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. T @ 7.800 | 3.236| 0.669| 0.086
) A 4
AOL6 35 | WEEA 0 fiE 1 | 11767 4.975| 1.075| 0.333
fE2 | 14.700| 5.027| 1.120| 0.146
+ @ 9.959 1.237 | 0.462| 0.071
. T @ | 10.232| 4.927| 0.804| 0.123
stz “[Z ~
A026 35 | wiEEAb 10 W 1 | 11.655| b5.174| 1.082] 0.180
fE2 | 13.032| 4.344| o0.812| 0.217
+ m 8.598 | 7.851| 4.156| 0.797
. T @ 9.407 | 8.459| 4.543| 0.900
k104 + A
A028 50 | EEtAAg 50 BE 1 | 12.709| 8.112| 3.377| 0.618
1Al 2 6.518| 6.360| 2.880| 0.990
+ & | 16725 5900 0.988| 0.189
. . T @& 7.336 | 3.720| 0.975| 0.152
AOZQ 35 aed 40 R 1 9.247 4.604 1.148 0.088
1Rl 2 4,236 2.118 1.359 0.300
+ & | 10249 4578 1.159| 0.580
. T & 6.919| 6.353| 2.415] 0.583
A0S0 50 | BeREA 10 o 5.267 5.265 2.209 0.630
fRliED 2 6.458 | 7.170| 3.617| 0.838
+ m 8.450 | 7.334| 3.468] 0.704
. ' T & 9.092 | 8.172| 3.796| 0.891
Ad2z 35 | meEEAL 50 E 7.071 8.885 | 6.308 1.919
mE2 | 10282 8.008| 4.257 1.086
+ @& | 10.197| 7.965| 4.680 1.036
. : T @ 5.695 | 4.515| 2.803 1.007
A032 50 | RamEAt 50 fRlE 1 7.133 7.234 | 4.876 1.281
ME2 | 11.417| 9.316 | 5.054 1.830
+ @ 7.290 | 8.517| 2.307| 0.052
. F @ | 11.813| 9.416| 2.83% ]| 0.105
A034 5.0 = A B 50 _
P U 5.324 7.156 1.415 0.067
1R 2 9.780 | 8.947| 2.116| 0.050
+ m@m [ 9.893 1.393| 0.118| 0.183
it T @ | 11.800 1.867 0.449 0.333
D004 | 5.0 | Loy n 30 W& 1| 9.810| 0660] 0419] 0.120
fAilE 2 6.642 | 0.471 1.880 [ 0.070
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—e— i W/C=40%
—a— @ W/C=50%
—_—— Egﬁ W/C=40%
-- % - - g W/C=50%
—a— 4P W/C=50%
—-o— Y W/(C=30%

—y
o

(3]

EERMNS OB (cm)

H-2.5 FHESSHEONH

#-2.26 FHIESSEEROSH
B : Cl kg/m>

A b@ﬁﬁ REMNS OERE (cm)
0.5 1.5 3 5.5

W W/C=40% 10.563 3.982 0.841 0.161|
il W/C=50% 9.308 7.696 3.739 0.826

B W/C=40% ~8.305 4.964 1.734 0.421

B W/C=50% 8.667 7.679 4.405 1.219

BEAE W/C=50% 8.552 8.509 2.169 0.069

YA W/C=30% 9.536 1.098 0.717 0.177




2. 2. 2 SHESBRORER
HASHBOWTIREMBLIN 2 £ LR TER, TNSDT—F—5K-2.TICE L
Feo ¥l TNENREBLEY S LT b OEKEURITTT,

£-2.21 BESSHEOREE(L

HASHER (Clke/m°)
A NORE | KA M HEBRE | B a7 Y& (cm) 7 B
i @ | No. | 5% [F0~Z CEB ] 5, | ass | Fv*
0~1 ] 1~2
R0 | 2 | 3906 3100
A001 | 6 | 10.337| 4380 0.958 | 0,096
A002 ] 8 | 10.409 | 5.016 | 1.050 | 0.095
40 A002 | 10 | 11476 | 5.738 | 125 0077 3
A6 | 12 | 7.931| 2878 0.4461 0.100
A0T6 | 14 | 9.883 | 4.044| 0839 0.173
Wil A > b A026 | 14 | 1L2a2| 3921 0.790 | 0.143
A0 | 2 | 4177 0.371
A005 | 6 | 8.992 | 6.851 | 3.564 1 0.360
. M8 | 8 | 9337 | 5001 | 3ae| 0.283] |
A005 | 10 | 12663 | 7.360 | 3.597 | 0.605
A020 | 12 | 11203 | 6.697 | 2726 0.916
A028 | 12 | 9.308| 7.696 | 3.739 | 0.826
A00T | 2 | 2309 0.100
A0T | 6 | 5.536 1 3.10Z] 06171 0.067
A008 | 8 | 8.103| 3042 1.105| 0.053
10 A008 | 10 | 7.0 2251 0794 0011 3
020 | 12 | 8.107 | 3.290 | 0.869 | 0.300
A020 | 14 | 9.386 | 4.086 | TL.118| 0.185
. A030 | 14 | 72231 5.842 | 2.350 | 0.658
RREAZE AOI0 | 2 | 3.318 0.336
A0T0 | 6 | 5.178 | 4.780 | 1.365 | 0.209
AT | 8 | 10.200 | 10.031 | 4221 | 0.723
50 A0TT |10 | 8.557 | 5.809 | 2.905 | 0539 3
A022 | 12 | 9.8 8401 | 5.287 | 0.629
A022 | 14 | 8724 | 8.100 | 4457 1.150
032 | 14 | 8.611| 7.258 4.353 | 1.289
A3 | 2 | 5.7 0.513
A013 | 6 | 102641 5.705 | 1.204 | 0.315
L A024 | 8 | 7.956 | 5.5741 1548 0.100
RAF B 50 A4 | 10 | 10091 | 7.610] 21231 0319] °
A034 | 12 | 1221 | 7.520 | 1.692] 0.605
034 | 14 | 8.552| 8.509 2169 0.069
D001 | 2 | 2110 0.029
D001 | 6 | 6.669 | 1.317] 0.145] 0.081
. D002 | 8 | 9.386 | 1.064 | 0079 0.096
vUATx—b 30 D002 | 10 | 8.670 | 1750 0378 o.127| °
D004 | 12 | 9.282 | 0.887 | 1.528 | 0.241
D004 | 14 | 9.536 | 1.098 | 0.717] 0.177
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0 L 1 1 L L
2 6 8 10 12 14
IR (F) '
EFEEA M (BX0.5m)
B-2.6(1) HBEAVIDESSEEREZE{L (RE 0.5m)
£-2.28(1) EBEAVIMDOESESEERELI (RX 0.5m)
BT Cl kg/m®
RIREL ()
W,/ C
2 6 8 10 12 14
W/C=40% 3.906 10.337 10.409 11.476 7.931 10.563
W/C=50% 4,177 8.992 9.337 12.663 11.203 9.308
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—e— W/C=40%
- - W/C=50%
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R a
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O 1 i - 1 1
2 6 8 10 12 14
RBER (4F)
EHEEAM EX1.5am)
B-2.6(2) FltAY FOIEHESEERFEEIL GRE 1.5cm)
#£-2.28(2) EBEtEAVIDOEBESSHEERETI (GFX 1.5m)
BN Cl kg/m°
W/C AR (4E)
2 6 8 10 12 14

W/C=40% 3.906 4.380 5.016 5.738 2.878 3.982
W/C=50% 4.177 6.851 5.901 7.360 6.697 7.696
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—— W/C=40%
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2 6 8 10 12 14
RIBER (4F)
B LA (BFEX 3cm)
H-2.6(3) ETBEAYVMOESSEERFELR (RE 3m)
#-2.28(3) EFBEAY MOESSEERFEL (BX 3cm)
BT : Cl kg /m®
W/C BIBEE ()
2 6 8 10 12 14
W/C=40% 0.100 0.958 1.050 1.275 0.446 0.814
W/C=50% 0.371 3.564 3.465 3.597 2.726 3.739
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—e— W/C=40%
--®-- W/C=50%
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RIBER (4E)
EFEt AN (BEE5.5m)
Ed-2.6(4) E@E@tAY MDESSHEEREDT{ GEZX 5.5m)
£-2.28(4) EBEBEAVIMOBESSHEEREL (FZ 5. 5m)
BT Cl kg/m°
W/ B EE (8)
2 6 8 10 12 14

W/C=40% 0.100 0.096 10.096 0.077 0.100 0.161
W/C=50% 0.371 0.360 0.283 0.605 0.916 0.826
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RIBEL ()
BHigt A b (HFX0.5cm)
®-2.7(1) BEtAY FOESSHEERFEIE GRE 0.5m)
%£-2.29(1) BRBEAVFOEBESSEEEEZ{ GRZ 0.50m)
BT :Cl kg/m®
W/C BBEL ()
2 6 8 10 12 14

W/C=40% 2.309 5.536 8.103 7.150 8.107 8.305
W/C=50% 3.378 5.178 10.202 8.557 9.811 8.667
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2 6 8 10 12 14
BIREE ()
Bt A >~ (X1, 5em)
[-2.7(2) B#EtAY FOEFAEEERELEL GBRE 1.5m)
#£-2.29(2) BREBEAVIOESESFEERET(E (FEE 1.5m)
BAAT :Cl kg/m°
W/C BIBFEE ()
2 6 8 10 12 14
W/C=40% 2.309 3.102 3.042 2.225 3.290 4,964
W/C=50% 3.378 4,780 10.031 5.809 8.401 7.679
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- —e— W/C=40%
--®-- W/C=50%
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0
RBEL (F)
Higt A b (X 3cm)
H-2.73) BRAtTLAVFOESSHEEREZEIL (RE 3cm)
#%-2.29(3) BBt AVIDOESSBEERELEIL (RE 3cm)
BAT:Cl kg/m>
’ IR (4F)
W,/ C
2 6 8 10 12 14

W/C=40% 0.100 0.617 1.105 0.794 0.869 1.734
W/C=50% 0.366 1.365 4.221 2.905 5.287 4.405
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--&-- W/C=50%
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0  SAALLEE 1 o—T—* . °
2 10 12 14
RIBEL (4)
Bt A2~ (ZEX5. 5cm)
[-2.7(4) BEEAY I MOESSEEREL{ GBRE 5.5m)
#£-2.29(4) BBtAL MOESSEERFLT (BX 5.5m)
BT : Cl keg/m°®
. RIBEK ()
2 ) 8 10 12 14
W/C=40% 0.100 0.067 0.053 0.071 0.300 0.421
W/C=50% 0.366 0.209 0.723 0.539 0.629 1.219
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2 6 8 10 12 14
RBEK (F)
BFEEA N (BEX0.5em)
E-2.8(1) BIFtAY MOESSEERSEZE{ GRE 0.5m)
£-2.3001) BFtAYMOESEEEREZE/L (RE 0.5m)
BT : Cl kg/m°
BBER ()
W,/ C
2 6 8 10 12 14

W/C=50% 5.731 10.264 7.856 11.091 11.221 8.552
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Y \— W/ C=50%
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R - °
Qﬁ e v —
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2 6 8 10 12 14
RIBEL (8)
BFEEAN (FE1.5em)
H-2.8(2) BFEAYFOESSEEREE( GRE 1.5m)
#£-2.3012) BFEAYMOESSEERREL (BX 1.5m)
BA7: Cl keg/m®
W/C . REFEE ()
2 6 8 10 12 14
W/C=50% 5.731 5.705 5.574 7.610 7.520 8.509
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e W/C=50%
10
E
E
3
o]
&
4a
&
£
5
O i 1 3 I - L
2 6 8 10 12 14
RIBES ()
EFEtE AN X 3mm)
H-2.8(3) BIFtAY MDIESSEEEEEL (RE 3m)
£-2.3003) BIFEAVIMOBESSFEEREFEIL (RE 3cm)
BT : Cl kg/m®
W/C RBER (F)
2 6 8 10 12 14
W/C=50% 0.513 1.204 1.548 2.123 1.692 2.169
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0 L i L
2 6 8 10 12 14
R (4F)
BFEEA N (X5, 5m)
[M-2.8(4) BFEAY MOESSEERRELTIL GRE 5.5m)
#-2.3004) BFEAYMOESSHEBRRELT{L (R 5 5m)
BT : Cl kg/m°
W/C RIBEH(F)
2 6 8 10 12 14
W/C=50% 0.513 0.315 0.100 0.379 0.605 0.069
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2 6 8 10 14
RIBEEK ()
SURTa—h (FEE0.5cm)
B-2.9(1) JUH71—ADESSHEERRET( (GEZ 0.5m)
£-2.31(1) PV H721-ADESESEERFE (RZ 0.5m)
BT : Cl kg/m°
RIBEH ()
W,/ C
2 6 8 10 12 14
W/C=30% 2.110 6.669 9.386 8.670 9.282 9.536
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6 8 10 12 14
RREES ()
PUHRTa—L FEX1.5em)
B-2.9(2) 2VUAh7a1—ADESESBEREX (RE 1.5m)
£-2.31(2) 2VA721—-ADESSEEREZIL (R 1.5m)
BAA7: Cl ke/m°
W/C RIBEL (F)
2 6 8 10 12 14
W/C=50% 2.110 1.317 1.064 1.750 0.887 1.098
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BBEL (4F)
YR Ta—Ah (FEX 3m)
B-2.9(3) L VUA7a1a—LDESSEEREE{ (RE 3m)
£-2.313) LUN72a-—LADESSEERELTIL GBX 3cm)
B4 Cl ke/m°
W/C RBEL ()
2 6 8 10 12 14
W/C=50% 0.029 0.145 0.079 0.378 1.528 0.717
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0 PN 2 Y > —————] * 1

2 6 8 10
RBEL ()
SUHBTa—n (FEX5.5em)
H-2.9(4) > UAhT7a2—ADESSHEEREDTIL (RBX 5.5m)
£-2.31(8) VN 72—ADESSEERRELT( (RX 5.5m)
BAAT: Cl kg/m°
W/C BB EH ()
2 6 8 10 12 14
W/C=50% 0.029 0.081 0.096 0.127 0.241 0.177
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gk | wasp |KEAZN| BmE | i
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O | a0 45 4.4 4.5 | 4.3
¥ &
aotg | BB 40 3.5 @ |46 a2 | 24| 0.4 4.4
Tty | 4.3 | 4.4 | 4.4 | 4.4 | 2.4
® | 6161 s59] 60/l 60
¥ &
aoze | X 40 5.0 ® |60 60/ 58] 59] 59
w5 | 6.0 60 59 59 | 6.0
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1 | 59 591 60 59/ 5.9
® | 41 a5 | 42| 4.3 | 4.3
pozo | A 40 3.5 @ | 43| a3 ] 42| a4 4.3
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® | 596260 61/ 61
4030 ,f} jf 40 50 | @ | 60 611 601 60| 6.0
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® [ a4 a1 | 43| a5/ 4.3
4022 5‘){ jf 50 3.5 @ | 43| a3 | a2 ] a1 ] 42
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e
D004 | 3>z u—| 30 5.0 @ |50 49| 59] 58] 5.4
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£ | 5353 57] 591 5.5




2. 3. 2 SWEAERE
AT L 72 &k DI, ABRZ T U)Wrieke BTN, B0 HLZ0BERRNEBRL .
£-1LBICBRKHBOBWREEZRT ., £, KELDVEERRERT,

#-2.33 HHOBRE—ERXR

Ny 03] TH DM
4% B2 i
@ @ ) @
A016 A A A B A
TEEA R A026 B A A A A
A028 B B B B B
A020 A B B A A
A030 A B A A A
Bt A2k
A022 B B B B B
A032 A A B B B
=B A034 B B C C C
SURTa—Ah D003 A A B B A

BRERTLOEEIIS EDEHEL I,

§:9:4 HlE A

A BREL
s | ccxmmsEr
e LA SHTAROBRHR
""""" S O

RBERABRER SO LY b ERITES A
HEF 2 L AREY OBERS (R) &1




(LD

(F®E)

(L@

(FE

(Em)

(Fm

(LED

(FTE

(L&)

(F&@)

(@

(T

(@

(FE)

(@

(FE

E-2.11(1) EERA016, A026 BELTE

79

By 10F: 3
“ 590mm T 606mm >
By 10F:3:5]
N 596mm 602mm >
THOE
wla -
595mm 1 603mm -
; THOBE
59Tmm >
1200mm g
HieR EFEE A # E A016
L HEOEES
590mm 604mm >
LAOBE
N 589mm 602mm .
THOEKE
587mm 599mm "
" THOBE
590mm '||< 604mm
1200mm >
HUER EFEEAM ik A026
— L #] —
=) 63
cBREY




(L

(Fm

(k@)

(Fm

(L&)

(FE

(k@)

(F@)

(@)

(Fm)

(£m

(FE

(km)

(Fam)

()

(F&

By 1% 3]
> “ 546mm >
LHOBE
T N 537mm >
TAOES
|
4
574mm “ 540mm
FTHO&ES
572mm > N 540mm >
1200mm >
HER EEEA N ik A028
ﬂ -
602mm " 596mm
LHEORE
599mm " 587mm
FTHOEE
599mm 591mm >
E THOB
600mm " 587mm >
1200mm o
HER Bt A~ ik A020
— N #] —
= [0y
DERE

B-2.11(2) ER{&A028, A020 BRINRE




(Lm)

(Fm)

(L&)

(FmE)

(@

(F@E

(L)

(Fm)

(Lm)

. (F&E)

(L)

(Fm)

(Lm

(Fm@)

(Em

(Fm)

| —
598mm - 592mm o
g -
- 594mm =]|< 600mm g
FTAOKE
~ 598mm " 597mm >
FTAOKES
- 595mm " 593mm
- 1200mm .
HUER Btz A b itidF A030
I -
} ﬂ{* it B EAEDOBE
L] E u:
< 554mm >
° EHORE
545mm >
THOEE
550mm "
THO#KE
571mm gl I 552mm >
N 1200mm >
HUER Bt A b 3K A022
—— M f —
= [0
Bg-2.11(3) HER{EA3, A022 EBAKRK EREY

— 81




(L

(Fm)

(tm

(Fm

(L)

(Fm

(L)

(T@E

0::p)

(Fm

(L@

(Fm)

(L@

(F@)

(L@m)

(F@)

] : 1 LrEOBE
- CH e
: ge
N 562mm > < 558mm >
o100k 3]
\J
N 565mm - 552mm >
A~ THOBE
o ..n
N 56 1Tmm - 560mm -
~H
THEDEE
- 562mm " - 558mm .
~ 1200mm >
HER Bt A b ik A032
LHDEE
~ “520mm ™ N 556mm
3
i\ LH0EE
é
- 220mm > -
THOEBS
B 423mm " 548mm o
TAHOE
< 575mm ™ 553mm >
< 1200mm >
HUER BIFBE HHk A034
— M # —
= 63
B-2.11(4) ESERKA032, A034ERKRE  BIRE T




(@

(FmE)

(L@

(Fm)

(L@

(FE

(LM

(FmE)

— 83

]
{ trnws
oo
573mm > “ 537mm >
\
> LA OB
]|
N 580mm > [< 530mm >
|
THOBE
|
< F74mm > N 532mm
THEOKE
- 467mm " “ 540mn; >
N 1200mm >
PieLER MR U - fElk D044 —— A #l —
= 63
BRETY
B-2.11(5) HER& D04 BRKAE




2. 4 E£&®
2. 4. 1 FEER-EX
WEEREET LD, F-0.3MITRTY,
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REE | AL RORE | KEATNE | BEASD | SREAD (2~4cif3ﬁ(%~7cm) B &
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A026 i@ 40 5.0 6.0 0.790 | 0.148 | O A
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A034 | FE4FBHE 50 5.0 6.0 2.168 | 0.069 I C
D004 | TUHTa—L4 30 5.0 5.5 0.717 | 0.177 | O A
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12 0.44 12 0. 86
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RESEARCH ON ANTICORROSION TECHNOLOGY FOR
CONCRETE STRUCTURES IN SPLASH ZONES

H. SAKAMOTO
Public Works Research Institute, Ministry of Construction, Tsukuba, Japan
K. TSUNO, M. FUJITA, Y. KAWAMOTO
Japan Prestressed Concrete Construction Association, Tokyo, Japan

Abstract

With the aim of developing advanced anti-corrosion technologies for marine structures
and to test their long-term durability, exposure tests were carried out over a period of
12 years on over 150 concrete member test pieces at a facility located 250 meters
offshore.

The test pieces were treated with various anti-corrosion techniques, including
painted reinforcement, concrete painting, impregnation painting, polyethylene sheaths,
salt-resistant concrete etc. This paper reports on the results and findings to date of
visual inspections, natural electrical potential measurement, measurement of chloride
levels, measurement of reinforcement corrosion levels, investigation of paint
deterioration etc. of 120 test pieces after 12 years of exposure. ‘
Keyword: anticorrosion technology, splash zone, marine structure, durabirity, exposure
test

1 Introduction

The authors have carried out marine environment exposure tests using prestressed and
reinforced concrete test pieces, with the aim of developing corrosion protection
technology for concrete structures in marine environments [1].

Corrosion of steel in concrete exposed to a marine environment is induced mainly
by chloride ingress into the concrete. The purpose of this study is to investigate the
relationship between chloride ingress and exposure conditions, quality of concrete

(cement type, W/C ratio, use of admixtures), concrete cover and surface treatment
material.




2 Experimental

The test pieces were divided into groups with and without surface treatment (paint
and impregnation coating), and groups with epoxy coated reinforcement and plastic
sheaths. The exposure conditions are given in table 1, and the test piece groups are
listed in table 2. Fig. 1 and 2 show the location of the exposure tests.

Table 1: Exposure conditions for concrete specimens

Exposure Exposure conditions Test pieces Exposure site
deck
Deck 3 2.1 m above sea level; deck  With / without

sometimes washed over surface treatment

completely by sea water 250 m off the

coast of Oigawa,
Deck 2 8.9 m above sea level; sea Without surface Shizuoka Prefecture
water sometimes reaches the treatment
deck

Table 2: Numbers of concrete test pieces

Category Quantity
Small Medium Large Total
Control pieces 23 10 0 33
Treated pieces: :
Painted reinforcement 10 0 0 10
Concrete painted 30 0 0 30
Impregnation painting 12 0 0 12
Polyethylene sheath 0 2 0 2
Salt-resistant concrete 3 0 0 3
Test pieces for corrosion 20 4 6 30
study / repair techniques '
Total 98 16 6 120

Of the test pieces listed above, 120 were examined by visual inspection, and 78
(excluding concrete painted and painted reinforcement pieces) were also examined
by corrosion potential measurement.

Inspection items and methods used were as follows:

1) Visual inspection:
Test pieces were visually inspected for presence of rust water, surface cracking
and peeling, and cracking, stripping or deterioration of coating film.

2) Corrosion potentxal measurement:
The corrosion potential of steel in concrete was measured with a hxgh 1mpedance
voltmeter, to assess steel corrosion in accordance with the criteria given in ASTM -

C87e.

3) Corrosion of steel in concrete:

Reinforced and prestressed concrete test pieces exposed on Deck 3 were broken

up and visually inspected for steel corrosion.
4) Chloride penetration in concrete:




Core samples were taken from the test pieces and broken up, and the chloride
content was determined by potentiometric titration.

Fig. 1: Combined marine technology Fig. 2: Deck 3 (painted test pieces,
research facility corrosion-proofed reinforcement)

3 Test Results

3.1 Visual inspection

After 12 years of exposure, a number of test pieces showed cracking, rust water,
peeling, stripping etc., although the overall levels of deterioration were very minor,
according to the evaluation given in table 3. Some of the control pieces exposed on
Deck 3, however, showed cracking thought to be the result of wave action, together
with cracking and rust water caused by corrosion of internal steel.

Table 3: Overall levels of deterioration of test pieces

Level of deterioration Cracking, rust water Peeling, stripping
None / negligible 93 (77%) 112 (93%)
Minor 23 (19%) 7 (6%)

Low 3 (3%) 1 (1%)
Medium 1 (1%) 0 (0%)
Severe 0 (0%) 0 (0%)
Total 120  (100%) 120 (100%)

Details of deterioration for each test piece category are given below.

3.1.1 Control pieces (33 pcs.)
Nine test pieces were assessed as showing minor cracking and rust water; one piece



each showed low or medium deterioration. Peeling and stripping by wave action
were common, but these were found around the spacer attachments and on the
whitewashed surface; this deterioration was only minor, and no change was found
from the previous inspection two years before. During the present inspection,
flexural cracking and cracking with attendant stripping was found in some test pieces
on Deck 3, apparently the result of wave action; corrosion had occurred in the

internal steel, and an increase was noted in cracking and rust water along the

reinforcement.

3.1.2 Treated pieces
Test pieces treated with various forms of corrosion proofing were inspected, as
follows:
Painted reinforcement: 10 pcs
Concrete painted: 30 pcs
Impregnation painting: #3 fics
Polyethylene sheath: 2 pcs
Salt-resistant concrete: 3 pcs
Details of deterioration for each treatment category are given below.
1) Painted reinforcement
Four of the 10 test pieces with painted reinforcement showed cracking. No new
cracking was found in the present inspection. Crack widths were less than 0.05
mm. Four pieces were assessed as showing minor cracking and rust water; no
new cases were added in this inspection. These comprised one or two cases of
localized, surface rust water, and cracking along the short sides of test pieces in
the block placed on Deck 3, as described above; in no case was the deterioration
caused by reinforcement corrosion.

Peeling and stripping was noted in two test pieces, but no new cases were
discovered during this inspection. In each case the peeling or stripping affected
the surface layers only, to a depth of 2-3 mm.

Deterioration in test pieces using painted reinforcement was thus found to be
negligible.

2) Concrete painting
No cracking or rust water was found in the 30 test pieces treated by concrete
painting, although scaling and cracking of the paint film were found in 25 pieces.
In two pieces, deterioration was found to have advanced since the previous
inspection. Cracking had occurred in 2 pieces treated with vinylester-based paint,
1 piece treated with flexible urethane-based paint, and 1 piece treated with acrylic
rubber paint. Significant peeling of the paint film was found in pieces treated
with modified epoxy resin paints or cement, where the paint film had twisted and
scaled. In paint films of other types, scaling was found mostly in the top layers of
the paint film only, without exposing the concrete surface.

3) Impregnation painting
In the 13 test pieces treated with impregnation painting, with the exception of
localized peeling in two pieces identified in the previous inspection, no cracking,
rust water, peeling or exposure of reinforcement was found. Deterioration in all
test pieces overall was either negligible or entirely absent, and overall the pieces
were in sound condition. In two pieces treated with acrylic paints and one piece




treated with an organo-mineral -compound paint, spots of blushing with slight
scaling were found on one or two of four surfaces. The cause of this is unclear,
although it may be the result of painting over areas of the concrete surface with
severe laitance.

4) Polyethylene sheath
Cracking was found at both ends of two post-tensioned test pieces. Maximum
crack width in both pieces was 0.3 mm, unchanged from the previous inspection.
No peeling, stripping, rust water, reinforcement exposure etc.
were noted.

5) Salt-resistant concrete
In small reinforced concrete test pieces using a silica fume mix (w/c = 30%), the
deterioration noted in the previous inspection was found, where two pieces
showed shallow peeling or localized rust water, assessed as minor deterioration.
The third test piece in this group showed negligible or no deterioration. No
change was found in this inspection.

3.1.3 Test pieces for corrosion study (30 pcs)

These test pieces were placed on Deck 2, and almost no deterioration was noted.
Although deterioration causing bending tensile stress was found in test pieces where
deterioration was present, the level of deterioration was classed as minor, and little
change was noted since the previous inspection.

3.2 Corrosion potential measurement
The results of corrosion potential measurement are summarized below for control
pieces, treated pieces and corrosion study pieces.

3.2.1 Control pieces

1) Variation in corrosion potential
The assessments for corrosion potential measurement in 26 control test pieces
from which core samples were not extracted are given in table 4. Sixty-five
percent of the control pieces were assessed at 0 points, 8% at 1 point, and 12% at
2 points; 15% were assessed at 3 points, the level at which the probability of
corrosion advancing is 90% or more according to the ASTM standards.

Six test pieces were assessed at a higher level than during the previous

inspection after ten years of exposure, and six were assessed at a lower level.

Table 4: Corrosion potential assessments

Points Average corrosion potential No. of pcs.
3 E <-350 mV 4

2 -350 mV <E < -280 mV 3

1 -280 mV < E <-200 mV 2

0 E > -200 mV 17




Contorol pieces, Deck 2 Contorol pieces, Deck 3
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Fig. 3: Comparison of corrosion potential scores for control pieces on Decks 2 and 3

2) Test conditions and corrosion potential
Fig. 3 shows that 100% of the medium-size control pieces on Deck 2 with a
concrete cover of 7 cm scored O points for corrosion potential, while the test
pieces on Deck 3 scored between 0 and 3 points.

Three test parameters were applied to control pieces: a) type of test piece
(pretensioned or reinforced); b) cement type; c) concrete cover. The relationships
between these parameters and the incidences of corrosion potential are examined
below. The test pieces on Deck 2 are not considered here, as only minimal
change
in corrosion potential was found compared to the Deck 3 pieces.

a) Test piece type '
Table 5 summarizes the corrosion potential scores for pretensioned and reinforced
concrete test pieces. The results for pretensioned pieces were in the range 0-2,
with a predominant value of 0, while among the reinforced pieces, 39% were

assessed at 0 points, 15% at 1 point, 15% at 2 points and 31% at 3 points, thus
different results were found for the two types.

Table 5: Corrosion potential scores

Test piece type  Score No. of pcs. (%)
(points)
1 2 3 0 1 2 3
Pretensioned 8 7 0 1 0 88 0 12 0
Reinforced 13 5 2 2 4 39 15 15 31

b) Cement type

Table 6 gives corrosion potential scores for the different types of cement used in
test pieces. Scores of 3 points were found for some of the test pieces using
ordinary and early-high-strength cement.




Table 6: Corrosion potential scores

Cement type Score  No. of pcs. (%)
(points)
0 1 2 3 0 1 2 3
Ordinary 8 5 1 0 2 63 12 0 25
EHS 9 5 0 2 2 56 0 22 22
Blast-furnace slag 4 2 1 1 0 50 25 25 0

c¢) Concrete cover

Table 7 gives corrosion potential scores categorized by concrete cover. As noted
above, all test pieces with a concrete cover of 7 cm showed a corrosion potential
score of 0. This however is the resuit of the test pieces in question being exposed
higher above sea level (Deck 2) than the other test pieces, therefore the results

are not directly comparable. Test pieces exposed on Deck 3

had concrete covers

of 2.5 cm, 3.5 cm and 5.0 cm. No significant difference is evident at present

within the range of 2.5-5.0 cm.

Table 7: Corrosion potential scores

Concrete cover  Score  No. of pcs. (%)
(cm) (points)

0 1 2 3 0 1 2 3
2.5 5 3 1 0 1 60 20 O 20
3.5 6 5 0 0 1 83 0 02 17
5.0 10 4 1 3 2 40 10 30 20
7.0 5 5 0 0 0 100 O 0 0

3.2.2 Corrosion potential in treated test pieces
1) Impregnation painted

Corrosion potential scores of test pieces are summarized in table 8. The scores for
all paint types were in the range 0-1, with no significant variation.

Table 8: Corrosion potential scores

Score Silicon Acrylic Silicon Organo- Acrylic Vinylester

(points) (1) (D) 2) mineral 2)

compound
0 1 2 1 0 1 1
1 0 0 0 1 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0

2) Salt-resistant concrete

(units: no. of pcs.)

No major change was found in the salt-resistant concrete test pieces using silica




fume; one piece gave a score of 2 points, while the other scored 0 points.
3.3 Corrosion of steel in concrete
The extent of corrosion of steel in concrete after ten years of exposure was

examined; results are given in table 9.

Table 9: Corrosion of steel in concrete

Test  Cement type w/c  Corrosion of steel after removal of

piece (%) concrete (concrete cover = 2.5 cm)

PC Ordinary 40  No rusting

RC " 50  Severe corrosion, major partial section loss
PC EHS 40  No corrosion in prestressing steel wires
RC " 50  Some rusting, no section loss

RC Blast-furnace slag 50  Localized rusting

RC EHS - 40  No corrosion found on epoxy-coated bars

after removal of coating
RC EHS + silica fume 30  No rusting

3.4 Chloride penetration in concrete

Table 10 shows that chloride levels are highest on the surface and decrease at greater
depths. No clear difference was found relating to core orientation.

Table 10 and fig. 4 show the average chloride levels at each core depth for each
surface. The highest chloride level in a core depth range of 1-7 cm was found in test
piece A022 (EHS cement, w/c = 50%). Chloride levels were high overall in test
pieces with w/c = 50%, and although chloride levels decrease with depth, levels of
0.606-0.976 cl-kg/m3 (reference value 0.6 cl-kg/m3 allowable chloride level) were
still found at depths of 4-7 cm, higher than for other test pieces. Chloride levels in
w/c = 40% test pieces were around 40% of levels in w/c = 50% pieces at depths of
1-2 cm, and at depths of 4-7 cm levels were down to 0.100-0.300 cl-kg/m3,
indicating minimal chloride penetration. The lowest chloride levels were measured in
test piece D004 (silica fume, w/c = 30%), where almost no chloride penetration was
found below 2 c¢m depth.

Table 10: Average chloride level distribution

Test Cover Cement type w/c  Chloride level (cl-kg/m3)
piece  (cm) (%)

Core cut depth

0-lcm 1-2cm 2-4cm 4-7cm

PC 3.5 Ordinary 40 7.981 2879 0447 0.100
PC 3.5 EHS 40 8.108 3.290 0.870 0.300
RC 3.5 EHS 50 9811 8.401 5288 0976
RC 5.0 Ordinary 50 11.104 6.698 2726 0917
RC 5.0 Blast-furnace slag 50  11.221 7.520 1.692 0.606
RC 5.0 silica fume 30 9283 0.888 0.382 0.241

— 100 —



15 Key

Symbol Cement wlc

—o— Ordinary 40%
—o— EHS 40%
—-— EHS 50%
10 4 —— Ordinary  50%
—A— Slag 50%
—— Silica 30%

Av. chloride level (cl-kg/m3)

¥

] 2 3 4 5 6 7
Deoth from surface (cm)

Fig. 4: Average chloride level distribution

4 Conclusion

After twelve years of exposure, cracking, rust water, peeling stripping etc. were
found in a number of test pieces, although overall levels of deterioration were
negligible.

Deterioration in test pieces using coated reinforcement was negligible. No
cracking or rust water was found in the 30 pieces with concrete painting, although in
25 of these pieces the paint film showed scaling and cracking. Deterioration in the
other test pieces was also negligible.

Differences were found in the corrosion potential of test pieces on Deck 2 and
Deck 3, with higher corrosion potential found for Deck 3 (H.W.L. +1.247 m) than
for Deck 2 (H.W.L +8.050 m).

No major differences in corrosion potential were found between the various
cement types and cover depths used, although reinforced test pieces gained higher
corrosion potential scores than pretensioned pieces.

The deepest chloride penetration was found in test pieces with a w/c ratio of 50%,
where levels of 0.606-0.976 cl-kg/m3 (reference value 0.6 cl-kg/m3 allowable
chloride level) were found at depths of 4-7 cm, although chloride levels decrease
with depth. Almost no chloride penetration was found at these depths in test pieces
where w/c = 40%. In the silica fume test pieces (w/c = 30%), almost no chloride
penetration was found at depths greater than 2 cm.
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