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Figure 1 Pore distribution curve of diatomite with

different mesh numbers
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Figure 2 Visual photos of flowability at 0. 2% content of

(b) 0.2%HPMC

different flocculants
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Table 1 Single doped diatomite test scheme

WG S KK HELHE  HELBE/%
e il 0.5
100-1 0.5 100 H 2
100-2 0.5 100 H 4
100-3 0.5 100 H 6
100-4 0.5 100 H 8
100-5 0.5 100 H 10
600-1 0.5 600 H 2
600-2 0.5 600 H 4
600-3 0.5 600 H
600-4 0.5 600 H
600-5 0.5 600 H 10
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ESY 37
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Figure 3 Flowability of cement slurry under different

diatomite contents with mesh numbers
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Figure 4 Photographs of cement slurry flowability

at 10% content of different mesh numbers
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Figure 5 Compressive strength of specimens with
different diatomite contents
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Table 2 Comparison of water absorption rate of

diatomite with different mesh numbers

W K2R/ %

s
FERCE Lb B 1 B 4b BT ] 24 b
100 H 125.2 122.4
600 H 94.5 91.2
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Figure 6 Splitting tensile strength of specimens
with different diatomite contents
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Figure 7 Curve of flowability of cement slurry
with HPMC contents
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Figure 8 Photographs of visual inspection of cement slurry with different HPMC contents
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Figure 9 Mass loss rate and pH value test results of

cement slurry with different HPMC contents

2.3 BAKFIBEINSERELT-HPMC R RHEsEHK
i 06
WA [R5 1 987K 700 % 28000 3 1 R 43 /P
RERISZ I, DL 100 H k¥ LB i 2%, HPMC % &
0.5% , 7KL 0.5 B 7K U8 38 W o 5 e | e 1k e 7K
FRHAIMBIE A, i E 6 41, WK 5 &
WM 0,0.05% ,0.10% ,0. 15% ,0. 20% ,0. 25% ( Jii
HOE, TR .
2.3.1 AREHE
AR 10 17K Je 25 W it 21 FE Fifi el 7k 57 48 72 Ak
M2l LU i, B A 980K 5042 5 380, 98 i 3 )2
FRE, HABB A 0.05% MK F G S 1k
B R T2 A L XA SR A R B A
B 1 T R AP R I Bk

240

230} .
g 220
£
® 210}
R
8 200t

190

180

0 005 010 015 020 025
WK%

B 10 kiR BRENEREBKFSET N H L
Figure 10 Curve of flowability of cement slurry with
diferrent water reducing agent contents
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Figure 11 Photographs of visual inspection of cement slurry with different water reducing agent contents
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Figure 12 Mass loss rate and pH value test results of

cement slurry with different water reducing agent contents
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HPMC %38 A PCA®- T 7 5 52 W v 1 RE vl /K 51 19
I BN 2%,0.5%,0.05% , 3T XF 44> H &
BCE 3 AN FNE R KCF AT IE SIS, BT TS 2 B0
IR0 K 8 HE 7K T 8 b SR R I S B T a3 O
AE L2 75 R RE 52 ), B 2 &5 ik B B A K R B b
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2.4.1 EXEF Fkit

4 NE 3 KFIE S0 7 S seith Rk 3
KK IR B RE Bt HPMC | Bk K R % & A
A B.C.D, % HEAFAKNF LT 1.2.3 bk, W
IKRIKEE 3 FKSFAR N A, A, AL

®3 EXRKEARETR

2.4.2 EXRBLER
AR R AT KT B R E SR R i 3l B2
(MR 3N EE .30 min J5 Ui a0 B ) \pH {H | it 2 431 2%
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Table 4 Orthogonal test results of working performance

Table 3  Orthogonal experimental design table
: HPMC K
He AR gg/i BE/ % gi{(/}%
A B C D
T1 0.45 2 0.5 0.05
T2 0.45 3 0.6 0.10
T3 0.45 4 0.7 0.15
T4 0.5 4 0.6 0.15
TS 0.5 2 0.7 0.05
T6 0.5 3 0.5 0.10
T7 0.55 2 0.7 0.10
T8 0.55 3 0.5 0.15
T9 0.55 4 0.6 0.05

Wi h EE/mm S &2 EMIEEES

HY WA i PR R WE

RE - 30 min pH fi KFE/% 5EM 3 min
TI 184.0 182.5 11.38 1.08 AHE AW
T2 186.5 194.5 11.31  0.84 AE AH
T3 177.0 187.5 11.43  1.48 A A
T4 212.0 210.0 11.49 1.94 RNE A
TS 190.5 190.5 11.44  1.51 ANE A
T6 215.5 213.0 11.92 1.62 AW
T7 213.0 218.5 11.52  2.48 ANE - AE
T8 243.5 241.5 12.08  4.82 WO
T9 224.5 222.0 11.73  3.64 AT M

x5 NFURETREER

Table 5 Orthogonal test results of mechanical properties

3d 7d 28 d

S1WA UL S E S ITE AR /WA UL 5 AN WA S £ 2 /T A

7 JE/MPa HEE/MPa E/MPa MREE/MPa FE/MPa R/ MPa
T1 12.5 0.97 14.3 1.15 21.0 0.99

T 11.4 0.97 15.2 0.99 23.2 1. 09
T3 10.9 0. 88 13.5 0.97 20.0 0.97
T4 9.5 0. 88 11.4 0.97 15.7 0.92
TS5 8.9 0.79 10.7 0.92 17.2 0.93
To6 9.8 0. 86 11.1 1.01 18.1 0. 86
T7 8.1 0.74 8.8 0. 81 14. 4 0. 81
T8 7.4 0.73 .9 0. 87 11.3 0.74
T9 7.7 0.70 9.7 0. 86 10.3 0. 82
2.4.3 MEHM

X S4B 500 52 w4 BT 43 0P RN ) PE T 28 il
GEREIFM E T, AR E 6~8 i, H g,
AT BN K5 0 % R it 56 B SR 7 B (E S R
k2 BUE BT b I RME S R/MEZ 22, B
R (EHR K, T I 122 T 4t 6 6o A J R

M 6~8 AT LIE X T 3.7 d HrHEsREE 500
HZEMNKENG B A C.D B;xFTF 28 d IHL)E
S S R 2 KB/ A D B C, Hirr
TR L34 A 55— 5 i R 2% 3R B 0 X6 A ek i B R e
oA, XFFRIEERILE L 30 min HiBHE, KK H
hHE—HE,

KA, BARIE S THEABTR R H R TR
BB MK Ve K R TAEVERE ; KOF A, B2 IR
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Table 6 Compressive strength range analysis MPa

¥+ HPMC K
. VI /3
8 AR it H Bt/ % B/ % Bt/ %
A B C D
k, 11.6 10.0 9.9 9.7
3 d R k, 9.4 9.2 9.5 9.8
k, .7 9.5 9.3 9.3
R 3.9 0.5 0.6 0.5
k, 14.3 11.5 11.4 11.6
7 d P k, 11.1 11.6 12. 1 11.7
k, 9.1 11. 4 11.0 11.3
R 5.2 0.2 1.1 0.4
k, 21.4 17.0 16. 8 16.2
28 d i JE R k, 17.0 17.2 16. 4 18.6
k, 12.0 16.1 17.2 15.7
R 9.4 1.1 0.8 2.9
xT1T RHERESHN
Table 7 Flowability range analysis mm
) ikt HPMC WK
. KK
fBbs  HIH B/ % B/ % B/ %
A B C D
k, 182.5 203.0 214.3 199.7
. k, 206.0 206. 8 207. 6 205.0
k, 227.0 205.7 193.5 210. 8
R 44.5 3.8 20. 8 11.1
k, 188.2 203.7 212.3 198.3
30 min J§& &, 204.5 208. 8 208. 8 208. 7
ishE ky  227.3 207.5 198.8  213.0
R 39.1 5.1 13.5 14.7
x8 REMAERZESN
Table 8 Mass loss rate range analysis %
KK I ik 3% HPMC B K 7
TiH B/ % B/ % B/ %
A B C D
k, 1.13 1. 83 3.51 2.08
k, 2.69 2.39 2. 14 2. 65
k, 3.65 3.25 1.82 2.75
R 2.52 1.42 1. 69 0. 67

PETOR (2 T EOb BT IR A TR B, BOA
HHEER A WEAEKT R A, MTEE B, HES
KW, B, TR T I o 5 A [ B0 A5 A R B R4
AR 2l JBE R B A5 Rk R, H 3 FOKSF TR A ZE R TE
WY 22 55, b — P LW L 5K e K B B4 9 AH 2
Pho R C, MR R P r HOMERE AR, ¢, 3 Bt R
Ui BN RRAR , YA T 0 T, BRI R K ¢, S B
M sE, R KF D, 8D, A HAF PR R 5
D, A HAL R KR o ok
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Mix Proportion Design of Underwater Non-dispersible Grouting

Material Containing Diatomite

SUN Xiao', WANG Xiangyang', YANG Zhuanjia’, ZHANG Xinyu'

(1. College of Water Conservancy and Hydropower engineering, Hohai University, Nanjing 210098, China; 2. Yan’ an Water Affairs
(Group) Yanhe Water Supply Company Limited, Yan’an 716000, China)

Abstract: Aiming at the dispersion problem of underwater crack repair materials for concrete dams, an underwater
non-dispersible grouting material containing diatomite was designed. Firstly, the mesh number and content of diat-
omite were determined by mercury intrusion test and single mixing test, and the influence of diatomite on the me-
chanical properties of grouting materials was analyzed by compressive strength and splitting tensile strength tests.
Secondly, the effects of hydroxypropyl methyl cellulose flocculant (HPMC) and ordinary PCA®-type 1 polycar-
boxylic acid high performance water reducing agent on the flowability and anti-washout performance of grouting ma-
terials were further studied by cone flowability method, visual observation method, pH value method and plunge
test. Finally, based on the orthogonal test method, the specific ratio of underwater grouting repair materials was de-
termined. The results showed that when the water-cement ratio was 0. 50, the diatomite had good compatibility with
the slurry, and the addition of 2% ( mass fraction, the same below) 100 mesh diatomite could improve the com-
pressive strength and splitting tensile strength of the grouting material. On this basis, the addition of 0. 6% HPMC
could improve the anti-washout performance of the slurry, and the addition of 0. 10% water reducing agent could
improve its flowability. The diatomite mesh of underwater grouting material was determined to be 100 mesh, the
content was 2% , the content of HPMC was 0. 6% , and the content of PCA®-type 1 polycarboxylic acid high per-
formance water reducing agent was 0. 10%.

Keywords: underwater repair grouting material ; porous material ; anti-washout performance; flowability
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