o536 &4 11
2023 4E2 A

Ik o T

Journal of Vibration Engineering

% R Vol. 36 No. 1

Feb. 2023

BFRP fi iR % T iR 2 S YA R ~F Rz 4= 3

& W, EFEFHE, LB

(A RT MY TR 27 R T 989 -5 )7 9 5 47 280 7 R et S 9 4, b st 100124)

FE: AT X iR LT R4 5 2R 5 W (BERP) A7 1R BE - € 5% 50 25 05 TR SR AL i B HE RUST 20 M, 25 i IR e - Al 1
Btk R B L/ BFRP i AH AR T L B IR B 12 H BERP 1 76 B4 FH 2 18 19 0 728 2300 , 42 57 T BFRP i 18 5 L ¥R 22 40
WLRUBE = A R B o M AT 9 346 Rl S0 1 3% SO #0007 32k 09 45 B R 1, SR O i 9 7 AR R
SPE LA AR BLAY BE RP A 18 58 b G A 78 A [ 1o A8 38T B 05 D) B PR AR 2 L2 R Ll o o3 B 7 00 RUSE T i o4 R A2
A% BFERP ff 16 5E 4 3 7% 07 U1 IR B AH I RO 2800 IR B 5 o 45 SR 3R WY Sl a8 T 32 0 i AR 5 e B A AR 4R
TR 225 AEL 2 B RT3 496 D A 4 K TG 3 < 149 RE AT A0 i v 2 /i 48 g EL I 833 5 U0 R 28000, LN 78 5 ) 478 T

I NS R T

K2 : BERP AR BE LGRS NiAR 5 B ; 05 IR 5 RSP 5 2 WLASE 4

FESZES: TU37S5.1 X tRERD: A
DOI:10.16385/j.cnki.issn.1004-4523.2023.01.021

51

il

IR B IR (L h <4 A2, [, R
B A R AN m T A B2 A&
W B2 B R A A T B T A A b (H
B T % 45 BR T P N, B T B e A B . 2 2
o i (CFRP iy ) T JHG o o 0TS JE ol 4 4 9 1
P Sy 38 op B A B B AR OB R, T T FRP
F0 A S 0N A IR R B R EL R I A
T, PR FRP ff 8 %8 - T8 52 55 40 791 1R 5 1 TR 2 Y
TR RS AFAEZE R o W H TR BE L 45 e H AR
FE A BR T 52 B AR AR AN G R RE 2 2 bl |
AR 0 A 280 M M 2 A PR A 48055 Bl T RO AE T o 53 41,
1R BE - A0 FRP i A1 OB B9 0 2 N AR R R T A
BN 2 3 R FRP i 1R BE b IR 3R AE KN R A
AT I e 5w M 8E I TAAMEER . I
S, B A TR BE S5 A RO B 3,y 24 4 R T e
PR AE AR R BE + 45 4 vh m] RE A 7R RO AL
B2 T FRP A IR B A R AL 1 (3 AT A )
A AN FELE IR PE B ., OF FLAE sl ff 807E T &2
PAR A =R SN R N N U 7] DN Y VA I R L R

4327 4 G o B R IR B AE N A A
B A Y ) RS RN R AR T B Y, Syroka-
Korol %' & $*4 JC & /i BERP i 1K 5 + % 2 19 #

& B #A3: 2021-05-01; 81T B #3: 2021-08-02

X EHS: 1004-4523(2023)01-0196-11

T 755 5 MK 200 mm 34 1 2 800 mm i, H: 44 A0 87 58
JE S PBER60% .

M T FRP ffi & J i u) 45 4 H 52 303l 56 1 45 1Y
BRI, H AT TR BE 2 s A8y U7 b i ik o £ 22
M2 AR T A /N ROSE AN i TR e R b R
HRIAESN MBS WA IR BE + 20 T %47
N RN R R A AR K 22 5+ . Mutsuyoshi 88
Kulkarni 8 XF 59 7 1 B 1 32 43 5 JF J& f R okl
450.76 m/s F10.38 m/s B P 4% 56, 45 R A&
W, PR a7 224 FH T 22 04 7K 2K /B ) RN FE RE RE ) 13
R H 3 SRR 538 & A= A4k . Adhikary PR
FH PO Fh A [6] B9 388 (4.0 <10 *~2.0 m/s) 43 51 % 1%
ZR R R R AT gk, L 06 45 B R BH R 5 0 i
B 7 2K W B RTRE BE BE 07 347 B 2 o 288 5 14 3 K
[T =3 G | = B SR TR SR UR 7/ BL W i
IR, 50 P TR B - G R 25 A T 2R R B 2 N 4 5
e 8 K

gi b, Haux F FRP iR & H IR R #H S 55 U R
POV B WE AT SR B R = o S A PR 2 A
TR BT 24T R RIS A PR N RSE N
IR BE H e . X T FRP 18 BE - % 92 76 b s
BT BT UIAT R ST A R B =, DRI A B ()
CIRTIDN ORI NE ¥ NI S g = 8

T ) BERP # R %8 + U 3 A6 52 bR TR
B, A s B H AR S TR 3 BE R 0 85 D AT

HE&WB: MERE A AIRIIE(2018YFC1504302) ; K H & FF2: 34 % BT H (51822801, 51421005)



5514 4 W, 45 BERP AR 5E 4 I 52 30 25 55 U1 R 0R ROSF &0 464 197

R RT3 S MU AT R GERI BT 5T . A BEIE % IR
1 BE A AR 2 5T M 0 A% R B AR KON, ST
TR [ L 4 % T BFRP 7 R %E + R P s 5 5
VIAT D9 b0y 4 LR AE B Y o AE A BA I 25 R W)
(ERARIUE i Dl W IR SN LV L% TN
X BERP fifj i %E + % 5% 57 U1 IR 09 82 i, O $R 58
DA R K T il 4 Xk B ) i B RSSO B B
M.

1 BFRPHEBHR T RE=4HAWIEE

1.1 #EEFEST

HHT, A AR 22 24000 7 2 A5 R 58 TR B + 22 W )
SR AT IR BE R Z A TRA RN E A
WARE, EL AR 28 ] 43 A7 A =l 25 05 4 f 1k B TR 6+
OB AR, o Bl AL R AL T
TREE A0 Hr ™ SEF b, A SR BEAL S B
BERY, IR TR BE 7 1 H B RE IS 0T BORS 45 AH
(ITZ) B4 s iy = H A MR

Naderi 55" F 5% 2 B B RHE RGHR B 4 14 22 W
N 7107 AR 2 B IR AN 3 . R g A B Rk S
BRIZIR S 256 2% it B0 AR W 9 % 1 1k o Bk
¥ o KM 9B Bt + (B 428 5~20 mm Fl 20~
40 mm {19 BB BURL 43 591 45 Z0R0RL 7% 4 12 mm Al
30 mm B BRI HLE RHA TR 23 50k 3596, IR Rl AL
BAERP IR EL T o 30 5 4 1R T R A 2 15 A K
45 5L (1TZ) , H Song %5 Jin %" ffF 58 W, 4
ITZ §9)EJE J5 0.1~2 mm i, H 2 2 5% i 35 5t + 0
J7-R A% [ 2 iR B B Tt X b T B DA R W A IV g B
MR /N o L5 5 AR TTZ B9 B E h 2
mm. PURLH R L K TTZ 3 4 I R J2 400 g 2 A
AU S BRAIE , R 09 4 EoRE A X 8IS R L AN
IR I — e B TN = B ¥ 5 ) 2 T A D R S
Ji o R R Tk ST T R IR EE A A A0 AR A
WA BIR G R A% 45 5 31 = 2 B R0 b AR B 45 A 7
L R R VAN | N % SR SR I o = C CER
BFRP i 4 A Z I &+, ¥ i BFRP #i 1R & +
S8 = 2 410 (A R A, I FLIRBE - A AR AT
SN PR PGB B, BFRP i R FH R oc B k. ik
Hb A ) BRSS9 ROSF 3 2 mm 3 B, SR A
B vk R AT 45 il BAR 4 B 15 T A i 2 A —
SE P9 B () [i) B P A7 B DL 2K & 100 mm, AR
IR EE TR . 45 G2 e R i R A R
S TR A TR A A3 BT AR SO B ABAQUS B4R R
Bl A 1 ORI i R A 1 20 2 ) 2R R HEAT 40 A

.

AR
151 W v
L j s = Oz
E o - BFRP%
O #ix
Bl 1 BFRP ffi ik B b 2 5% 20 0L B (e A 2 4]
Fig.1 Meso-scale numerical model of BFRP-reinforced

concrete deep beam
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Tab.1 Mechanical parameters of the meso-components of concrete and steel bars
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Tab.2 Mechanical parameters of the meso-components of concrete and BFRP bars
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Simulations of size effect on dynamic shear failure of BFRP-reinforced
concrete deep beam

JIN Liu, LEI Yurshuang, DU Xiu-li
('The Key Laboratory of Urban Security and Disaster Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: In order to investigate the dynamic shear failure mechanism and size effect law of deep concrete beams with Basalt Fiber
Reinforced Polymer (BFRP) bars, a three-dimensional meso-scale numerical model of BFRP reinforced concrete deep beams was
established considering concrete heterogeneity, concrete /BFRP reinforcement interaction, and strain rate effect of concrete and
BFRP bars in material level. Firstly, the rationality and accuracy of the numerical simulation method are verified by the existing ex-
perimental data. Then, the shear failure modes and failure mechanisms of the geometrical-similar BERP-reinforced concrete deep
beams with different sizes under different strain rates were studied by the numerical simulation method. The influence of beam
depth, stirrup ratio and strain rate on the shear failure of BFRP-reinforced concrete deep beams and the corresponding size effect
law were analyzed. The results indicate that: The failure modes of beams under dynamic loading are different from those under stat-
ic loading, but they all show size effect; Both the strain rate and the stirrup rate can effectively improve the bearing capacity of the

beam and weaken the shear size effect, but the effect of strain rate is significantly greater than that of stirrup rate.
Key words: BFRP-reinforced concrete deep beam ; strain rate ; stirrup ratio ; shear failure ; size effect; meso-scale simulation

fEER/T: 4 W1985—), B, & ¥z, Hi%: (010)67396875; E-mail: jinliu@bjut.edu.cn,
BIESE: #1851 (1962—) , 8, #8z . HiE: (010)67396875; E-mail: duxiuli@bjut.edu.cn,



