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Influence of Mineral Admixtures on the Properties of Machine-made
Sand Cement-based Self-leveling Mortar

SHAN Junhong', ZHANG Jinghua'*, WANG Rongrong”, LI Chun®, ZHAO Changqi'
(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 test uses a ternary cementing system of ordinary Portland cement, sulphoaluminate ce-
ment and hemihydrate gypsum, and chooses machine-made sand as fine aggregate to prepare fully ma-
chine-made sand cement-based self-leveling mortar; chooses fly ash, stone powder and silica Ash as a
mineral admixture to study the influence of mineral admixtures on the fluidity, compressive and flexural
strength and dimensional change rate of cement-based self-leveling mortar made of fully machine-made
sand. The pozzolanic effect of mineral admixtures has a positive impact on the development of the me-
chanical properties of self-leveling mortar, and the fluidity of self-leveling mortar decreases with the in-
crease of silica fume content. The formula of self-leveling mortar is optimized through orthogonal experi-
ments, and the best content of the excellent mineral admixture; fly ash 7% , limestone powder 4%, sili-
ca fume 1. 0%.
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JEEEA R - S 6 30k FH 3 8 Rk R KB (P - O)
42,5 I 2K A BR 2 7 A 77 i FR R Eh /K
Je(SAC)42. 5 M S AR A s ok B T
KA B AL R AR IR R R v K R, RS B A
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IKIRPERER I ZE SR ANZE 1, 5 1B & kML 2 41 8
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Tab.1 Cement physical and mechanical performance index

BARIR WHRTRY (ke ) ﬁfﬁ'ﬂ/ .
P.0 365 140 210
SAC 382 3 65

e YUY B/ MPa PUHESRE/ MPa
SRR 3d 28 d 3d 28 d
P.0 5.6 8.0 2.8 48.7
SAC 7.2 8.5 485 576

xR2 ARBBEMUFAS  (BA:%)

Tab.2 Chemical composition of ultrafine limestone powder

Si0, ALO, Fe,0; Ca0 MgO K,0  Hith

2.82 0.61 0.29 51.20 1.30 0.11 43.67

=3 BERKFERS (L. %)

Tab. 3 Chemical composition of Silica fume

Si02 A1203 Fe203 CaO MgO NaZO

96. 09 1.21 0. 80 0.30 0. 60 1. 00

2021 4F
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Tab.4 Chemical composition of fly ash
Si0, ALO; Fe,0, Ca0 MgO NaO  K,0  Hifth

55.30 27.20 5.90 4.82 1.41 0.73 1.63 3.01
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Tab. 5 Physical properties of machine-made sand
AmE FR AR R ERE IER
B/% B/% F/% /(kgm®) /(kg-m) KM,
3.8 0.9 0.4 2 670 1768 2.0

1.2 RWEAHE
1.2.1 BAEH

[ 22 = 0 e B A4 Rk 110 FH 2, 5 ek R /K TR
25% SRR ER K Ve 8% ¥ KA1 2% | 7T 43 HL
PEFLIKEH 0. 8% LT AE K Tk 0. 04% 5 L5 0. 2%,
KA 0.5,

1.2.2 Al

HRAE JC/T 985—2017 ¢ Hb 1 FH 7K P 3 A i F
WY R I b 25 R AT B XD K it
PLOFFE JC/T 681 HLGE ) , SEH PR BE IR 2 0 (23 +
2)°C , AXFREE R (50£5) %

DL oI B ARG I < e 3% T 375 TG /K 5 1 B B AR
TP B AE S50 AR b, 7E B 38 A v g
TSR B R 1 9T D 3K A0 e e AR
RPN D 3 s Y, IR R 0 2 R Rb I
T E 1] 4R 50~ 100 mm FEAREFF 10~15 s, ffi
H TR B i sh, S0 4 min fEH R0 B
FBC, T PR A2 L 1) 00, BBCHL B AR S I (A Sy 52
AR, 20 min JEARHAERE 15 s, $& MR FRER 71k
M %E 20 min FBh)E

PUEGIPoR EE R . 3% 18 GB/T17671 FLAE , 2K
1 40 mmx40 mmx 160 mm = BeAR A AE il 1R 7E
T HUEBTHT 8 B D 2, K A (0 D SR A =3k
A, EFRSN, 1.3 .28 d &% —4, B4l =k,

RAPASE R A5G JGI/TT0 B3R i~ R ab ik
FEAY AR A B ST 10 mmx40 mmXx 160 mm
SRR, =N — A, R AR R G S R
124 h AR I ARG S 0 T e Hean
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Tab. 6 Experimental arrangements for mineral admixtures
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Tab. 8 Orthogonal test arrangement

s REEMR % AN/ % FER/% WK/ %
L-1 35 0 0 0.2
L-2 35 2 0 0.2
-3 35 4 0 0.2
L-4 35 6 0 0.2
L-5 35 8 0 0.2
s B % K/ % TER/%  WOKF/ %
S-1 35 4 0.0 0.25
S-2 35 4 0.5 0.25
S-3 35 4 1.0 0.25
S-4 35 4 1.5 0.25
S-5 35 4 2.0 0.25

FIHIEAS LA AL T P48 & R B i
IR Ly (3%) (&R =KF) IEE R, =
PRI A B K ks S RE R, T 43 Sl i A
B EABE KRB E RN 3% 5% 7%, AKBEN
2% 4% 6% ,FEIKIBE N 0. 5% 1. 0% 1. 5% ; 1l
SMFI B, LK 0. 8% , 8K 0. 2% , 47 4 &
fitk 0. 04% , THEHIHN 0. 15% , H P FKFEFR L KIE
LRI ZHINR 7 53K 8 iR,

®7 EXRBESKER
Tab.7 Orthogonal test factor level table

H#E
IK A B C
MHEIRKB R/ % AMBE/ % EXKBE/ %
K1 3 2 0.5
K2 5 4 1.0
K3 7 6 1.5
2 RS54

2.1 AHSEI BT R IERR M
2. 1.1 ATk SRR PR S RE 15 R
ARG RERIHLA D K P B TP IR R BN

€M/
sy eSS
A B C
Z-1 1 1 1
7-2 1 2 2
Z-3 1 3 3
7-4 2 1 2
Z-5 2 2 3
7-6 2 3 1
z-7 3 1 3
Z- 3 2 1
Z-9 3 3 2
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Fig. 1 Influence of stone powder on fluidity
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Fig. 2 Influence of stone powder on fluidity
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Fig. 3 The influence of mineral admixtures on 3 d strength
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Fig. 4 Influence of silica fume on 3d strength
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Fig. 5 Influence of stone powder on 28 d strength
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Fig. 6 Influence of silica fume on 28 d strength
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Tab. 9 Orthogonal Test Results

SR WG I 20 min it Yiro® E/ MPa PR SR EE/ MPa N
BE/mm  FE/mm 1d 3d 28 d 1d 3d 28 d /%
7- 139 128 2.2 7.1 3.5 14.6 7.4 31.7 0.05
7-2 138 127 2.1 6.4 3.4 15.3 8.2 34.1 0.01
7-3 137 125 2.5 8.3 3.6 16.5 8.4 34.6 -0.01
7-4 138 127 2.0 6.2 3.5 15.6 7.0 33.1 0.03
7-5 138 126 2.5 7.9 3.5 16. 1 8.5 35.4 -0.11
7-6 140 128 2.4 7.8 3.5 15.7 7.8 33.3 -0.07
7-17 138 128 2.3 7.1 3.6 15.4 8.0 36.7 -0.09
7-8 140 131 2.2 6.7 3.4 14.7 8.3 34.9 -0.04
7- 139 131 2.5 8.2 3.7 16.7 8.6 33.5 -0.09
=10 WIEREST
Tab. 10 Fluidity range analysis
i WL B/ mm 20 min Jit 3%/ mm
A B C A B C
Bl 1 138. 000 138.333 139. 667 126. 667 127. 667 129. 000
H{E 2 138. 667 138. 667 138. 333 127. 000 128. 000 128. 333
(g 3 139. 000 138. 667 137. 667 130. 000 128. 000 126. 333
W2z 1. 000 0.334 2. 000 3.333 0.333 2. 667
F 11 IR ERES N
Tab. 11 Flexural strength range analysis
o 1 d JLifromEE/ MPa 3 d Ldfrn &/ MPa 28 d BT/ MPa
A B C A B C A B C
IME 1 2.267 2.167 2.267 3. 500 3.533 3.467 8. 000 7. 467 7.833
H{E 2 2.300 2.267 2.200 3. 500 3.433 3.533 7.767 8.333 7.933
1 3 2.333 2.467 2.433 3.567 3. 600 3.567 8.300 8.267 8. 300
2z 0. 066 0. 300 0.233 0. 067 0. 167 0. 100 0.533 0. 866 0. 467
xR 12 FUERERESN
Tab. 12 Compressive strength range analysis
. 1 d HUERE/MPa 3 d RS/ MPa 28 d HUIEIRE/MPa
A B C A B C A B C
PIE 1 7.267 6. 800 7.200 15. 467 15. 200 15. 000 33. 467 33.833 33.300
PIE 2 7. 300 7.000 6.933 15. 800 15.367 15. 867 33.933 34. 800 33.567
{4 3 7.333 8. 100 7.767 15. 600 16. 300 16. 000 35.033 33. 800 35.567
W2z 0. 066 1. 300 0. 834 0.333 1. 100 1. 000 1. 566 1. 000 2.267
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Tab. 13 Optimum combination of orthogonal test
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Tab. 14 Dimensional change rate range analysis

iy N '

A B C
¥ 1 0.017 -0. 003 -0. 020
¥I{E 2 -0. 050 -0. 047 -0.017
¥IfE 3 -0.073 -0.057 -0.070
2% 0. 090 0. 054 0. 053
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Fig. 9 Stress distribution of anchor solid with different X, values
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