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Abstract:

known for its

Ultra-high-performance concrete (UHPC) is

ultra-high  strength, engineered

Yok H ). 2020-07-21

cementitious composites (ECC) possesses high tensile
strain-hardening characteristic, and fiber reinforced
polymer bar (FRP bar) has the advantages of high tensile
strength, low density, and good corrosion resistance. It is
expected that the combination of high-performance
matrix and high-performance reinforcement can solve the
durability issue long-existed in civil engineering and
maintain high strength simultaneously. In this paper,
three kinds of matrix materials (normal concrete, ECC,
and UHPC) and two kinds of reinforcements (steel and
BFRP bar) were selected for fabricating six different
composite systems. Tensile tests were conducted to
obtain the tension-strain behaviors of the composite
system for comparison. The test results indicate that the
tensile properties of the composite system are affected by
various factors. High-performance matrix can effectively
enhance the tensile strength of the system, but the
sustained tensile contribution and the strain-softening
behavior after peak strength of high-performance matrix
may bring premature failure to the system, thus reducing
the ductility eventually. It is preliminarily demonstrated
that the ductility of the composite system is determined by
the components with a weaker deformability. In the design
of the composite structural member made of high-
performance materials, it is recommended that the
individual properties of materials and the interaction

between materials be comprehensively considered.
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PR, W AE W 7 ik 2 — IRl R 45 2 A 44
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GiREE T LM R . FRP Al 2—FP 2R 4E b k)
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1.1 FREREIZ4%RE

BT R AR )2 MR . Al
T A% 16mm Y HRBAOO B2 Z0 A9 5 Al EL 4% 12mm (X
A 2T Yk 1 5w &2 A B RE (basalt fiber reinforced
polymer tender, BFRP) fffi , BFRP i 2 1fi #ff 47 BREL .
FAR R ECC ,UHPC 1% i 5 + (VLT iR K
PC, 52 MR- 4% UHPC ), ECC .UHPC DL}
PC FH i AR RHRIC & F L 1.4 218

®1 EEMBpEE

Tab.1 Mix proportion of matrix material

(g-L™")

E SUNE S KIe WK K WK 214k
ECC  401.4 936.7 401.4 361.3 4 20(PE£F4E)
UHPC 1000 950 150 194 7 195(HLF4E)

PC 1000 950 150 194 7 0

BERP ffi (4 H7 i 55 4K 95 28 B ACI4403. R-
04", BFRP i (19 85 U1 i B 5AIK, 76 S A il 56 i 7
Hh, Sy sk S a9 it PR A e EL A FH & AR B DT IR
76 FRP £ 9 34 FH A2 32 mm  BEJE 4 mm B9 504
YEATR I, QN LR . R RS (T T RE
IREQALXT 4 & /5 i BERP 555 AV i e AT hr 4, -0l
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Tab. 2 Properties of PE fiber"®
21 A A HA#&/pm KAz i/ GPa PSR /GPa WA R/ I/ (geem )
PE £} 4k 25 720 2.9 116 2.42 0.97
FHAL LR 207 B8 A% A T AR R 300 mm N Y221 . ®3 HIMENFEEE

1Bk 37 (6 R A ) BT 5 BERP ffy (14 1L ) - B
AR RHEANTET 2 P PR S A PR RE AR 3 B . AT
P RER T , BERP # 5 1% S8 0 Al A7 1 25 22001 -
BERP ffi b 1438 2 3 i e T80 517, (ELAE S A o5 |
B AR 22008 s BERP J& TS PE A4 RE, 4 s T
ST SRIBVER R o

300
WE fr#it WE

E1 BFRP FH i (B A: mm)
Fig.1 Tensile specimen of BFRP bar (unit: mm)
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Fig. 2 Stress-strain curves of reinforcements
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Tab. 3 Mechanical properties of reinforcements

bt HAR/  JmikE V(SR VE(ESREEXT SRR/
S mm JE/MPa MPa AR/ %4 GPa
HRB400 16 471.76 602. 78 9.95 205. 25
BFRP 12 728.63 2.08 35.02

ECC A UHPC F A 2R B A AR T A2 Ui
25 (Japan Society of Civil Engineers, JSCE 2008)
R WAL AU 1 B RS DL 3. T e
I AT LN 2R, I 2 i 2 U0 B8 A% R
AR R 80 mm W B AE I o i 5 4K 45 1Y ECC Al
UHPC 3 J3- R A2 fh 2 an el 4 B, B rERE ik 4.
AR R B A2 S AR B B 80 V60 Mk BR i 24k 17 722
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Fig. 3 Dog bone specimen (unit: mm)
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Fig.4 Stress-strain curves of matrix materials
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Tab. 4 Mechanical properties of matrix materials

W3R B X 7

RERPRZA R/ MPa 0 R/
ECC 6.96 5.33 7.27
UHPC 7.24 0.33 0.85

1.2 RHFEITRMBEUNESR

YEAT 4X A BERP i 2 F ffi 4 il PC, ECC,
UHPC 3% 3 Fp 3R 4] & 09 5 A1k R i pi il s, 43
WA R R A i oA RN AR B AL 5 45 5 B R 2R SR 1
SO, E—20 T fR A S M R AT G TR TR
A TAEMITERE -

R T 6 Fp4 A - A -PC 5Lk . BFRP ffj-
PC A& W5 -UHPC 24K | BFRP fii-UHPC H 44 |
W -ECC AR BFRP f-ECC JE A4 , 45 T 1 il
2 2 A 124

Kl 5, 3 RS SR 127 mm X127 mm X
1100 mm. PR UER A i e Refa e, B 1k
BERP #fj A& A5 85 I IR, 76 i 4 W0 o K 45 1 4042
32mm BEJEL Amm 14N, IR0 3 i e R R A it i
P, BRSNS DRUEfr % 326 2 A
TR TP ity 2 A AN, DAkt 3 A 7 iy i A B 4
o AT A A e A R AL AR AR B
FIZSHE BRI B A 800 mm., ikt K m )M B A
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Fig. 5 Specimen for tensile test (unit: mm)
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Fig. 6 Tensile mechanical model
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ECC ARy BRI () i AR B A b4 R, 78 R A T RS
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5, X TR AR BE 7 A AL (AR ) >, ECC 1Y
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PRI BT I S RO AT 2Ry
Anoy =A000 T [0 A (6)
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D
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A5 XSS BRIC A F6/ N T ilm SO Z8, 2 S A B AL
IR 5 R A HRAE

2 HRSIR

2.1 REESFYHLE

IR IR 28 22 58 2 W, R[] B AR 9 U
ERAE R R 2 MR ER , MK 7FR. |
T ECC AR A e 2 4% 245% |, T (B EIR X
2R DIC (digital image correlation) 734 8 A .
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Fig. 7 Distribution characteristics of specimen cracks
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Fig. 8 Load-strain curves of matrix and reinforcement

2.3 faf-MT Lk

For A A 1 ey 282 - 10 A8 it 2 an 11 9 L 81 10 s .
Horpniy AR ph 22 T T P A A R AR
13 AL RS B AL 345 2, AR bR BE N 1734
NiAE [R5 BERP i A P s to 7 [ i 2
AR b R EO M i TR R B A

A RO A3 B A Ao 2 - R AN SE R (H I AN
X AR R AR AR PERE A 20 A o T THT AL 977 - i A
A LUK FRP -3 R4 & #4770 T e . B
BTG R R ERAR T ) B BRAE AR NS 5 A A Y
e H X T AR S AP B S SRR AR L
e R A B A 1 B 80 V0 1 BR- Ay AR IV A%, ANAF-7E 555



5 6 1

ARULIE , A5 i PERBETAENT SR IR R L S A b 5 R R RERT A 831

TR B B iy A 2 D) U IR AR 28k 6 1y 2% o

FART-PC IR AR A AR 1o 207K - (24 50kN)
B A B TP 2L, AR 1N I B & L if 3k
FE— 78 B 072 DX (1] NS DB 20 9/ IN i 1 5t [T
A BEAG 455 Y e R S48 7= A 5 Wit e 3 2 A Aoy 2% - g
7 i 2k e R 5 AN LB 2R, s B T
B 5B, B G AE 124N AR IR | X -4 g
R 8%, IRIAE FF W] PC X AR R PSR 1
TR . SR F g2 A L (R 4) , 2 &
TR R AEAH R AR 1 fp 2R AU 55 T 4~8kN L {H R R
(R 10 AR BE 7 HH BRI T B, 55 A BE 80 %6 4K BR fif
WX AE N 8. 61% . LA LIS ATE THARIMES
(R A TR BB - 2H A A

FAR-ECC FARAE i i 28 - 07 A2 i 2 Ao
2 B, 4593 R R AT 3 A P A R A, g 2RI B e
B . 35 134 KN AR e A, 324 5 A
I BRI AFERE N . B 2R BRI i
AR T 151 KN, KPR AR R 496 i 3% - 107 A% il & A7
FERA S b A A B, WA AE ECC - 2dag Ak i = A=
(N o AH EG TN AT, AL 1 ZR B R AR 2 1
T 33 kN, ALZiFE R AH LKA , & AR R L
R AR BB 7 BT KRR B R R Ab T ECC 1 A 45

SRR I T 7R 2 B R 2k 150kN Ji5 FEAR & A= T
24554k, , [R]B A9 A3 o Al , 52 1R 3R i 7R 2k 07 Bl 2 R
TR, BT A BRI R TR IR . AN
i-UHPC 4 A 761 245 2 B P A B i 551k
HN AR BE 1290 0. 3%, &b F UHPC #Y [A] 45 7K o
TE 554k I BE T B 21 80 %6 ik BR oy 2 5, 302 1y A% o
1.8%.

SRRk BRI, ECC ILA /4 F1 PC
FLOA PRI B 8 A PRk, RI7E LA TT 24 /4K
A e B e AT A A 3 R THRYEE 7, T UHPC AR
RN e B R A . A TR A B ECC 3Lk
A UHPC SR 1 R 2 1 ¥ B R 4 Tt i
PC IR AR 2 SR T A B . 3R A B, 9
Hi-ECC IR I 5, HR B -UHPC i,
AN -PC Il R T el 3R i AR 8
RE I RN AS B o 3R EL , 475 -PC i1
Pr AR T 68 I B, B9 -ECC 3 44 Rk, 40 A -
UHPC iR . MIREEZE R v LIE H, W ECC
5 UHPC A AN 0] ZA ) BTk , 74 2 i P i A2 fE )
P ZH A H AR BB T 355 B SRR DR, FE R A T e i
PR AR AWBLRE N IoE R S HE AR
By B, X A A AR R 4 36 B R B A 55 4k Bl B

KFs {1378
A -UHPC ARG AF 78 3P i B A K XFFRP ffi - 3R 41 & 19 B0 56 30 2 3171038 .
160 160 160 -
140 F 0.037 140 | 0.072 133 kN 140 \*?KEE(%C%%]OS 132 KN
120 e AN 120 f R SN - 120 —
Z 100 Z 100 /...~ Z 100F..f
= 80 = 80 ~ 80f ——Steel-UHPC
=" z ®] :
& 60} PCHEZ 2 60 — el ECC & e0f | Steell
-~ ---Steell 1 ~ Steel-UHPC2
40t —Steel-PC1 40 —_ Steel-ECC2 20L teel-
| --- gteelnp - Steel2 1 Steel2
20 —Stlgglz | | | 20} 20t
0 0.04 008 012 0.16 0 004 008 0.12 0.6 0 004 008 0.2 0.6
EVREIVES EVRLIVES ERGIVRS
a Steel-PC b Steel-ECC ¢ Steel-UHPC

B9 SRARIR R R 2T i 2k

Fig. 9 Load-strain curves of steel reinforced specimens
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Fig. 10 Load-strain curves of BFRP bar reinforced specimens
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Tab.5 Theoretical critical reinforcement ratio of specimens
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Tab. 6 Ultimate bearing capacity of specimens
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