s st 3 A

CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

#32% H3M [/ A S/ B | = Vol. 32, No. 3
2018 4F 6 H CHINESE JOURNAL OF HIGH PRESSURE PHYSICS June, 2018

DOI: 10. 11858/ gywlxb. 20170693

& S I TS SN AR IR i5E - R e
R EHERY

K HIZE AR, EI5%
CR IR T3 322 bRV 52K o AL 00 9550 5 1070 KR 030024)

WMEAARRLEHSHETTRAB SR AWME T AN EMmE, B AERE N &
B, EWAZ WA ARMBER TN R EF N, A H ABAQUS & R 20 1 2 A # 5, 348 £ &
BAREXFRGER ETHEMREHTTHEEN, REN EHEPRERES LS
ERERYLERT BIETEANAZY., ETRHEA  HARXRTEAE 25N 2.56%.2.66%
2. 76N VRARBELIRATRA R FEE TSN, SREA . HARFRHSES
ROAREA ;M FEENEA BAEA LR RN ERR BRI T, Yd F#EE
K 4.85 m/s B B EMBEHAERN NP MG Dok 3 E KT 4.85 m/s B, B A £ 8
BN B Rl AR R N B b AR,

KRR F o LA R N WA RS

FESES.0346.5 SCERFRIAED . A

AR BE L A5 e AR TR AT Z N . TR EE AR AR SR ADRL 7 S SRR S
P 2R B R T3 2R FLAFTE B 0 28338 . [ AR 20T R 1 B 5377 9 58 - 45 K 7 5
o778 N B A AF T B R AR TR T T S5 A I R OB A 2 K A A A2 AR . B4R, Ozbolt 555
AR AL 51 A 3D A7 BROTAE AL b, S0 A 1 0 0 5 68 i AT 340 I 98 8 - O e X B2 i
Travas 55 BT R IR BE L 3R A0 25 R S A M BT i S5 R ma R & BRE R S FUIREE Wity (o=2 m/s)
TR A MR 5 2 vh i B KT 2 m/s I B A IR AR 45 it IR e S BT DI IR . A W2 AE
P R BE L A R AT = R MR AR T AN [ i e BT A 9 R R A5 R A IR HL I . Saatei S X
73 TR R e SRR R AT AN ] S5 e Sk 9% i e oo X R R T R B0 e i g BT 0 9 RE A T T O
JR AR A5 A7 TR R b R AT VR R U B, A BT T i ol R X R R 4 AR R B 5
Zineddin 55" X0 A9 7 TR BE L ARHEAT AN ) o BE A b of 1530, D 300 v e ol T T A 256 X T A VR B 2 A
{1 J22 BB AT B RAE T S ABX Jie K AR 7 SR/ o 1) 145 O JRE T A s v A TR R e = R i
U B 2 L A A R A8 R 8 1 Jie ATl AT T D DR o T R A BIE T T HC S R 0T 9 5 R o L
T SR R 4 R D L B A A SR T TR A g BR B . PR R F T S B TR B L R AR
P T RO T B T ] A AR P R SRR R BE S SR A5 R R R TR BE Y ) 2 R RE
HA — G B . o5 —J7 1, SE 56 7 rp Biodhe R 4 000 280 2% F (1) 2 o X S 77 7 1R 22 L TN I e X S R 2
B AT AR PR AR

Bt TS LR B T 2 AR BROTE AR 59 AN BT B B O 03155 9 S 9 45 5 i o A S A2 1 A ks

* WTRBH. 2017-12-12;/8E HHEA: 2018-02-09
EEUHE: EHEHAR¥HES (11702186,11390362) 5 1L PG 45 Wi Al F 57 50 H (201701D221010) 5 111 P4 44 1331
AR AT A
EE/A . R A9, B A FENF b 3 1 2E Wi 124058, E-mail : songmin595@163. com
BIEEE EBEMA976-— B W4, fl 8, T2 F B 1120158, E-mail: yan. xiaopeng@qq. com

034102-1

© 2018 Institute of Fluid Physics, China Academy of Engineering Physics http://www.gywlixb.cn



%33 mooORE 0w ® o R % 32%

SR . AR EAET LT R AT P S R PR 5 A 0T 9 7 R R e R R e, 2 A Tl S 0
PR (EPDO LU 1 40 17 10 556 - B2 7 2 245 ool N A S A i 137 . A BR G A A7 A6 AR A4 B B A [|] L )
6 3l 73 A R B AN — R 22 031, 5 S 9 2R AT X LU S AT S8 R A R . AW E T ABAQUS A R
B AU IE AT 1 A S0 R R SR A AN (R e R by T A B AR R N, 3 S AL SRR A SRR L B TR
TR A 0 IR 1A (] v ot 3 R T A9 3 0 0 03 TR 5 R BT AR T Ry AR A A R

1 BIRTESR

ASF IOF 3 A6 R0 FH i A o 0 A3 VR R SRR AT S R, AT T O [ it o T TR R 5 R 1
RHLEE . ASHIFFE AT S 90 HE AT 47 BROC e A, r A R R~H 5 22 S0k (3] — 8, R 1 s, TR BE + 1%
OB R C30, 2 K 1.2 mu 81 KN4 120 mm X 120 mm , 2\ [6) 49 /5 & H] HRB335 , 4ifi i % H
HPB235, {28 FE Ry 20 mm,

— 98@50 2310,

TP el T8

p 50
1200 Lol

|

120

P13 RE RO T Pl (7 . mm)
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Fig. 2 Finite element model
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Table 1 Parameters of concrete!'s]

Dilation angle/ Viscosity Density/ )
3 Eccentricity fwo/feo K E/GPa v
) parameter (kg e+ m *)

30 0.1 1.16 0.6667 0. 0005 2400 26.48 0.167
A 1315 R = AT R ABE R, A7 BR T AR R rp R R BT Sk = 4 8 Y A 4 AR 43 BA T (C3DSR) L A% R SF
1.2 mmX1.2 mmX1.2 mm, Pk Embed JE i ATREE Rk rp, AR Z BN SIRE L Z /Y
P8 S RPN . RIS F AN R AR HAE T A A 0 R A E R RN AR N HPB235 1
PP EL R 210 GPa, HRB335 Fl HRBA0O 9 3 45 5 Ok 200 GPa. 4K 19 J IR 8 5 R AR PR 56 4 Bt 7
AR R NITE = R (5 R E I N

Q)
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Table 2 Parameter of steel model'*

Reinforced  Diameter/ o/ Yield strength/ Ultimate strength/
] E/GPa v
grades mm (kg e m ) MPa MPa
HPB235 8 7862 210 0.3 400 540
HRB335 10 7860 200 0.3 438 687
HRB335 12 7 850 200 0.3 438 687
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Table 3 Comparison of results between FEM and experiment

Drop height (m)  Impact velocity/ Maximum impact Maximum deflection of
Method /Mass (kg) (me+s 1) force/kN mid-point/ mm
Experiment 1.2/124 104.0 28.3
FEM —/124 4. 85 149. 1 30.7
Experiment 2.4/124 94.7 51.2
FEM — /124 6. 86 134.7 56.5
Experiment 4.8/124 173.9 90. 4
FEM — /124 9. 60 181.2 102.9
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Fig. 3 Time history curves of the impact forces Fig. 4 Time history curves of the mid-point deflection
at v=29.60 m/s at different impact velocities
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deflection at different velocities at different falling heights
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Table 4 Comparison of the results of maximum impact force

Impact velocity/ Reinforcement ratio:2. 56 % Reinforcement ratio: 2. 66 % Reinforcement ratio:2. 76 %

(mes ) Max. impact force/kN Time/ms Max. impact force/kN Time/ms Max. impact force/kN Time/ms

4,85 114 0.66 149(+30.0%) 0.6 170(+49.0%) 0.5
6. 86 125 0.50 134(47.2%) 0.5 201(+60.8%) 0.4
9. 60 169 0.33 181(+7.1%) 0.3 222(+31.3%) 0.3

I [a) T 7377 246 R A AN [ oot BT 4 B85 vl 8 B I R e R LR KB A ] 8 R 5 R . [l — il R
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T, i R T 6,86 m/s I TE A3 R X BT AL I RE 7 114 18 55 S5O B v ol 3 A 494 DA TG 328 ¥ 55
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Fig. 8 Deflection time curves of beams with different reinforcement ratios

at different impact velocities
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Table 5 Comparison of results of maximum mid-point deflection

Impact velocity/ Reinforcement ratio:2. 56 % Reinforcement ratio:2. 66 % Reinforcement ratio:2. 76 %
(mes™) Max. deflection/mm Time/ms Max. deflection/mm Time/ms Max. deflection/mm Time/ms

4. 85 38. 26 16.0 31.72(—17.10%) 13.32 27.70(—27.60%) 12.3

6.86 68.15 25.5 56.56(—17.00%)  17.30  49.73(—27.03%) 15.6

9. 60 120. 33 26.0 102. 94(—14.43%) 25.00 91.37(—24.07%) 21.0

B9 AR o R BE R ohals i-B5 v B4R . M B 9 WA, AR FE RS L v S AR A — 2
heily R Ry 4. 85 m/s i, AN TR A3 25 5% 4 il O i v B R R IR 3 A Ak TR A R IR AR X O At 2k
B, MBS 6,86 m/s I BC RN R vhl D TERS th B FE IR B 40 mm 5B WARE L BRI
2 H Al R I S BT U0 R A, HC Al A S TR 1 b il O e v B R B R R B AIR S A A R AR i a R
i B BE A 9. 60 m/s L AR A 2. 56 %M 2. 66 Y0 MR L A BT DI R AL T RN 2. T6 IR L AL
ARG, DRI . Bl 2 T A0 SR A U0 » A oy 2k A v % 2B BT DTG I A4 T B R 4 K
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Numerical Simulation of Responses and Failure Modes of Reinforced
Concrete Beams under Drop-Weight Impact Loadings

SONG Min, WANG Zhiyong, YAN Xiaopeng, WANG Zhihua

(College o f Mechanics sShanxi Key Laboratory of Material Strength & Structural Im pact
Taiyuan University of Technology » Taiyuan 030024 ,China)

Abstract ;: Reinforced concrete structural members subjected to impact loads behave quite differently as
compared to those subjected to quasi-static loading, with their failure mode becoming more complex. In
this work, by introducing the strain rate effect of reinforcement in the trilinear model of the reinforcement,
we simulated the structural responses of reinforced concrete beams under different impact loadings
based on the dynamic analysis module of ABAQUS. The curves of impact-time and mid-point
deflection-time were observed to agree well with those from the experiments. Based on this model,we
simulated the responses of beams with the reinforcement ratios of 2. 56%, 2. 66%, and 2. 76 %,
respectively. The comparison shows that the bearing capacity and deformation resistance of the beams
increased with the increase of the reinforcement ratios; the enhancement effect of the reinforcement
ratio weakens gradually as the impact velocity increases; when the impact velocity is 4. 85 m/s, the
reinforcement ratios have slight effect on the failure mode of beam at low impact velocities; in
addition,when the impact velocity is higher than 4. 85 m/s, the failure mode changes from shear
failure to bending failure with the decrease of the reinforcement ratio.

Keywords: drop weight impact;reinforcement ratio;strain rate effect;reinforced concrete
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