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Abstract: A grouting material using ternary composite system including sulphoaluminate cement, Portland cement
and gypsum was prepared, which featured low shrinkage and early strength. The formation mechanism of the
microstructure of the obtained grouting material was explored. The results show that the grouting material prepared
according to the optimal mix proportion exhibits 1 d and 3 d compressive strengths of 60.1 MPa and 75.5 MPa, and
3 d autogenous shrinkage and 28 d drying shrinkage of 351.39X 10" and 239.75>X10°°, respectively. All of them are
higher than those of national standard requirements. Ettringite( AFt) crystals in the hydration products of the grouting
material overlap to form a compacted network skeleton, resulting in the high early strength of the grouting material.
At the same time, calcium silicate hydrate gel in the hydration products promotes the later strength development of
the grouting material. Furthermore, the micro-expansion effect of AFt gradually reduces the shrinkage deformation
of the grouting material, ensuring its early strength and low shrinkage characteristics.
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Table 1 Chemical compositions of cementitious materials

w/ %

Material CaO  SiO, ALO, Fe,0O, MgO K,0 SO, TiO,

CSA  39.70 13.80 27.30 3.51 2.23 0.64 10.90 1.08
P-II  62.80 21.70 5.45 3.41 2.19 1.50 2.29 0.28
G 46.40 1.32 1.83 2.27 0.62 0.12 46.52 0.27
COAD 12.60 44.81 30.51 4.83 1.84 1.68 1.38 1.40
SF 0.77 97.00 0.36 0.65 0.42 0.48 0.15 0.16
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Table 2 Basic mix proportions of grouting materials

Mix proportion %

Specific surface area of

Sample No. Con - G . WRA DE Mesa/ M.y COAD/(m” kg™ ")
A0 0 55.0 0 0 4.0 0.1 0:10 790
Al 5.5 49.5 0 0 4.0 0.1 1:9 790
A2 11.0 44.0 0 0 4.0 0.1 2:8 790
A3 16.5 38.5 0 0 4.0 0.1 3:7 790
Bl 5.5 49.5 0 0 4.0 0.1 1:9 730
B2 5.5 49.5 0 0 4.0 0.1 1:9 760
B3 5.5 49.5 0 0 4.0 0.1 1:9 790
B4 5.5 49.5 0 0 4.0 0.1 1:9 820
C1l 5.5 49.5 1.0 0 4.0 0.1 1:9 790
C2 5.5 49.5 3.0 0 4.0 0.1 1:9 790
C3 5.5 49.5 5.0 0 4.0 0.1 1:9 790
C4 5.5 49.5 7.0 0 4.0 0.1 1:9 790
C5 5.5 49.5 9.0 0 4.0 0.1 1:9 790
DO 5.5 49.5 0 5.0 4.0 0.1 1:9 790
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Table 3 Setting time of grouting materials

Sample Setting time/min Sample Setting time/min
No. Initial Final No. Initial Final
A0 450 540 B4 93 117
Al 99 124 Cl 102 129
A2 28 44 Cc2 97 126
A3 19 32 C3 96 123
B1 88 115 C4 89 121
B2 90 119 C5 84 115
B3 99 124 DO 70 100
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Fig. 7 Effect of cement compoumding ratio on shrinkage characteristics of grouting materials
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Fig. 9 Effect of gypsum and silica fume content on shrinkage characteristics of grouting materials
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Table 4 Elemental compositions of detected spots

At/%
Spot n(Ca)/n(Si)
(6] Al Si S Ca

1 63.72  6.46 4.99 4.71 16.76 3.34
2 69.13  2.79 9.20 2.23 14.51 1.58
3 75.58 0 0 0 23.34 0

FEILFEA O.CafllSi, Hn(Ca)/n(Si))=1.58, i F
C-S-HEER Y n(Ca)/n(SHAETE 0.8~1.7 Z []™, If:
S5 I 5 22 T 78 T8 R R GE I 7™ 0 1) J6 28 Rl
SR TTH L Z YA C-S-H BRI ; 5 3 & E T
A OFI Ca, AT 8 7 2 h IR A=) Ca(OH)..
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Fig.11 XRD pattern of grouting material with optimal
mix proportion hydrated for 28 d
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(1) HE SR e L BE & b KIS B 0.2 B0 L
LI mRE KB E SN R KEEE
5% ABBERSONUINE) EABAHEBR
45.0% (He 10 L 790 m*/kg) K FI B 4.0% 4
HEHBEO01%.

(2) ML e DL TE & F ) 25 B HE OB 1.3 d 40 5
B8 60.1,75.5 MPa, 3 d BI04 % 351.39 X 10°°,
28 d T HE W 45 % Ry 239.75X 10 °°, [a] if 3k 3] 1 (K U 45
AR AR DL 5.0% BE KA T T, HE OB
5 ARG, WSO G K, S B WD S ) 0 TR

(3) 5 LA (AF) Fl/K A6 7k R 45 (C-S-H) % i 1

R A R RO B B i DTSR B, C-S-H BEE
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