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Influence mechanism of impressed current cathodic protection on the conductivity
properties of carbon fabric reinforced seawater sea-sand cementitious matrix

composite plates

HONG Jiaxin , ZHANG Dawei , TAO Yewangzhi, LIU Jiarong
(Institute of Structural Engineering, Zhejiang University, Hangzhou 310058, China)

Abstract: Carbon fabric reinforced cementitious matrix (CFRCM) has attracted attention due to its multifunctional
properties of impressed current cathodic protection (ICCP), structural strengthening (SS), and structural health
monitoring (SHM). However, the current research on the influence mechanism of ICCP on the conductivity proper-
ties of seawater sea-sand CFRCM plates is still insufficient. This study conducted simulated ICCP tests on CFRCM
plates prepared from normal mortar and seawater sea-sand mortar to investigate the influence and mechanism of
conductivity properties of CFRCM under ICCP. The results indicate that the resistance of CFRCM initially shows a
linear increase followed by rapid growth with the increase in charge density, and the charge density required for
seawater sea-sand mortar CFRCM to enter the rapid growth stage is about 13x10°-15x10° C/m?, which is greater

than the 6x10°-8x10° C/m’ required for normal mortar CFRCM; the in-homogeneity of the material causes CFRCM
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to have weak points in the conductivity properties degradation, which will affect the overall resistance change; the

seawater sea-sand environment has a positive effect on mitigating the degradation of carbon fiber material proper-

ties caused by ICCP. Meanwhile, based on experimental results and electrification parameters, resistance predic-

tion models for CFRCM under ICCP were established. The maximum charge density that seawater sea-sand mortar

CFRCM can withstand during service after ICCP electrification was calculated to be 23.21x10° C/m?, which is higher

than the 17.21x10° C/m” of normal mortar CFRCM, indicating that the chloride-containing environment can effect-

ively prolong the electrical service life of CFRCM. This study lays the foundation for promoting the application of

CFRCM with multifunctional properties and simultaneously contributes to the resource utilization of seawater sea-

sand.

Keywords: CFRCM; ICCP-SS; seawater sea-sand; conductivity properties; prediction models
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ET AW LA B S48, #7 T CFRCM # i
J A FEL B T A R A 5 A 4 B e 2 2 D g Ry
PE Y CFRCM #9747 F 6 a6 B A B T2 ik
K IR SR AL R .

1 REAER
1.1 R
(VS FE o NI o & B/ I N7 R 2
Y 12 000 MR ELAR 7 um B 22 MRS B
W BR AR 8 L B b o BE R R B R BH 32 43 S oy
230 GPa., 1.5%. 3530 MPa Fl1.7x107° Q-cm,
TRV BE#A L 45 L 70 J (Normal mortar,
NM) #1 ¥ 7K ¥ 76 b 3% (Seawater sea-sand mortar,

SM) Wi fh, ELA& £ 1R, H, 3% wu
P I TS B A K A H, B 0.5~1 mm KL
1219 1SO FrUERD (H %) A1 0~0.5 mm i A% (1) 40 /D Fi
W21 AR L O . 2 2 JBOR T Rb Y kL 2%
BLAN & KR, HIEFNGER A2 5, 15 Y &K
JK G DAGRUE RS 3% 33 3l BE AR W) . 7K ClL SO,> .
Na*., Mg*. K'fil Ca®fy & 45 14.81, 1.82,
1574, 1.51, 1.21 Ml 6.35g/L, 75 pH {H 4 8.02.
R 4 55 530 A0 5 LA A [ 0 A A s B 1 5 )
BT AR AP RP I L A b o AR BESE COK e I RD
5 G 56 5 ¥ (ISO) ¥ ) GB/T 17671—2021% I &2
b 3R o B, 57 58 0 2 RN KO b b 3R 28 d Bt
T 518 55 S 4445 43 591 7 40.0 MPa Fil 38.9 MPa.,

Fx1 WMEEEEE
Table1 Mix proportions for two types of mortar

Redispersible powder Water reducing agent
Mort: C t(P-042.5 Wat Sand
ortar types ement ( Vg ater/g and/g (Wacker Chemie AG 4115N)/g (MasterGlenium SKY 8860)/g
NM 100 45 200 1.5 0.15
SM 100 55 207.3 1.5 0.2

Notes: NM represents normal mortar, and SM represents seawater sea-sand mortar.

x2 BURNREIEKE

Table 2 Particle size distribution and moisture content of sea-sand

Sieve residue rate for different particle sizes/% Fineness Moisture
4.8 mm 2.4mm 1.2mm 0.6 mm 0.3 mm 0.2 mm modulus content/%
0.4 6.7 19.5 34.5 66 96.2 2.2 3.65

i 3o 5 H H B 4 32 CFRCM AR 78 ICCP 3 72
) EL BEAR B o AR TR K PR 58 BT %) 5 fL 4 I LR F
UL 3 2 SR g 5 5 P S T 0.08 mm JE 4
P,V 7K A58 T R A AR R A D)l 5 Pl R RN
316 NN A B . ARy T F S RN R F R SR 34
TRYIT 25l i 4 R A B2 B it
1.2 RS

R HER AL ICCP AT R EE, R %
Q HEATRAEY, Hok s X oh CFRCM ik £F 4k o 5
B SN TR R VAT AW o5 Rl LR =8 N LR VA
C/m?, iTERUWT .

O =iyt (1)
Horpr: i, &R ICCP X 55 PH AR HL I % & (A/m®); ¢
F 7R ICCP A 5038 Hi B4 (s)

BT, woE FE IR S HE R IR 28 K
L AEE (ME). HLU % B (1) FdE B (D), it
05 20 0 0L 3R 30 ik g5 JE i “ME-I-D”,
R IR K R T R R BR B A R AT

NM /R 3 70 J¢ H 38 B 2R 58 8 1 Fil Ca(OH), i
W5 SM 2 7m i 7K IR 0 0 J L L SR 5% Oy ifg K
il i 1 F1 Ca(OH), VW o T A7 3042 1) Bk £F 4 o
[ K B L,(EP CFRCM #i i 7F & &) ¥4 2 410 mm.,
il an, NM-1100-D30 3 7~ — 41 5 {4 Sy 3558 1b 2% 1)
CFRCM i 14, 3 HL A 55 S 1 A1 Ca(OH), ¥ 1K
Bt i T U % BE S 100 mA/m® HL A L[] R
30d WAMIMA R . Al —il ka5 T & 8447
WE, B 128 4, 6 45 S B 4 A1
RAEFY(E, ICCP 3 L 45 U5 JF i 3
Tl MR

1.3 iXEFH&

H 4 2 3 9 46 20 ) ) A il 0k o i e A i
fES B, mRmEELWE LR, B4t
AL F 2441 I H Ak (0 F0 5). 44 P I 6
LB (1-4) R 1 A4S 38 B 6 A AR, 40 S0l FH R 4
CFRCM Az % 14 i1 45 X B2 L BH A8 16 D) K SE 3 2 R 4F
Y o () B 3 F o R R L A B A T A G S
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Table 3 Experimental scheme

Specimen I/ / Specimen I/ /
nll)lmbers ME (mA-m™) brd 805 C-m™?) nﬁmbers ME (mA-m™) brd 805 C-m™)

SM-N - - 0
NM-N - - 0 ISM-175-D40 75 40 2.59

ISM-1100-D30 Seawater sea-sand 100 30 2.59
NM-150-D30  Normal mortar- 50 30 1.30 ISM-1150-D40 mortar-saturated 150 40 5.18
NM-I100-D30 saturated Ca(OH), 100 30 2.59 ISM-1200-D30 Ca(OH), solution 200 30 5.18
NM-1150-D30 solution 150 30 3.89 ISM-1300-D32 prepared with 300 32 8.29
NM-1200-D30 200 30 5.18 ISM-1400-D24 seawater 400 24 8.29
NM-1300-D24 300 24 6.22 ISM-1500-D32 500 32 13.39
NM-1400-D24 400 24 8.29 ISM-1600-D32 600 32 16.07

Notes: ME represents mortar type and electrification environment; I represents current density; D represents electrification duration; Q
represents charge density.

B 316 NEM A, IR T AR IR S AR [
A6 1 min, JFAERT IR A — 2 20 8RN DLRR 48 502
Fro A T L L AR e T S R RS 1 P
] e AT £ 2 O R Je [ 5 6 he 5 AL FEL R A
YERARWE 2 FiR .

Copper adhe%ive
electrode
- e

15 mm 15 mm
£
B
— 0
50 mm
Cross section

External Internal Internal Internal Internal  Internal

electrode electrode electrode electrode electrode electrode
5 4 3 2 1 0

Joint
electrification
electrode

100mm 70 mm 70 mm 70 mm 100 mm
L=410 mm

K2 SRR R

Fig.2 Fabrication process for conductive electrodes

L—
P15 AT BN

Fig.1 Schematic diagram of electrode arrangement

Bifi J5 1647 CFRCM MO B 50, TR &l 3
FioR o R R K R 4 mm BT )20
oo OCE TR ALY 3 R AR . PSR 4mm
JB LR, BEEWIK IR 2d JEPREL, IR
20°C . AT EE 95% By bR IfE I 47 2R B rp gk 22 57 4
28d. BEUAT AL AT ik DL R B 50 CFRCM T
M I A TE S

I J5 47 ICCP 3 HL e B il . ©% Zhu!
PIWETE, BARCA R ZF4E R, BB 3 mm JEHIAR
25 P4 T IR A 3 A 3 R I A F A R R [ e AT 3
IR RS R AN L AR R S i b RE W o T
FEAR 5 2 3 130 21 K AS [R1 3 % 7 1) 38 PR
WAL E N, K 4 /R T ICCP %< & 1y L9 # Je
LR

I3 BREFARL YRR IEIESZ A FPEL (CFRCM) A HR ST A
Fig.3 Casting process for carbon fabric reinforced cementitious matrix

(CFRCM) plate specimens
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(a) Physical diagram of ICCP device of CFRCM plates
K4 SRR AR (ICCP) 8 S Pl Ko 7 2 ]

Fig.4 Physical and electrification schematic diagram of impressed current cathodic protection (ICCP) devices
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R Ro
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[Fi) Fof P ) ) 3 2 ) 42 3R 1) NDM2041 10 37 2 5
S 2 I A 7 ey P P L, R AR R
BRI 3153 0 B rL BH . D0 4515 hy 2~4 d,

2 REER
2.1 CFRCM REKBHETHER

BT R AP 3R 2R 3K 50 4 1 #8 5F ICCP
X} CFRCM M HLHERERISEIN, 455 # A CFRCM
M (AT FK S NM 41) i /K 8 B0 P 3% CFRCM i (i
PR SM 2H). ARHE & 1 B AR A B L, SR
S5 0~5 ] 1 HL BH. Rog > 1580 18024 8 44 i BHLAS fb R
HRAE 5] 5 /) CFRCM MR A S F P BB AR fb 55 8 vl 1
AR A 3R S ARG 1 f BEL AR AROE UL AR A R, 3
Wi A P B B0 LR RE S BT RIS, FRLBELAY
B AT 43 R 2 PR RGO B K S B B . B
M, Mg/ N —aEEn, BHEAAMRE

x 100% (2)

Simulated
pore fluid

Joint electrification
electrode

(b) Schematic diagram of ICCP device of CFRCM plates

IZ PR s Y F % B ot — g (E A,
H 9 B VAR /NI vl BEL AR b SRR S B
B . NM 41 R SM 41 i A B 3 K By B BT
B HR, T 25 BE 3 1 24 N 6x10°~8x10° C/m? Fl 13x10°~
15x10° C/m?, M# T NM 4, i SM 4 BT 1y
BB R, BRI, SM 4 7 2 4
2 TR ) H A R AR SC B S NM 4 A [R) 4 F R
AR, ) G e BHAR AL 3R R 50% B, NM 4 i
T B H R 55 B 24l 5x10°~6x10° C/m?, i SM £H |
F A F| 7x10°~9x10° C/m?,

Kl 6 e T AN AP I A S X CFRCM AR 7 HLL Pk
R AL A XT L SR o AT RN, H AL % RE A [ B SM
M FHEMEREREZ/NT NMA, 1 SM4A
P D A PR SRS R el A5 AE R Q=
2.592x10° C/m* Iy —F IBHAH2Z A K, 3T Fikgh
R, KKK BA 92 % ICCP X CFRCM
M SRR RE S ALVE T, T — R R A 18 HAE
AL

K7 fern 1 L E Q AH[F] Y CFRCM Al A H,
RHAE fL 3T Fes o ] A Al [R] 26BN [R] R S i
R e v i % AR IR ) — 2l il (R i
A AT IR TR B AT LA S, A (R 2
BV R I R R YR ], (B R 4
Y HL B AR A SR B AL, 22 fHISTE 5% A4 . XU
W A H O 2% B /N T 400 mA/m? IF, AR % T B0 Y
BT B el N, R RS Q
T3 54 i CFRCM A 5 H M BB 722 1k 1 52 ) A 3%
DAFA Sun A5 A4 Y B A5 i R TR
2.2 CFRCMREXERBETHER

CFRCM #l 7£ ICCP ] [a] [a] i i 5 1 4 X Bt i
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Fig.5 Change curves of overall conductivity properties of CFRCM plates under ICCP
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Fig.6 Comparison of changes in conductivity properties of CFRCM

plates with different mortar types
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Fig. 7 Changes in conductivity properties of CFRCM plates with the

same charge density Q
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