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Abstract: The function that carbon fiber reinforced polymer (CFRP) bonded externally prevents
effectively chloride ions from entering concrete was confirmed by two groups of laboratory
accelerated penetration tests. The effectiveness of CFRP material to prevent chloride ions was
confirmed by tests of type 1; and similar conclusion was also drawn in the test of type 2 when
CFRP externally bonded on concrete specimens. Test results show that, for coastal concrete
structures, there is not only function of strengthening of CFRP, but also that of preventing
chloride ions from penetrating into concrete, and consequently to prolong the initiation period of
rebars corrosion. It is also confirmed by test that there is similar function of CFRP and coating on
the surface of concrete to shield concrete against chloride ions. Therefore, it is suggested that
CFRP bonded externally and coating or other surface prevention measures are applied jointly to
form an integrated surface prevention system when CFRP is applied in strengthening coastal

concrete structures. Considering the limitation involving with time of the effective shielding
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function of CFRP, an equation used for residual lifetime prediction of concrete structures bonded

externally with CFRP is derived from Fick’s dispersion law. Overall, the conclusion may be used

for reference when CFRP is applied to strengthen coastal concrete structures.

Key words: carbon fiber reinforced polymer; chloride ion; obstructing function; system of corro-

sion prevention; residual durability life
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Fig.1 Equipment for Fast Chloride Ions Penetration
Resistance Test of CFRP (Unit: mm)
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Tab.1 Titration Results of Fast Chloride Ions Penetration
Resistance Test of CFRP
M| NaCl NN Clm &t
Ye)z | W sz % CFRP fy38 % &/ # O
Be(HE/ % [mge (ecm? « d) ']
3.0 S1 | 0.0308 0.118 5
! 3.0 S2 1 0.0590 0.226 9
3.0 Bl | 0.022 8 0.087 7
2 3.0 | B2 - BN TS
16.5 B3 | 0.032 0 0.123 1
3.0 T1 | 0.028 6 0.110 0
3 | 16.5 | T2 — B/ S TUAS
16.5 T3 | 0.036 3 0.139 6
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Tab.2 Titration Results of Fast Chloride Ions Penetration

Resistance Test of Several Coatings
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Fig. 2 Design of Specimens (Unit:cm)

W 5 1

¥
L
./>

15

—
<F
ik

5 7 T ‘

1

PRLEEN \ Z:CFRP
(a) BEH TR (b) W A5 A

B3 BRERRGHECLE (LML om)
Fig.3 Drilling Location on Specimens
After Being Immersed (Unit:cm)
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Fig.5 Chloride Ions Distribution Comparisons of

Coating on Concrete
S RS L . ARG 4.5 CL Y 23 i i
28l 5 A AR T B R 58 4 R 1 Y L ERT
PAIF T 18 & 22 T A W CERP. 38 02 R H 38 T ¥R

XF TR CFRP X CU 4 f g A . AT L
XAE R M5 T CFRP J2 iy fis 27 2 1 LAFR 04 Jlig
By iR R R 45 R R S A R R R
eI A I BUR O T (R A S MR 2
BT —JZBUE R &0 TR R AR PR
WA AL B TR R RAE A X HLH R
HIRIZE R

MEEGE Lok B X T U I R BE A5 R R
CERP finfl s 31 i 2 7 25 5 CFRP % %0k 1 % D
54 J3E SR D v ] I 25 pE B CFRP A8 2 W 4k xf CL
ARR B AR . A T B0A F 0l CERP B9 R BE - % W
R TP AR T2 A S T By 47 4 it . XA L 7R TR BE
AR S . e T 58 B SR B CLORYy

LGS T TR BB 1 254 T {6 ] 72 i ) 9000 A6 51
22 LS 533 5 ok 5 3 O ol T RS T I 9 TR OB A5
K CEFRP i [# J& 19 98 2% 77 iy T A0 1 A DF A



%3

RE%,5 :CFRP m B & TR LM Cl 24X BFR 5

T AR AT 2% R T — A, ST b A X — AR
RUEAT K F i B0 a2 A B CU TR B b 3
B A A A% T Gk 3 AUk R g R . 2B R )
CFRP 41 } o 50 00 g 241 53 A 8 4k 55 1 22 46 AT fig
PE TR BE L 45 DA R F CERP [ 5 (4 96 4
it & 5 i - 0T LAGA R i 2 A B ) B4 AR : CFRP X
Cl™ 1A S BH bR i E] 25 R 10 CFRP X%F CL 945 2% B
B/ e 0 CL AETR BE b b 4 0, de 28 {40 77 3=
1 CL 3k 2 I AUk BE I ] ¢ — ¢, Hodb 2 S R R
AR A FF1i

XFF CUFEVR B L b 0y 7 80k B2 H w25 B oK
Z 4% M Fick 25 — @ R AT 18, BT DL, AT DA SE
T Fick 55 @ A #4 d  1  TR Bk 14549 CEFRP
[i] J5 114 78 4% it A 7 i T 5 A L B
Cy = 74{(Cy —CH[1— ¢

N

Cile(x) = % J;efr de
K Cy AMFAE R CU W EE s Co IR BE 4 3R 18 1Y
Cl ¥ BE;C 5 NE CEFRP B, 405 4b 1y CL ¥k i
e () AR ZERE G c AIRPZIEE s Dy CL 97
FB 0 B CFRP K A 3% 187 7 37 (40 35 101 34 400%
JZO % CU 945 2% BELBR IR 1] — 2w (R 8 /ML va i %

T B S, R T o MBUE L, i F CFRP
AT EARGEME D LA BRI, BRTL P &A X T
WA S5 3E . 2 M JSCE it gt , % 7 3%
R A T B B PR )2 CFRP F A3 %05 il i
(B2 A 10 48, 1 76 % 25 T8 25 N HCH 5 48, 4n
HERE T RRIEX . X T 2 2 EZ2ZMIEN.
TR A AT DUAE 4, RO U, 2 1 OMEL 1 5 224K 4
KR 5 0 B B8

T

(DAt 2 4B &R Bk 7 #; CFRP
Xt CLU 1) BB A S 1 EL 38 UE 7 38 56 1 B e
HulEZ M.

(2)Fh CERP X Cl /A B I AE B e W
VTR BE T+ 454 CERP Jin [5 o 2 i ik =

X F Cl ByBHFRTN 5 » L1 EE I CFRP fik
[GEZ =07 =E= W S i Bl DK (B SN AT RO e
[Fi) 20 B T TR 6k 12 25 4 CFRP Jin [ )5 1 2% 1 7 7

(K CERP i [ /Y 5 96 18 %E 1 45 44 LR
AR AN oy 2 A ] B A B CFRP B HAt %
T B 470 CU f A ZCBEL R I 18], L ke CLU e R BE +
PRI A A9 2 Tk ) G e R Y I 1]

(5) Wi RE Bk 1 45 44 >R 1T CFRP i (& i 1) 91 2
1K 2 3 iy U T 2% JE R T3 T Fick 25 — @ # 05
FER AT
S E 3k

References:

(1] R 7aR gt g o , 0SB0 55 AP v 1 vl 00 9 VR o6 1 1 %

5 b R 5 4R (R 19 e g S KRR 24 B L 1981
1-8.
PAN De-giang, HONG Ding-hai, ZHENG En-hui.
et al. Investigation Report of Concrete Corrosion and
Damage of Seaport Wharf in South China[ R]. Nanjing:
Nanjing Hydraulic Research Institute,1981:1-8.

(2] &R &P RE LS AEIM] JEa Bl
R4t . 2002 :51-54.

JIN Wei-liang, ZHAO Yu-xi. Durability of Concrete
Structures[ M. Beijing : Science Press,2002:51-54.

(3] WRewfd. BEAA I 1 UR B + 45 M T M R 48 48 Jon ) x5
LCI//8 e, Bl I b X R BE 1 25 0 Tl K 1 K
HeitJ5 . Abat: N RSCE H kL 2004 :480-486.
CHEN Fen-jian. Durability and Maintaining Counter-
measure of Existing Marine Concrete Structure[ C]//
XING Feng, MING Hai-yan. Durability and Design
Method of Concrete Structure in Littoral. Beijing:
China Communications Press,2004:480-486 .

[4] NT Build 443, Concrete, Hardened : Accelerated Chlor-
ide Penetration[ S].

[5] JTJ 2752000, if ik T F2 IR BE - 5 B BR BLELS ]
JTJ 2752000, Criterion of Anti-corrosion Technology
in Marine Engineering Concrete[ S].

[6] JTJ 270—98,/Kia T.F R iR M ALS].

JTJ 270—98, Test Criterion of Water Carriage Engin-
eering Concrete[ S,

[7] MARUYAMA K. Strengthening of Concrete Structures
Using Continuous Fiber Reinforcing Materials [C]//
University of British Columbia. Proceedings of the
Third International Conference on Concrete Under Sev-
er Conditions. Vancouver: University of British Colum-

bia Press,2001:1987-1996.



