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Abstract

In order to study the shear behavior of R-UHPC beams with reinforcements, combined with shear
failure tests of 6 R-UHPC beams with different steel fiber content and reinforcement ratio, the ul-
timate load, longitudinal bar strain, stirrup strain and cracking were verified by finite element
parameter analysis, and the shear bearing capacity and variation rule of R-UHPC beams with shear
span ratio of 1.2~2.8 were obtained.
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A = A VR Bk - (Ultra-High Performance Concrete, UHPC) % i B . itk 440728 /N RIS A 1 25
AL TN TR @S, KRR FESEAUR[1]. UHPC RRZ BN IR T4, & M HT g5
AR IR TR R

AR FL UHPC ZERIBTOIRANLER, [ A A2 AT T — R 55 HE 7L . Pourbaba [2]55%] 19 ] UHPC
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[5] [6]s FEX3C[71%65%F 7 MR UHPC AT T 2 B MERERES, BFFE 7 BIBSLL. MR FA R AL
YEARFRIB BRI BT AR IR, 45 REW], UHPC ZErh i Bke e FIR st R & S srihisok, 7E4i
UM N L& Voo [8]58%) 8 fit UHPC BT [ 328y VERE TS, 45K, FETREE L E A b H AN 4T
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NS UHPC 225287 J) 241k Re, #5477 4 iRICIE WA 2 ARG IR AR T UHPC 2248k . %e
ZEEK 1200 mm, THEFERE 1000 mm. AR E AR TT, BIRRESENZ BIR, 7RIS R
Bt B 205 AR 52 J1 i - RIS S50 3 B UHPC AN LT 4E45 . 40 0 e 6 R VR BgE - PUR aR T . LA 1%
PLF Y5 B R-UHPC 3% S1 AERE, 43 BIALANAT A5 8 0.5%. 1.5%F1 2%, AHBL [ FE AR 56 2
S2. S3 Ml S4; ARA5i i B 4 R 02 36 42 S5, S6, Nk S1, ECAMSE KA LI —4. Feiim R 5id
W 1.

(a) L1~L4 (b) L5. L6

Figure 1. Section size and reinforcement of UHPC test beam (cm)
1. UHPC {36 & R~ R EC A7 &l (cm)

IR K 1200 mm, THEFS A 1000 mm, AL EH HRB400 M, &S8W% 1. &, p, &
NN RIS &, p,, NAEFEC R, 2 BT Lo ARBR AT 2O T T AT N 71 F, 87V = F/2 .
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Table 1. Parameters of UHPC test beam
= 1. UHPC iRIE RS H R

RS P i 4 psd% A AR PR AT /KN
L1 1% 0 2 786
L2 0.5% 0 2 501
L3 1.5% 0 2 813
L4 2% 0 2 834
L5 1% D6@200 0.19 2 819
L6 1% P6@150 0.25 2 838

UHPC M RMAERE WL 2, fo, X UHPC JNSZ 75 (R PUR IR, f, 9 UHPC Moz fon B AL B NS
B Ec N UHPC B FRHE &

Table 2. Material performance test results

2. MRERE IR R

Pr f./MPa f/MPa f/MPa E./10* MPa
0.5% 121.1 8.0 4.0 4.0

1% 151.9 10.6 6.0 4.2
1.5% 158.2 12.7 6.3 43

2% 164.6 16.8 6.9 4.4

RIS 7, L 2000 kN R fE AR E WL T 3 ing, 7RIS FE A, 0 R g
N AR %E‘J%E’f#, RGN B A 2 Frors.

T
hna
3 775 I
e < P =
.; ‘ T
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Figure 2. Layout of beam loading device and measuring points (mm)

B 2. RmERE RN = EE(mm)

3. Rt
3.1. BRTTEE
A IFHLE ANSYS FF# 3 A R-UHPC BREE T, AT T — RKRIVDE A BT, TRE:
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A F B 92 AR ¥t SOLID186, 5L MWC I HSD B 5 LA I RAEAL UHPC 52 H 152 54T N
A8 REINF264 ST, AR 5% 2R U M 55 ) s Ak A 2 BISO, i XU E 26 8 SUMPRHIIR ) -
ARG FR s INERA B ) E R VR b S 2 T A A R s K YRR SR IR AR RS 4R E OR
JEJEFER 1~2 %, [FI S ORE REINF 058 5 5 70 RAAR R EEAS B/ s 8 FH LA IS AN e e i U, i
FHFS S, 55 3RV T R R PR A 2R R B B . NS BISE M R IR AR 7, IR AB TE Tl A 1)
MR AR fE 1 BT IE SHOK, WG T0 N 100, f/hNT25°8 100, f K720y 1000, HERINN 25 (1)
IEAIRE K ) 200, AR TR 3.

Figure 3. Finite element model
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(—) MEPRATE

Xt 6 HERIS R HEAT L, B MR R A BB 5 PR T 4s R BT M L, JCMAT R 3, MRRELL
B LE R My 1.01, FRuEZE 0.01, AHIEME R ECH 0.99,

Table 3. Comparison of ultimate load test values and finite element calculation results

= 3. MARETHREESBRTHELRILE

Yo i 1% ik #55 Pl % A RIEKN ARG RKN  LfE
s1 1 0 2 786 770 1.02

S2 0.5 0 2 501 502 1.00

S3 15 0 2 813 812 1.00

S4 2 0 2 834 827 1.02

S5 1 D6@200 0.19 2 819 823 0.99

S6 1 D6@150 0.25 2 838 837 1.00
ERIERS]IE] 1.01
i 0.01
AHIE R 5 0.99

(=) DR
PLREG R S1 ARE, WFLLNT i 2R - A2k 28 T 14 4. IR AT WL, S1 SRl pfiEk - BAS Lk 5
A BRICAEINGE AW &, TERTEIES] 300 KN Z 5, AR Al 48 A BRIGVH 5 (1 0 A5 A% 2 L S5 {1 s £
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Figure 4. Comparison of load-strain curves of longitudinal
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Figure 5. Load-strain curve comparison of S5 stirrups

[& 5. S5 $EARTar &L - R ZERHZRXTEL

LA 22 S5 ], oA BR ITRL R S5 R 28 1 AR 75 [ 45 6 SR RO R BE ) A 0 ol 2 T 1] 6.0 52K
BRI AR 75 1 PP B 25 VR B L R R X O AT BR T 70 W O SR AR Tl 20, 3 s B O BB I AR f5e K Y
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Figure 6. Comparison of S6 finite element simulation and test crack distribution
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Figure 7. Simulation results of L1~L6 beam pa-
rameter expansion

B 7. L1~L6 REKI RIRBILER

R R R, FEBTHE Lol 3.2 I, BB ARSI O A A5 N2 R . FEBT 5 L | fic 4 R A1 UHPC
WMAHEBE=NHNREEEAT, 6 IWFERRBEEFE L 1.2 89nF 1.6. 2. 2.4, 2.8, PiBIAZ M
ST BIEE LA 1.2 (94 AR K 7%, 17.6%. 21.6%. 29.5%; N 4E45 8 M 1% 5103 0.5%. 1.5%F1
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2%, PUBIAE TN T 1%89 2 57 218 1—36.1%.  6.4%F11 10.8%; FC4iE R M 0 #4013 0.19%7F1 0.25%,
FUBT AR AN TRCHEZR A 0 2> BE I N 3.3% A0 5.9%. LB o DA, 5785 L2 5
R-UHPC BRI M ETEN R, WA4ESEMI R MBI EERNER; NS4S
N 05% 558N 1%L L R-UHPC 258 &% /)2 7 i .

BIE5LGN 1.2~2.8 (1) R-UHPC RN A BT UIRR, MR X IR E ZAE R EBTISIX, 5 S M )
TNFR AT BRI A BB AR, 25 B0 G R 1 Y AR T AR R R SRR, 1 LY R AR AR R . B
BRI, JRA 2 SRR W), 525 a3 K, RN EYES X R S N AR N,
52 R PR N AR ) AR HORWTE K. RATERE K 1800 mm, BYESLLH 3.2 I, 7EZRES AL E I
— SRR ] R R ) B N AR, R ARSI AE R R AR, BRSNS R AN BR, JS
SCRTHUBT S 1) 73 A S5 R BT LU AE 1.2~2.8 VaIHE N . BRI, R-UHPC B2 3= R 2480 it & AN 2T
YA G I, il IO AR RS IN T3E O, O 43 SR I A ST 1 B A B 5 LU A D i 90

1T S1 ZEBEAE 8PS L R N, H 32 YRR 0 2 IR, TEBY RS LR 3.2 I, DROAREIA R R 4 4,
T IR BB R i Fp 5275 W ) 4%, R AR TC IR AR IX 4y, DRI N B ORI A 2 R R 2R 2 140 R 52 BU AR
F RIS R gt B Ly 1.2~2.8 PR KGRI S1~S4 1A —H, DURA4ES = p, ENEE,
GUTHEA[F BT 5 LT R 2L AR A AL S8 3¢ 4:

Table 4. Inclination angle of main oblique crack under different steel fiber content

F 4. NEBRAHSETHERRENS

p, =0.5% P, =1% p, =15% P, =2%
’ ol 0 0 0
1.2 48 47 50 49
16 45 44 44 39
2 41 38 39 36
2.4 39 34 37 37
2.8 45 33 36 38

B 1% 43R MR S1. S5, S6 1EA—H, VRS p, fEAE, St RS T rRR
SRS RIS T4 5

Table 5. Inclination of main oblique fracture under different stirrup ratios

# 5 TEREE XN BENRA

p, =0 p., =0.19% p., =0.25%
’ ol ol° ol

12 47 49 53

16 44 39 46
2 38 35 42

2.4 34 41 38

2.8 33 45 46
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