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Study on the Effect of Mineral Admixture on Full-mechanism Sand
Grouting Material

SHAN Junhong', HU Hengcheng'*, WANG Rongrong”, LI Chun®, XIAO Weipeng'
(1. School of Civil Engineering, Hebei University of Engineering, Handan, Hebei 056038, China;
2. Wuhan Deyi Environmental Protection New Material Co., Ltd., Wuhan, Hubei 430200, China)

Abstract: The experiment utilized a composite cementitious system comprising ordinary Portland ce-
ment and fast-hardening sulfoaluminate cement, with crushed limestone serving as the fine aggregate. A
full machine-made sand grout was prepared using this system. Silica fume, fly ash, and stone powder
were employed as mineral admixtures to investigate their impact on the flowability, compressive
strength, and vertical expansion rate of the full machine-made sand grout. Additionally, SEM electron
microscopy was used to analyze the microscopic mechanisms of the full machine-made sand grout. Re-
search findings indicate that the concurrent use of mineral admixtures is advantageous in enhancing both
the flowability and mechanical properties of the grout while also improving the transition zone between
the grout and aggregate. The optimal dosage of mineral admixtures obtained through orthogonal experi-
mentation is 5% silica fume, 6% fly ash, and 8% slag.
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Tab.1 Main performance indexes of cement

KR WETTBY (n - k™) Hidrom i/ MPa YU/ MPa ﬁfﬁaﬂm/@n
1d 3d 28 d 1d 3d 28 d W%k Lk
P.042.5 365 — 5.9 7.8 — 3.3 50.9 195 270
R.SAC 42.5 435 6.3 7.1 7.4 34.3  42.4  47.8 25 45
R2 TYBERNEELERS (EA4L: %)
Tab. 2 Main chemical composition of mineral admixtures (unit: %)
WH Si0, Ca0 MgO Fe,0, AL O, S0, Pele g
P Y/ 54.30 5.32 1.40 6.50 27.22 0.27 5.68
IEYR 95. 63 0.13 0.15 0.02 0.07 0.49 3.84
L) 24.78 41. 80 5.76 2.47 11. 44 2.37 0.04
x® 3 SRR R EREIER
Tab. 3 Aggregate particle gradation and performance index
R 2% P REFE bR
G/ mm ‘ Biliia/ % 5 ‘ a2 S
KIRAD LIRS KIRAD HLiIAD
4.75 5 0 FMERE/ (kg » m™) 2 620 2 670
2.36 22 8 AYERE/ (kg - m™) 1 503 1 602
1.18 37 30 B/ % 43 40
0.6 56 60 4 BE AL 2.82 2.64
0.3 82 78 W K E — 0.8
0.15 96 88 R/ % 0.6 —
il 100 100 AR E R/ % — 6.3
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1. 0, B4R R Eh /K U8 8% (HP-CSA K5 3. 0% .
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(1) HESOR it 2 FE B i B A DN AR 40 (/K v i
TSR RN FH B AR B ) (GB/T 50448—2015) #i.
SESAT, D HAT UG ) B 30 min JEsh B M 1.3,
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(2) HEHORE s ) 2 ik A6 0 - 4% (YR B8E 1= A1
FIRFHEARFLIEY (GB/T 50119—2013) fif 5% C i
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Tab. 4 Test arrangement of mineral admixtures
PSS B/ %
MEK  FA 0 2 4 6 8 10
R SF 0 3 5 7 9 11
T K 0 4 6 8 10 12

x5 EXEFEKRER
Tab. 5 Orthogonal factor level table

=
KF A B C
REKBR/ % BYEABE/ % BB/ %
K1 3 4 8
K2 5 6 10
K 3 7 8 12
=6 EXRILHE
Tab. 6 Orthogonal test arrangement
i HEOCE .
A(TEIR) BOWIHEK)  COHH)
CGM-1 1 1 1
CGM-2 1 2 2
CGM-3 1 3 3
CGM-4 2 1 3
CGM-5 2 2 1
CGM-6 2 3 2
CGM-7 3 1 2
CGM-8 3 2 3
CGM-9 3 3 1
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AR A 7, IATTT B AR B o R R
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Tab. 7 Effect of aggregate on fluidity and

strength of grouting material

. T3 B/ mm BiERE/MPa
i -

Wi 30mn  1d 3d 28 d
HS 328 305 37.2 525  74.6
178 320 295 41.5 55.6  71.8
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PERE Y52 1]

W P115 5 RO HERORH 20 M e s ) 1) 306 25
R 1R, B 1(a) Bn, BEKBER0.3%,
5% 7% 9% 11% (W6 T 5 5 30 min Ji 8) B
35124 320 mm/295 mm 323 mm/302 mm 328 mm/
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240 mm , fEKABEN 5% RIER T 5 5 30 min i
R e, BORBREIKIT I3 K T 2.4% 4.8%;
M KB R IR 1%, BESORHY I SRS 3025, 1
W 3N 5 30 min 3 30 B R B B 4300 R B
14. 3% 22. 9% , 3% 52 K A fik K 3 K A Bb 3 1 ARt
PR T /K B IO TR 50 1 T K& i LA
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I 1(b) (c) AT B K 587 85 24 58 A 2L
PERHESORH T B M BE , W20 30 min TR B E 4
I IR 5 0.2% 4% 6% 8% 10% %]
RIS 30 min JEalE 53100 320 mm/295 mm
327 mm/305 mm 335 mm /317 mm 342 mm/330 mm
355 mm/345 mm 357 mm /350 mm, H B ENO.
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Fig. 1 Influence of silica fume on fluidity of grouting material
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Fig. 2 Influence of mineral admixture on compressive strength of grout
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Tab. 8 Orthogonal test results

s Wish B/ mm P HEIR B/ MPa s ) IR/ %

I 30 min 1d 3d 28 d 3h 24 h B!

CGM-1 355 330 42.9 63.5 91.1 0.27 0.36 0.09

CGM-2 350 343 42.5 62.9 92.3 0.3 0.44 0.14

CGM-3 362 345 41.8 64.4 93.1 0.28 0. 47 0.19

CGM-4 360 332 42.8 65.8 94.2 0.33 0.37 0.04

CGM-5 355 319 47.5 68. 1 98.7 0.30 0.44 0.14

CGM-6 357 328 44.9 62.8 95.5 0.27 0.46 0.19

CGM-7 345 315 44.2 66. 1 92.7 0.29 0.36 0.07

CGM-8 350 320 44.7 64.9 94.5 0.32 0.45 0.13

CGM-9 343 312 46.0 65.2 96. 4 0.26 0.41 0.15

x99 MIEREST
Tab. 9 Analysis of fluidity range
gy WA 3h B/ mm 30 min Ji3)E/ mm

EY YRR LR REIR Ty BEIR 7

HfE— 355. 67 353.33 351.00 339.33 325. 67 320.33

YE 357.33 351. 67 350. 67 326.33 327.33 328. 67

W= 346. 00 354.00 357.33 315. 67 328.33 332.33

e 11.33 2.33 6.67 23.67 2.67 12. 00

F 10 FUERERES
Tab. 10 Range analysis of compressive strength
e 1 d HiEREE/ MPa 3 d PUEIRE/ MPa 28 d HUEIRE/MPa

FEIR Ky BEIR 7 R Ky IR 7 ¥ kR Ty BEIR 7
HfE— 42. 40 43.30 45.47 63. 60 65.13 65. 60 92.17 92. 67 95. 40
HE 45.07 44.90 43.87 65.57 65. 30 63.93 96. 13 95.17 93.50
PIE = 44.97 44.23 43.10 65.40 64. 13 65.03 94.53 95.00 93.93
2= 2.67 1.60 2.37 1.97 1.17 1.67 3.97 2.50 1.90
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Tab. 11 Range Analysis of Vertical expansion rate

-~ 3 h KR % 24 h B K % 0 ] I Ak 2246/ %
TEIR APy ) kK Py ) Tk AP V)
fE— 0.28 0.30 0.28 0.42 0.36 0. 40 0.14 0.07 0.13
P~ 0.30 0.31 0.29 0.42 0. 44 0.42 0.12 0.14 0.13
Pl = 0.29 0.27 0.31 0.41 0.45 0.43 0.12 0.18 0.12
W2 0.02 0.04 0.03 0.02 0.08 0.03 0.02 0.11 0.01
xR 12 WIERIRER
Tab. 12 Verify the test results
. TN/ mm PSR EE/ MPa U2 K% %
R E - -
WIth 30 min 1d 3d 28 d 3h 24 h ZH
A2B3C3 362 338 44.1 65.5 96.5 0.33 0.46 0.13
A2B2C1 355 319 47.5 68. 1 98.7 0.30 0. 44 0.14
A2B2C3 360 332 44.9 65. 8 95. 4 0.31 0.46 0.15
A1B3C1 355 320 43.5 64.2 94. 1 0.29 0. 46 0.17
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Fig. 3 SEM diagram of unmixed mineral admixture group
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Fig. 4 Optimizing SEM diagram of mineral admixture group
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