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Experimental Study on Response and Failure of Short Reinforced
Concrete Beams under Impact Load by Drop Hammer
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Abstract; Reinforced concrete (RC) short beam is the key load-bearing component of buildings. In order to

study its dynamic response and failure mechanism under impact load , drop hammer impact tests with different impact
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mass , impact velocity and impact energy were carried out by combining strain gauge sensor, high-speed photography
and digital image technology ( DIC). The results show that, the failure forms of the short RC beams under impact
loads are arch collapse cracks and overall bending deformation, which are obviously different from those of shallow
beams. The axial strain in the mid span of a short RC beam changes from tensile strain to compressive strain. With
the increase of impact energy (18 061 J<E<49 831 J), the axial peak tensile strain and residual compressive
strain in the mid span increase first and then decrease. The short RC beam is in the stage of elastic flexural deforma-
tion , elastic-plastic flexural deformation and punching shear failure mode in turn. The crack initiation and propagation
process of the short RC beam under impact load is not unidirectional. And the fracture zone is formed by the multidi-
rectional fracture propagation with multiple times,and then the plastic hinge is formed,resulting in the overall short
beam failure. The deformation degree of the beam mainly depends on the impact speed rather than the impact energy.
Specifically, the peak deflection and residual deflection in the middle span of the beam (26. 81 mm <w, <29. 85

mm;17.12 mm<w, <21.66 mm) increase with the increase of the impact speed(5.53 m/s<v<7.13 m/s) under
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the same impact energy(30 000 J).
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Table 1 Test design conditions

i R kg shifr s /m  pd i/ (m-s™h)  whiliRER)
1-1 1180 1.56 5.53 18 061
1-2 1570 1.56 5.53 24 031
1-3 1960 1.56 5.53 30 000
2-1 1180 1.95 6.18 22 548
2-2 1570 1.95 6.18 30 000
2-3 1960 1.95 6.18 37 452
3-1 1180 2.59 7.13 30 000
3-2 1570 2.59 7.13 39915
3-3 1960 2.59 7.13 49 831
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Fig. 4 Failure mode of short beam under impact load

IR Y e XS SRR 37N [ S
Fig. 5 Failure mode of shallow beam under impact load™™’
2.2 FETREEIR
T M I SRR B e Al 1] IO R Sk 5 SRR
FEAAVE B Ia I 2, AR IR 2 & 6 o, 45251

3000 o 1-] ——1-2 —+1-3
—~—2-] ——2-2 <« 2-3
2000 | ——3_] =32 =33
© 1000
I
®

‘,

-1000 -
~2000 L . L L L . . ),
0 5 10 15 20 25 30 35 40
t/ms
(a) 0~40 ms

KW AE O ~2 ms, BRAACRE vp i g )i A8 2 B Ry 37 1
AR, I AR SR B W AR5 AR A2 B AR s 78 2 ~
30 ms, B A5 v il 1) 07 A8 2 B TR VL AE 5 78 30 ~
40 ms , GRS b 1) NS T RRE , RBUA R TR
SEAE o FEE R Al A0 A A3 TR 5 - e SR A s o
AR AR TIBVEDE AL T | 5 vh A5z 7™ A Al 16
PR, il fif A U A U, RAA SRS K &
B P A, A B 1] T S, SRR IB MR ARIE R B
FRESHIIR 2 PO PR BURHB PR B, Rt =
DYBOARR TR0 0A AR 25 H 080, 400 i i i) 437 197 3
T, PRIl ) A B AR e B TR AR

3000

——]1-1 o—1-2 —+—1-3
——2-1 ——2-2 2-3

——3_1] —=2—3-2 —+—3_3

2000

1000

elue

-1000 |

-2000
0

(b) 0~8 ms

Pl 6 SRAAIE v iyl i) o A A R 2%

Fig. 6 Time history curve of axial strain in mid span of beam



40 A AT, BUKME, Fha il AF

o o VR TS 500 AT B e R o 7 S e i B 119

2 g5 T AN IR 00 A v Al v e 7 A8
FRASNAR W N AR BR AN AR5 v e 1 R A
BT 7R, 5 S I < WA AR 7 1 A | 5k A 0 7% i 1
drRE R N R I R Se B K E N R R S5
AR EE 8 R op i BRIE A B e I vp ik BE R AL
/NEFCE <30 000 J) , A8 M A2 2 AN W] 0 , #EE =
PYRBEAKE , P A 5B 8 1 S B W 1
A5 FRAR N AR I s Bifi e b g H 4SO (30 000 J <
E <40 000 J) , B2{A % A 55 B i s v MR B il AR JE | it
TERYIAEE LT, WY BB PR, W (RN AF %
AERAREER s Y RE AR K (E >40 000 ),
(LS WS RULETR /37 N S W 2L G 5 AN S5 ALY U N
PR 5 0 52 g B O, i R B ok kA B e e i
AT, PR Okt B b B v 0 A 07 AR L B 4 T 7 AR R T

3000 ¢
| ]
2500 | )
y=—8e-6x"+0.532x-7365.6
2000 | . . /
@ J [N
21500} S
&) \X
1000 |
500 s .
0 , = \
1 2 3 4 5 6
E/ x 10*]
[OL - Ives

(a) Peak strain

I/

x2 BhHEEENEMRREE

Table 2 Axial peak strain and residual strain in midspan

di's hiliReR/)]  WEENAS &,/ mm  FRARNAE £,/mm
1-1 18 061 291.45 -422.25
1-2 24 031 105.58 -107.11
1-3 30 000 1862. 56 -710.71
2-1 22 548 357.66 -211.11
2-2 30 000 2753.56 -772.85
2-3 37 452 1607. 84 -769. 68
3-1 30 000 2076.57 -670.45
3-2 39 915 1764.28 -550.03
3-3 49 831 437.88 -461.41
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Fig. 7 Relationship between mid span axial strain and impact energy
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Fig. 8 Maximum principal strain evolution and fracture propagation process in fracture zone
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deflection at mid span of beam

7 W HE L w,/mm BRARBEIL w,/mm
1-1 -15.89 -8.95
1-2 -20.99 -11.57
1-3 -26.01 -17.12
2-1 -24.28 -16.70
2-2 -26.81 -18.82
2-3 -42.56 -29.76
3-1 -29.85 -21.66
3-2 -42.38 -30.45
3-3 -58.34 -39.84
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