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Experimental study on dynamic response and failure mode transformation
of reinforced concrete beams under impact
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Army Engineering University of PLA, Nanjing 210007, Jiangsu, China,

2. Northwest Institute of Nuclear Technology, Xi’an 710024, Shaanxi, China)

Abstract: By changing the main influencing factors such as structural configuration and impact energy, the impact dynamic
response and failure mode of reinforced concrete beams would change. Drop hammer impact tests of reinforced concrete
beams with different configurations were conducted, and the parameters of impact force, support reaction, reinforcement and
concrete strain, impact local deformation and overall structural deformation of the structure were obtained by comprehensive
measurements. The influence law of different concrete strength, different longitudinal reinforcement/stirrup configuration, and
different impact velocity on the dynamic response and failure mode of reinforced concrete beams was thoroughly analyzed.
The result of the experiment proves that the peak displacement and residual displacement of reinforced concrete beams under

low-velocity impact increase with the improvement of impact velocity. Moreover, the peak displacement and residual
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displacement are approximately linearly related to the ratio of impact kinetic energy to static ultimate load. The higher the
concrete strength and the greater the longitudinal reinforcement ratio are, the larger the peak impact force on the beam is under
the equal impact conditions, whereas the smaller the overall displacement response is. Changing the stirrup ratio has little effect
on the local response and the overall response of the structure. When the structure is impacted, the shear effect occurs first, the
bending effect occurs last, and the oblique crack appears before the vertical crack. Four failure modes of a beam under impact
are assessed in accordance with the failure limit state of the structure: bending failure, bending-shear failure, shear failure, and
punching failure. According to the test results, with the improvement of the impact velocity, the reinforced concrete beam
changes from bending failure to bending shear failure, shear failure and punching failure under the same structural
arrangement. By increasing the concrete strength and stirrup ratio or decreasing the longitudinal reinforcement ratio, the failure
mode of the beam gradually changes from punching failure to bending failure under the same impact velocity. The impact
failure mode and its transformation law can provide important reference for anti-collision design and protection of structures.

Keywords: reinforced concrete beams; drop hammer experiments; dynamic response; failure mode; punching failure
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Table 1 Impact test conditions

St TCE 150 T = /m v/(m-s™) E/J

B1-S (#f#)
R#&EL: C20 BI-3.13 0.5 3.13 489.85
SN 2210 B1-5.42 1.5 5.42 1468.82
fiiffi: @ 6@200 B1-7.00 25 7.00 2450.00
B1-9.39 4.5 9.39 4408.61

B2-S (##k)
TREEL: C40 B2-3.13 0.5 3.13 489.85
MY 2@ 10 B2-4.25 15 5.42 1468.82
fiififi: @ 6@200 B2-7.00 25 7.00 2450.00
B2-9.39 4.5 9.39 4408.61

B3-S (##k)
R#&EL: C40 B3-3.13 0.5 3.13 489.85
JETRNA: 2 @ 14 B3-5.42 15 5.42 1468.82
fiififi: @ 6@200 B3-9.39 45 9.39 4408.61
B3-12.12 75 12.12 7344.72

B4-S (##k)
R#E L C40 B4-3.13 0.5 3.13 489.85
B 22 10 B4-5.42 15 5.42 1468.82
fiifi: @ 6@100 B4-7.00 25 7.00 2450.00
B4-9.39 4.5 9.39 4408.61
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IR P LU 2R 2 e R T ek T S 4 ) v e ety AR, AR R B, 1A 4 P R i
RSk ELAR ) 100 mm B9 GRSk, P 4E G 100 ke, BARAY IS T 00 ULEE 1.

Acceleration transducer

/ 4
5

Hlnged support
Load sensor

Drop hammer system

Load sensor|

Bl 4 g m R Al
Fig.4 Diagram of the test device

Indenter

Hinged support -
Load sensor




544 REW], 4 BIAGIREE T Rty sl )y e B A AR AR T F1

1.3 WA R

SR T HEAS SR S A0 7 TR e A TR Az VR R v o i Bl A e N R R, 2R AR FH B AR AL R | DIC %
BRI, A S, A dE: (1) wh a5 (2) B T15 (3) B RS B Be EE Ay A s (4) TRBE A UK A R
A% (5) P88 Rk e TR M S e SRR AR A5 o GNP G A 1 A% 22 A UL KT 5(a), L-T-1~L-T-3 A5 Y
I AS B, L-B-1~L-B-3 WY\ IR AE A, T-1~T-3 R4 5 0 A8 Ao a4 8 55 v (o7 % s B8 454 DA
KR BE 4 W AR SR H DIC R S8 EL A e s E 1 7 AR, B0 W B S A2 A% W A i a5 47 B &1 5(b) o,
AHARARTC 5 5 4l ) BE 25k 300 mm. i) FH v S 565 10 S 48 T SR AR, FAEE R R 5000 571, FARERC SR
FA) e AR IR TE S AR S IR G O o B0 R AR AP SR AR AR A 10 kHz,

L-T-1 L-T-2 L-T-3
200 -1 $T2 ¢T3 | S
=
10 EOR L-B-1 L-B-2 L-B3 1
’ L, 350, 350, 400
| 200 | 1 800 | 200
| 2200
(a) Installation position and number of strain gauge Unit: mm

(b) Physical object of beam specimen

K5 AR R 5 DIC WEBE
Fig. 5 Strain gauge installation and DIC spray spot

2 BHHABERKESN

HAESERL T B1~B4 45 4 ZAS ] B B A 4R A TR 58+ A B 38006, 3045 1T 3R (RS s AR LA R B R 0
AR AR I R . B 6 S B1 QAR # J MR T -5 v 457 B il 2 R g -5 b A A5 07 AR R £, T LA H 9 1) B 7
FIAPEAR T A R . M 2 K F) 29.81 kN B, BT 8.14 mm, I TN i A, Je A A5 24 24 0.003 45
Bifi %5 AT 0, ek A SRAL Y B, 24 S N3] 2 36.96 kN I, 5 rh A% 15 3 35.86 mm Jf R AR, i
55 R, IZ A AT RIS AR AT B8 ) MUK . W F LS, Wi S 2 B1~B4 21
JE AR T F,. JE IR A% x, o 25 TR R A% x, R R K3 F, 280, Wk 2.

40 40

30 - 30 -
Z Z
=4 =4
820 3 20t
S S
= =

10 1 10

0 10 20 30 40 50 60 70 0 0.03 0.06 0.09 0.12

Displacement/mm Mid—span reinforcement strain
(a) Force-midspan displacement curve (b) Force-span longitudinal reinforcement strain curve

6 Bl R E0R% -2 Lk

Fig. 6 Force-deformation curves of the B1 beam obtained in static load test
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Table 2 Static bearing capacity parameters of beam specimens

vt x,/mm F/kN x,/mm F /KN
BI-S 8.14 29.81 35.86 36.96
B2-S 6.97 29.76 31.75 38.48
B3-S 8.82 49.57 39.86 55.08
B4-S 6.25 31.96 31.64 39.03
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Table 3 Drop hammer impact test results

i REELIRE eh R (mesT)  ShESIREE /KTty I Ep,, N SRR I P kN SESIE(ED, ,, /mm FRAGIESD,/mm

B1-3.13 C20 3.13 0.49 168.10 101.48 13.60 3.71
B1-5.42 C20 5.42 1.47 268.64 163.90 37.10 19.96
B1-7.00 C20 7.00 2.45 415.29 177.75 70.97 58.21
B1-9.39 C20 9.39 441 627.57 184.76 Y51 —

B2-3.13 C40 3.13 0.49 291.69 122.85 12.21 3.83
B2-5.42 C40 5.42 1.47 616.70 231.68 27.33 15.77
B2-7.00 C40 7.00 245 726.94 238.19 50.07 34.55
B2-9.39 C40 9.39 4.41 868.77 147.89 81.90 64.45
B3-3.13 C40 3.13 0.49 257.75 124.76 10.40 0.38
B3-5.42 C40 5.42 1.47 570.26 293.24 21.69 9.56
B3-9.39 C40 9.39 441 1049.27 352.62 63.83 42.63
B3-12.12 C40 12.12 7.34 1285.89 219.83 V5 —

B4-3.13 C40 3.13 0.49 268.00 142.44 12.62 4.19
B4-5.42 C40 5.42 1.47 627.47 230.03 29.16 18.68
B4-7.00 C40 7.00 2.45 744.12 285.57 4778 31.38
B4-9.39 C40 9.39 4.41 903.26 290.69 82.43 64.33
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Fig. 8 Time history curves of bearing reaction of beams B1-B4
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Fig. 10 Time history curves of mid-span displacement of reinforced concrete beams under different impact velocities
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