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AN ANALYTICAL STUDY ON THE BEHAVIOR OF REINFORCED
CONCRETE BEAMS UNDER IMPULSIVE LOAD

AR SRR - AR R e

By Manabu FUJII, Ayaho MIYAMOTO and Hidenori MORIKAWA

The behavior of reinforced concrete beams under impulsive loading was studied in

both elastic and elasto-plastic regions by using the non-linear finite element analysis.

The calculations for a given load-time function were verified by the results from

experiments up to failure. For different impact force-time characteristics, varying

geometry of the beam, concrete and steel strength and steel fibre content, the behaviors

in critical region, energy absorption at failure, local deformation etc. were compared to

examine the degree of their contributions to improvement of the impact resistance. It

was concluded that the addition of elongation capacity to concrete in tension remarkably

contributed to improvement of the impact resistance for reinforced concrete members.
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Fig.1 Finite element meshes for reinforced concrete beam.
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Table3 Index of local deformation.

loading curvature | index of
rate at local IL(impact)
specimen| tf/ms failure deformation —-————I (etatic)
(KN/ms) 1 (41675 jum) I (x107%)| ¥
3.8(37.2) 5.15 2.13 2,39
RC 1.5(1k.7) 5.25 1.60 1.80
0.5(4.9) L.63 1.13 1.27
static L. 00 0.89 1.00
L.3(h2,1) 6.85 3.53 3.97
o -860 1.5(1k.7) 6.63 3.22 3.62
0.5(4.9) 6.02 1.80 2.02
4.3(02.1) 7.23 3.56 4. 00
h-18 [1.5(14.7) 6.51 2.31 2.60
0.5(4.9) 6. 00 1.70 1.91
4.0(39:2) 3.91 1.20 1.35
BT 1.501h.7) 3.97 1.37 1.50
0.5(4.9) 5.62 2.8% 3.19
3.3(32.3)] 16.50 1.28 1.Lh
1.5(1L.7)] 17.25 1.32 1.35
SF-133 5 16.9) 16.75 1.31 1.47
static 16.85 1.30 1.h6
sro3 Ao (RT)] 1737 1.15 1.29
static 16.82 1,11 1.25
o
4 o860 e 4 gm
g 3 b //—, — 5§
g — s+
ko <— ﬁg// 3L 8
I Vg 5 f
" el RC 8l
% />//////// 2 i
3 <
S SF-133 e B g L
r 1488
gk}
o loading rate (tf/ms=9,8KN/ms) g ’?1
1 1 1 1

0 1 2 3 4 5

Fig.24 Effect of loading rate on index of local deformation.,



{23
(=]

2)
i

(static}

region of failure (x102<:m

region of failure for RC beam

o
S
L

region of failure(impact)

lcading rate{tf/ms=9.8KN/ms)
0 1 1 t 1

0 1 2 3 4 5

Fig.25 Effect of loading rate on region of failure,

&, 07860130 & FEFRFOMAERT LHITH S, Wi
Mz RAL LGS, BEEEEREROETRELTH
N, HEEETORSEBESKIECGEIRE VD
ZEMNRB, Fr, SF-3 30100, BT (0,
=1.5t/ms (14.7kN/ms)) T T ORFHEREH
SF-133 130 D 0. 96 & 2 ->TH D, ZOMBTEY
P MR A B OB T3 s V. BRI
ZzHWIHE, v.=1.0t/ms (9.8kN/ms) Ll K&
HERTE, REEEOEEPPROKREL 5L, o
=1.5t/ms (14.7kN/ms) Dl bic/s 5 & SF-133 140
ERERFORRERT LHIC0, BEREIEE A KIE
IKEIND ST x 5.
(4) WEsEIC & 5825
IBVWTHRE L2, smEsEgEthoy
A, HREET CIEBMICENED T 2585
B EMHLMITIE o, BEEERBE, PERT AL X —
PRI NAHEAZRLTHY, ZOBAINNIVES
u,%ﬁm ODUDNESAE <4y, BSERARH
KB BEENWHHEZEALNS. LIN-T, I 27T,
BRE P & Bl U ¢, BEMER 2 TR RE T 2
BV IZOW T OB BRI jéOUbﬂ%MD%ﬁ
U TEMOBREHEZHE L, OEBEEELL
LO% Fig. 25 X789, Fig. 25 K 0 &R N%kma Hu e
B, v.=1.0tf/ms(9. 8 kN/ms) LI FOBEHE T T 14,
WHEHEHS RCED L0 NI B-T0EY, #40
LLEOBHEE OB BRITE N T, BEERS» 20
ZandLlMcxsd, £72SF133 130 DG, 204
MIZRCEV DD BV REBMBATRLTHY, M

HAETR SR OWEE & LB aSch s &
WA 5.
5. #& B

AR L > THRLINIERETY 5 &,
A

(1) AL BHE813, REEERE OEBREHC
iﬂf,kﬁmﬁﬁﬁémﬁutm%6m&@om

DL

(2) WHEHERTORC I DL X
M DK, LIEREET, RSLEEOBAS & 0K
BEHEOBDE L TEON, o OEmIEEIREE OB A
IR - TS 5.

(3) RCHEVOFEBHEFTCOREE 2RI L 1ok
%, RCEHMOMBEERME L, BB RROEE MY
B &N %T%é&%z C QI om L, @R
1o B o 5 BIERER R 0 IIRE, @ U AT oM e,
@HS mmmﬁk,®w%$@ﬁ$®mﬂ

(4) m&%&%ﬁm¢anm@m@&b1m,mﬁ
7, EIRE, 2T AT —, BIERMER, B sH
b b

(5) MSMBEAZICLDZIY 7)) — FORIRRBO
THOREDRDVMERUEREOR LB AFHBLL
3.

(6) #WA & U CERNES 2RO I8E, EHE
FEORNERET COMERLENE CHYTH 5.

(7) BOEZEAIYS I ERREREOETICD
BRBBENH D

(8) M@X#é iay o) - hoEmE s
ﬁﬁtﬁm,é%m@ﬁ@%ﬁkxﬂ@@%%EZéu
EgB, IOMEELTE, BREaY 2 — bOF|
FRREOTHOWUBLEOLE N EZ SN 5.

H B IAUROEBECHTIVERS IS ETHED
AP RS PN RERCRHOBAE LT

g E X &

1) Introductory Report of RILEM, CEB, IABSE, IASS-
Interassociation Symposium on Concrete Structures
under Impact and Impulsive Loading, Dec, 1981.

2) BH ¥-EAGE I HEREFEN MBIV -
HEYOES), 1> 7 — 1%, Vol.21, No.9, 1983.

3) Suaris, W. : Strain-rate Effects in Fibre-
reinforced Concrete Subjected to Impact and Impulsive
Loading, Composites, pp.153~159, April 1982.

4) MIE - RBES, G EHERETOaY 7))~ b
DEFEBRIES b AV F-EK, Es5EIY 7
)= b LEERGR R0, 1983,

5) B F - BAXE 3 BREETICHI 5 Mk
27— MROBIEERE, B3Ry o) — b I%E
IRFBIH RGO, 1981,

6) B & HRTERRCLE L7 — MEEBO 2K
LYY, HARBRYELH[HCHEE, F189 5,
pp.43~50, Nov. 1971,

7) Bathe, K.J. et al. (%t SCHER) | HTLE M0 Bt
8, MR, 1979,

8) Hannant, D.J. (B84 %KR) :
JethR, 1980.

et al.

Wy 7 ) — b, K

(1984.6.11 « S¢)



