am X 2MRH




d. BEREKE
MARE S, EREBEERREEZEM L1,

Jik A B

AT AC 100V, 60 Iz AC 100V, 60 iz

i DC 18V, 1 A Max. | DC 18V, 0.7A Max.

HHED ¥ 38 VA £ 33 VA

e. HEBABEBEIURH S o-—7

(L] siRa|E" i a—7»

MR $1} B¥ & MK

AR |6 18 x £100mm | ¢ 13 X £ 100 mm

A 16 16 &

ED =nEN, avs Y- rPHARERINZBAE/RTH 7 VA HICHD,
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avy)— MEIODE BEBEREEY Y FT7 7R ML, BRARKGREICIIEORENTT
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BOIHY Y FT 52 MET- 10, BRIFBROBEALBODVOEVERRELUA Y F T 72
(OPV: 1S A4 AN
@ SHREEEIKEE
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M-332 7o—-70RMIE
4) HEAE
O WIKBEHORE
a. SHBEAREAAE
BB DOBEIRRAEENLLY, T, BIRBEK LZHEGEMOENESH B, TV 7
) — +EELDBBOERBELERE LI,
b. SHERR
BELBRKASESRBEEREE (PIE) 2Xb sy, 0—2—>5—>10—20—50—100
n@/ﬁ«&%ﬁ%ﬁ(ﬂvﬁu—bﬁ%%kb)%ﬁwéﬁ,%%ﬁ%ﬁmﬁﬁéﬁﬁ®
BRAE L £ LT, SMEEY 5580 100mV 107 3BRBEARE L, £OBHEET

BERRET > 7o

B4 WEICHAD T 5 BHIC K - T U3 BHOZ(EMEE 5,
® EMEE

a. BEGES LUBHONE

BE
BEEF 42— T LTEBSHEET - ki OBROEMC L DEF O RREDE(LEH




NPz,
b. ONEABIU Instant Off BADHIE
A D BRREZFET 2 BB OBMLZRET 2L ENH L, 227 ) — FE@ES
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ZRBONEI V) - bOTAH )RS ERUKOT, BEBENEZRECEHNEEZ OND, X
5iC, M— 41121t 0T Ca (OH), #AWVTAIE LI BREBANKROELLZELLDOT, il



F£—-4 1.2 EHWKEBREL
(Cl:0kg m)

(mV SCE)

10 ® L] i

(%) | ssKC | [ATwrk | Aok Ca(0H)2
0 -4 -2 -10 -48
1 -~16 -S -27 -63
2 =22 -7 -31 -67
S -30 ~12 -36 -76
10 ~35 -16 -38 -82
24 -41 -20 -40 -87
34 ~43 -22 -40 -88
44 -45 -24 ~41 -89
S4 ~47 -25 -41 -89
60 ~48 -26 -40 -89
60 -48 -26 -40 -89
%0 ~52 -28 -37 -89
120) -s4 -30 -37 -89
1501 -5¢ -31 -35 -88
180| -58 =32 -33 -88
2401 -60 -34 -30 -87
300| -¢2 -36 -28 -86
360 -64 -37 -26 -84

£— 413 EEMKEEBERENM
(Cl1:3kg/ m®)

(mV SCE)

(210} ®” L i |

(%) | 3sKC ! [ATmxk | Kkilik Ca(0H)2
0 -84 ~10% -73 =125
1 -101 -110 -101 -136
2 -108 -114 -111 -144
S -118 | -121 ~-120 -162
10 ~-123 -125 -122 -171
24 -126 -128 -122 -174
34 -127 -129 =122 -176
44 -128 -130 -122 ~176
54 -129 | -130 -121 -176
60 -130 -131 -120 -176
60 -130 | -131 ~-120 -176
90 -131 -131 -116 =177
120 -132 } -132 -112 -175
150| -132 -133 -115 -174
180| -133 -133 ~-116 -173
240| -133 | -132 -117 -171
300| -134 -132 -117 -169
3601 -134 -131 -116 -167
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BUSBEL, BREMII-300mV SCE X DBISHEER LT,

HRRBEETT - - HREKOBE L, — D7 Ty 7 OB THOTMICEE L, BRBALIZ-100
mV SCE X D B %R LT,
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ZENDBAREIICHE LRI H
REALIIAE KA » fes T,
BRI BNOTH —350mV
SCE LD HBIEEARL, ASTM
DEEICH D TOBLI L DORERT,
BRLTWVS:—350mV CSE
(—=270mV SCE)J #PicA-
Tz, T3, #BHOBRER
(77 = F) oty (hv
— F) ~NERsEN. Befos
ARG AN IR L fcte b EEZ
Lbirb, E->T, HABMOHE
R EE M- CHRTMLEA
ERTOMREIIELC, REMRBR
10~30emDBERHITHBLEEZD
N3,

#F— 415 BERFREOBKRET
B # ® i (mv SCE)
6 Mt oK B A BRER
(cm)
NEYE 20mn | PR YE 50mm] BARYE 20mm

0 -475 -373 -61
S -506 -389 -43
10 -490 -372 -72
15 -488 -390 -58
20 -475 -365S -55
25 -499 -403 -69
20 -473 ~366 =70
35 -493 -380 -58
40 -468 -363 ~-49
45 ~494 -396 -72
50 -460 =369 -66
SS -466 -381 -66
60 -443 -365 =61
65 -461 -368 -88
70 -420 -349 -55
7S -452 ~361 -66
80 ~386 -344 -66
85 -422 -361 -59
90 -385 -368 -73
95 -424 -364 -63
100 =379 -340 -72
108 -399 ~-363 -84
110 -401 -338 -76
115 ~-384 -360 -73
120 -373 -324 -63
125 ~-374 -342 ~73
130 =367 -318 -63
135 =374 ~335 -60
140 -353 -322 -63
145 -370 -333 -66
150 -377 -313 ~-66
155 -384 -333 -59
160 -373 -319 ~56
165 -367 -358 -67
170 ~363 -320 =77
175 -373 -329 -85
180 =376 -313 -58
185 -365 -330 -84
190 ~380 -323 -67
195 -380 -359 -78
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x—- 417 BARBERABER (£01)
B2 stk B (mV SCE) BR
Ap £s 2188M (H) [iagi-¢s4
0 1 2.5 3.5 8 7 (%) (%)
1.1 -134 | —-64 -108 | ~-91 -45 43 — —
1.2 -125 -99 -135 | -107 =47 -47 - —
1.3 -137 -92 -119 | -110 -54 -46 - B
1.4 -137 | -103 -117 | -103 -S0 | -46 - -
8% | 15 -183 | -153 -167 | -145 -85 | -70 — —
1.6 -149 | ~-119 -115 | =109 =55 =61 = =
1.7 -125 — — — - - 0 —
1.8 -179 — — - - - 0 -
1.9 -164 — — = — — 0 =—
1.10 =167 -1271 = — — 178 s} 3.1
1.11 -127 -96 — — — ~-165 0 3
1.12 -144 -110 —_— - -178 0 2.9
1.13 -138 ~109 -1¢4 — - -165 0 4.6
1.14 -142 -104 -155 - - -155 0 g
1.15 -133 |. -93 -155 — — -155 0 4.1
1.16 -134 -95 -153 | -119 =3%4 | —344 4.5 3. 64
1.17 ~-134 -57 -159 | -132 -167 | -167 0 3.18
1.18 -130 -93 -151 | -117 — - 0 32.02
1.19 -135 -89 ~154 -121 — —_— 0 3.66
1.20 <139 -99 =168 | -127 -325 | -330 3.4 6.44 | 3.01
1.21 -132 -50 ~147 | -120 =301 [ —401 &.8 2.76 | 2.61
1.22 -134 -88 -162 | -127 -376 | -29¢ 9 4.6 3.83
1.23 ~-133 -90 -150 | -119 -353 | -3¢6 3.1 7.36 | 2.16
55 1.24 -134 -94 -164 | -259 - — 2.5 3.85
e 1.25 -131 -95 -156 | -123 -362 | -325 3.7 5, 3.84
1.26 -150 ~-106 -161 | -294 — — .13 1. 1.7
1.27 -141 -104 -140 | -127 -365 | -340 6.4 6. 2.88
1.28 -135 -91 -160 | -134 =343 | -324 4.7 5. 2.86
1.29 -134 -92 -160 | -125 -338 | ~317 3.3 5. 3.28
1.30 -1427 | -101 -165 | -1328 - - 0 1. 2.4
1.31 =152 =124 =259 [ -255 — — .7 2. 2.4
1.32 -147 -108 -16%9 | -137 =375 | -374 8.4 6. 3.19
1.33 -141 -9 -156 | -133 -371 | -315 — — —
1.34 -137 -94 -169 -142 -1S5 -364 — — —
1.35 -150 ~142 -233 | =125 -337 | -3¢6 — — —
1.36 -135 -96 -154 | =292 =384 | =360 — — —
1.37 -141 -96 -163 | -267 =379 | -363 — — —
1.38 ~124 -83 -137 | -121 -371 -317 — - —
1.39 -133 ~-90 -159 | -138 -404 ~360 — — —
1.40 -128 -89 -157 | -123 =329 | -343 - — —
T.41 =142 -108 -176 | -136 -356 -374 6.2 6.44 | 3.01
1.42 -138 -85 -152 | -174 -418 -386 7 7.36| 3.38
1.43 -153 -113 ~175 | -138 -416 -387 8.1 5.52 | 2.83
1.44 -146 -93 -151 | -120 -403 ~-377 - — —
1.45 -149 -93 -149 | =119 -393 -371 — — —

X ¢ Rt tER

SD30A ¢ 13
MNEYD 20mm
5B MIUS
AERIA
Jk/tsubtk 55 %
EHE 0 kg/m




£-418 BARBHEBER (£02)

E_ (mv_ S RR
£laE (A iR p)
ik . £= B ESE W -4
0 1 1.5 2.5 3.5 4 5 6 7 (%) | (ke/m® | (9%)
O i3 2.1 132 | -98 135 | -122 | -101 — 137 | ~207 | -283 5 2.76 | 2.12
Eg =R W ] 2.2 || -146 | -82 -126 | -130 | -104 - -112 | -112 | -128 - — —
2R 2.3 || -134 | -103 | -221 | =356 | -269 — -283 | -258 | -216 2 — 3.05
— i 3.1 128 | -97 T141 | 153 | =131 = 318 | -387 | =731 — = =
b i 3.2 -148 | -113 | -156 | -156 | -151 — -341 | -390 | -373 13 5.06 | 4.13
Bin 3.3 -173 | -160 | -293 | =376 | -242 — -355 | -400 | -371 7.6 | 6.44 | 4.63
i 4.1 -149 -118 ~172 -175 -154 — -334 =319 =335 — — —
B5s5 A i 4.2 -127 -88 -152 -166 -137 -_ -156 -160 -366 1.2 6.44 3.94
2ia 4.3 -130 | -113 | -293 | -420 | -240 — -324 | =345 | -354 2.6 4.6 4.43
Koo | 5.1 Z145 | <95 Zi89 | -185 | -160 = =217 | —183 | -164 p— — =
g 5.2 -151 | -9%9 -181 | -180 | -161 — -184 | ~136 | -145 0 1.84 | 3.39
40 % 3R 5.3 -141 | =99 -189 | -179 | -212 — -220 | -131 | -112 0 .92 4.31
i o) 5.1 13 ] =129 | -165 | -171 | -3B8 | —418 - — — 5.6 1.56 | 2.2
K/BUME | wig 6.2 | -173 | -134 | -180 | -181 | -187 — -465 | -444 | -453 — — —
85 % = 6.3 -143 | -118 | -167 | -166 | -387 — -452 | -454 | -450 17.21 6.9 3.73
| | 7.1 154 | -77 T80 | —439 | -389 = %60 | —41B | -350 8.8 5.52 | 3.26
ByrH w5 7.2 -154 | -80 -152 | -419 | -399% — -446 | =407 | =311 — — —
| | 25 7.3 -156 | -113 | -s74 | -440 | -340 — -545 | =399 | -373 9 6.44 | 4.78
| 3 3 8.1 || -243 | -164 | -204 | -192 | -160 — -214 | -191 [ -255 — — —
| U %18 8.2 -221 | -11s | -153 | -187 | -172 - 299 | -337 | -321 | (7.9) | 6.9 2.82
| | 2R 8.3 -215 | -172 | -314 | -533 | -291 — 283 {-316 | -352 | (?.7) | 4.6 4.01
P 9.1 =560 | =200 | -298 | -284 | -266 - 330 | =315 | —246 0 %.6 3 0%
HHMX g 9.2 -256 -197 ~-304 -289 -307 -_ —-349 -342 ~-255 — — —_
2 5.3 -254 | -222 | -347 | -562 | -379 — -228 | -315 | -225 .3 3,68 | 2.72
%o 10.1 || =137 | -85 =148 | =181 | -143 p— =327 [ =340 | -397 2.3 4.6 Z.85
R s 10.2 || -135 | -71 -154 | -156 | -142 — -351 |-341 | -385 — — —
BiE 10.3 || -138 | -108 | -184 | -24% .| -313 — -284 | -329 | -333 5.9 2.76 | 4.37
i 11.1 || =178 | <147 | -230 | -234¢ | -222 pom =261 | ~254 | -216 — — —
PCSR ia 11.2 ) -181 | -142 | -192 | -234 | -213 - -233 | -257 | -233 0 4.14 | 2.63
iR 11.3 1 -179 | =169 | -234 | -250 | -211 — -199 | -231 | -214 0 2.76 | 4.06
SR VZia 19.1 || =134 | -105 | -143 | —171 | -230 — —%14 | —405 =357 = — —
0.6 ke/ud g 12.2 | -130 | -97 -149 | -173 | -155 _— -403 | -416 | ~411 8.1 7.36 | 2.97
. 2ia 12.3 Jl ~115 | -106 | -358 | -606 | -415 — -437 | -436 | -451 5.5 7.36 | 3.93
e wid 13.1 || =133 | -111 | -189 | -205 | -177 = 318 | =386 | =360 3.5 5.06 | 4.16
Uy ke | R 13.2 || -140 | -104 | -183 | -187 | -159 — -304 | -329 | =348 - — —
. =i 133 || -173 | -135 | -19¢ | -473 | -321 — -352 | -357 | -384 7.2 6.64 | 3.78 1 o ow op i
ERE $8 | 14.1 -200 | -154 | -18% | -270 | 275 | — | -40l |-407 | -393 7 10.4] 6.9 ['5.19 X &
3.0 keud | B 14.2 Il =197 | -148 | -163 | -230 | -297 — -332 | -326 | -312 — —_ — SD30A ¢ 13
3R 16.3 || 178 | -133 | -211 | -731 | -417 — -558 | ~442 | -493 8.5 9.66 | 3.79 0
SEom | @ | 15.1|[ 153 | o113 | -173 | -456 | ~460 | ~4BB | — — =78 [ 156 2.56| P& 20m
iniiides %ig 15.2 || -146 | =116 | -157 | -401 | -453 — -511 | ~432 | -471 — —_— — 2 iEE RIUE
A 15.3 || =143 | -109 | -3¢5 | =671 | -471 — -520 |-518 | -512 14.91 5.06 | 3.3
Srom | BB | 161139 | 9% [ -ied | o148 [ 116 | — [ -191 [CITo =210 70 T35 [ 2.86| AEAA
50 mm g;ig 16.2 || -139 | -B8 -154 | -136 | -119 — -155 _ési -141 — — — /EAVEEL 55 %
=R - - - =54 - _ - - -
16.3 || -141 90 388 545 238 158 3 179 0 2.3 3.37 A O ke/n®
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4 1.3 BHEEEBICKZERAR
DE B
vy ) = FROSHL SHERICT / — FEREZRT CEICL > THBHEBE XIE, BREN
LB ADBGRE AT, '
2) RERIHE
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1. General

1.1 Scope

This manual covers the cathodic protection of steel within concrete structures perpetually
exposed to air.

[Explanation]

This manual describes the cathodic protection of concrete structures perpetually exposed to
air, such as bridge piers, beams, and decks. The electric potential of steel in underwater concrete
structures, which are out of the scope of this manual, is much less noble, as in such cases there is
very little diffusion of oxygen. For underwater concrete structures containing cracks which water
penetrates, so that steel bars are always exposed to water, cathodic protection criterion must be
based on procedures for steel in seawater.

1.2 Basic Concept of Cathodic Protection

The cathodic protection described in this manual protects concrete structures from corrosion due
to salt contamination.

[Explanation]

Cathodic protection may be applied in either of two cases. First, it may be applied to
concrete structures which are newly installed, or in cases where deterioration of steel has not yet
occurred. Second, in cases where the concrete was deteriorated but the damage has been repaired.
Most applications in foreign countries fall under the second category, i.e., applications to
deteriorated structures. It would be economically more effective, however, to incorporate
cathodic protection when a structure is first built. Cathodic protection is also effective for new
structures in a corrosive environment.

1.3 Process of Implementing Cathodic Protection

Implementation of cathodic protection should follow an appropriate procedure.

[Explanation]
Fig. 1 presents a rational and economical procedure for implementing cathodic protection.




2.

Investigation of corrosion
of target structure

|

Selection of

Protection method

l
Designing
I

Construction work
]

Maintenance and inspection

Fig. 1 Procedure for Implementation

Criteria for Cathodic Protection

2.1 Potential Criteria

Corrosion of a concrete structure shall be controlled on the basis of the potential shift before and
after the turning-off of a cathodic current. This potential shift shall be 100mV or more.

[Explanation]

When a cathodic current is applied fo a steel bar, the electric potential of the bar shifts

towards the less noble direction. This phenomenon is called cathodic polarization.

There are many studies on cathodic potentials of steel in concrete structures, and many

values have been reported, which differ depending of the properties of the concrete, the envi-
ronmental conditions, and the surface conditions of the steel bar. Examples of reported poten-
tials are given below*.

1)

2)
3)
4)
5)

6)

-500 mV vs CSE (-420 mV vs SCE) in chloride-rich environment; -710 mV vs CSE (-630
mYV vs SCE) in contaminated concrete!

-850 mV vs CSE (-770 mV vs SCE)?

~770 mV vs CSE (=690 mV vs SCE)®

-850 mV -1000 mV vs Ag/AgCl in sea water (-840 mV -990 mV vs SCE)®

To prevent pitting corrosion, the cathodic potential should be less noble than the pitting
potential; if pitting corrosion has already occurred, the cathodic potential should by 50 mV
less noble than the corrosion potential.)

Cathodic polarization of 100 mV (potential change excluding IR drop)%’

CSE: copper/copper-sulfate electrode

SCE. saturated calomel electrode

Ag/AgCl: silver/silver-chloride in sea water electrode
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In 1983, the Japan Concrete Engineering Association prepared a “Guide to the Corrosion
Protection of Marine Concrete Structures” (draft), in which they proposed a cathodic potential
of -850 mV vs CSE for reinforcing steel bars in direct contact with seawater because of cracks in
the surrounding concrete.

As mentioned above, cathodic protection potentials of concrete structures vary considerably
by case, and it is therefore very practical to adopt a 100 mV cathodic polarization shift to the
cathodic protection criteria. The cathodic potential here referred to is not the one at the time the
cathodic current is flowing (the “On” potential); rather, it is the potential as measured just after
the cathodic current has been shut off (the “Instant Off’ potential). The “On” potential
necessarily includes in IR drop, as concrete is an electrolyte of high resistivity. The true potential
shift (polarization degree) is the difference between the true polarization potential (which is
exclusive of the IR drop) and the steady potential that is measured when no cathodic current is
flowing. In practice, this difference can be calculated as the difference between the potential
immediately after the cathodic current has been shut off and the potential several hours after-
wards, when the potential has presumably stabilized.

Although cathodic polarization of less than 100 mV may, depending on the environmental
factors, provide sufficient corrosion protection, polarization of 100 mV or more is suggested.

The ““instant off” potential should generally not become less noble than 1100 mV vs SCE,
because an excessive cathodic current may form a strong alkali that will soften the concrete and
cause hydrogen embrittlement of PC steel bars.

2.2 Cathodic Current Density

A polarization test is should be carried to set the cathodic current density so that the cathodic
polarization reaches 100 mV or above.

[Explanation]

The cathodic current density for concrete structures under seawater is usually set to a low
value, in the range of 2—5 mA/m?, because there is little oxygen diffusion in such as envi-
ronment,

Concrete structures exposed to air, on the other hand, are subject to much greater cor-
rosion, due to the higher diffusion rate of oxygen and the infiltration of corrosive materials,
such as salt, from the environment. A larger cathodic current density is therefore required,
normally one in the range of 10—30 mA/m?, although the ideal varies depending on such factors
as the environment and the properties and cover thickness of the concrete. Therefore, the initial
value of cathodic current density should be set so that cathodic polarization of 100 mV or more
can be obtained.

The cathodic current necessary for sufficient corrosion protection tends to slowly decrease
over a long period of time, and it is therefore economical to allow for adjustment of the control
of cathodic current density.

To calculate the cathodic current density, it would be best to first determine the total
surface area of steel bars in the target concrete structure. In practical terms, however, this may be
too difficult. Because the target concrete structure will be sufficiently protected when the steel

bars lying near the surface are protected, it is adequate to base the density calculation on the
surface area of the target concrete structure.
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3. Investigation of Corrosion

Corrosion shall be investigated in terms of:
1) Deterioration of concrete
2) Corrosion potential of steel bars in the concrete

[Explanation]

(1) Cracks, deteriorated concrete, and concrete loosened by corrosion of steel bar should be
chipped away.

(2) The corrosion potentials of the steel bars in the target concrete structure should be meas-
ured according to the “Diagnosis of Steel Bars in Concrete by Investigation of Corrosion
Potentials’’ (draft) (see Appendix). This allows areas not requiring protection to be excluded
from the calculations of the amount of protection required.

4., Methods for Cathodic Protection

4.1 Selection of Method

This cathodic protection system shall be either impressed cathodic protection or galvanic
cathodic protection.

[Explanation]

There are two systems of cathodic protection: the impressed cathodic protection system,
and the galvanic cathodic protection system. In the former, a continuous cathodic current is
provided by connecting the negative terminal of a DC power source to steel, and the positive
terminal to durable anodes set. The galvanic system also provides a continuous cathodic current,
in this case by connecting the steel to an alloy anode less noble than the steel creating a galvanic
cell due to the potential difference between the two electrodes.

The choice of which system to use must be based on the target structure, the environment
and weather conditions, the resistivity of the concrete, the availability of a power source, and
considerations of maintenance and handling.

4.2 Apparatus
4.2.1 Impressed Cathodic Protection System

(1) Electrodes

Standard anodes are described below.
(1) A mesh anode (a titanium anode coated with mixed metal oxide, or a conductive polymer

anode) is placed around the surface of the concrete structure, and is covered with a polymer
modified mortar.

(2) Wire anodes (of titanium coated with mixed metal oxide, of conductive polymer, or of
platinum-plated titanium) are arranged on the surface of the concrete structure and covered
with a polymer modified mortar.
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(3) Wire anodes (made of titanium coated with mixed metal oxide, or of platinum-plated
titanium) are arranged on the surface of the concrete structure, and are coated with a
conductive paint, which is then coated with a weatherproof surface paint.

(4) Zinc is metallized onto the surface of the concrete structure, then coated with a weather-
proof surface paint.

[Explanation]

Because of the high resistivity of a concrete structure exposed to air, uniform cathodic
current can be achieved only when the anode is designed either so that its total surface is roughly
equivalent to that of the target structure, or else in the form of closely-arranged anode wires.

In addition, if only the anode is on the target surface, there will be high resistivity between
the anode and the steel bar, and insufficient cathodic current. Therefore, a layer of conductive
mortar or paint should be provided on the anode and the concrete surface. This layer should be
one that strongly adheres to concrete.

Conductive paint or metallized zinc should be coated with a weatherproof surface paint for
protection against weathering.

(2) Power Source

The power source shall be of direct current.

[Explanation]
It is most practical to decide the area to be covered per circuit on the bases of resistivity of

concrete and of ease of maintenance and handling.
The following power sources are common in conventional cathodic protection systems

1) Constant-potential DC Power Source
A reference electrode is embedded in the target structure, and the power source auto-
matically controls the cathodic current so as to constantly maintain the steel bar at specified
potential.

2) Constant-voltage DC Power Source
The power source supplies a constant specified voltage.

3) Constant-current DC Power Source
The power source supplies a constant, specified cathodic current.

4.2.2 Galvanic Cathodic Protection System

(1) Anode

tI‘he standard anode for this system is of zinc for galvanic cathodic protectioh.

[Explanation]

The surface area of the anode for the galvanic protection system should be nearly equivalent
to that of the target concrete, the desirable shape for the anode is thus in the form of a sheet.
Such an anode can be of zinc, aluminum, or magnesium; of these, zinc is best for large areas.

In order to achieve most effective results, a backfill material (a mixture of gypsum, ben-
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tonite, sodium sulfate, and water) may be used to promote the activity of the anode.

5.

Design

The cathodic protection system shall be designed so that steady current can be supplied for a
long term,

1)

2)

3)

Supply Voltage

The output voltage of a DC power source shall be 60V or lower.

Specifications for Wiring and Piping Materials and Allowable Current.

Materials for wiring and piping shall be those proven to meet the relevant requirements of

JIS (Japan Industrial Standards), and the allowable current for each electric circuit shall be

within the limit specified in “Technical Criteria for Electric Installations.”

Monitoring Terminals

The actual cathodic protection shall be monitored by terminals which shall be welded to

steel bars in the target concrete for this purpose. Reference electrodes shall also be em- ‘
bedded in the concrete.

Construction

6.1 Related Rules

The construction work shall be conducted on the basis of “Common Specifications for Civil
Engineering’’, “Technical Guidelines for Safety in Civil engineering’’, “Technical Criteria for
Electrical Installations’’, JIS, and other relevant specifications.

[Explanation]
All relevant standards and rules must be obeyed. The major ones among them are as
follows.
1) Common Specification for Civil Engineering
Section 4, “Coating of Concrete Surfaces”, in Chapter 8, “Coating” ‘
2) Technical Guidelines for Safety in Civil Engineering
The following sections of Chapter 1:
Section 2, “Scaffold Preparation”
Section 3, “‘Slinging Work”’
Section 5, “Welding”’
3) Technical Criteria for Electric Installations
The power sources used are covered by these specifications
4) JIS and other criteria
Relevant JIS specifications, and other specially mentioned items, must be obeyed
5) Guidelines on Measures for Protecting Road Bridges against Salt-Induced Damage (draft)

Detailed descriptions and reference materials (examples of repairs)

6.2 Processes

Construction shall be carried out in an appropriate series of processes.
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[Explanation]
Fig. 2 illustates a process-flow for repair work.

Inspection of materials, including
power sources, electrodes, and
reference electrodes

Chipping away deteriorated parts
of the concrete

Inspection of electrical continuity
of steel bars to circuit

Pretreatment of surfaces of
steel bars and concrete

Setting of points for measuring
potential and points for drainage

Setting of monitoring apparatus,
such as reference electrodes

Repairing of concrete

Surface treatment of concrete

|

Placement of electrodes

|

Installation of power source

Piping and wiring work

I

Test run and adjustment

!
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Checking potential measurements

and operation of each apparatus

Final inspection

Fig. 2 Construction Work

{Explanation]

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Chipping away deteriorated parts of the concrete

Cracked, peeled, and embrittled part, should be chipped away.

Inspection of electrical continuity of steel bars

The target structure’s reinforcing steel bars must be electrically connected at the beginning
of construction work.

After the damaged concrete has been chipped away, potential differences between all steel
bars shall be measured with a DC voltmeter of high input impedance (100 M or above).
Good connection has been achieved when all measurements are close to 0 mV. Any poor
connection, must be improved.

Pretreatment of surfaces of steel bars and concrete

Steel bar surfaces exposed after the chipping away of concrete must be cleaned. The
concrete surface should also be appropriately treated for repairing work.

Setting of points for measuring potential and points for current drainage.

After chipping away the surface of concrete, a steel bar is welded to a reinforcing steel bar
in the concrete, in order to effect current drainage. A lead wire for potential measurement is
connected to the reinforcing bar, and a lead wire for drainage is connected to the drainage
bar. These connection points are covered with epoxy resin, and the wires extend out
through the concrete, where their ends are exposed.

Setting of monitoring apparatus, such as reference electrodes

After a monitoring apparatus is installed, the hole in which it is installed must be carefully
filled with mortar, with no void remaining in the interface between the concrete and the
mortar. The sensor of the monitoring apparatus must also be completely surrounded with
mortar.

Reparing of concrete

The parts of concrete that have been chipped away shall be replaced with concrete or
mortar of sufficiently low resistivity.

Surface treatment of concrete

The concrete’s surface is checked, either by eye or with a Pacometer, in order to determine
whether there are any metal pieces or fragments adhering to it. If any are found, they must
be removed, because a metal fragment can cause a short-circuit between the electrode and a
reinforcing steel bar.

Before applying mortar, conductive paint, or metallized zinc to the concrete, it is necessary
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(8)

(9)

to treat the concrete surface to obtain good adhesion. For measuring the potential of a
reinforcing bar from the surface of concrete, a part of the concrete remain uncoated and
exposed.

Placement of electrodes

Although placement varies somewhat according to the. system used the anode (wire or
mesh) is generally fixed onto the surface of the concrete with resin pins. If metallized zinc is
used, it is applied directly, onsite. Connection points for drainage connections and for
anodes should be carefully and completely protected with an appropriate coating before the
concrete structure is restored, as such connection points are easily damaged.

Instrallation of DC power source (impressed cathodic protection system only)

The DC power source is fixed with anchor bolts at a suitable place near the target structure.
The power source must be provided with a third-class grounding, as called for by the
Technical Criteria for Electric Installations.

(10) Conduits

Conduits must be of r1g1d PVC pipes or thick-wall steel

Junction boxes are located at. spots for electrode installation and drainage. Relaying boxes
may be used when the distance between two junction boxes would be otherwise be too
long, or when too many wires would otherwise have to be encased in one conduit, which
would impede wiring efficiency. »

(11) Wiring work

Wires must be 600 V-rated PVC msulated wires, and cables must be 600 V-rated cables
sheathed with chloroprene, PVC, or PE. Wires and cables must all meet JIS requirements,
Connections of wires and cables shall be within junction boxes, and the connections must be
completely covered with insulating material, and then with a water-tight protective mate-
rial.

(12) Test run and adjustment (impressed cathodic protection system only)

The corrosion potentials of steel bars in the target structure are measured, and the cathodic
current density is determined through the polarization test. The current is then adjusted to
obtain the cathodic current density.

(13) Tnspections

1.

1) Maxterials A
Materials shall be, inspected when they are brought mto the constructlon 51te quan-
tities, dlmensmn and appearances shall be 1nSpected by samphng

2) . Construction tests .

Construction work: concludes with 1nspect10ns to confu’m the effects of the cathodic
_ protection, system, with, test report on materials and apparatus, and with photographs.

Maintenance and Inspection

The maintenance and inspection of a cathodic protection _system covers the following iterhs.

. 1)  Power source’

2)., Electrodes .. ‘
3) ' Monitoring apparatus

4) Wiring and Conduits
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[Explanation]
(1) Inspection Items and Periods

Table 1 Inspection Items and Periods

Item/Kind

Periodic Inspection

Period

Yearly

Power Source

Check of current,

voltage, insultation, and
instruments., Cleaning of
apparatus and instruments

Electrodes Current and appearance
Monitoring Apparatus Check of operations
Wiring and Piping Checking of routes

and connections
Pontential Measuring at specified

points with portable/
embedded reference
electrodes

(2) Power source (impressed cathodic pretection system only)

It is a good policy to inspect the operation of the DC power source at least once every two
months, and to record the findings.

If the output voltage greatly differs from that at the previous inspection, an abnormality in
the circuit is suggested, and the circuit must then be precisely inspected.

The power source voltage and the cathodic current may be adjusted as necessary depending

on measured potentials.
(8) Electrodes

With the exceptions of metallized zinc and conductive paints, electrodes would be very
difficult to inspect visually. Inspection is therefore done by measuring the cathodic poten-
tial and the electrode current to check whether they are within the allowable limits. A
current over the limit or an abnormal cathodic potential indicates a problem in an electrode,

and that problem must be pinpointed and repaired.

(4) Wiring and Conduits
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8.

As they are installed in a corrosive environment, electric wires and cables must be inspected
for insulation resistance, and any problems must be pinpointed and repaired.

Monitoring of Protective Effects

An appropriate number of reference electrodes shall be embedded in the target structure,

[Explanation]

Monitoring apparatuses include reference electrodes (to measure potential), rebar probes,

electric resistance probes (to measure the protective effect), and macrocell probes.

(1

(2)

(3)

(4)

Reference electrodes

The target’s potential must be controlled if proper corrosion protection is to be effected.
Traditional measuring of potentials at the concrete surface in bridge piers and decks requires
scaffolding. This can be avoided, however, if reference electrodes are embedded in the target
structure for carrying out these measurements.

There are many types of reference electrodes, but those which show a stable functioning
over a long period of time in a strongly alkaline environment (such as that of concrete) are
of silver choride, lead, molybdenum, or mercury.

Rebar probes

These measure the cathodic current density. Ideal probes are of the same material as the
target, with similar surface conditions.

Electric resistance probes

These probes measure the change over time in corrosion by determining the increase in
electric resistance caused by the decrease in metal thickness due to metal’s corrosion. They
are effective for monitoring the protective effects over a long period. Optionally, they
should be of the same material as the target metal.

Macrocell probes

These are steel bars which are covered with mortar blended with salt, and embedded in the
target concrete. They serve as artificial anodes, and their potentials and currents are
measured in order to judge the protective effects of the system.

Reference Material

(Principle of Cathodic Protection]

Because of the high alkalinity of concrete, the surface of a steel bar in concrete is passivated

and does not corrode. Salt contamination, however, destroys the passivated film on the steel bar,
facilitating corrosion. The potential of a corroded part of the bar’s surface is less noble than other
parts of the surface, so that electric current flows from the corroded parts to non-corroded parts:
i.e., the corroded part acts as an anode and the other parts as a cathode.

When an external protective current is applied to the steel bar, the current first flows to the

cathod, shifting the potential to negative direction. When the potential difference between the
anode and the cathodes disappears, all current flow will cease, halting the corrosion. This is a
principle of the cathodic protection.
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