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Steeltube confined concrete targets penetration experiments

ZHEN Ming"” , JIANG Zhigang' , WAN Fan' ,LIU Fei' | TAN Qinghua'
(1. College of Basic Education, National University of Defense Technology, Changsha 410072, China;

2. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; Experiments of steel tube confined concrete targets impacted by 12. 7mm armor piercing projectile were firstly carried out, and then

the depth formula of hard core projectile was established to explore the anti-projectile performance of steel tube confined concrete targets. The

results show that the failure mode of steel tube confined concrete targets differs a lot from the failure mode of the unconfined concrete. The steel tube

confined concrete targets develops hoop cracks on side face and works better in anti-projectile performance than the infinite concrete targets. Steel

tube confined concrete targets also work well against multi-impact.
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(a) Schematic diagram
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(b) Physical picture
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Fig. 1 System of penetration experiment
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(a) Components of projectile

(b) RSB

(b) Steel core after penetration
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Tab.1 Penetration experiment conditions
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Fig.3 Single impact, non-wire mesh, 838. 2m/s
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(b) Side face of core concrete
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Fig.4 Single impact, one layer-wire mesh, 833.3m/s
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(a) Front face, first bullet at 541. 5m/s
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(b) Front face, second bullet at 845. 5m/s
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(¢) Front face, third bullet at 840. Om/s
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(d) Side face of core concrete
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Fig.5 Triple impacts, two layer-wire meshes
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(b) Side face of core concrete
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Fig.6  Single impact, non-wire mesh, 543. 6m/s
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Fig.7 Typical target profile

(a) PVC %42 160mm,847. Im/s

(a) PVC tube with diameter 160mm, 847. 1m/s

(b) PVC 4¥4M% 315mm,839. 9m/s
(b) PVC tube with diameter 315mm, 839. 9m/s
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Fig.8 Failure mode of concrete filled in PVC tube
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Tab.2 Steel tube concrete targets

AR WA= v/ (m/s) Ad/mm D/mm H,/mm H,/Hjy H,/mm
1# 838.2 15.0 133.9 36.6 191.0/263.0 208.0
St
0235 I 24 830.9 5.0 133.3 36.0 185.0/185.0 194.0
ARIRE T,
ks 34 832.2 7.5 133.0 36.8 202.0/202.0 197.0
17# 543.6 28.4 130.0 29.0 ToH H) 248 90.0
4% 833.3 0 133.3 32.5 174.0/226.0 214.0
Al
0235 54 829.2 9.7 133.4 30.5 204.0/204.0 205.0
FIRIRFEL:. 540.9 5.0 33.3 21.5 80.0
9% ) 133. 1. )
. I B2
836.0 45 % 11.0 189.0/254.0 216.0
T# 837.9 16.2 134.6 29.0 199.0/249.0 215.0
0235 4% 194 839.3 5.0 29.0 199.0/199.0 199.0
ARIREE T, 541.5 —% 80.0
L AL 184 848.5 45 % 214.0
840.0 =% 237.0/237.0 231.0
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Tab.3 Penetration depth of concrete filled
in 315mm PVC tube targets

i gm 5 104 11# 124
v/ (m/s) 839.9 596.5 537.1
H,/mm 175.0 105 94

R, F RIS SO ASHE AR, 505 A
P BN (Ad =0 ~ 15mm) , RAIEL Sy 5 o A
SIS 22BN, 55 RO R AR BE 1) 5 e A B I
H i T A e B b , 50 ORI BE 52
B 0 Sl Td T, 5#(Ad =9. Tmm, v, =
829.2m/s) I 1Z W IR E L 4#( Ad = Omm, v, =
833.3m/s) /N 4.2%; 1 # (Ad = 15mm, v, =
838.2m/s) kt 19#( Ad = 5mm, v, =839.3m/s) {Z11]]
RIER 4.5% o 3w i BRI (Ad > 15mm)
H T AL — AN A 2 AR I N 22 e )
TRPE LG /M O I A BT 3G . s & AT i R, T#
(Ad =16.2mm,v, =837.9m/s) k¢, 19#( Ad =5mm,
vy =839. 3m/s ) (R WITREE R 8% AT ifi T, 17#
(Ad =28.4mm v, =543. 6m/s) Ht, 16#5F— % (Ad =
5. 0mm,v, =540. 9m/s) ZWIRE K 12. 5% .,

2) BRATHE T A 2 IR BE 88 1 I - It
HARRARN 10 £5 LA b, sk BUIR BE S i 1y
2 ~ 345 R TR RIREE T (L E R Y
JppE 4 5 IRBEL N AR 1.5 ~ 2.5
50 o FE I DR A A 2 SR O AR
N AN BT R TR BE -, [E4R AR IR BE T 5
N TV Aaa SOt WA S e/ ) | WS B G N TR
BB AR R AR BE - 0 IO, 5 Bk bt
RoTH4R,

3) 300 5 T A A A 0 T LA DR T S SR B
AT T BR k22 O A U < DUP TR EE L
TCEk 22 SRS/ N 16% 5 W28k 22 W E 1) s < 47
YR LG R R 22 BRI IN D 9% o B,
SRR R 22 X %o U <1 D0 ELAR I S A AN K, ELXE LR
P MITR BRI RAN B R o 0: 14 T#A1 194K
AR S A0 3 1 A 5 R Do B AH 22 A8 R, (HL 194
(RUZZ 22 ) BRI LG 1#( Tk 22 /) /1N
4.5% 1 T#(BUZER22 M) B IR B 1 1# (T
BREZZM) K 3.4%

4) B AR SRR ) LA 8 H,
254 193mm, H, 24 24 218mm, | {F ¥R H, 241 K
205mm, B H,<H,<H,,

5) W AR BE - B A BRIt 2 R AT
REJ) o 4# S#ERZ AT P B MR 209. Smm,

16# 18#55 — &k 4T MR MU EE 215mm , 18#5F
S RAZIREE 231 mm , BUE IR BE L2 — & 4T
RN LR AT e D38 I T 29 2. 6% , 35 =k
TR L2 — R AT T 249 7. 4% . 3%
W YA LA ARSI (PR AL
B A AR BE L PSR R ML — &
FTHREJIAH S, THTER = R AT BRI B T R

FT T AL AR 2 A P B o i o5 it T )
B ES E (R Ry R W e ) NIE PNRE N
PR 708/, TRGE A 158 BEAR BRAAZTE E 38K
BEANAE AR BE L TR BTRE W AL 64
FURBE . XTHEF 2 h 1T#E1 16# 18455 — Kk 55
3 1L 124 R BRI, TR IR AT O T
B L HUR BE T R BTREE W /N T PVC 2
AURSE L, Forp 164 1845 — L I IRDITR L L 124
/NI 15%

3 EHMREBEHEAK

31 RIEEENEERERLE
Forrestal 5™ A543 9 JE 52k o 0
TR ML, R4 B B A
BRI B B, 3 T K T B B
VRIE R T RRBIVRIE X 1k IS A

N* V2
y-_—2M ln(1+ P ')+2d, X >2d

“wdN'p, R
(1)
,  MVg-4w (d/2)°R
1 = 3 *
M +4m (d/2)’N¥p,
(2)
_8y -1
24y°

Hop A I B — IR B SE AR IR B, 5 0 2d Oy
IR YU EE (d RBRALEAR) s M FI N™ 43 51 2k 3
BT FSIEIRREL, ¢ = 5/d vk LR il
242 (Caliber Radius Head, CRH) ;p, K #E AR IR
BE 8 5 Vo ALV, G Shy AL ) 0 e o ok
MBRIE R I IR H S s R IR EE L HLR I ) 22
B fH , A AR e A R o

Li fl Chen" B R = Sf,,S =82. 6f > & S =
72.0£7%% e £ R TR A TGO BR T A ( BA
MPa) B FRAERIE ) BIE 2 SK T WM e A
W1 T PR IR BE 3 ] 2,
3.2 EHREEMREAR

AT WP i A 1) 2 T BR VR B5E -4, A S AR
SRR A2 V) 3k R 0TI 4 Ay T B B B R 5% 3 {180
Bro tsfALES L (an gl 2 s ) A 7RI



<126 - B BE K 2= 2 i

537 &

FEHTBY B, 3R AL B A 4 nh o TR Bk
7= TGN, BN TE T T B BRI ON B AR
IR EE 1, WS TETFIT T B B R AN K BR B =
Wb B, B E R B B TSR MIRE T, FEREPOR
WHREE L . AT, Z 0 I Iuh Be e 3 B
AR e BRI AR IR B S5 T AR G B B RV
R

FE D) o BOm N k- d(d it
HAR b ikInis 2)) s RRIERDIB B BV, =V,
RO IS BLAR d, ¢ A0 CRH, HIAX
i m AR FILT R M1
szd;’:;*pcln(l N g‘v") tked, X>k-d

(3)
Horp X TP OB SE 80 U k=2, R =5,
S=72. 07" X TR AR EE L, b AR
Ko , R ARIEAR AT R (4) 715
. NpVy (4)
wd’N*p,(X =k - d)
exp[ . ] -1

3.3 itig

X FANE LRI EE R, U ARt
JERRJE f. =48.9MPa,d =12. Tmm, M =48¢g,d, =
10. 1mm,m =30g, =3.4,p, =2200kg/m’, J5Hi
7% 2 mu T A s s (4) TR A R R AT
1) R,ARJGHE kAR BOFME, R (3) 8RR
WIGREE TS R W R 4, 9 45 1T R
1R AW>1: TG FRTE 6 1= #E RN 948 29 R TR e - AR DD IR
JEX S5RMEE VLR MZ, HHE P ANEL R
TREETHE, k =2.6,R =692MPa; 2L o R, #2 SCHk
(18 —19]HLk=2,R=S f. =72.0 f*° =503. 5 MPa,
H 2 4 FIEN9 A .

1) RS TR IR EE A 2 B A AR B+
MEm AT H S R & 8, R RiIREY
7 6.0% ,

2) Y4 Vo KTF 500m/s B}, 15 B0 £ AR 6
ORI FE W /N T2 T PR TR e -, 2V,
{H 800 ~900m/s I}, WA £ R i + $EAR IR Eb
I PRTE&E 1 ¥/ N2 20%

x4 WMEARBRIEEURE

Tab.4 Penetration depth of steel tube confined concrete targets

N Yo/ (/) I8 B/ mm R{MPa i+%£§f%é X/mm
X=H, k+d X(4) X (3)
1# 838.2 208 36.6 697 209.2
2# 830.9 194 36.0 749 205.8
3# 832.2 197 36.8 740 207.1
44 833.3 214 32.5 647 203.2
S5# 829.2 205 30.5 669 199.7
T# 837.9 215 29.0 637 201.5
19# 839.3 199 29.0 705 202.0
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200 |
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Fig.9 Relation curves of X and V,
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