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Abstract: The finite-element model of ensional steel fiber reinforced ultra-high performan rete (SF/
oped on the mesoscopic level by utilizing LS-DYNA, the mechanical

UHPC) cylindrical specimen was d%

gased on the verifi-

cation of the validity and xati b of above-mentioned mesoscopic numerical model c—eflects of steel fiber vol-

ume fraction, aspect ratio,

hape and size on compressive strength, toughness a [tire mode of SF/UHPC were

studied emphatically. Finally, the formula for predicting the compressive s@f SF/UHPC was fitted according

to the simulation results. The results indicate that the developed mesos
UHPC can well characterize the static performance and damage

stress, and the fitting formula can also predict the compressive §

odel in this paper for simulating SF/

of concrete under uniaxial compression

th of SF/UHPC.
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Table 1 Material parameters of steel fiber reinforced ultra-high performance concrete (SF/UHPC)
Material Material model Input parameter Value
Density/(kgsm ™ *) 2 450

UHPC matrix K& C model Unconfined compressive strength/MPa 90
Poisson’s ratio 0.19
Density/(kgem™*) 7 830

Steel fiber JC model Young’s modulus/GPa 210
Poisdgny ratio 0.28
Y/ (kgem *) 7 830

Pressure bars Plastic kinematic hardening model @@ung’s modulus/GPa 210
/\& Poisson’s ratio 0. 28
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Table 2 Properties of superfine steel fiber

Diameter/ Length/ Tensile strength/
Type

mm mm MPa
Superfine steel fiber ~ 0.1—0.12 15 =>4 000

* 3 SF/UHPCit#5#
Table 3 Parameters of specimens of SF/UHPC

Specimen number o/ % H/mm D/mm H/D
1 0 100 100 1
2 0.5 100 100 1

Notes: 1—Matrix of UHPC without any fiber; 2—Matrix of UHPC
with superfine fiber; p;—Steel fiber volume fraction; H—Height of
cylindrical SF/UHPC; D—Diameter of cylindrical SF/UHPC; H/
D—Height-to-diameter ratios of cylindrical SF/UHPC
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Form Liquid \\h
Color Yellow/br&y
pH value 6.

Solid content

S B AR 2ZZ7E 0. 07 % ~0. 2% D

Water-reducing rate 30 % m%ﬁm j] *ﬁj: (i
Chlorine ion content <0.1% x.) O . - o o
‘.ig\ 5 S B IR 25764, 46 ~10. 7%
2.2 XIEEE A OB AR U S S R 22 5. 0% ~
SIS SR U R AR I S5 5 AL B R AT BR A |l R 9 o LIRS RLIRE T AR ST EE ST AR R (Y
YAW-3000 8 38 HL Y ] il 07 S0 ML A7 n 48, 5K /_\o%?
120 =TT 00
@ p=0% — — Test value L (b) p=0.5% — — Test value
& 100 - TN —— 3D meso scale model < 100 [ 1 —— 3D meso scale model
Z ! \ % F ¢ I|
= | J \ 3 i / I
5 80 ; N s 80 i
E ’,/ N § | “I lm"q
1Z] L o @» L & 1,
S 60 / '\ f 60| / Mg,
1] \ a2 (' Uy,
g 40 ./ % 40 ./ M, f’]lﬁl,1'1‘
£ / g /
O 20r \ o 20
0 0.002 0.004 0.006 0.008 0.010 0 0.002 0.004 0.006 0.008 0.010
Strain Strain

K5 UHPC Fl SF/UHPC B -7 A8 i £k
Fig. 5 Stress-strain relationship of UHPC and SF/UHPC



AL A BT A 4 iR 55 P RE TR BE L b P R Y 40 UL (A AL . 1665 -

% 6 UHPC 1 SF/UHPC i EREF W EEMER
Table 6 Comparison of experimental and simulated results of compressive strength of UHPC and SF/UHPC

o o =0% 0r=0.5%
Characteristic parameters - - - - - -
Experimental results  Simulation results Error/%  Experimental results  Simulation results Error/ %
Peak stress/MPa 107. 18 107. 26 0. 07 100. 86 101. 08 0.2
Peak strain 0.0028 0.0031 10. 7 0.00339 0. 00354 4.4
Young’s modulus/GPa 40 42 5.0 31 34 9.6
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Fig. 10  Simulated failure modes of SF/UHPC with different steel fiber volume fractions(H/D=1)
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Fig. 11  Stress-strain relationship of spéeiméns with different aspect ratios of steel fiber
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Fig. 12 Simulated failure modes of SF/UHPC with different aspect ratios of steel fiber
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Fig. 13 Stress-strain relationship of ns with different height-to-diameter ratios
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Table 7 Size effect conversion factor of compressive

strength of cylindrical SF/UHPC

Specimens pi/ %

size/mm 0.5 1.0 2.0
100 * 200 0. 995 1. 025 1. 056
50 % 100 1 1. 033 1. 087

Notes: 100 * 200—Cylindrical SF/UHPC with 100 mm diameter and
200 mm height; 50 * 100—Cylindrical SF/UHPC with 50 mm diam-
eter and 100 mm height.
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Fig. 14  Failure modes of SF/UHPC with different height-to-diameter ratios
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