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Experimental Study on Response and Failure of Short Reinforced
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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

2023 4E 12 A

the same impact energy(30 000 J).
Key words:

B TR BRE A5 F R LR T RE A Ry 2 T
Z— e R b Al BRI 2 45 Bl A SR A B
K o s 7108 oAb, A2 WL B R AR R aod e
B AT TR 5 AL T IR R BR AR B T K E )
(RIS TS A o BT TR - TR R T R R L 454
) E 22— Rl 2 19 RO Bk RE n] 70
IR AN, CIRRAE 25 M BT ML) K5 25 fmp L/ T
5 I SO S B L RS2 B I A O L T
NN Dt L S K TAFU, i 5T 4%
PG HE SRR AR IR R | T A A Sk B R A
BAIRBE L R B BOR B R B, TR TR A 3
PR IR 1 o DRI, 5T TR 5 - e SRR A o ol
&y 30 O K AL W5, % T Hrsg et Bt Fgr
R TR B B R AL 1R T8

TER IR G 1 T T A PR RE T T, [ N Shve
TR TGS MEE AT, mPH ™ A = %7
J& TR IR R 2 R PRI TR A 2
X R BR AR OS2, B T 0 RS W
FEMZE )3 U5 k. 27 5 Omeman 55858 T 49
PRI L 2 B AR TR B IR AR AE S S T
S BRI T B AR T TR Bk 4 R R i
BIVERE . AEVEWIAEE T 1 o b 1B T TR B T S
ST B ARAE T SR T A TR R
PR Fan BIFSE 1 3l B2 X 404 f37 18 46 1 e 22 A2 0
VI CE -1 27N SR il AL R ST
TR T P00 e TR - i LR RE . F RS
X5 A3 TR B A TR A BIE 5 2 R e e ) iR
B HAR ML RE KR A2, %o T sl 2 o o i 4
AN TR B R T S O BRI SR o

F T ARG 5 R RS R A7, ol

short RC beam; drop hammer impact test; impact energy; dynamic response; failure mechanism

Ay B FH T A A3 TR 55 L 3% A iy oz R 3 A 804 FH T
WL AR Bl N A by 0 Al TR B - TR 8 b sl
Wi S 8 1 R A I B9 5 , Kiishi 553 1 v e ool
PRI RIS b b (AT DR X 50 7 Y 2 - R A AACRBEIR
AR R LEE 7 B b I TR
fET R . Bentur SEHFTE R W phit iy AR HI T 2244
ARTE IR i A AP B PR A 80T o FE L2978 2/3 , Lan Al
Shah Aiff 5 32 W 409 iy e 25 - 5% 2l 2540 BIR 5 J28 A4 Xt
FRASIRESR T T 15% ~25% , [FIHRST 1 s 5
KRR L5 R SR AR I R R
3 SR TS T ekl A R
¥, oM 1 ohvili RE R Y FE IO AL . Kulkarni 1 Shah
FEIE T AR E RN A R e 2 R
P e A Ao R A SR 2 i el /L, I 50 BT 4]
BN, AR TR T RS i aRE 0, b2
AT 7ML A S 5 o R
FEARW], BUAIREE L R 80 25 T 2 Ve RE S A ) ok
REA B2 5%, i H TSR AF 78 X G 2 2 LATR
M TR R R 52 T8 R 1R s g
A . DX, o o A A TR O e Rt B 3 T A PR RE R T
PE— IR SE, 3R 7 HAE vhli a7 2 /E F R B3
Wi J57 B R AILA

BT bR tap, G A T R A A TR e R v
R R , A e il A R | bR
B , BFFE T BATIR BE T MR A B E S
K S RE A0S T B8 B AR AL, 2 A 1 bl Ay 2 A
P Bty R A5 o TR A T AR ) 2 ) PR 3R B2 M AL
R T TR BE 1 R gt b WAL . WFSEAR
RN AR B A R AP el PR BE B AR PR
TR AL TR A AL AR



40 % 4

R, SO, AN, 2 e e A T AT R A6 e SR o7 e R U T 117

1 s

11 {HHERAEESE

AR YR T ] 95 1 50 TR B e R BT Ry
400 mm x 400 mm, KR 1200 mm, EEF S5 HEZ
ek 3, ARSI E 12 ARG SR, A2 22 mm,
LA 2. 85 % 5 il ffi R HIDG B AN AT , A% 98 mm,
[ #E 100 mm , A fR47 2 EE S 50 mm, YR 5E 1 bR
50 C30 il RF K BC A&l 1 vz o

$8@100 12422

400

1200 - 400

B PR R BBl (7 m)

Fig. 1 Specimen size and reinforcement( unit:m)

R VT BUR SR eIk 5 e v e o o X AL
DTM-2504 , F-F{A S5t oy 1180 kg, BANLAD BN

30 kg, e Z AT BC'E 26 ML, SR BT 5 1960 kg,
IR R 2600 mm, F RN 7. 14 m/s,
IR B SOR AT W] S, U6 B n ] 2
PN

K2 ke B A

Fig. 2 Schematic diagram of test device

1.2 THRZITRMNEFR

ARV T B A IR 0 RN R A5
i T A T A A8 TR R IR 2ok AR R AL, i
VT 9 BT 50 A d o vy R | ks AR o £ A
e R, WK 1 FR,

x1 RAEWEITTIHR
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
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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

OB i 7 TR U U e = & (B M A R 2t w3
PR ARTE IR AR, 8 7 e G oo SR AL i 2ok vy
# DIC Xt 3 =3 T 50 8 TR i - e R S 5 A7 X R 7
AP R R FEUEAT T I AR B R K R AR 2 ] R
2 ms 4 ms. 8 ms B ZY, 73 4 HL 6 A~ ) 8 18T B K
AR, MR U (7 AR 5 s VAR L R T AT R
ZBERY SRy, i 8 N, Z5 R KM AE 0 ~
2 ms VAR SAENT T AT, SR Hy G AA A0 )
ROR T o B R e A, 4Bk RHLIE A 7E 2 ~
4 ms, HUE 458 K J 22 GRR 1, R A 9 i ] 2 A
HUDY TR 4 ~ 8 ms, Z44% G2 A4 b R A Y i
(]S o) PR L 2R, B R T A — i 5 () S 47
R DIC 43 A4 R W - ooty 24 T 4 77 TR 35
IR AT IR L R R 5 2%, AR N 2B 1
AN AT FR IR R B 1, TN T B AR
T AE G I 2 A A m] S S R 22 R B i, DA B R AR PN
BRI AEREE A BT AN S0 S EORR N L AR
HE T R R R B N ) i 23 oy AR A & A

A | B TR 4B AR XY il T 244800, IR B
IAVERE, B TR BRE 1 o R FR 2R RR T, 1 R
BEARDEIR

2.3 PEERIRE

TR R FH R AR B AL AR 25 A Sh R 5 R4
BT 2R G0 DA A0 A TR - e R i v PR R I AR 2,
B9 TR, i — 25 40 #7145 31 06 (8 48 5 7N ok Ak 1 1
(3), 450K (1) 0 ~25 ms, PAREEPHE
U K I AE, 7E 25 ~ 100 ms, B4 K A 1] i AR
W, B I 54 22 A 5 a5, 7E 100 ~ 250 ms, 5
VR TR BREIRAS T R AR 5 (2) RARAE v
A BRAE R R A BRI AR AR e T
DRI SRS | W (B B 3 SR AR st e AR O] 5 9 1
A Z H,

10 25 T B s b B B 5 bl B i G R
(30 000 J HUT 03 = 1), 45 5 32 B, 40 A5 TR 8¢ + 4
PshpeE Sep AR RS EIEM G BT 1 -2
phi BB K T T 2 — 1, B Be B Smi /N, 43 A I



120 5%

17 2023 4E 12 A

PIA g - it i e A R AR AR T A 114 phe E A
Ko Mt BERTE b AT N R RASTE A5
PR SRR X T 1 -3.2 -2 3 — 1 B R 2 i
FEo3tT, ga th T AR IR sl BE SRR (30 000 J) 445
BERER s R b R R AR S AR (TR 11) L 46

&,/%
123456

123456
(c) 6 ms

0 0.20.40.6081.0
—— LG

BEI R E N (v=5.53~7.13 m/s;m =
1180 ~ 1960 kg ) , 4 7 TR #5E 1 0 G2 AR P A i 32 LR
Tl R R AR s RE R T B vhifi R
FESG TN, GEAAR 5 v {1 18 B RIBR A e B AH N 1 K

&,/%

123456 0123456738

123456
(b) 4 ms

3456

P8 ZRGEA X IR R 32 AR A e B4 T R A

Fig. 8 Maximum principal strain evolution and fracture propagation process in fracture zone
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Fig. 9 Time history curve of mid span deflection of beam

Or —-—w, ——w,
-10 ¢
-20 —
£
£ -30 R
2
-40
-50
-60 : - - - -
5.0 5.5 6.0 6.5 7.0 7.5
vi(m -+ s™)
(a) BEEES rhr X R

(a) Relationship between deflection and impact velocity

0r

—-—W, —e—Ww,

-60 . : . ,
10000 20000 30000 40000 50000 60000
E/ll

K10 BES e CR

Fig. 10 Relationship between deflection and impact energy

0 -
—-—w, —e—W,
-10 ¢
20} ——
£ ._/_.__—-
E-30}
2
—40 |
=50 }+
-60 : : : : -
1000 1200 1400 1600 1800 2000
mlkg
(b) BB S ub i A TR R R

(b) Relationship between deflection and impact mass

Bl11 A [ bty BE A R B b B RE 2 IR [

Fig. 11

Influencing factors of mid span deflection under the same impact energy



405 H4a

FEFR, SO, AN, 2 e e e A T AT R A6 e SR o7 e R B 121

AR R — 2D b TR e e R T B
JEZ il R e (R R s AL (R 12181 13)
BRI AR B L R v (1 2 B TN B AN R
JE A5 il R | bl A B A B TEASG s 2 nh i A5
OO, B il BRI, SR BRI AR R
JES BB 5 [ A , 24 el sl BEABOKS , B oo ol AR T
I, R A (B R R A A% B RE B PR . WL
%3

—a—w, m=1180kg —e—w,,m=1570kg

0r -a.w,,m=1180kg --=-w, m=1570kg
_10l - —a—w,,m=1960 kg
10 Sl a1 m=1960 kg
-20
£
E-30
H
-40
-50
-60 )
5.0 7.5

K12 e g ehd G R
Fig. 12 Relationship between mid span
deflection and impact velocity

+w,,,v=5453m-s" —o—w,,,v=6.18m-s"
0. -@-w,,v=5.53m s -e-w,,v=6.18m+s”

_1000 1200 1400 1600 1800 2000
mlkg

K13 B b S R AT G R
Fig. 13 Relationship between mid span

deflection and hammer mass

3 PEBEREERESERIRE
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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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