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Constitutive Response of Hybrid Basalt-polypropylene Fiber-reinforced Concrete Based on
Energy Conversion Principle
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Abstract: The constitutive behavior of hybrid basalt-polypropylene fiber-reinforced concrete (HBPRC) with different matrix
strengths was investigated. The influences of basalt fiber (BF) and polypropylene fiber (PF) on the constitutive behavior and energy
conversion relationship of the concrete were analyzed. The results show that the addition of BF and PF with an appropriate content
can improve the ductility and strength of the concrete, but the influence of BF and PF on the elastic modulus is more complicated. In
addition, the presence of BF and PF, especially their mixtures, significantly reduces the elastic strain energy release rate, increases the
dissipation energy and thus improves the ductility and toughness of the concrete. Comparatively, BF is more conducive to improve the
strength of the concrete, while PF mainly inhibits the expansion and penetration of macro-cracks in the concrete. Based on the
statistical damage theory and dissipation energy, a constitutive model of HBPRC was proposed.
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Table 1 Chemical composition and physical properties of admixtures

Mass fraction/%

. Density/ Specific surface 28 d active
Material (g-em™) area/(m>kg™")  index/%
CaO Si0,  ALO; Fe,0; MgO  SOs Other Water  Ignition loss g g ndex/7o
Silica fume 1.63 85.04 0.97 1.04 0.32 10.00 0.06 5.48 2.10 23000 131
Fly ash 21.14 35.71 16.57 8.92 1.41 1.94 12.49 0.20 2.85 2.35 340 97
Slag 34.11 3465 14.21 0.49 11.15 1.00 3.74 0.70 0.30 2.86 410 104
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(a) BF (b) PF

K1 BF 5 PFMIEMWEH
Fig. 1 Morphology of basalt fibre and polypropylene fibre

%2 HBPRC W&t

Table 2 Mixture proportion of HBPRC kg/m®
Mixture BF PF Cement  Water  Silica fume Fly ash Slag Sand Coarse aggregate Water reducer
0C-30 2342 161 22 732 36.6 683.0 1162.9 3.66
BC-30-0.1 2.56
PC-30-0.1 0.910
HBPC-30-0.1 1.28 0.455
HBPC-30-0.2 2.56 0.910
OC-50 333.1 140 29 48.3 72.4 774.1 1026.1 4.83
BC-50-0.1 2.56
PC-50-0.1 0.910
HBPC-50-0.1 1.28 0.455
HBPC-50-0.2 2.56 0.910

1.2 REHIE

B AT YR 4 B A P, TS M 4E K HBPRC
TR RHOBEREI 18] BEPEmy, R, g R E LR G
PHE 30 so R FKIe 50 PHB A BB,
FARLEREFE 2 min. BAINLFYERS, HKUCK PF A BF
IIABEFENLT, I 79 3 min AT 2 mine )54
TACHEFE Y A1 R K R K RSN L, SR8
2min. HEFEIYAI)E, K HBPRC WA EHINAR
S 100 mmx 100 mm=300 mm RIS FEAARE B, 3f:
FHHR ) 5 Pedy 8 5 o A2 0 e AT 24 h ) s
IPERAEE, IR OIS 49(20£2) C . HIXHE
FERT 95%MbRHEFRA = h I 4 4 28 d.
1.3 [ A-RETRFREMR

SR FH 9 [l S s B 8 /) A2 P 16 Instron 5 BEA
BRAZ AL HBPRC 3R AN - AE E R o 15X
INECHT, AR R M T — 2 Ak, DRI
21 ity THT 55 00 8 He 4 18] 1% iy BHLEE 388 350 o 8% Ji5 DA
0.01 mmv/min FRJHNZECIH P D028 2 T 1 U {1 9 B2 1) 10%
KiAi, PR INEER R 3 A AR n gk

JE AR A o IE A i Aad A 2 0.1 mm/min
(Z1h 5.56x10°°/s). HBPRC A% I 1) A% JE 5% H
LVDT iR AL A AT RAE, far gl el 5L A 30K
o MK S AN, 5 RARTT I 3 AN F
SELAE Fg AR LHARAT () 5 28 . 3 —I ARRIG 45 I
1.4 BF 5 PF Hyi{a s snm

SR HBPRC i A A83A 5 BE #l PE 45435 72
i, LLorAT BF 5 PR XHREE L AR T 4 R AE R FERT
R TRVE ML, B HBPRC EBIR )G . N~F4
b 5 mm. RITEA TR, S R kG
NELEA AL o Wi4x)5, KM ZEISS Gemine SEM 500
Yy RS FL - AR R R AT R

2 REHNEE

Bt B Ak 2 ) T B R I A R AE
HBPRC 7Efiif 2845 H I AR TR A R A 52 o _Elt 2
HBPRC Wi g i AL 55 Ah AT R AT ey it
Fo B (i 2 FFSEAE T, AT NI RE B T 4%
24 HBPRC IR PFI SR AR e FEALAE . FOMERE.



249 55 8 1Y

i o A R TR E LR R AT YRR B L AT < 1673 -

EATRESE . HTEEIERR, raLRR SR RE T
&R /N, PR HBPRC A 484 0 R A
TR RN

U=U, +U, (1)
L U AN N A AT N AL BE, MPa;
Ue JAitfr4E HBPRC IR A4 A IR B A7 A R ek 0 AR
A&, MPa; U, 4 HBPRC IR /F 40 A i 7= A= )
ATAFIFERRE, MPa.

R RS VAR AT S S T A A
HBPRC 151 ) i N 5 AR fie &

U=[ode 2)

X H: ¢ 4 HBPRC R4 Y. ), MPa; ¢ 4
HBPRC i A (1)l 1] A%

WHEDLT, JREE MR AT AR R %
RETR I OC A AT (R BRIl R 80 SRk 15, &l 2 .
KSR ¥ HBPRC R IR A5 35 23 S5 4040535 43
AHEARNT o T SRR R AE A BR300 I B
AIEE TS, itk HBPRC R MG I 0 200560 13
F P4 PR BT L% T HBPRC R4 i
PR, BPRC s ) iy A B ok 7 A% g A
P AAFRAE L REA

2
O

V=g )

2

Ud=jad€—;-—E 4)
Ah: E 4 HBPRC W16 ER &, MPa.
 FAE I U g7 &6 HBPRC R FHEAT T s 42
EIZ T, HBPRC A4 P 8 AT AR 6B O A2 —
SEREJERIM A, ILE E 5 HBPRC R F N j—M
AR R AR I BLIEAEL Y. 1) 10%F1 30% 2 ] .4k
IR

EZ+ E3 Total strain energy

Dissipation engrgy

Stress/MPa

/ B /\ Elastic strain energy

Strain

K2 sl fEr R R SR

Fig. 2 Energy conversion relationship in loading process
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Fig.3 Stress—strain curves of HBPRC
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Table 3 Calculation results of a;-a4 and b;-b,

Matrix strength grade a a as by b, bs by
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C50 0.0732 0.5399 0.1629 -4.286 0 1.8855 —19.400 2 196.574 2 —24.479 2
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