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Preparation technology of the ultra-high-toughness cementitious composite

Zhang Yi, Wang Chong., Zhang Chao, Zhang Jin, Tang Qingyuan
(College of Materials Science and Engineering, Chongqing University, Chongqing 400045, P. R. China)

Abstract: The preparation technology of reactive powder concrete (RPC) and slurry infiltrated fiber concrete
(SIFCON) were adopted respectively, according to the multi scale structure characteristic of cementitious
composites, the preparation technology of the ultra-high-toughness cementitious composite (UHTCC)
reinforced by calcium carbonate whisker and micro steel fiber were studied, and the compressive strength,
flexural strength, bending strength and mechanical properties uniaxial tension of different mixture
proportions were tested. The ratio of flexural-compressive strength, toughness index and other more index
were used to evaluate the toughness of the UHTCC. The experimental results indicate that the compressive
strength, flexural strength, bending strength, ductility and toughness of UHTCC are much higher than
those of general steel {iber concrete. The bending strength of UHTCC and the toughness index I, are up to
65. 1MPa and 49. 21 respectively. False strain-hardening behavior of UHTCC are achieved under uniaxial
tension. The ultimate tensile strain of UHTCC can reach 4% ~8%. Compared to RPC technology, higher
toughness are obtained using SIFCON technology.
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Table 1 Chemical components of cementitious materials %

B
SiO;  CaO Fe; 05 Al;O; MgO Na,O K;O  SO;  LOI
#HR

KJe 22.78 53.26 5.15 8.26 1.85 0.36 0.86 2.33 4.1
kK 87.96 0.7 0.85 1.41 0.52 4.9

Bk 31.63 61.22 2.98 4.8 3.27 0.18 0.88 3.52
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Table 2 Properties of micro steel fiber and calcium carbonate whisker

e BT LR AR 4 i/
PR K HiE K B PG A 4/ % , ESLTRERIN
J%/MPa (ge+cm™?)
1400 2F 4 13 mm 0.175 mm 74.3 3008 7.8 FH B
TR TR A5 it 25 20~30 pm 1~2 pm 20.0~30.0 3 98 2.8 8 R
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Table 3 Mix proportions of scheme 1

KU/ REIR) B/ SR K/
fh e e e e . T A K
A e e G e U 0 o sy
5)

m ) m?*) m?) m? m?3

J 700 100 200 1350 160 0 0 2
S1~8S3 700 100 200 1350
S1wWo03/04 700 100 200 1350 160 3 0.6/0.8 2
S1W1/2 700 100 200 1350 160 3 1/2 2
S2W03/04 700 100 200 1350 160 4 0.6/0.8 2
S2w1/2 700 100 200 1350 160 4 1/2 2
S3W03/04 700 100 200 1350 160 5 0.6/0.8 2

S3W1/2 700 100 200 1350 160 1/2 2

ol
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Table 4 Mix proportions of scheme 2

K/ wEWK/ Wi/ K/
95 (kg+ (kge (kg (kg-

TV VAR N
$e/% o /%

m 3 m?® m? m?)

Y2S 1640 240 470 470 12.2 0 2
Y2SW03 1640 240 470 470 12.2 0.6 2

Y2SW1 1640 240 470 470 12.2 1 2
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Fig. 1 shape and size of tensile specimen
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Table 5 The performance results of compressive

and flexural experiment

, HURMAL/MPa  $id758 B/ MPa PR
& 7d 28 d 7d 28 d 7d 28 d
] 78.3 112 15,2 19.1 0.19  0.17
S1 136 152.8 24.6 26.6 0.18 0.17
S2 138 160.1 32.2 33.6 0.23 0.21
S3 154.7 186.1 32 39.4  0.21 0.21
S1W03 126. 2 155.6 22.3 28.7 0.18 0.18
S1W04 131.9 159.4 23.8 27.3 0.18 0.17
S1W1 138.6 165.9 27 28.5 0.19  0.17
S1W2 132.2 159.6 27.3 27 0.21  0.17
S2W03 139.2 162 26.2 32.4 0.19 0.20
S2Wo04 134.8 165.5 26.6  30.5 0.20 0.18
S2W1 147.7 176.2 29.3 35.5 0.20 0.20
S2W2 148. 8 173.1 30.8 33.2 0.21 0.19
S3W03 157. 4 166.1 29.7 32.4 0.19 0.20
S3W04 150. 8 164.5 28.1 33.2  0.19  0.20
S3W1 154.3 189.7 32.8 37.1 0.21 0.20
S3W2 150. 1 184 27.3 31.6 0.18 0.17
Y2S 33.2  43.8
Y2SW03 39.1 47,7
Y2SW1 43.4  50.8

T2 Hl4 0 Y2SW03,Y2SW1 gl UHTCC
WPERY 7,28 d BLAT SR BEROR B MY Y2S 414 Tt
P S o 0 A 2 A % it 0k % T 22 RUBE B[R] 3 0 1
I S v S G R AR IR 5
k12,20, L Z S © B A& TS &8 Ll 9
PE N 2 Fros o PRS2 TR N 32 B SR I M AR

Pk M E T E .

2 UHTCCRHZEMELEPRBUTRH(HER2)
Fig. 2 Obvious plastic deformation of UHTCC specimen

under compressive experiment (Scheme 2)
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Fig.3 Load-displacement curve of UHTCC under

four-point bending test (Scheme 1)
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Fig. 4 Load-displacement curve of UHTCC under
four-point bending test (Scheme 2)
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Table 6 Bending toughness parameters of some specimens

e WITRZLEESR PR ME(EA ‘ . L,
J /MPa E/MPa #/mm
J 18.0 0. 44

S1IW1 10. 8 20.5 0.63 8.20 17.15 33.77

S2W1 18.6 24.0 0. 85 6. 41 13.07 24.44

S3W1 19.8 24.9 1.23 5.42  10.68 18.62

Y2S 15.8 58.0 6.68 6.94 18.31 49.15
Y2SW03 18.8 61.0 6.28 7.10 18.45 47.91
Y2SW1 20. 2 65.1 6.81 8.97 23.99 49.21

38 N LF AR B 0 e A s TR E — AL T
10 MPa, A5 6 A& . 5 48 1 il 45 88 5 1) 1 VR 5
T IR 2SR B AE 10 MPa L b, 5 2 H1158
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PR R IR B b A PR B R R A AE B i
By R B KA T W R,
2.3 EHIERMHIERE
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[ 5K Bt » HL B % b A0 45 a1 s BB AR K i By
W 408 57 8 7 A AELR P i B2 A8 A AN R R TR R L ot
ik 4R 2T 24 (1) 17 306 0 P B A5 R 4R ) 1) ¢ s A FH T 6
TOREfEE, AN, SN 4B R AR, UHTCC
PUPLR B ) bl A 2B A i g . AR 7 AT
Y2SW1 21 3 74 Bt hir ot B d = 7T 3k 21, 1MPa, 43 5l
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Table 7 Tensile strength of some specimens

o

&

YU g VA
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S1W1 6.3 S2W1 8.5
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Fig.5 Stress-strain curve of UHTCC under

uniaxial tension (Scheme 1)
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Fig. 6 Stress-strain curve of UHTCC under uniaxial

tension (Scheme 2)
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Table 8 The Projection areas of bending load-displacement

curve and tensile stress-strain curve

i PO /(N mm) B EHLMH /(1072 MPa)
] 281.79

SIW1 6 548. 41 14. 86

S2W1 8 080. 63 17. 40

S3W1 7 637.81 19. 68

Y2S 16 627. 04 27. 61
Y2SW03 18 690. 76 45.33
Y2SW1 19 382. 56 65. 64

3 HFig

1) WA 77 4 e ik il () UHTCC AL 48 Bt % 5 B
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