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Analysis of bonding property between BFRP bar and hybrid steel fiber ultra-high
performance concrete
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Abstract: To investigate the bonding property between basalt fiber-reinforced polymer ( BFRP) bars and hybrid steel fiber ultra-high
performance concrete ( UHPC), pull-out tests were conducted to study the bonding property of BFRP bars and hybrid steel fiber
UHPC. The effects of recycled tire steel fiber (RTSF) content, UHPC protective layer thickness, UHPC age, and different fiber
replacement ratios on the bonding failure modes, bond-slip responses, and bonding strength of the BFRP bar-UHPC structure were
examined. The results indicate three distinct bonding failure modes for the structure include pull-out failure, splitting failure, and
combined pull-out and splitting failure. The ultimate bonding strength of the BFRP bar-UHPC structure gradually increases with greater
UHPC protective layer thickness and longer UHPC age. Specifically, increasing the RTSF content from 0% to 3% enhances the
ultimate bonding strength by 42. 3%. However, a slight decrease in ultimate bonding strength is observed as the RTSF content
increases. Based on the experimental results, a bond-slip constitutive model for the BFRP bar-UHPC structure is proposed. The model
curves are in good agreement with the experimental curves.
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BFRP 3458 UHPC 4544 ( BFRP fifi-UHPC 45# ) HA B0 & Bk /1, BFRP 55 UHPC RYZE4S I fiE &5
i) BFRP fj-UHPC 25 P Re e 1 ) S B, A0 H R IR AIESE

LT eS8 2 A AR (fiber reinforced polymer |, FRP) #i 5 1REE + I ZE 45 18 1717 M T BEZ 2140 2 R 5200,
AR YEB e RY2EEE JREE LRI BAGE R AR W SRR FRP 75 28 43 3 R 5 1 (fiber
reinforced concrete, FRC) FZEZETRAE 12 | Pan 21 BF 9T BB, XY UHPC {37 2R /N T Iif SR 2 R
(FRP i AR 3~4 45%) B WA 2 R A B T mnil A i gh g 2, B0 R IR o il ik &) &
A RUREIR BRSPS R B T RE K VR B A AR B4 b AR X X 8 45 10 ) R R DR AN L ]
BFRP i 3 HE SO0 (A Zh 25 1 B A sE AR T, AHAS T IR IR SR BFRP il (4, TR IR SR BFRP i 14 1)
SEFELER IR T 83. 7%, WtBa " WS LB, MRS BG LT 4k (recycled tyre steel fibre, RTSF) £tk
S AT LA — 28 He AR R Tl A 4R 4 (industrial steel fibers, ISF) #5012 UHPC H, RTSF 1L [H AR R i 35 $2
7 UHPC AYWTLAE | 2 -l AN LT 4E 1G58 UHPC (19 4 135, AR BLT 4E X UHPC (55 245170 B Ao
PR B S AR B O TR AW AT 4 s 76 UHPC Pl ] RTSF BAT & 3 1 A P 34 RIA B 2%, X i UHPC
A BT ST ROB G T TR T Ok, HATE T BFRP /i 5 1R 24 4F 4k UHPC
FhEbPERE AT IR e/l | H 3R T 1 (H 48 6 R W A A 2 o st S P A5 0 B2 X BFRP 71y 55 TR 2% B9 £F 4k
UHPC Zh25 BB R IFIFSY , S AR 3Gl i b 4 050 20 BFRP #li S5 1R A< M4T 4 UHPC Zh25MERE , JH 2 TR
S H5A BFRP -UHPC 2545545 W 8 2 B2 1) = M BERRIS AR A | DI A dE 57 BFRP fl5-UHPC 25 P9 B 45 W B
A KRR 2 8 5 TR F SR B S SER
1 ReMBl5AH=*
1.1 JE#E

a. UHPC, X5k H P - 0 42.5 AU @ AL RR LK VEAE hy FEBERCEEM B A0 B LR FRLAE Sl 40~80 H
(R SR A Bt H FH BRI T 400 m*/g 14 S95 A Ak AR 48 6kt R R R IR 78 = 50087k 371 (K
RRTF 35%) s shte, A RTSF U8 T SR IG , 1SF SR FH 150 5 B2 T 4 9% e AW 21 4, P 27 4 1) 1 R
W 1, UHPC iR A L3R 2,

1 T

Table 1 Performance of fibers

LT Y2 K /mm HA/mm R/ (kg/m®) HUhiag &/ MPa PR R/ GPa
RTSF 1.8~23.2 0.28 7800 2400 200
ISF 13~15 0.24 7800 >3 000 200
%2 UHPCE &Lt BAL kg/m’
Table 2 UHPC mix design unit : kg/m’
i AT ke Uy kK K KA RTSF $1 ISF &4
1U-0-3 1092 780 180 108 177 21 0 234
HU-1-2 1092 780 180 108 177 21 78 156
HU-2-1 1092 780 180 108 177 21 156 78
RU-3-0 1092 780 180 108 177 21 234 0
RU-2-0 1092 780 180 108 177 21 156 0
RU-1-0 1092 780 180 108 177 21 78 0
N-0-0 1092 780 180 108 177 21 0 0

LA Fedn S o TU 7% ISF UHPC, HU /R IRZY N 48 UHPC,RU 78 RTSF UHPC N /R KRB IS4 UHPC,; TR R 5077 3%
7~ RTSF FlISF B8 (BENE L1V RRBEN 1%)
b. BFRP fffi, 9l A BERP fif Fh A SRR 9 3% 22 % B 2 4 5 i, FL ) 1] 3646 1
M EAR, IR N AR 0. 06 £5, AFREAE N 14. 0 mm, A58 EAE K 13. 1 mm , B BRETPISEEE N 1237 MPa,
PR R 44.7 GPa,
1.2 i{5eigit
HESE RTSF M ISF (938 A LB RTSF $5 5  UHPC f£47 )22 5 UHPC 8%+ BFRP #i-UHPC 2544 %%
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SEPERERG W, ST 13 4L (2 3) AR %3 HmdwEt
3 4~ 150 mmx 150 mmx 150 mm )57 5 A4, s K Table 3 Design of pull-out tests
¥ 84 mm, RTSF A1 ISF (AR RN 0% 1% 2% . — s ISF UHPC 4T b
3% 18 5 i UHPC {472 (14 28 42 56 mm DI RIS e /e, RS b/
HO ik ) B 3 R UHPC #3391 (7.14 28d) ; (1) z iﬁgg i:
1.3 KA E 3 2 1 PR 28

IR, H—H1 4 LR A 2 BeaR A 20 2 1) Bk 4 3 0 AP (7 28
HORFEH T IVR T T RGP e i, : R e
I R AT 7R R TR SRR ) o pemm s
B 2 TA) R — A oG B e I ) A% 8 0 8 2 1 ST 14
S 0~300 kN, ] KR 3F , BERP f (48 i 3 7] 2 11 15 o 2 ! btk 7
WS L A0 R S ) ; : " .
TR, AR L3 I DR A2 g T AR sk 2 i & A= R 12 2 1 4 28

2 1 56 28

YRS I AL 28 A S WBD-50 B 7 4 2 F BHL W 728 7 13
AL AR B e Al R e FLIE 2 76 BFRP A [ H s, BUAT DA & BFRP #fi B B o i i B it 350k H
100 t HL YRR IR T REIR B HL( WAW-1000B) , LA 0. 6 mm/min 33 FE 551X BFRP it fin 7 .

BFRP i Zh 45 B 77 [l (0 6 25 17 3 S b 23R8 0 AR 1 B T 5 1158 5 25 18 3050 T 13 1 1Y)
FAS K i, R 15 BFRP i 78 UHPC H R R 45 0 ) J2 W Rh 45 KB 51 40 A\ RU/MARAE Y, Rt
BFRP f#i55 UHPC MZhZ5 R )l 4% T =0

T =F/7mdl (1)
R F oRAMTE KN 7 NS TRE  MPa;d y BFRP # B2, mm;l HESS KE , mm,

2 KWERSHH

2.1 FEWIREE
Ohy Bt e I A TR, B3 AR A RGP EE AT 00T . 3R 4 D9 hi ki ie 4R, nl UL BFRP fifj-UHPC
LSRR BEA R IE S — AT 3 A OBF IR (I8 1), IX B IE XA ISF AR FRB 50 0% B g 41 v iy
W QU HBFRIR (P 2) , B AR S 1 A 5 4 QIR (181 3) | 3t & R AR A3l 14
BESHORERS
x4 HHABER
Table 4 Results of pull-out tests

Rt et pmss DESERE
5 /KN GRE/MPa B ES
1 138.19 32.41 1.03 Pt
2 141. 45 31.96 1.20 it
3 134.27 31.44 1.20 it 1 SRR
4 133.36 30.24 1.02 o Hap Fig.1 Splitting failure
5 108.73 29.31 1.15 P HEER
6 95.13 26.73 0.79 B
7 80.71 21.25 0.75 BEZL
8 101.83 27.74 1.03 Pt
9 88.83 24. 44 1.28 it
10 86. 96 24.50 0.86 b HEFR
11 103.19 27.73 0.75 P HEER
12 111. 49 29.71 0. 80 ?&tﬂg’é‘%‘% 2 iE EEEREE 3 MR
13 114.79 30. 93 1.04 et
Fig.2 Combined pull-out and Fig.3 Pull-out failure

splitting failure
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a. UHPC fR4P)ZEEERYEMm, 3R 4 A0, E A2 A R B 00, UHPC PR32 R 14 .28
42 mm AR CUEE 10 11 12) SR IRIE 0 3 HAF L R4 2 2B 56 mm A9 F (i1 13) 1)
RAER IR AT OB A CRAP 2 5 B B3GR U O R 5 i IR A5 0 W e | Pl 4 Hh LB 4 SR A28 Sl
MR, 4 UHPC P47 2B 14 mm 5K 3] 42 mm B, BF 224554 Ji (14 0 Rl O 8K | SR04 ) i M T s 34
B B O G 2 R RN B 20 50 ik T e 33 1 100 2% 1) ok R o DA 00 2% S A A5 B R
T, AR S R PR R P 2 R B K B 56 mm 5 i RA AR R I BEIR TN & A B ARG IR | % 2
DR A A4 2 S 8 B3k — B FEE S, UHPC A S5 G b G 1) il 2 4

b. UHPC I 52m . M2 4 W0 #5308 7 14 28 d miabE Gtk 9 .8 .3) M BE A5 B TR 25 35 4k
I, BT UHPC 8 IR RS 25 R TR A2 AN R

c. RTSF BRI, 1136 4 A, RTSF B8 K 0 % 1% R4 G 7 .6) IOBESE B IR 25 Sy B 2l
N, BN 2% 3% IR AF (IR 5.4) W AR 3k FLBF SR mT LR RTSF 4585 138 K iR 0 6 25
WL SRR T B , B RN IR A 3kt HBF 4RGN . RTSF B4 0% i3 {49l % 24 i e, 3R 3
B B REPE T RTSF #8808 1% AR & A T BF 4R IR (H A AR B 24 i e, LA RTSF B84 2%
H1 3% Wi A SR TN G BRI 24 8% . 3K RTSF e f & 4 UHPC mPihitkne, A AR % UHPC 244811
FEMFRNTF R , 3% UHPC [OEEYE, BEZE RTSF $5H (3EA, SXRP RO S0 i &2,

d. ZF4EB A LB L4688 A LBIETE RTSF HIISF BFp£F 4 N FEB R AS , LT T 4 K
ST A L BHRES , 2308 RTSF B4 0% 1 ISF 8341 3% 44 (R 1F 1) \RTSF 85 1% A1 ISF B& 2% 45
(ifF 2) . RTSF #8458 2% M1 ISF 48 1%4 & (R4 3) . RTSF B4 3% 1 ISF B8 0% 414 (i1 4) , 7250id
H0-3.1-2.2-1.3-0, M 4 AlA 48 A HH1 R 0-3 .12 .2-1 BRI & A1 R, B A LU 3-0 i
IR R AR H B RMER T ULBf T RTSF 2 i 38 K 1l i B A5 i SR 245 720 T ph 480 8 e R Ty 4 1 HL B 24
WEIREAE IR RO B R AN B35 . X JE T RTSF B ARtk 3% UHPC pYPi 2, B RTSF (9K JE /0 A
T4 ISF 5 k)32, RTSF H A £F 4k Xt UHPC HUpi itk RE R4 T4 55 , i0fi RTSF Xt UHPC i hrt:BE i ek
HERORBGS T ISF, BT LAl % RTSF 188 0 R B A 5 P A B 2L
2.2 BBl

a. UHPC {4 2RI, & 4 A UHPC 9 2R A E a5 M4 Ry 2R 14 28
42 mm B FEE5 B 2 AE N R B ok 0= O B AR AR 24K HLBE 240K, 76 N BB B i il 4 1 R
BEZY BRI ) BRSBTS A, R A 56 mm AL B, B TR BES R RE B B il
LR ARSI, A AR 2 B IL F] 56 mm J5 HXH R R BE S5 ERE 10 R0 R Z 08 A

b. UHPC & BIR52m, & 5 AR UHPC @1 ) #4522, B UHPC W8 30 3 K, %8 bz 1Y
FhEs B B AE T THO B R K, 76 T RO B fh 26 S i BN 2%, TEFR AR B BEWI AR BE T 0 2 1 5%
RFREER ST X BEE UHPC #1193 BFRP #i 5 UHPC RIALIESS 11 B4 )1 DL R Ak 24 e 4 144
A ERTE HXHA RS M AR P T BT A B A IR RS R

35
30

—— R 43

—— k10

—— 11
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— iﬁ,ﬁ;,]? 1 | 1 1 J

0 3 6 9 0 5 10 15

W% /mm WS /mm
B4 AE UHPC RIPFEEERGHNFLBHHLE 5 7A[E UHPC #HEIGHRE B4

Fig.4 Bond-slip curves of specimens with different Fig.5 Bond-slip curves of specimens at different
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c. RTSF BEIM, F 6 NAE RTSF B8R 45 i R I RTSF B8 0% 1% W i1 55
a2 oA ETHY B X & R O FE BFRP ffiif ok & AL 8TYIESR I UHPC JC T ER 15 13 07 S7 11 7= A B
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2 AR ZE M RE I ARG BRI R 45 5K & 28 T IR, RTSF B8 2% B, AR Z5 15 B ih 246 T B B
ik, 32 T UHPC 7E BERP ffi & 2R BT UIREIR 5 A 7 A B 24 2848 | i LU () BE 45V g © A5 IR KRR B2 b
KAE, M RTSF BEMKE] 3% i, BRI M IG5 2% B st B HFEE5 8% 2R A iR R B B,
Uil UHPC E ¥ BFRP fii#h 58 4k thd R A R BF 24 RTSF XHa M 9P REA BRI TR
d. ZFHEBARGIER, B 7 AR A BRI L5 m R i 4, ik ek 3 0k 4 mi it
O3 AR R IR R ELBY SR | iR e R BB BERD P 1k, AR B S 1 R i IR A R AR B, X
VA —E el iy RTSF 254X ISF % BFRP /i 5 UHPC & MERERIS2maiR /N
351 35

—_— \LJ-{:’H“ S
s0f — itffs 0 i
£ o5l ifFe £ 25 ";M’M
< —— 7 = a1
= 20 5 20 —— {4
Li:‘ 15§ =95
a0 ﬁﬁ
@ 10 & 10
5 5
1 1 J 1 1 ]
0 5 10 15 0 5 10 15
W /mm 1 mm
B 6 [ RTSF BERX LR ML 7 FEFHEBALOIRENREBBHLE
Fig. 6 Bond-slip curves of specimens with Fig.7 Bond-slip curves of specimens with
various RTSF contents different fiber replacement ratios
2.3 FERE

a. UHPC ¥ 2R, IS5 LK, UHPC PR 2R N 14 .28 42 56 mm DL K O Rk i,
TR PR B 2558 BE 20 1 24. 50 27,73 .29. 71 30. 93 31. 44 MPa, B i 25 {447 2 5 BE (48 o 3 1 il A BR
BhoEoR R LA B TR A 2R RN 28 42 56 mm PR Uik BOSR A , HA IR 2k 4k g R 0 1 L
4P R IERE K 14 mm BRI K T 13. 2% 21, 3% .26. 2% 28. 3%, 1 W, BFRP #fj5 UHPC Y M BR &5 45 1%
JE S BE R 2 5 B A3 T AS 2 ST (EL Bl o (R 2 J5E B 1) 14 R T (% s B ke /) | 3] 56 mm J FEAS ]
DL Z AR 2 SR BE X B 255 BE RS IR, SRR UHPC {57 )2 R BE 3 /NI, 38 R A4 J2 T8 B ] LA JE K 4 4%
KIEBAMFD G R, A3 UHPC X488 T J i L9 AR T, B A A BR 6 25 5k A LU T

b. UHPC {RWI A2, a0 45 R, 714 .28 d #4313 7 o e PR 285 &5 5 32 20 91 oy 24. 44 27. 74
31. 44 MPa, BRI UHPC # ARG iR i B G 2850 B b > B 3 42 T . AR TR I8 7 d (it i
WAk 14 28 d 1R FR R 25 58 B B TH T 13, 5% 1 28. 6%, 1T WL BFRP 15 UHPC Y% FR 2645 90 ) 2
B UHPC #4035 A5 2] 0 2 3 0 . O RO B 25 5% 0 1 38 4K, UHPC 5 B 2 i, JEhi ok A 15 ) 42
T, BEA RN ] 2448 19 & &, B BFRP fii 5 UHPC WAL & S5 23 T, H UHPC 38 fE 4K, BFRP #ifi 5
UHPC At 22 e 45 V5 FHALBss | (75 BFRP /i 5 UHPC AR PR Bh45 08 B i 23271,

c. RTSF B, 845 LW, RTSF B8N 0% 1% 2% 3% i, i 144 PR 266 245 5 1 4 0
21.25.26.73.29.31.,30. 24 MPa, RIBfi %5 RTSF 588 035 K i FR 26 45 0 B A7 B W 19 42 =5 . RTSF B8R
1% 2% 3% Wi F i FRER 2558 2t RTSF 818 0% B3R5 B3 T+ T 25. 8% .37. 9% .42. 3%, 1] UL BFRP
i 5 UHPC B FR L4 9 B 23 bl RTSF 45 £ 0934 KM R MR E SR T (B FEE RTSF 48 5 i 15 AR THRCR 2 ik
55, RTSF B M 2% HiKF]3% Bf W REEZS SR B AT T 3. 2% , UhBAXS Tl (A i B 45 M RE T 7, RTSF 1)
SAEBRARATRETE 2% ~ 3% 2 0], FoJs AT — . O 3 in RTSF 845 7] ALk RTSF 7&K H—3-hif J) | it 4%
UHPC 2L581)JT 8% , i BFRP 55 UHPC RYZESE SFMBGR 240, REA R4 = BFRP ffi 5 UHPC MBI & )
AR JEE S8 S, DT ek LA R 280 2 i B A B 48 5, ELak 59 RTSF &350 UHPC 1AL 50 P (L2 S0 B I, I
WA HUR IS A 7 FBE 48 1 T [, Qo BE R in RTSF AT DL R 3542 5 UHPC A58 {H i B i RTSF £ P Hxt
UHPC Fi.5 P AR RIZ A UHPC B58 B BT [

d. 4B A LA, R LE R LW, BA LGN 0-3,1-2.2-1.3-0 &Y 3t {41 BR 26 25 5% 5 4353l 4
32.41 31.96 31.44 30.24 MPa, B A LGN 1-2 2-1 3-0 AR AAREE T A LG 0-3 BRI U B AR T
1.4% 3.0% 6. 7% , 0] WARAR 4T 4E B A28 BFRP /i 5 UHPC B9 FR B 4558 B 2B RTSF 5 2 1 4
KM/ FEFEAR 32 A ISF (KBS HU 263, T RTSF o A /DA A £F 4 | 1 8640 21 4 UHPC Bidin
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PERERIHRTHE I A I ISF, M4 2 F UHPC INHREE 5y HH B34 4% |, {f BFRP fili 5 UHPC AYHLER WS & 1 FiEE $82
FIAG B VF T B i HAR PR 2k 45 5 -t S R SR AR

3 HGEBEBAEE

HRT, E P2 00 B B 45 1 A A AR R = 3547 Malvar B2%0 BPE #5180 ok BPE Bi%I CMR #i80
GFRP/ N E AL BRI, ARG BB A5 B M2 R, © A B Bh 45 W B AR b A 0 0o
HATHERAEAE LT AN R - @Malvar BERIBAT S 1 R4 I B A RG4S T R A5 00, ELR BB Bt 5 e ith 4 Al 22
K ; @BPE #EHY (1) 7KV B AE 1060 28 %G 75 2R B, B BPE #5571 5 0t () BPE A5 AY BRUG R 10 6 25
N IHE T BERT B S5 B AR AR LM X R IER AR BOR TH 2, X 55015 B 25 /AT ; @ CMR B

JET BT B B, R BB S W S5 iy B B 45 W RS R &R d
@WCFRP/ LI 5 W Fh 45 B AR BB Y SR AR B B 5 al-

I R & BT REB Bt 2 — R RR e 2 1 H
2k I 2R TR B B R AR M, A SRR S B
M 7E T B B 5 & A R & i R 3 e AL, B S A ¢ S
CMR R 404 B f e, fHL R T CMR AR 18 4815 il 48 0
AN G, AR SCEE A A5 B AR 50 B, XF CMR A58 0 3F
17 —EMEIE, 3 H 5 324 BFRP #i-UHPC 4544 1 %6
SEW ARG (LR AR AFG B ) AniEl 8 iR
3.1 AWEBERIEKX

WE 8 PR, AR 2200 ETF RRERIFR 4 3 B B, Hirp ETFBYBE (04 BY) IR & i/ 3
FhES N VTR, N REB B (AB BO) &I i AR M T B 3R R B (BC By) B i R M A i 5
TRBE - B T 2 A 205 P I 2 B P B A s B B S o 2, A0 0 g 06 {1 e 2 A R I I
Lo b — NG TN, 5 Je N ) BRI 1S T R A, i R S TP % . SRR B 4k 2 IE 5%k 8
B, AMBAIAT I BT R AR A 3 AP BRIk R

7,02 - e T 1% s =s,

&

B8 ZAHatEEld

Fig.8 Constitutive model curve

T=97/[1 + (s =s,)"] $,< 8 =, (2)

T, — y[e{n(rsr)cosn(s -s.) — 1] +p[e7§n(H') - 1] s>s,

K er REGEERN J) MPag T, 7 53 50 R W FR G 45 18 ) R AR AR BE 45 N 1 (43 SR T8 8 v A B s A Y 1
J5) ,MPass 7 BERP A5HHES  mm; s, .5, 5B h B 45 3 b RI9% A B 46 0 1A O B (5 B I T
K8 i A B RALIIEES) ,mm;a B w 0.y & m.p NEEREEL
3.2 #HEWIESSHKE

RIS & A BRI AT 6 41, RIBLIEIGX 6 AR (0 B 25 1 A% ph 4 AT AR AR AR 501 , 6 413
PRI R ULER 5 43R 5 R B AR A (2) YRGS W i Ze b AT 100G, it T 45 380 X6 1 480 2 BB R 4L
ALk, gk 6 FE 9 Fis,

x5 KEEE 6 WESHE
Table 5 Test data Table 6 Fitting parameters
PR e 7,/MPa 7./MPa s,/mm s,/mm EHT o B ® 0 Y 3 n P

1 32.41 13. 46 1.20 7.52 1 1.01 0.81 0.01 2.64 11.21 0.22 0.84 8.60
2 31.96 12.47 1.20 711 2 0.72 0.51 0.02 2.39 9.88 0.21 0.64 6.71
3 _— 10,78 03 7 38 3 0.59 0.45 0.04 2.04 11.70 0.19 0.82 7.6l
) . 10,33 L 6 5 8 0.8 0.74 0.06 2.11 8.96 0.12 0.73 -0.75

9 0.68 0.50 0.11 2.20 9.87 0.15 0.79 3.83
9 4.4 7.69 1.03 5.18 13 0.55 0.41 0.10 2.18 20.62 0.36 0.70 21.36

13 30.93 9.56 1.28 6.53 P 0.73 0.57 0.056 2.26 12.04 0.21 0.75 7.89




160 ERCPNE N 453 %

— gk - - -BEML
35 35
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e &
5 -
1 1 | | 1 | 1 1 J
0 5 10 15 0 5 10 15 0 5 10 15
% /mm % /mm A /mm
(a) 1 (b) 148 (¢) 13

9 oI &SRB S LK
Fig.9 Partial experimental curves and model fitting curves
HIP 9 ATRUA Y 1006 il 2 S5 i 2 A7 850 i W) B2, DLW KA 10 RE 2 i S ik BFRP f3-UHPC
LM BRI R R, R 6 FINS B ICA S (2) RT3 BA R 9 R 185

4 % i

=A

a. AFBIRIR I o B R BERIERAY 3 B BL, 24 RTSF B i1 K3 3% W), LR 25 W # th A8k
HARAGEL, iH B3] BFRP fi#i5g &3 H UHPC WAk & 4B SIEM T RTSF XH R BT PidE fEA &k
ERFHEH

b. BFRP fij-UHPC Z5# M ZE 45 BT A 0B 24 R P b HLBF IR SR IR 34 R B I J2 KB
R BEEBIRIE S, B Z B FRBh 45 58 B B UHPC {3722  UHPC # A1 RTSF #5538 K%
Wi, B 2T 4B A L] RTSF 1548 138 K B BRI

c. RTSF Xt BFRP i S51RZ%4NET 4 UHPC Zh4s PERE 0 8 s 2 R AL F ISF AR T 6. 7% , i RTSF 3
53X ISF kil %6 UHPC J&RI471%, BL4h, RTSF B M 2% 3N E) 3% B, i BRBG &5 9 AT T 3. 2%,
RTSF (M EAEABIE AR T RETE 2% ~ 3% Z 0], # AR SL48 T+ RTSF A48 & KMl o] REfif BERP i 5 1R 24 M £F 4k
UHPC Zh&5 HEREREML

d. 32 AR R S50 th 2R Wy S8, 7] Sl BFRP i S5 IR 294N 2T 4k UHPC BE45 PERE IO BIFIT S TR0
FHEE LRSI

S Xk

[ 1] BReiMg, XKW, G4l 3C. BFRP fH 38 i IR 5E Lt A PERF SRk J [ )] Ak R R 42 ,2021,40( 11) :3544-3555. (CHEN
Hongmei, LIU Yutao, GUAN Jiwen. Research progress on durability of coral concrete reinforced with BFRP bars[ J]. Bulletin of
the Chinese Ceramic Society,2021,40( 11) ;3544-3555. (in Chinese) )

[ 2] FlEl B, VFIEISC, 2. BFRP A 20 TRAE 1 A A R [ ], TRy 4i ( A AR BRI ,2023,51(6) < 77-83.
(WANG Haitao, CHEN Lei, XU Guowen,et al. Axial compressive experiments of recycled concrete cylinders confined by BFRP
tube[ J]. Journal of Hohai University ( Natural Sciences) ,2023,51(6) ;77-83. (in Chinese) )

[ 3] R/ ZaCA L4 5 FPRHE SR T A e SR S PR 7047 [ )] 11T 223 ( HAR B ,2025,53 (1)
87-94. (WU Xiaobo. Mechanical properties of basalt fiber composite corrugated plates and analysis of their lining structure
performance[ J ]. Journal of Hohai University ( Natural Sciences) ,2025,53(1) :87-94. (in Chinese) )

[ 4 ] /NG Bl BRI e, 5. BERP i Bl A T 58 - 66 45 0k B LU0 5 55 B (RLABEAUL [ ) ] ek R R0 412, 2022, 41 (6) - 1896-
1911. (FAN Xiaochun,XU Wei,CHEN Yuancheng, et al. Experimental study and numericals simulation on bond performance of
basalt fiber reinforced polymer bars and alkali activated concrete[ ] ]. Bulletin of the Chinese Ceramic Society,2022,41(6) :
1896-1911. (in Chinese) )

[ 5] ESTEVAN L, TORRES B, BAEZA F J, et al. Enhancing fire resistance of masonry structures: the potential of ultra high
performance concrete (UHPC) [ J]. Construction and Building Materials 2024 ,425 ;136088.

[ 6] Fri-F Z=misl, X3z . FRP #5431 Bk K IR BE 1 Zh 25 M AR AU [ ) ] . o I BE Al 5 TR R 222241, 2023, 31
(1):210-223. (YIN Shiping,LI Yushan,LIU Yunchao. Numerical simulation of bonding performance between FRP bars and full



%5 W/NE 5 BFRP 5 TR B LF 48 o P e TR BE L RG2S PERR 40 Hr 161

coral aggregate seawater concrete| J ] Journal of Basic Science and Engineering,2023,31( 1) ;210-223. (in Chinese) )

[ 7] €, BRI XA, 55, &5 BERP /i 54 4RI BE L R4S PERE () ] BRIERL = 5 TREA 0, 2023,20(8) :3014-3025.
(LI Chenchen, WEI Feifan,LIU Chaowei, et al. Bond performance between BFRP bars and fiber reinforced concrete exposed to
high temperature[ J ] Journal of Railway Science and Engineering,2023,20(8) ;:3014-3025. (in Chinese) )

[ 8] M7 W% RBE T HA, %, BFRP /i 5 (IR0 G 58 R b /K R VR B 1 4 rERe o [ 1], & & # k424, 2023,40(6) :3513-
3528. (ZHAO Jun,PAN Haojin, WANG Zike, et al. Experimental investigations on bonding performance between BFRP bars and
low alkalinity sulphoaluminate cement concrete[ J|. Acta Materiae Compositae Sinica,2023,40(6) :3513-3528. (in Chinese) )

[ 9] #EHA, ZHRN, ERE. BHEGLEHEN FRP 4 S51REE LRI R Z51ERE () ]. B G APR 241k, 2022,39(11) :5239-5250.
(DONG Henglei, LI Dongfeng, WANG Daiyu. Bond behavior between helically and tightly wound FRP bars and concrete| J ].
Acta Materiae Compositae Sinica,2022,39(11) :5239-5250. (in Chinese) )

[10] PAN Rensheng, LIAO Peng,ZOU Jiayao, et al. Experimental investigation on bond performance of helically ribbed GFRP rebar
embedded in ultra-high performance concrete[ J]. Construction and Building Materials,2022,357.129295

[11] HUANG Hua, YUAN Yujie, ZHANG Wei, et al. Bond properties between GFRP bars and hybrid fiber-reinforced concrete
containing three types of artificial fibers[ J]. Construction and Building Materials,2020,250;118357.

[12] DING Yining,NING Xiliang,ZHANG Yulin,et al. Fibers for enhancing of the bond capacity between GFRP rebar and concrete
[J]. Construction and Building Materials,2014,51:303-312.

[13] Beerd, Wm , Bii= 57, 4%, BFRP #1570 ORI B ECC ZhZh M A MERR IR W oT [ 1], BERRERIE I, 2022,41(4) : 1264-
1275. (TENG Xiaodan, YAO Qiyao, LU Chenyu, et al. Experimental study on bond-slip performance between BFRP bars and ECC
with graded particle size river sand[ J]. Bulletin of the Chinese Ceramic Society,2022,41(4) :1264-1275. (in Chinese) )

[14] #hR, ISR, B E XL FA BT dE R B S M AR IR BE L 022 M Be [ 1], S-SR KAk, 2019,36(8) 1 1949-1956. ( YANG
Juan,PENG Gaifei, SHUI Guoshuang. Mechanical properties of recycled steel fiber reinforced ultra-high-performance concrete
[J]. Acta Materiae Compositae Sinica,2019,36(8) :1949-1956. (in Chinese) )

[15] ISA M N, PILAKOUTAS K, GUADAGNINI M, et al. Mechanical performance of affordable and eco-efficient ultra-high
performance concrete (UHPC) containing recycled tyre steel fibres[ J]. Construction and Building Materials,2020,255.119272.

[16] ZIA A,ZHANG P,HOLLY I. Effectiveness of hybrid discarded tire/Industrial steel fibers for improving the sustainability of
concrete structures| J |. Construction and Building Materials,2023,378:131226.

[17] SHI Jun,SHEN Jiyang. Engineering properties and sustainability assessment of UHPFRC incorporating recycled tyre steel and
polymer fibers as substitutes for manufactured fibers[ J ]. Construction and Building Materials 2025 ,468 ; 140440.

[ 18] /N, BOHIR, KR, %5, BFRP ) ISR IG BT 4R IR BE 1 R4S M BE o AT [ ). R KB ( B ARBIEIR) ,2024,54(2)
389-397. ( FAN Xiaochun, HUANG Yichen, ZHANG Ao, et al. Analysis of bonding properties of recycled tire steel fiber
reinforced concrete with BFRP bars[ J ]. Journal of Southeast University ( Natural Science Edition) ,2024,54(2) :389-397. (in
Chinese) )

[19] ALSAIF A,FARES G,ALHOZAIMY A. Effectiveness of ultra-high-performance concrete containing recycled tire steel fibers and
high-volume scoria rock powder as natural pozzolan[ ] ]. Case Studies in Construction Materials,2024,21;e03841.

[20] Ju/NER, SR ECH AR, 55, USRI A0 2F 25 P AR i BHR BE 1 B2 A Dy 22 AR WF 5T [ 0] Rk R #h il 41, 2021,40(7) -
2331-2340. (FAN Xiaochun, ZHANG Wenjing, LIANG Tianfu, et al. Experimental study on basic mechanical properties of
recycled tire steel fiber recycled aggregate concrete[ J]. Bulletin of the Chinese Ceramic Society,2021,40(7) ;:2331-2340. (in
Chinese) )

BRI 92024 - 09 - 26 Sk gkt



