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Energy Drop Coefficient and Evolution Characteristics of Basalt Fiber Reinforced
Concrete Under Triaxial Cyclic Compression

WEI Tianxia', LIN Jiajianl’z, SHI Guodong2’3, WU Haibo*
(1. School of Electrical Engineering and Automation, Anhui University, HeFei 230031, China; 2. Institute of Energy, Hefei
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Abstract: To study the brittleness index change of basalt fiber reinforced concrete (BFRC) and input energy, elastic energy and
dissipative energy evolution law under cyclic loading at different confining pressures, triaxial compression tests and cyclic loading
tests at different confining pressures (i.e. 5, 10, 15, 20 and 30 MPa) were carried out in a model MTS816 Rock Test System, and the
energy drop coefficient was introduced to express the BFRC brittleness index. The results of triaxial compression test show that
except 5 MPa, the drop coefficient of BFRC at other confining pressures is increased by 1.26, 2.03, 2.77 and 4.24 times, respectively.
Based on the results of cyclic loading test results, when the cycle is controlled by displacement, the unloading point at the post-peak
stage can be obtained according to the set displacement value instead of the peak stress point of a single cycle. The energy evolution
curve of BFRC has obvious stage characteristics, and the energy value of a single cycle is closely related to the loading and unloading
points. The stable state of BFRC can be indirectly judged by a ratio of elastic energy to dissipative energy.

Keywords: basalt fiber reinforced concrete; triaxial compression; cyclic loading; energy drop coefficient; energy evolution
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Table 1 Basalt fiber (BF) performance index

Length/mm  Diameter/um Density/(g-cm™)  Applicable temperature/'C

Modulus of elasticity/GPa  Strength of extension/MPa  Extensibility/%

18 15 2.62-2.65 —269-650

91-110 3 0004 800 3.14

T2 P.CA25KRHIERNZMREIEHR

Table 2 Basic mechanical performance parameters of P.C42.5 cement

Specific surface area/(m*-kg ")

Compressive strength/MPa

Tensile strength/MPa

357.9 3d

7d 28d 3d 7d 28d

23.0

34.8 46.7 5.5 6.8 9.0

®3 & 0.2% BF WZRAFHIERERE T (BFROE &L

Table 3 Mixing proportion of basalt fiber reinforced concrete (BFRC) with 0.2% BF

kg/m®

BF Cement Sand Crushed stone

Water Fly ash Water reducing agent

5.3 450 682 1113

150 50 10.5
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Fig. 1  Stress—strain curves of BFRC under conventional and cyclic loading
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Table 4 Characteristic parameters of BFRC under conventional triaxial compression

Confining pressure/MPa Peak stress/MPa Peak strain mm/mm Residual stress/MPa Residual strain mm/mm  Modulus of elasticity/GPa
5 99.0 0.006 22 61.4 0.01522 19.712
10 120.0 0.007 56 74.7 0.016 16 22.503
15 135.6 0.008 94 97.7 0.019 56 23.172
20 147.0 0.010 19 111.8 0.022 35 24.326
30 166.6 0.012 73 1353 0.028 87 25.299
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Fig. 2 Typical failure modes of BFRC specimens under different confining pressures
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Fig. 3 Stress—strain curve of brittle materials
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Fig. 7 Stress—strain—energy curves of BFRC under cyclic loading



« 2180 - CRERR R 2540 J Chin Ceram Soc, 2022, 50(8): 2173-2181 2022 4
43 BEFELL n BAFE A2 an & 8 s .

VR B AR AN A BT R AE AN AT AR TR 1 _w 16)
T2, SEPRONBEEFEEUNZE R LEINFAWTIAARE A 5 we

FLERHI G SREBTERT BOREUNT e V6 Jm R WL
T (14 P22 J R ZRBORE 6 H 7 2B ) 3l e S5 4 B A e
BN, WA6)FR, &L IER SR
ELAEAN BFRC HIBEFELL o AFEDIIR AT #PERE 5
SPHOAT,  TTTRREA 5 B R RE AR T SRR RE IR
TGN, S BRE AL S ASBIA AT A FEHURE A LR
BOK, mrE REFELL » Ta1 BTl (RS E IR -
B>l i, AT SR RER TRERRE, Ak
I 4% tH ARG FEAR H BE U8 R 52 8, AR,
T RERE: M=l i, CIRBIBIARILE, AT
WAL T IR AR IRES s Zp<t i, lFEAL T
e B AT B0 i e B, AR IR o il 2 (16)
THE AN EI S BFRC HIREREELRER /7 AR )

6 E —=—5 MPa
v! —— 10 MPa
‘ —— 15 MPa
—v— 20 MPa
—+—30 MPa

HE 8 nLAEH, HIETE S MPa i), » FE{EHA
UCE 0 2 B SR 3G N 5 N e 4 TR E, X
J& T AE N E AT BFRC 10RE A 0 23 B i [ 25 i 4
fRREE 5 LU 2« B NSRRI B e 13 iz K
Twe, S8 n EIUEINMESE; EBEER B4
KA we s KT we, n Basikh;
BRI G e B, I8 R 33— 080 TR
BAFARMRL 4, vk ge AR B T,
n TE/NEEI NS . F5E FEFINE T AR E AR/
EIE S VARG, ARG HARE R T ¢ 209
RN B, A TR B B2 BTG R IR
ok b ke R BAL, RS 1 IR ¢ I8 R
N

——5MPa

: 1 1 1
20 40 60 80 100 120 140
(0,—0;)/MPa

(b) n—stress evolution curve

K8 JEMINE T BFRC HIREFELL n B2/ i A h 2k

Fig. 8 Evolution curves of energy consumption ratio of BFRC with strain/stress # under cyclic loading

0 -
: 1 1 1 1
0.00 0.01 0.02 0.03 0.04 0.05
&
(a) n—strain evolution curve
5 i

ISR 4EK S A 18 mm. AR HCN 0.2%H)
BFRC iRFFE T FE SLIR B 7045 21 DL R 4518

1) BEFFE 8N BERC (MM ZHR55, 1R
P S0 25 R 5 A8 B AT R BUIUE TS 2] 5~30 MPa
™ BFRC F1#kv& 230 H 737309 3.852. 4.843.7.821,
10.653. 16.339, H HCRMEPEERSS, WEPEBRH .

2) @ ARSI I TE IR I, W5 S B B ) D 2
FUNERR 5 B E AL B A5 21017 A B G R Ve
71 5i; BFRC [P RE S 4k it 28 5 A B B 1 BURFAE,
BRI R m A /NS I 3 s S A %

3) AL FRPERE S FERRAE L Ly IR) 43 A I
BFRC MR ERA, 4 p>1 B TRUEIR, 7<1
IRFR AL T AR EIRES -

SE R

[1] Rfh. 4y
1999(1): 3-4.
WU Zhongwei. China Concr Cem Prod (in Chinese), 1999(1): 3—4.

[2] FECks, 2R, LT 4 00 BB (FRP) 76 I8 e 0 454 B BT 9 5
FH[I]. 1R#%E+E, 2001(10): 37-39.
WANG Wenwei, LI Guo. Concrete (in Chinese), 2001(10): 37-39.

(3] HjEGH, Ky, Rz, 5. 58 A0 KA e P AR
OB SRR D). RERR EL 2431, 2020, 48(11): 1756-1764.
GOU Hongxiang, ZHU Hongbo, ZHOU Haiyun, et al. J Chin Ceram

IKYEFEM B R R [T]. e+ 5K JE I




2 50 H55 8

FRTF & ZHEA ST X ala 4 4R ket it B RO EALRHE .

2181 -

(4]

(3]

(6]

(7

(8]

(9]

[10]

(1]

[12]

(13

[14

[15]

[16]

Soc, 2020, 48(11): 1756-1764.

BEAERE, XUBREE, WhE, & ARBGEN XU 4 41 o8 iR g
- FUBR &5 M A AL R AE A S A (7). 52 A A RE 2R, 2020, 37(9):
2285-2293.

XUE Weipei, LIU Xiaoyuan, YAO Zhishu, et al. Acta Mater Compos
Sin (in Chinese), 2020, 37(9): 2285-2293.

LOPRESTO V, LEONE C, DE IORIO I. Mechanical characterisation
of basalt fiber reinforced plastic[J]. Compos Part B, 2011, 42(4): 717-723.
FAN Feilin, XU Jinyu, BAI Erlei, et al. Experimental study on impact
mechanics properties of basalt fiber reinforced concrete[J]. Adv Mater
Res, 2011: 1910-1914.

7, PRSEIL, §hEE, . XulA LS Ex X uls 4/ R
FLR-BEREEMERERR ] ZEMEEER, 2020,
37(2): 276-283.

MA Fangwu, CHEN Shixian, HAN Lu, et al. Acta Mater Compos Sin
(in Chinese), 2020, 37(2): 276-283.

DYLMAR Penteado Dias, CLELIO Thaumat-urgo. Fracture toughness
of geopolymeric concretes reinforced with basalt fibers[J]. Cem Concr
Compos, 2004, 27(1): 49-54.

T—7, TT, & Rals £ YRGS 2T 4 A0 Bl 14 2 L ) 4% A7
X VR g X I A S P AR K R (). SRR R, 2020, 37(1):
214-222.

DING Yining, DING Ning, LI Dong. Acta Mater Compos Sin (in
Chinese), 2020, 37(1): 214-222.

WANG Xinzhong, HE Jun, MOSALLAM AYMAN S, et al. The
Effects of Fiber Length and Volume on Material Properties and Crack
Resistance of Basalt Fiber Reinforced Concrete (BFRC)[J]. Adv
MaterSci Eng, 2019(4): 1-17.

WK, FHEE, W, & XA gERE L iR 5 Y
HLERRT7T[0]. T, 2011, 41(S1): 638-641.

DONG Jingiu, DU Yanting, WEN Baolian, et al. Ind Constr (in
Chinese), 2011, 41(S1): 638-641.

AR, e, KilE LR xR T 0 AN [I]. iR
EheFIR, 2008(4): 476481, 486.

LI Weimin, XU Jinyu. J Chin Ceram Soc, 2008(4): 476481, 486.
RPHT, EHERK, W, . RuUA YRR b R RE (]
HAMELER, 2010, 27(6): 120-125.

ZHAO Qingxin, DONG Jinqgiu, PAN Huimin, et al. Acta Mater
Compos Sin (in Chinese), 2010, 27(6): 120-125.

MKW, ¥, BREESE, S5 RN I EUE A MRSUR B RHE
HReENHID]. A 5 TR, 2014, 33(4): 691-698.

YANG Yongming, JU Yang, CHEN Jialiang, et al. ] Rock Mech Eng
(in Chinese), 2014, 33(4): 691-698.

TREM, mg PR RS N A RREWRETRD]. A%
5 THRE2AR, 2012, 31(5): 953-962.

ZHANG Zhizhen, GAO Feng. J Rock Mech Eng (in Chinese), 2012,
31(5): 953-962.

TR, ENDL, SAE, & ZHIEH N E SR AT T A A e R

[17]

(18

[19]

[20]

[21]

[22]

[23]

[24

[25

[26

[27]

TS BCRERT]. A0 70255 AR A4, 2020, 39(10): 2047-2059.
MENG Qingbin, WANG Congkai, HUANG Bingxiang, et al. Chin J
Rock Mech Eng, 2020, 39(10): 2047-2059.

MENG Qingbin, ZHANG Mingwei, ZHANG Zhizheng, et al.
Research on nonlinear characteristics of rock energy evolution under
uniaxial cyclic loading and unloading conditions[J]. Environ Earth Sci,
2019, 78(23): 650.1-650.20.

MG, FHRT, ME, & S L eUs 2R g+ ) =1 g
Je e BP A28 2 NI BT T2 0], Bid TR, 2020, 42(6): 8-17.
LIN Jiajian, WEI Tianxia, SHI Guodong, et al. Protect Eng (in
Chinese), 2020, 42(6): 8-17.

PR, HESE, XURI, S OEER 0 E 4 bR [l P A R AR A
KABTIEN]. A D155 TREAER, 2014, 33(9): 1791-1797.

XIAO Fukun, SHEN Zhiliang, LIU Gang, et al. J Rock Mech Eng (in
Chinese), 2014, 33(9): 1791-1797.

SRUIRE, SRHISE, Zegih, S P TR A o ] A v A R
ARG L[], TFE 1%, 2020, 37(11): 47-57.

DENG Mingke, GUO Liying, LI Ruize, et al. Eng Mech (in Chinese),
2020, 37(11): 47-57.

PSR, LT, Wh, & ST A AR AT IR A B RHE SO
RERRTE 2] & 1%, 2019, 40(1): 91-98.

SONG Honggiang, ZUO lJianping, CHEN Yan, et al. Rock Soil Mech
(in Chinese), 2019, 40(1): 91-98.

fdF, WWW, RREZE, &S A RN AR R BV RO
R A2, 2014, 352): 321-327.

ZUO lJianping, HUANG Yaming, XIONG Guuojun, et al. Rock Soil
Mech (in Chinese), 2014, 35(2): 321-327.

5%, FEME, dkotst. AFRBEET C60 W =4k 45 d FERE & 4
Hr[I1. LR F12223R, 2020, 37(5): 2086-2093, 2326.

LI Yi, CHENG Hua, ZHANG Liangliang. J Appl Mech (in Chinese),
2020, 37(5): 2086-2093, 2326.

WA, Bk, EERA 20 e SO B s AR R BRI [T
F15 5528, 1997(2): 2-6.

XIE Heping, JU Yang, DONG Yuli. Mech Eng (in Chinese), 1997(2):
2-6.

YHE, 89, Bors, BT REFHNS BRI S AT S5
PRREIRERID). A 7155 TR, 2005(17): 3003-3010.

XIE Heping, JU Yang, LI Liyun. J Rock Mech Eng (in Chinese),
2005(17): 3003-3010.

B, TRULES, BEER, 55 ZHIEIAEECT b PG FERE L
RHERF )], %51 77%, 2019, 40(10): 3751-3757,3766.

YANG Xiaobin, CHENG Hongming, LV lJiaqi, et al. Rock Soil Mech
(in Chinese), 2019, 40(10): 3751-3757,3766.

ErT, FEME, B, & ZHOEFR 0 EECT R A 1
RERALATSERF LR FE[T]. &4 0% 5 TR, 2018, 37(12):
2676-2684.

WANG Xiangyu, ZHOU Hongwei, ZHONG Jiangcheng, et al. J Rock
Mech Eng (in Chinese), 2018, 37(12): 2676-2684.



