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Abstract: To study the seawater erosion resistance of cement-based silica grouting material, an artifi-
cial seawater solution was prepared based on the hydrochemical analysis of seawater near the project
site. The solution was used to immerse and cure the grouted stone samples. Tests on compressive
strength, L-NMR, XRD, FT-IR, and FT-IR, and SEM, were conducted on specimens at different

ages to reveal the changes in erosion resistance over time. The results indicate that the corrosion resis-
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tance of the material initially increased and then decreased with prolonged exposure. In the early stages

of erosion, the "filling effect" of erosion products and the "salt excitation" effect of erosion ions opti-

mized the pore size distribution of the grouted stone, with the maximum erosion resistance K observed

at 7 days. The K values for water-cement ratios of 0.7, 1.0 and 1.5 were 1.26, 1.23 and 1.18, respec-

tively, before gradually decreasing. After 60 days, erosion products like Aft and Friedel's salt compro-

mised the hardened grout structure, causing small pores to transform into larger ones, resulting in a K

value less than 1.0. At a watercement ratio of 1.5, the K value at 180 days was only 0.45. Under the

same erosion conditions, the erosion resistance varied with different water-cement ratios, with lower

ratios exhibiting stronger resistance. Therefore, when CIS is used for grouting in coastal regions, it is

recommended to minimize the water-cement ratio while ensuring the injectability of the grout.
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Fig.1 Compressive strength test

1.3 KHH&

Z: ORI DU BT 8 1 42 1l 3 56 O 320 )1 % B0
AR R, R SF 2 40 mm X 40 mm X 40 mm, 43
KRR K K R FR R 180 d. il B ik W
F 1 ARG TR L PRAE O W oK e 2 i 5 ALY
VAR TR B8 T 3: 1, /K KWK K L 0.7, 1.0 Al
L5, BCE IR B, B — A H B4 — IR IR R

1.4 AIiS/KEF

I3 BT R 2 KAk 2 A B 5 SR AT T TR AR
PEE 7 E AL . CL . SO Mg* 454 5 T2
BLEE AT DA Sk b 3 5 X i A2 1ok 45 1k 1 32 2
XA R MR, L 32 UK AR BT N I K
A4 485 SHEIOUK 5 AV F 7R 3K X 38 S ) ifg 5%, A
% SIS DX ST Ak 1 U K PR B 0 R T A
=ABUKSEH CL SO fi Mg & &t T A Tl K
Bi . B 2w 35 455 SHU M BUK S 45 R R &

(b) RFF 4
K2 st e

Fig.2 Experimental procedure
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Table 1 Design of erosion resistance test for CIS grouting

material
WS TRy & W/C Ve Vi
I 7K 0.7 1.0 1.5 3:1

CIS )
oK 0.7 1.0 1.5 3:1

B BE M - CL Sk B 10.648 g/L,SO,” F
PIueE 1.507 g/L,Mg" ¥ 0.649 g/L, IL3& 3,
* H NaCl, MgCl, fl MgSO,+7H,O izt 7 fic # A T.
K.

B Y BT RO
MgSO,7H,O f it 5 4 «
1.507
(S0, )=—""————=0.0157mol/L (1)
(32416 X 4)
C(MgSO.*TH,0)=0.0157 X (24 4 32+ 16 X
447X 18)=3.86g/L (2)
MgCl, i s 1% & -
0.649
C(Mg”):7 —0.0157 = 0.011 34 mol/L
(3)
C(MgClL,)=0.01134 X 35.5 X 2+
0.01134 X 24=1.078 g/L. (4)

NaCl P & & .
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Table 2 Chemical analysis results of seawater in Hepu sea area

R 45 5 < o(B)/(mgeL )

G SR M Ca K Mg Na LI mmE Ay TR SR
1# il 251 174 497 4996 0.47 1216 9053 103
2 Hek &AL 219 175 499 4439 0.20 1182 8 256 104
3% HeK & 257 220 635 5954 0.19 1510 10 448 95.9
4% (RS EAR R N 264 218 623 5856 0.36 1470 10 534 92.6
5% P A Tl 1 269 223 645 6024 0.25 1500 10 648 92.6
6% Fl 3 75 1 A1 275 233 677 6115 0.26 1556 10 989 85.8
7# Il H1 1 48 e THT 257 220 624 5699 0.38 1464 10 306 96.8
8% —15m & BLEBE 273 211 581 5604 0.18 1386 10 306 104
9% —30mABIRMAKS 269 224 625 5790 0.30 1458 10 562 95.9
10% —15mAEE3HmAKSE 239 226 630 5724 0.14 1448 10 306 99.3
11# —30 m 5 B RE 279 215 595 5361 0.49 1429 9623 120
12% —30m&E B IHHAKA 258 218 605 5792 0.23 1 380 10 562 95.9
134 —30m A B 28K 251 180 515 4644 0.12 1303 8 228 114
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Table 3 Artificial seawater configuration
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Fig.3 Mechanical properties of CIS grouting material under seawater erosion

——7d ——7d
1.0 3 ——60d 1.0k —=—60d
,\ —a—120d

0.001 0.010 0.100 1 10 100 0001 0010 0100 1 10 6:001 6.010 0100 T M0 o0
L/ pm fLiE / pm L&/ pm
() W/C=0.7 (b) W/C=1.0 (c) W/C=1.5

P4 KR CIS M RHFLIE 16

Fig.4 Pore size distribution of CIS grouting material under seawater erosion
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Fig.9 Microscopic morphology of CIS grouting material under seawater erosion
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