H52% HsH B ORE AR (A R R R D) Vol.52,No.5
2025 45 A Journal of Hunan University (Natural Sciences ) May2025

XEHS:1674-2974(2025)05-0118-10 DOI:10.16339/j.cnki.hdxbzkb.2025053

725 38 75 A 14 TR U o B B 1 M RE IR IR TR 5T

FAM , E—F MFE T KEE
(PIRARFIRHE R, A TR WPt 164 710055)

W OE.ARRZH5E S LM RE L (high-strength and high—ductility concrete, HSHDC) #9 3
AR AR, T T 12 R AT T AR A A A KT FF R T AR (0.14.0.16 42 0.18) |
PE 4 4R AR % (1.5%.2.0%.2.5%) | ¢F 4 #+ % (PE A2 PVA) B PE 4 4 5 42 (22 um .35 wm #=
40 wm) 3¢ AR G 3540 AT A 69 eh  SE R AR AT B K AR % 5 AT T Lk B & xF HSHDC 4k
FRMAE W SR A A KR LA R K HSHDC 89304558 B 2 2k FH 5 )6 Bk ey 42
B, m MR 8K 2R AR GHSHDC 9 s R B & A R EWE MR, ™
HSHDC %9 M FR A5 A 52 35 72 7R B P4/ B RE & 2F e AR AR 0 38 Jm o 0 /), R 7K B Pl K B ) A8
B35 0.14 KR A, £ 0.16 A2 0.18 K i Yo T, HSHDC #9315 3T & T e B E R K ; HHAN
PVA #F 25 649 HSHDC XA 48 bt , 3 A\ PE £F 4 ¢ HSHDC %9 3.4 M 58 Fe 42 2 BOKC AR 7 .48, B/
H 120 PE ¢ 4 £ 1& &%) & HSHDC. s Jz , A A 424 & T £ 4 5% (scanning electron microscope,
SEM)#F 5 T HSHDC 2 % 69 K ik Fe Ak 69 PE ¢F 4 A @

K SRS L AR AR BB MR R

FE 4 %KE:TU528.58 XHEAARESAG A

Experimental Study on Uniaxial Tensile Properties of High—strength
and High—ductility Concrete

DENG Mingke, WANG Yitong, YANG Jiasheng',ZHANG Yangxi
(College of Civil Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: To investigate the uniaxial tensile properties of high—strength and high—ductility concrete,
(HSHDC), 12 groups of specimens were designed, and uniaxial tensile tests were carried out. The effects of water—
binder ratio (0.14, 0.16 and 0.18) , PE fiber volume ratio (1.5%, 2.0% and 2.5%) , fiber types (PE and PVA) ,
and PE fiber diameters (22 wm, 35 pwm and 40 wm) on the uniaxial tensile behavior of thin sheets were studied. The
influence of the above factors on the energy absorption capacity of HSHDC was analyzed in terms of the strain energy
density before the peak siress. The results show that with the increase of the water=binder ratio, the tensile strength
of HSHDC increases first and then decreases, while the ultimate tensile strain increases. The tensile strength of

HSHDC increases with the fiber volume ratio, while the ultimate tensile strain of HSHDC decreases with the
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increase of fiber volume ratio when the water—binder ratio is low, but not vice versa when the water—binder ratio is

large. When the water—binder ratio of 0.16 and 0.18 occurs, the strain energy density of HSHDC before the peak is
higher with different fiber volume ratios. Compared with the HSHDC specimen mixed with PVA fiber, the HSHDC

mixed with PE fiber has better tensile properties and energy absorption capacity, and the PE fiber with a small

diameter is more suitable for HSHDC preparation. Finally, the dense matrix of HSHDC and the rough surface of PE

fiber were studied by scanning electron microscope (SEM).

Key words: high—ductility concrete ; fiber diameter; fiber volume ratio; tensile strength ; ultimate strain
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Tab.1 Physical and mechanical properties of fibers

LFYEA PR HAR /™ PLBL3RE/MPa PRI/ GPa /% K /mm W/ (grem™)
PVA 22 1 600 40 7 12 13
PE-22 22 3800 145 29 12 0.97
PE-35 35 3800 145 29 12 0.97
PE-40 40 3800 145 29 12 0.97

R2 TYEBARMUFHEK

Tab.2 Chemical composition of mineral admixtures %

TR S0, ALO, Fe,0, MgO SO, CaO Hedkit

BEOR 646 199 3.5 1.3 0.4 3.8 47
R 324 151 0.5 9.2 19 366 1.1
Tt MK 94.0 0.8 1.1 1.1 0.3 0.5 1.8

TPBIESE TR LE (2T YERFRA (2T YRR S 27 4
X HSHDC R g 2 PERE A SZ I . U568 J7 S 4 3
B .

%3 HSHDCHMHIRIEFTR
Tab.3 Tensile test scheme of HSHDC

4 K YR FURRE% K
E22-1.5%-0.14 PE-22 1.5 0.14
E22-1.5%-0.16 PE-22 1.5 0.16
E22-1.5%-0.18 PE-22 15 0.18
E22-2.0%-0.14 PE-22 2.0 0.14
E22-2.0%-0.16 PE-22 2.0 0.16
E22-2.0%-0.18 PE-22 2.0 0.18
E22-2.5%-0.14 PE-22 2.5 0.14
E22-2.5%-0.16 PE-22 2.5 0.16
E22-2.5%-0.18 PE-22 2.5 0.18
E35-2.0%-0.16 PE-35 2.0 0.16
E40-2.0%-0.16 PE-40 2.0 0.16
A40-2.0%-0.16 PVA-40 2.0 0.16
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Fig.1 Uniaxial tensile test specimen size and loading

device diagram
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Fig.2 Tensile stress—strain curves of HSHDC with

different parameters
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Fig.3 Cracking mode of HSHDC doped with PE fiber
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HSHDC AR EE (o)) S BR BN S ().

1% 4 AT 401, 76 12 40 HSHDC ik 14, #8 A PE £F
Ak 11 2 T hr R B A 2 T 4.5 MPa L) |
1 £22-2.5%-0.16 A4 058 B B 5 , I8 %) 7.81 MPa;
11 21 3 A2 W B A iz 28 7E 0.38%~4.39% 22 [1) . ik A
£22-2.5%-0.18 A4 % FR $7 i 57 A8 fe i, a8 2 T
4.39%; 48 A PVA £F 4 19 1 4138 14 16 0 Fr 5 1
3.35 MPa, # BRPLAH W A5 4 0.16%. HSHDC 3 {4 Hir
iR A S8 A T YR E 1 (£90.01%) , 3B HSHDC
A SRR 124 RE

4 HSHDCH i HZMERESH
Tab.4 Tensile mechanical properties of HSHDC

A o /MPa & /% o /MPa & [%
E22-2.5%-0.14 4.64 0.01 5.93 0.52
£22-2.0%-0.14 3.60 0.07 5.25 1.44
E22-1.5%-0.14 3.85 0.01 5.09 1.80
£22-2.5%-0.16 4.48 0.03 7.81 243
£22-2.0%-0.16 3.77 0.11 6.84 3.04
£22-1.5%-0.16 3.53 0.09 6.05 3.15
£22-2.5%-0.18 4.41 0.11 6.96 4.39
£22-2.0%-0.18 4.01 0.08 5.00 3.84
£22-1.5%-0.18 3.55 0.09 4.68 3.65
E35-2.0%-0.16 4.20 0.14 5.40 1.63
E40-2.0%-0.16 3.52 0.07 4.83 0.38
A40-2.0%-0.16 2.46 0.06 3.35 0.16

22 AERH
2.2.1 Kbt HSHDC 445 3% & Fo 5 3 49 3% vh)

FH 28 4 R I&] 4 7T A1, 24 25 2 b 23S S H R B 3R A
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Fig.4 Effect of water—binder ratio and fiber volume ratio

on tensile mechanical properties of HSHDC
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Fig.5 Effect of fiber type and fiber diameter on tensile
mechanical properties of HSHDC
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Tab.5 Strain energy density g before peak of different

specimens
JENC AN g/(kJ-cm™)

E22-2.5%-0.14 41.2
£22-2.0%-0.14 66.2
E22-1.5%-0.14 29.8
E22-2.5%-0.16 151.8
E22-2.0%-0.16 169.8
E22-1.5%-0.16 152.1
E22-2.5%-0.18 243.1
E22-2.0%-0.18 155.6
E22-1.5%-0.18 153.2
E35-2.0%-0.16 51.1

E40-2.0%-0.16 15.8
A40-2.0%-0.16 4.4
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Fig.7 Effect of water—binder ratio and fiber volume ratio on

strain energy density g before peak
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Fig.9 The principle of crack stability propagation
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Fig.10 SEM image of HSHDC micromorphology
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Fig.11 SEM image of fiber destruction in HSHDC
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