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Abstract: To investigate the uniaxial tensile mechanical properties of high—early—strength high ductility
concrete (HES-HDC) at different PE fiber diameters and volume fractions, 17 groups of thin—plate specimens were

designed and loaded under uniaxial tensile tests. The effects of PE fiber diameters (22 pwm and 25 pm) and fiber
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volume fractions (1.00%, 1.25%, and 1.50%) on stress—strain curve, tensile strength, and strain of HES—-HDC
specimens at different curing ages (2 h, 24 h, 7 d, 28 d and 56 d) were investigated. A tensile toughness evaluation
method suitable for the characteristics of HDC was proposed based on the test results. The results show that the HES—
HDC stress—strain curve exhibits strain—hardening characteristics under uniaxial tensile loading, and the failure
process is carried out with multiple cracks. The tensile strength and strain of HES—-HDC at 2 h reach over 3.29 MPa
and 0.88%, respectively, and the tensile strain at 28 d could remain more than 1.28%. When the fiber volume
fraction is 1.00% , small-diameter fiber is beneficial to the tensile strain of specimens, while large—diameter fiber is
beneficial to the tensile strength of specimens. Considering the tensile strength and strain of specimens with large—
diameter fiber, the optimal fiber volume fraction is 1.25%. The proposed tensile toughness evaluation method can
evaluate the tensile toughness of HDC during its whole loading process. In addition, the tensile toughness index of
HES-HDC decreased with the increase of curing age, while the tensile strength coefficient increased. The tensile
toughness of specimens with small-diameter fiber is higher than that of specimens with large—diameter fiber. The
tensile toughness of specimens is the highest when the fiber volume fraction is 1.25%.

Key words: high—early—strength high ductility concrete ; fiber diameter; fiber volume fraction ; uniaxial tension

tensile strength ; tensile toughness
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Tab.l1 Summary of specimens’ name
ANIF] PE 41 4t AR B AR AR g 1) 44 B
1 22 pm 25 pm
1.00% 1.00% 1.25% 1.50%

2h D22-1.00-2h D25-1.00-2h D25-1.25-2h D25-1.50-2h
24h D22-1.00-24h D25-1.00-24h D25-125-24h D25-1.50-24 h
7d D22-1.00-7d D25-1.00-7d D25-1.25-7d D25-1.50-7d
28 d D22-1.00-28d D25-1.00-28d D25-1.25-28d D25-1.50-28 d
56d — D25-1.00-56 d
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Fig.1 Specimen size and test setup of axial tensile test
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Tab.2 Performance indicators of PE fiber
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Tab.3 Mechanical properties of HES-HDC
PURSREE/ PUPTERE, BUROREE, U Ak

MPa MPa MPa MPa (kJ-m™)
2h 292 8.54 3.40 13.84 148.37
24h 48.1 17.07 5.77 17.12 170.10
7d 53.0 17.27 5.87 18.22 175.98
284d 59.0 17.51 6.03 19.44 190.47
56d 60.7 18.05 — 19.91 192.96
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Fig.2 Tensile stress—strain curve of HES-HDC specimens

at different curing ages
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Fig.3 Typical multiple cracking failure mode: D25-1.00 speci-

mens at different curing ages
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Fig.4 Simplified tensile constitutive model of HES-HDC

2.2 RIRAEIAALER

TEINZR A, HES-HDC i 74 b T 3 v i B, &
WLE BT An] 2448 1 1 90 5 24 a7 28k B 4 A il PR I
SLar 3N TR R S AL L A — SR LR | L)
AR A SR AR B, B2 il v A i 2 38 i, W4
TEZLEE TH ) PE 27 47K A2 i h A 7 386 K, 0 738 2ok
SF 2 /R A S 1T R AT SR A A% 356 265 B 30 (R 7K T A
> PE £F 4 A% 33 1 07 7 R T JE L K Ul AR 1 I 247

FIF AR AR T R L5 | I 7 B4 b 1Y A%
TG AH R A F1 2450, R 3R 32 r 2 0 22 54 4%
TFREILG™ i 3 s . Fifi 25 b 1] 7 4 ey 28k 4 10—
AR, A IR BRI A BR BT R AR 3k Sy B itk
AR BB, 78 BL I B, K YR A P 2k T R 2k g
T1 WA B4 P B SR YRR T R R ok i £
()T 4 K U 561 g 4 Hh AN BT, 5 32T 4t 1R
Bk 1 BUZHTE/IN  DTTREAR T HeHhisi B . s, ik
PRRBTHL AR R T A IR B, 5 e K &
TER— SRR b o R AR e iR T 2
2.3 R A EEEIERR

SLIRRRL YR E A LY A B et 1 o = R i )
% 40 HES-HDC iR {4 FE AR 7 41 7 24V e 45 A (1) - 2
E AR 4 s, Forb K0 f b B B i Ak e Sy
HES-HDC # A A i (F,) 5 B i 48 b abR
U R 5 E Xk HES-HDC 46} 4 7] 4 T 24
S HOGE R PR R 7 5 8 AR E O R (o)
SRR AR (e,,) 5 B S RPN 7 B H T b g 1) o
A543 5 A HES-HDC A1 ) W (B B2 35 B (o)
LA HAF RN A ().

F4 HFHRBER
Tab.4 Test results of each group

A2 PR o /MPa o /MPa & /% &/%  E/GPa
D22-1.00-2h 238 340 0020 1939 20.1
D22-1.00-24h 540 577  0.025 2331 19.9
D22-1.00-7d 553 587 0030  3.095 199
D22-1.00-28d 556 603 0015  2.631 19.9
D25-1.00-2h 344 426 0007 0876  21.8
D25-1.00-24h 5.0 566  0.056  3.552 213
D25-1.00-7d 555 664 0022 1509 213
D25-1.00-28d  5.66 688  0.048 1278 213

D25-1.00-56 d 6.12 6.97 0.004 1.318 21.3
D25-1.25-2h 2.94 3.35 0.017 3.193 239
D25-1.25-24 h 4.84 5.41 0.052 4.427 23.7

D25-1.25-7d 5.40 6.04 0.037 1.572 23.7
D25-1.25-28 d 5.57 6.57 0.026 1.821 233
D25-1.50-2 h 2.72 3.29 0.025 2.112 25.7
D25-1.50-24 h 4.37 4.55 0.052 2.878 254
D25-1.50-7d 4.72 5.85 0.018 1.452 254
D25-1.50-28 d 5.24 6.02 0.038 1.445 254

¢ 4 T, 4% 40 HES—-HDC il f4F7E 2 h i 1] isf g
(E R EE A5 3.29 MPa L) |, F i il ik 4.26 MPa;
H2 h I AE LA W AR K 0.88%~3.19% , 24 43 5 R Bt
+ 0 AE (0.019% ) Y 88~319 4%, £ B T HES-HDC
MR SR R R . HPMC B A G B BT
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Fig.5 Effect of curing age on tensile properties of HES-HDC

specimens
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Fig.6 Effect of fiber diameter on tensile properties of HES-HDC

specimens
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Fig.7 Effect of fiber volume fraction on tensile properties of

HES-HDC specimens
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Fig.8 New method for HDC tensile toughness evaluation
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Tab.5 The tensile toughness index I and tensile strength co-

efficient R of HDC specimens in each group

g, p/ ] R Tep o0ss

B4 : )
MPa MPa

1 R

p.0.85 p.0.85

D22-1.00-2h  2.65 235.10 1.143 3.18 0.47  0.945
D22-1.00-24h 4.41 25190 0.889 5.16 042 0931
D22-1.00-7d 4.47 23292 0.918 4.94 0.35  0.950
D22-1.00-28d 4.45 225.19 1.276 5.27 0.19  0.953
D25-1.00-2h 298 15559 0.885 4.04 0.61  0.941
D25-1.00-24h 3.64 174.03 0.888 4.39 0.21  0.936
D25-1.00-7d 494 14446 0.837 5.60 0.33  0.948
D25-1.00-28d 5.04 15581 1.172 6.13 031  0.942
D25-1.00-56d 5.10 159.90 1.317 5.95 0.44  0.948
D25-1.25-2h  2.64 290.38 0.902 3.03 043  0.926
D25-1.25-24h 436 330.63 0.894 4.82 020  0.921
D25-1.25-7d 4.73 272.19 0.876 5.44 0.25 0.944
D25-1.25-28d 5.04 256.21 1.346 6.04 0.34  0.946
D25-1.50-2h 1.99 23696 0.806 3.71 0.81  0.904
D25-1.50-24h 3.63 281.70 0.854 4.19 0.92  0.926
D25-1.50-7d 4.66 24199 0.835 5.19 0.58  0.928
D25-1.50-28d 4.86 177.24 1.011 5.77 0.64 0.930
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