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Abstract: The uniaxial constitutive relation of ultra-high performance fiber reinforced concrete (UHPFRC) is the
basis for under-standing its material properties and nonlinear structural design. From the perspective of the con-
stitutive equation function model, this paper reviews the existing research on the uniaxial constitutive relationship
of UHPFRC. It was found that the empirical model of constitutive relation is suitable for structural design calcula-

tion, and the constitutive equations of uniaxial tension and compression should adopt rational fractions. The
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simplified model of constitutive relation is suitable for simplified force analysis and numerical simulation. The
three-fold line model is suitable for uniaxial tension, and the double-fold line model is suitable for uniaxial com-
pression. The damage model of constitutive relation is suitable for the study of material properties, and the damage
evolution function is mostly Weibull distribution. In addition, it is found that the constitutive equations obtained by
various existing studies do not contain fiber parameters, which cannot fully reflect the influence of steel fibers.
Therefore, uniaxial tension and compression tests were carried out on UHPFRC with three aspect ratios and six
volume fractions to analyze the influence of fibers on the constitutive relationship. The results show that the
rational fraction is more suitable for the empirical model function of the uniaxial tension and compression con-
stitutive model of UHPFRC. Combined with the test and the collected literature data, the influence of fiber on the
coefficient of the empirical model equation was analyzed, and the equation of the empirical model of the uniaxial
constitutive relationship was proposed. The influence of steel fiber parameters on the uniaxial damage constitutive
relation was also explored. The experimental results show that there is a strong correlation between the steel fiber
enhancement factor and the control coefficient of the damage model. Based on the experimental data, the relation-
ship between the parameters of steel fiber and the control coefficient of constitutive equation is obtained by
numerical analysis, and then the damage constitutive equations of uniaxial tension and compression including

steel fiber variables are proposed. The literature data are collected for verification and correction, indicating that

the constitutive relation proposed in this paper is in better agreement with the experimental results.

Keywords:

ultra-high performance fiber reinforced concrete; constitutive relation; uniaxial tension; uniaxial

compression; steel fiber; volume fraction; aspect ratio
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Table1 Mix proportion of ultra-high performance fiber reinforced concrete (UHPFRC)(Mass ratio)

Aggregate

Binding material

0.212-0.428 mm 0.428-0.850 mm 0.850-1.700 mm

0.038 mm

Superplasticizer
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0.14 0.41 0.53

1 0.3 0.025
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Fig.1 Steel fibers with different aspect ratios
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Table 2 Test scheme of group A and group B
Steel fib Steel fib
Test i eeltiber Steel fiber Test X eettiber Steel fiber
ou Specimen volume aspect ratio ou Specimen volume aspect ratio

group fraction/vol% P group fraction/vol% P
C-S0313-1.0vol% 1.0 43 T-S0313-3.0vol% 3.0 43
C-S0313-2.0vol% 2.0 43 T-S0213-0.5vo0l% 0.5 65
C-S0313-3.0vol% 3.0 43 T-S0213-1.0vol% 1.0 65
C-S0213-1.0vol% 1.0 65 T-S0213-1.5vo0l% 1.5 65

A C-S0213-2.0vol% 2.0 65 T-S0213-2.0vol% 2.0 65
C-S0213-3.0vol% 3.0 65 T-S0213-2.5vo0l% 2.5 65
C-S0220-1.0vol% 1.0 100 T-S0213-3.0vol% 3.0 65
C-S0220-2.0vol% 2.0 100 B T-S0220-0.5v0l% 0.5 100
C-S0220-3.0vol% 3.0 100 T-S0220-1.0vol% 1.0 100
T-S0313-0.5v01% 05 43 T-S0220-1.5v0l% 15 100
T-S0313-1.0vol% 1.0 43 T-S0220-2.0vol% 2.0 100

B T-S0313-1.5vol% 1.5 43 T-S0220-2.5v0l% 2.5 100
T-S0313-2.0vol% 2.0 43 T-S0220-3.0vol% 3.0 100
T-S0313-2.5vol% 2.5 43

Notes: C—Uniaxial compression test; T—Uniaxial tension test; S0313—Diameter of steel fiber is 0.30 mm and the length is 13 mm;
S0213—Diameter of steel fiber is 0.20 mm and the length is 13 mm; S0220—Diameter of steel fiber is 0.20 mm and the length is 20 mm.

0.1 mm/min A% 8E B A7k, BB K
BE AR A R 50 T 4K BE 1Y 60% I 25 R 6 . 5 LA
F 2T 100 mm W B Y, H B A
PR B 22 ST 16%, A R 56 2 Y )
Wb o o LA B il 4 3 56 2 R T L I 2(a)
2.3.2 R

£ 41 UHPFRC %% % 34 5} & 100 mmx
100 mmx300 mm (1) 15 A A 14, S 77 4l e il 56 o
% M [ F bR il GB/T 31387—2015% JE 17 4t JE 14 fig
KD, R =8 R RSIR A R, Sl 0.25 kN/s
B 3 B o 8 N 2% 2 30 kN; #RJ5 LA 0.1 mm/min [
TG B o 2k AR R AR IR . R K
565245 B LI 2(b).
2.4 REHER

IR 5615 24541 UHPERC $li 7 07 F1 -0 2% il 26
35 32 I HLAIEE BRI, b A 3 58 b 0] 5k )
Bl R - AR i 2y BT B, LA 4,

12 12

3 UHPFRC &#Jx %
3.1 UHPFRC &KX RZIEHR
3.1.1 P AR 252 56 AR A

oI L1 AL, B BB b, R AR T
e ETHBREOE R — o B TRB I R S A AR

(a) Uniaxial tension test (b) Uniaxial compression test
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——T-S0213-0.5v0l% ) ——T-50220-0.5v0l%
- = T-S0213-1.0v0l% - = T-50220-1.0v0l%
— — TS0213-15vol% PO — — T50220-1.5v0l%
— - —T-S0213-2.0v01% 10 -0 ™ — - —T-50220-2.0v01%
SRR S GSE ST IR NI - T-50220-2.5v0l%
o TSI S8 S SN e TS0220-30vel%
~. = WM .
% 6 H AN
5] NN . ~ <
. = N
N ) N
N R 4 SO
N S
~ 2 N

(a) —— T-S0313-0.5v0l% (b)
== T-S0313-1.0vol%
L — — TS0313-1.5v0l% UM
AN — - — T-50313-2.0vol% 3
A N e I NN
o o T -3. N
= oo HE
I AR a 6 NI
o Lo o RSN
B \ \ N ~ B \
4 \\ \\ \\‘ o 4 ".‘
vy o\ N -
2 AN 2
0 05 10 15 20 25 30 0
Strain/%

05 1.0 15 20 25 30 0
Strain/%

05 1.0 15 20 25 30
Strain/%

[¥1 3 UHPFRC HlIH0z J7-Ri 78 £k

Fig.3

Uniaxial tensile stress-strain curves of UHPFRC
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Fig.4 Uniaxial compressive stress-strain curves of UHPFRC
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