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Experimental study on sulfate erosion of calcareous sand grouting in
seawater environment
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Qingdao 266199, Shandong, China; 4. Third Engineering Co., Ltd., China Railway 16th Bureau, Huzhou 313002,
Zhejiang, China)

Abstract: In order to study the effect of sulfate ion erosion on the service performance of calcareous sand foundation reinforced by
grouting on the islands and reefs, the accelerated erosion method of coupling temperature and ion concentration was adopted.
Through the simulation of seawater flow characteristics test device, the weakening test of sulfate ions on grouting stone body under
different cement types, erosion time and water-cement ratio was carried out. The influence of sulfate ions in seawater on the
mechanical properties and permeability of grouting stone body was studied, and the microscopic test of grouting stone body after
erosion was carried out, so as to obtain the erosion and weakening mechanism of sulfate ions in seawater on calcareous sand grouting
stone body. The test results showed that sulfate ions penetrated into grouting stone bodies and reacted with hydration products to form
gypsum and ettringite, which leads to erosion and destruction of grouting stone bodies. The dynamic water environment aggravated
the erosion weakening of sulfate ions on grouting stone bodies. The compressive strength of the stone body in the hydrodynamic
erosion group was 5.41 MPa and the permeability coefficient was 7.159x 107> cm/s when the erosion time was 3.28 years, which
was 23.9% lower and 6.691x10™° cm/s higher than that in the fresh water erosion group.

Keywords: calcareous sand; grouting reinforcement; sulfate ion; hydrodynamic environment; erosion weakening

Yo s B #3:2023-08-08

EETWA . HKARRAEEGE FRBITHH (52279115)

E—EE B IMIEL(1999— ), Zo  IZRTE T° N WL WH5E A | R SRS 05 1) S 86 b b B [ 5 12 1k 35 AL L3 . E-mail : 17861509115@ 163.com
« BISIEF A R AMG (1989— ), 93 ILARFFRGN, TARIE A0, F=ZERFFT 07 100 R F AL 5006 T S AR % . E-mail : 569031356@ qq.com



5 4 1]

PIVEE, 45 - IR PREE T B R R A5 1 8% B T A g i 52 123

0 5=

PR SRR AN R, A5 B Y 32 B Ay
AL R RS AU XA B R ER S W) o, 2 — AT
VU B Z LB OB AR E R 5 B B i
ZEIRER A D s R [ Ak B 5 50 A
Bt iR 75 S B ARl O X ik kA T
2% RS R AR R O, PIE Bl 1 X4 v A A 4 R
JIFGUBPEREA BR , PIAR 5 15 A E HT B 8 TR
M AT

TSN ] ol 5 T A B R A TR R
Iyl READ B, AT A AR i R ) ) “E VR RE L BB
AE R R AP S R X R
TESINIE , & N — e 22 35 BEAT T MRS, SCHik
(12 J7E B B ST T e 1 4% i m] T R 5,
PEH T AT TE P2 2 FORH RE b vfiE s SCRR 13 ]
AR5 ST RRE SR FH o JO7 pH 95 X 4 SR AT
BN IRFTAS AL 73 X 2% 1R BEF5 AR 1 52 0, 6 7 122
FOEHE AT L 5 SCHR[ 14 ]38 FHEA K Si0, i 46 7K
PR A 38 Ak PR A 7K T %o 415 Jo A2 A5 [ Ak B, 3R
T BAGK Si0, X 45 5 RD 8 40 7 e i [ A
JVRFEREZ A DL B AT 5 O I IR & iR A S A
Mo AR HER AL T 55 2% (HOR % S IR K R Th
PREEAROMR , ESERR AR R B AR5 B i AR 1)
T T UK IREE | 25 JE 0 7K B4 X0 45 BT aeh i3 5
[ A ek 583 A SB00E - e E, SCHR [ 15 ] SR I /K
FEAPR IR FRI PR T 20, JF R T TR  S9I 405 1 1A
J1VEREIRER AR T PR R PR AT 4 MR 2
BEFR A I IS AL R SCRR L 16 ] 89T T A= ¥0is
SRR TR 1 7K PR35 v T 45 81 o i 1)l A

5 A5 R B T IRAREMAERE ; STHR[ 17 ] 20 Hr 1 A [
FrAP I 6] 5 AN [R] 7K Y S L 1 2K PR 45
IR 5 EE B 5 0 KL LA SO S A R, L L
WHFE 2 3 T K IR BN T AR B 22 B AR 00
e T80 A T S 2 A AT A AR ot 559 A B B 5 T
R, R b R T AR | 4% B 1 1) e A
AER 4 AR AT R s e, i TR Mg R
2 ATAEABHENE , M T5 2R A i A W Bl , BT LA
BLARGEHE K h E B AR M B - 1 B — (R T, W
B AR o [ A 18y O 2o e e A B ) 4 R
T I AR 95 A LB, A RE ) BIF 52 85 1 1] 4=
RS VR B BUAR I . A W50 3 T 1 K AR Pl a2
BT R K IR R AR 5 1 X T4 B i I A
PRPERE A 1 1t 55 AL 1058, BF A [ K 98 28 B 7KK
PUFRAR kIR 5] T T 3% 45 A MR BT 5 B B 05 AR K
A PRI AR T AR 0 45 A A ROUL 28 4 0 1

A,
1 REMEE T

1.1 KIEH#

ARG HUEE 20 7K Ve |38 38 Ak IR /K e il m e
BRIRER FEFR R AR Ve HEA T XF He 5%, H R840 K U8
T 5 E AR IR A R BR A F A 7 SRR /N T
EFS wm; Wl AERRER KU B L AR /KoK Je 4 A
BRI A2 77 85 P.O42.5R ; B LB R 3R ik iR 3k
AKUE R I T UL A B A R AR AR R
(C,A) Ui 780N 2.24%

B R 1R [ RS S e 28K R A 2 R 2y
TR TH R S 0.5~ 1.0 mm, FABEPE B an
1R,

KBS FPIEA Y L

Table 1 Basic physical properties of calcareous sand
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Gs (g-cm™) (g-cm™) (g-cm™) € nax € in e, Dr/ %
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Fig.1 Erosion test device diagram
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Table 2 Experimental design

RIS Gt = K FA KK L 12t /d
1 AR e 1.2:1 28
2 - IE KR 1.2:1 28
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4 AN TR 0.8:1 28
5 AN TR 1.0:1 28
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11 LK 1.2:1 42
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Fig.2 Diagram of slurry flow in calcareous sand particles
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Table 3 The density of cement slurry used in the test at
various water-cement ratios

W/ (g-em™)
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Table 4 Dosage of each component in grouting stone body
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Table 5 The corresponding relationship between the
experimental erosion time and the actual erosion time
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Fig.4 The influence of erosion time on compressive strength

under sulfate ion erosion environment
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Table 6 The influence of water-cement ratio on compressive
strength under sulfate ion erosion environment

AR IR i R 5% &/ MPa
0.8:1  1:1 1.2:1 1.4:1 1.6:1
WokXERZ 925 821 697 624 528
HokfRmmaE 9.04 733 6.11 5.56 5.06
FKEMA 876  6.69 595  4.83 4.46
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Table 7 The influence of cement type on compressive strength
under sulfate ion erosion environment
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Fig.5 The influence of erosion time onpermeability coefficient
under sulfate ion erosion environment
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Table 8 The influence of water-cement ratio on permeability
coefficient under sulfate ion erosion environment

BIBZEE/(107em-s™)

21 5 KKK KKEE KK KIKEE KK
0.8:1  1:1 1.2:1 14:1 16:1

WOKNTE 0.097  0.266 0.468  0.793  0.971
AR 1.660 1.892  2.154 2.451  2.783
kiR 6.200 6.690 7.159  7.909  8.119
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Table 9 The influence of cement type on permeability
coefficient under sulfate ion erosion environment
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KR 2.154 0.397 1.723
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Fig.6 Sample comparison when the erosion time
is 3.28 a
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Fig.7 The SEM image of the sample when the erosion
time is 3.28 a
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