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Preparation and properties investigation of high

strength cementitious materials
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Science and Technology, Changsha 410004, China)

Abstract: Aiming at the problems such as low strength, single function, high cost, compli-
cated process and large shrinkage, the traditional cement-based materials are based on a va-
riety of active powder, optimal mix proportion of high strength cementitious materials was
determined with the index of strength by single-factor, orthogonal experiments and range a-
nalysis method, which was: cement: FA : silicon fume : sand : PP : water-reduce agent :

UEA : silica sol # SBR ¢ water=100: 12 : 6 : 46, 75 : 0. 08 : 1. 36 :3:0.7: 1 3: 28 5,
and it is 28 d compressive/flexural strength achieved 12. 4 MPa/110. 06 MPa. On the basis
of optimal mix proportion, through the drying shrinkage properties test, DSC, SEM, XRD
and other methods, further analysis of the properties of high strength cement based materi-
als, which show that the drying shrinkage of specimen added 3% UEA was decreased
0. 077% compared with specimen added 0% UEA to 0. 176%. And the secondary hydration
level of high strength cementitious materials is poor, but the high strength and toughness
performance were obtained from favorable accumulation and densified homogeneous struc-

ture in the microscopic dimension.
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Table 1 Initial mix ratio

Rk Jo i B L ok Jo i B M
K 100.00 PP 0.08
FA 12.00 7K ) 1.36
fik 4y 6.00 KB T 0.24
PR 46.75
R2 ERXRBEAFE
Table 2 Orthogonal test design
B RAE L/ %
ETRE Fy1 (D)
UEA(A) R L (B SBR(C)
1 4(2) 0.0(1) 0.0(D) 1
2 4(2) 0.7(2) 1.3(2) 2
3 4(2) 1.5(3) 2.6(3) 3
4 3(D 1.5(3) 0.0(1) 2
5 3(D) 0.0(1) 1.3(2) 3
6 3(D) 0.7(2) 2.6(3) 1
7 5(3) 0.7(2) 0.0(1) 3
8 5(3) 1.5(3) 1.3(2) 1
9 5(3) 0.0(1) 2.6(3) 2

IR 123 A RIREENF IR CHIRER KSR, 45 C
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Table 3  Orthogonal test results

7d 7d 7d
45 4 i
fro fro 1 fro S

1 8.75 71.66 4 9.36  78.63 7 10.42 82.60

2 11.48 65.02 5 12.40 62.24 8 10.45 58.45

3 10.25 60.55 6 9.45 61.77 9 10.26 57.21
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Table 4 7 d flexural strength analysis

ETR= A B C D fs/MPa
1 2 1 1 1 8.75
2 2 2 2 2 11.48
3 2 3 3 3 10.25
4 1 3 1 2 9.36
5 1 1 2 3 12.40
6 1 2 3 1 9.45
7 2 2 1 3 10.42
8 2 3 2 1 10.45
9 2 1 3 2 10.26
L, 30.51 30.71 28.53 28.65
II; 30.48 31.35 33.63 31.10

M, 31.13 30.06 29.96 32.37

K, 3 3 3 3

1,/k; 10.50 10.24 9.51 9.55

;/k; 10.16 10.45 11.21 10.37

W;/k; 10.38 10.02 9.99 10.79

D; 0.01 0.22 1.70 1.24
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Table 5 7 d Compression strength analysis

ErRE A B C D f¢/MPa
1 2 1 1 1 71.66
2 2 2 2 2 65.02
3 2 3 3 3 65.55
4 1 3 1 2 78.63
5 1 1 2 3 62.24
6 1 2 3 1 61.17
7 2 2 1 3 82.60
8 2 3 2 1 58.45
9 2 1 3 2 57.21
1, 202.04  191.11  191.28  191.28

II; 202.23  208.79  200.86  200.86

Il ; 198.26  202.63  183.93  210.39

K; 3 3 3 3

1,/k; 67.35 63.70 63.76 63.76

T, /k, 67.41 69.60 66.95 66.95

I,/ 66.09 67.54 61.31 70.13

D; 1.32 5.90 5.64 6.37
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Fig. 1 High-strength cement-based

material shrinkage test
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Table 6 High-strength cement-based material

shrinkage test results %
w1/ d
FEN e
7 14 21 28
0%  0.133 0.207 0.241 0.253
UEA B &
3%  0.087 0.143 0.166 0.176
0.30
025 [ 0% //”‘
< 0201 i
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T o010
0.05
000 ! Il 1 ]
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it 39/
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Fig. 2 Shrinkage test results of high

strength cementitious materials
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Fig. 3 High-strength cement-based materials.

scanning electron microscopy
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Fig. 4 DSC curve of high strength cementitious material

AT 3 Ca) AT L5 5K A A BRI A FA
PERAR AL T 3Cb) 5 B 3Co) T 5 0 A
Yy C—S—H AT SRS 15 L 5 28 d I 19 45
s sl . AL, B 3Cd) i 5 0 bk 2 i 4 A

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

IR 2848 AR R R 15 KA S A S5 R PR IR L 15
124//%Tﬁﬁ@@%ﬁﬁ%ﬂﬁl:m%*é/l\iﬁﬁ‘
JE?% 55 19 DX 3 9 die 28 2 = B0 R I R AL
A5 TR e AL
VAR . R 5 K U S ARG £ R S HL
HAT R 0 3 23 P 2 R T A B 1 Al

l\:' ﬁﬁi

O

700 ¢ 2
600
500 |
400 +
300 -
200 11 1 3 2

2
100 - JL 3aa7] 12 2
A "
0 2

T 58 58 fa.u

0

20

1. Ca(OH)2  2.8i02 3.C—S—H

5 28 d## & AR RAMH XRD B i
Fig. 5 XRD patterns of high strength cement-based

materials for 28 d age
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