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Impact resistance of reinforced concrete slabs under amplitude impacts
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Abstract: Reinforced concrete slabs during the service period may suffer repeated impacts from falling objects with
different impact angle. The capability of reinforced concrete slabs to resist multiple impacts, the performance
evolution of reinforced concrete slabs under multiple impacts and the residual performance evaluation are vital to
peoples livelihood and safety. Notably, the multiple impact loading system is the key to investigate the impact
resistance of reinforced concrete slabs. To study the impact resistance of reinforced concrete slabs under multiple
impacts, drop hammer and pendulum impact test was carried out, and the impact performance of reinforced
concrete (RC) slabs under amplitude impacts was scrutinized with the cumulative damage characteristics of the RC
slabs analyzed, the impact force-time history curves of each impact and the global and the local deformations of the
RC slabs after each impact examined. The energy-absorbed capacity and the residual performance of the impacted
slab were explored. The experimental results show that the deformation of the RC slabs is affected by the impact
angle with the oblique impact producing a greater influence on the safety performance of reinforced concrete slabs.
Moreover, the energy-absorbed capacity of the RC slabs is reduced due to the amplitude impact force which causes
more damage of the slab. The impact response of the slab under amplitude impacts proves to be more stable than
that of the repeated-impact with a constant weight.
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Tab.2 Results of thevertical impact test

i v/ E/ w,,/ wy,/ ws,/  wy/
‘{jﬂ\}% cm (m -5 ) J mm mm mm mm
1 1 0.44 11.9 0.11 0.17 0.06 0.07

2 2 0.63 24.3 0.77 0.24 0.14 0.16
3 3 0.77 36.3 1.33 0.32 0.31 0.17
4 4 0.89 48.6 1.79 1.88 0.66 0.21
5 5 0.99 60. 1 1.83 1.93 1.42 1.13
6 10 1.41 121.9 2.75 2.44 2.13 0.92
7 15 1.71 179.3 3.93 3.17 2.16 0.91
8 20 1.98 240.4 5.11 4.41 2.56 1.43
9 25 2.21 299.4 6.63 5.64 2.91 2.01
10 30 2.42 358.9 8.31 6.23 3.41 1.83
11 35 2.62 420.8 9.51 7.88 3.93 1.9
12 40 2.81 484.1 10.65 8.41 4.64 2.98
13 50 3.13 600.5 11.99 9.67 5.32 2.77
14 60 3.43 721.2 13.17 10.73 6.68 3.37
15 70 3.71 843.7 14.49 11.33 7.79 4.65
16 80 3.96 961.3 15.94 12.67 8.96 6.11
17 20 4.21 1086.5 16.83 13.42 9.45 6.34
18 100 4.43 1203.1 — — — —
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Fig. 6 Deformation of the RC slab under impact force from

different angles
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impact force from different angles
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Fig. 8 Analysis of vertical impact force

5 1 AU T B Bl 55 2 B
MELADX A0, AT LU 3 P, R AR B R ) ok ) BT
B A A 3k o RE RO RE 1T AR B Oy 2K
L, A5 —2, i AR R - i Sk (2 B
i) AT 5 138 (R ity ) |, MR- fioh T e 25 1
R4 b | ot R 0 0 B B BOBAT H B DL
(e B R T vhiti I (E . 15th ~ 18th,
1T RC Al AR, - 78 it £ B 1 /s
(3l SCHRLS | Al T ARRUA TS B

b i bl (R AT IE ] AR SO T
HURE Sl d P N ST U RS I N RU I Hi PO Ne e S e
] ik A AR B AR XS I 3

W9 (a) Bros, A o i B9 B-HE 2 SR AE S



552 ]

M, AR SR b AR EE AP TR fE .53

et fi) o AL, I Bl B a3k PR A AR 1 et S A
HEAFAEA DT Az 3, fE9(b) ~ (e) B P-t i
LT SRR T AR B IR B AR T R A
K210 15, HR-FREL AR RO RC B AR BECR
ARG 302 PR Ay e B 11 T A 3o o SIS [
11T A8 ) oot 5 5 i vl ry A e B4 AR N 32 Bl Rk
RAHFIT, XU T, X T 8 (a) K 9(a) Hh
e P42 ik P il A0 A A 9 < 3 5 BB 1) AR B
AT, AT RESR AR A ) A A AR 5 TR 4 A IE R

HIE 9 (f) ~ (h) Al FEIPF RO B Be (13th ~
18th ), A% 1] it F) e 0 A 28 T 168 o oo, S A
Shy b1 ek PR Bl S AT A R £ 4 o, BE SR T b IX
TRBE LR oy I e, E—2DUEN] T2y
12th wirfe i, il DX R BBE A AR R TREBE AN 1
FRBT b T, ANV RE B0 Ak b ek XA 2 S it
F1—5, B AT AL, B b X RC AR 1 vt
Cil=E/8

Pmax
P z
B 24
RAEA R 6
f 48 sl
n : = 0
0 Avu T — t 3
A RS LT 0 01 02 03

t/s
(b) 1st~4th [ P-til 2%

(a) BR-HEFIZ BN HRFAE

——10th
——11th
——12th
——13th
—<—14th

i A1/kN

0.2 0.3
t/s t/s

(d) 10th~ 14thff] P-tih £&

i A1/kN
i A1/kN

0 0.1 0.2 0.3 20 40 60 80 100
tls Sk = B /em

(e) 15th~18thff1P-tith £& () 60° vk 77 WA it 2%

ik /KN

0 20 40 60 80 100 0

20 40 60 80 100
S B /em Sk 5 B /om
(g) 45°rh e #h 2% (h) 30°p{ F7 A #h 2%

B9 #mdE I ES T
Fig.9 Analysis of oblique impact force

2.3 WREESHA

AR SCHR[ 8 14 K Ay i ol SE P45 B e TR, 4 T3
kg RC AR w #4954 3 GEBIA SCHTAT RC AR
FRIER W RERE T AHAE o vl BE e 2 22 LLAYAT (14 J Al
FINREBEE 4 13 T L4500 3 e AR AT T i 54 R
F I R M V&R S B R JAR (R 5% ) ™ 17
i rh IR BE AR A AR R, RC AT I R A 2 A I
AR, BRI B, 2o s, JRERARIE & 3
T fibin BRI, ETE RN T
WRER B (E ) I, 2 SN

Ea

(D

[ B R b B i, M AN BRI Ry ity
AE A AR AR IR WA, 78 0 b b B W AR 4 1) 32 Bl
R, B el 5 1) W 1A% 33k b i RE B, T A A%
IRBI IR, 3 — B B e IR P s 7 oot g
AR ERE " RIS RC MR RE BT A
BERIRARAIHS . ARG Ryl B b A RS
i SREE AR OC, BRI RS w, 5 WIS RE B AH G,
PRI, A ot B 2 A W3 R R w0, /10, FHLOG
K10 7R T4 RC M w/w,, EH, LR
30°whi b, £ RIS TE 6th Wk i I 4R & A 1K EL ]
AR NS 3K 5 T SO 6th whs R IR %+ 77 4E
LS —30, mIE 10 ATAL RC HAY WL e R 7E
45°F1 60° i1k B 5 A, Hy A SRy A 25 A R R A
V-7 W] W BB O FEEE R BRI AR
0.25
0.20
\gé 0.15
S 0.10
0.05

567 8 9101112131415 1617
IR F
E10 AERESHFAERTRCEN w/ w,,,

Fig. 10 Ratio of w,/w,,_ of the RC slab under impact force from
different angles
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Fig. 13 A of the RC slab under multi-angle impact
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Fig. 14  Damage rate of the RC slab under multi-angle impact
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Fig. 15 Relation of impact force and damage rate of the RC slab
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