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Fig. 1 Finite element model of reinforced concrete wall
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Table 1 Material parameters

Parts Material model Material parameters
Hammer *MAT_ELASTIC p=7800kg/m>, E =200GPa, v =027
Concrete *MAT CSCM p =2400kg/m>, f. =30 MPa, d =20 mm
Distributed reinforcement *MAT_PLASTIC_KINEMATIC o =7 800 kg/m, E =200 GPa, v =0.27,

Jfy =490 MPa, f, =656 MPa, E; = 1.1 GPa

p=7800kg/m?, E =210 GPa,v=0.27,
fy =340 MPa, f, =521 MPa, E; = 1.1 GPa

Stirrups *MAT PLASTIC KINEMATIC
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Table2 Comparison of the maximum displacement in midspan

Maximum displacement/mm

No- Measured Simulation Relative error/%
A-1 81.0 82.8 2.22
A-2 74.0 74.0 0
A-3 83.6 90.6 8.37
A-4 89.5 86.6 -3.24
(b)

—— Experiment, A-1
—— Experiment, A-2
201, - - - Simulation, A-1
- - - Simulation, A-2

Mid-point deflection/mm

20 40 60 80 100 120 140
Time/ms

B2 A1, A2 BEEhER B M2k (a) ARG IR (b) LLAR

Fig. 2 Comparison of deflection time history curves (a) and damage diagrams (b) of A-1 and A-2 beams in midspan
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(=}
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0.5
0
0 —— Experiment N —— Experiment
- - - Simulation —0.5 T - - - Simulation
-05 L L L L L L 1.0 . . . .
0 1 2 3 4 5 6 0 2 4 6 8
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A3 Ahi R R 2 i) S SRS ST L

Fig. 3 Displacement-time curve comparison of the experimental and simulation results
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Table 3 Comparison of the maximum displacement at the center of wall

Measured maximum Maximum displacement .
No. . ) . Relative error/%
displacement /mm simulation value /mm
A-1 32.9 352 6.9
A-2 57.4 52.9 7.8
———
0 f(b) i s
50 // \‘\ ‘ 4 |
=) Ly
£ 40 ’ .
5 ! \ /N N AN , ‘
= 30+ \\ / AW N / N\ ‘\\ /
3 | ; N S
=
A 20
10 Experiment
- - - Simulation
0 1 1 1 1
100 200 300 400 500

Time/ms g
Bl 4 55 A2 PRSI RE R LR (2) S5 % L (b)

Fig.4 Comparison of time-history curve of central displacement (a) and damage (b) of wall A-2
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Fig. 5 Midpoint horizontal displacement comparison of the wall with diffirent axial force compression ratios
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Fig. 6 Midpoint horizontal displacement comparison of the wall with diffirent wall widths

014201-6



534 % T HER AR AT IREE LR T PERE BB RN AT 55 14

oL IR 5 N SRV VA5 25 W N T R 2SS 1B B R N B U U R T = B R v TR N T el
PUBTRE 1 S i, TR 5 1 B A e i M RE
23 DG HIE

WG E 4 MR AR 16 mm B9l 4R, (9] B 7 2 st AT AR 107 o BT 7 PO T S0 b 1 ol 3k A o
DACHRLRS B2 R, AT WLAT 3 G M PS5 1A R 2 AR TG M PRSI B R 282 /)

L (a —A-0-0 b —A-0-0.2

70+ (2) N 351 @

60 B E 30 L
E 50t =
E g os)
S 40t 3 20k
5 %
E’ 30 1 a5t

20 + 10

10 + S5+

0 L L L L L L 0 L L L L L L
10 20 30 40 50 60 70 10 20 30 40 50 60 70
Time/ms Time/ms
L (© ——B-0-0 (d) —B-0-0.2

50 B0 25| ~_B-1-02
£ 40 220
£ £
g 30r g 15t
3 3
Ezm §1m

10 - 5t

0 L L L L L L 0 L L L L L L
10 20 30 40 50 60 70 10 20 30 40 50 60 70
Time/ms Time/ms

K7 A ICLGAG PR A LK AS LA

Fig. 7 Midpoint horizontal displacement comparison of the wall with different boundary elements

Al — 45 SE AR E N, A TG P A B AT TR B 135 rh Lo A 282 AR AR [R] whai VE FR BE TS A 1 £ 9
IR EE LB I DA B /N, BT ALLR 3 5 40T (D) A AR5, 30 2 M 67 8 A B8 R 1 i
il %, oA R AR B B BT R B T 5 (2) £ 52 B ehile M S, by T 128 PP (07 RIS AR 3 5 057 L PR AT Ao
Mo A —2, (AR GAL = EHLES , MG PE A BRI DT RE I, R I A i G 4 P 1) 400 9 TR 5 i A
BSR A AP HL % A8 I A RE T, DT (358 A 47T ol AR ARRE 0 4 w855 (3) LG 1R ) o [ 35 A RS 3 24 TR A:
JFH, A A 24 TR T S5 2 ) SR 20 7 3 5

L 0.2 I, A7 30 SR 135 1R LTI 300 G b A1 358 A ) v 0 (52 R i/ N 8 2 LB S L Sy g/, H
5 PR T AH P 6 597 98 76 380 Ak i Al 1) T ) 5 S R P BRI o S SN, ;A 1 o i 1 e
[Fa) 7 5 1 24 RO JRE il /|, e A oo el 5 6y i A v ) ) JR 8 X3, DA 1.6 m 58 9 A3 TR 5 AT s A
IS (87 5 FP KSR BN B E EE 1.1 m S8 A A TR B it PO A (5282 Dl /I R JEE /)

3 WIFENX DA

3.1 mAES

P 8 oA 1A TR s L | AN [ 358 58 R TG 30 AR 15 B4 4 RS M A 52 2[RI i o 4 S R840, J5k
P51 R B e R IR AR 2 1R A 8 () AT 8(b) T LA i, 7 AR ] i A5 FH T bt fin i J s RE %

014201-7



o34 % = JE Ll P 2 Eitd 1

U B R A R B, 0 Xl A T AR B AR TR A, 255 2.1 1 BT LU AR BN s i oo A
4 ) Bt RE VR A2 B PR A B 45 0 LR IE] 8 () FIE] 8(c) T LAFE 1, 5% B-0-0 Ik A-0-0 A5 5 T R ¥ 35 K,
E5E A-0-0 Fry 5 17 R J32 0T 5, 150 B 348 fin 5% 149 5 158 B A D e B AR R 4500 A 1 . DA 8 () FTIE] 8(d) FT LA
i, 5% B-0-0 A% B-1-0 F AR5 475 3 AR L 5 K, (ELI3% B-1-0 78 10 R M (40 A0 A 45 405 72 B oG, HLYE s A
A ) 453 49 S A 320) 79 i S AR AL, 156 B I A 3B R 1 TR S R A R T T 2 R
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Fig. 8 Damage of the wall under impact loading
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9 gk KA

Fig. 9 Maximum deformation of walls
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Table4 The critical impact energy of failure for reinforced concrete wall

No. Impact energy/kJ No. Impact energy/kJ
A-0-0.2 26 A-1-0.6 40
A-0-0.4 19 B-1-0.2 81
A-0-0.6 19 B-1-0.4 65
A-1-0.2 58 B-1-0.6 63
A-1-0.4 51
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Numerical Simulation Analysis of Impact Resistance of
Reinforced Concrete Wall

SU Huaxiang, YI Weijian
(College of Civil Engineering, Hunan University, Changsha 410082, Hunan, China)

Abstract: In order to study the dynamic response of reinforced concrete wall under impact load, a finite
element model of reinforced concrete wall is established by means of ANSYS/LS-DYNA. The impact mass
is 2 t and the impact velocity is 3 m/s. The effects of axial compression ratio, wall width and boundary
elements on the impact resistance of reinforced concrete walls are analyzed. On this basis, the three stages of
wall failure under extreme loading conditions are analyzed, and a criterion of evaluating wall failure under
extreme loading is proposed. The influence of axial compression ratio, wall width and boundary elements
under extreme loading is analyzed by using the proposed criterion. The results show that, in a certain range,
with the increase of the axial compression ratio, the impact resistance of the wall is improved, and the
damage area of the wall with axial compression is concentrated. Increasing the wall width and adding edge
components can effectively enhance the impact resistance of the wall. Under the ultimate load. When the
impact mass is constant, the impact energy required for structural failure decreases with the increasing axial
compression ratio.

Keywords: reinforced concrete wall; dynamic response; ultimate load; axial compression ratio; structural

failure
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