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Numerical Simulation of Projectile Perforation
Reinforced Concrete Perpendicularly
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(Department of Bridge Engineering. Tongji University, Shanghai
200092, China)

Abstract: This paper presents a summary of the Riedel-
Hiermaier-Thoma (RHT) concrete model in detail, and the
basic characteristic is demonstrated by numerical simulation of
the single brick element under the uniaxial compression and
uniaxial tensile loads. Then the model is applied to the
projectile perforation reinforced concrete simulation, both the
spallation damage on the front and back face of concrete slab
and rupture damage phenomenon in the inner of slab are well
presented in the simulation, the residual velocity of projectile
predicated by numerical simulation is on good agreement with
experimental results reported by Hanchak. Besides, it is also
found that there is little influence of the reinforced bar and the
similarity angle on deviatoric plane to the residual velocity of

projectile in the simulation.
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Fig.1 Failure surface of RHT concrete model
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Fig.3 Compressive meridian line and deviatoric section of

maximum failure surface of RHT concrete model
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2 2R BTN B R R ARSI R B A 2 88 1T =2 7]

If 2 8% B T 5B D(O<<D<<D).#iifji& D X%

AT HIC #ERL 345 1 7 S Bk T~ SR ARAH R 55

Yiee = Yir = D(Yiy — Yioo) (15

UHTE PR G RYEI G5 H AR5 (D = 0 I Y

SRR Go FSE it (D = DI BT P & G o
EGIRG

Gpre = Gin - D(Gin - Gres> (16)
e D, (p~ +fttt)D2 Z€6,min
AEP JEP d€p
D= -
2 D, (p* + f?j.L)Dz o Di(p* + f&t)Dz
an

X4 D, (p~ + fttt)D2<€f.min

O &f.min
Dy F Dy A BHG I H R € i BRI
(e /INIBPE R AR5 e p SRy AR AE
1.2 RETGE

ARZSTT R R # 7K LR 7 b 4 2 1PN fiE 22 T
145G 2 (5 AT 4y [ T 1 R B2 T 40 B 2 Bt b
FHE PN RE -5 I SE A4 RHY A BEAR 25 58 42 IR 52 A1
T NI

P E) = Aype+ App? + Ay +

(By + Bit)pye 1 >0
p(e,E) = Tip + Typ® + Bypge

€ f.min

© <0
19
X p FAPEVIRZ 8K 15 0 APEHA TS f5
ME s B i fite; Ay, Ay As By By T, T
TG REWHG v XA, = 0/00 — 1, K
H oy S RHA BV AL FIT B, 24 >0 1 R (AR
Fefii, 24 <0 R IEFRZAK s ¢ Fom M BN BE.
XTI 0 llepa R, 0, N
MRHEE o MBI B o= Ve/ Vs, Ho Vi, Vs
3590 2 TR 96 Sk A0 L T T S B A R AR SR R
L 0pa FRA(19) J5 75 328 B b RLE K B ) 3%
LSV
Py Esa) = Ajpr + Ayp® + Ay p® +
(By + Bit)pge 7 >0
p(0psEsa) = Ty + Top* + Bypge #<<0
(20)
;EtEP:/x:ppa/‘oO—l_
RHT # %0k Al Herrmann 42 i 19 P—o ARZST7
P, P-o KRRWE 7 Fiw, RECR KN
a = g(p.e) =1+ Cay — 1) »
[Pk = P/ (Diock = Perusn) 1" 2D
s awm A WTIRTREE T FLBREE 5 oo MR S I X
PR HE F3 s I @ = 15 Do 4 25 B2 T 00 FS 4 10 9 s
J1sn HIEAGFEEL



o954 % M, 55 SR EL R YDA AT TR B - B AR AL 561
» PA
2 IRBEIHRE -
9 T 5% RHT Ik + 78 U HLE R () ) 2 4% - Mt
e SRR 15 cm (038 - bRAE 7 PR B TN

P TRBE b0 RHB A R AR ME DTS 8 B 35 MPa,
R FA S50 B I 425 SR AS R € = 1.0

0 1 i g

B 7 RHTRELEBRESE

m.s L SHBUESE 1 fFE 2. Fig.7 Equation of state of RHT concrete model
# 1 RHT RETREGESE
Tab.1 Parameters of RHT concrete
Gen/GPa fc/MPa ft/ft fs/fc A N k Gea/(Gela — Gpla) ft.ela /ft
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0.53 1.6 0.61 0.022 0.026 0.04 1 0.01 0.13
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Tab.2 Parameters of equatation of state
0p/(kg e m™3) Cp/(mes™ ) Perush/MPa Piock/MPa n A;1/GPa
2 314 2 920 23.3 600 3 35.27
Az /GPa Ag /GPa BU Bl T1 /GPa Tz /GPa
39.58 9.04 1.22 1.22 35.27 0
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Tab.3 Parameters of reinforcing steel and projectile

¥ p/(kg.m ) E/GPa v oy/MPa &
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Tab.4 Comparation of computational residual velocity

FH/ o s/ HE, iR/ Hil/ S/ R/, R/
(mes H(mes Hmes ) % (mes™) (mes™1) (mes™H %
300 0 606 449 468 4.23
360 67 88 31.30 746 605 600 0.83
381 136 158 16.18 749 615 603 1.95
434 214 202 5.61 || 1058 947 932 1.58
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