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Prediction model of crater damage effect of steel fiber reinforced
concrete target under contact explosion of cylinder charge
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Abstract: Fo/valuate the crater damage effect of cylinder charge contact explosions on steel fiber reinforced concrete
(SFRC) structures, a gumerical model of an SFRC target was developed by the coupling method of smooth particle Galerkin and
structured arbitrary Lagrange-Euler (SPG-S-ALE). This coupling method effectively simulates the extreme deformation,
fragmentation, and fluid-structure interaction characteristic of near-field explosions. The validity of the simulation was verified
through comparison with experimental results. On this basis, a systematic investigation was conducted to analyze the failure
modes and damage extent of SFRC targets under the combined influence of charge mass and charge length-to-diameter ratio.
Based on contact explosion theory and dimensional analysis, crater diameter coefficient K; and depth coefficient K, were
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introduced to formulate a predictive model that describes the front-face crater diameter and depth as functions of the effective
charge mass. Results indicate that the numerical simulation results are in good agreement with the experiment results, which
verifies the effectiveness of the simulation method. The crater formation of SFRC targets is the primary failure mode under the
combined effects of charge mass and charge length-to-diameter ratio. For a constant charge mass, increasing the length-to-
diameter ratio from 1 to 5 reduces both the crater diameter and depth by approximately 50%, highlighting the pronounced
influence of charge geometry on damage localization. Within the range of effective charge mass up to 16 kg, K and\;““‘K*Z exhibit
a power-function decay with the increase in the effective charge mass. Conversely, the crater diameter and depth follow a power-
law growth relationship with the effective charge mass. Moreover, under identical effective charge mass conditions, the damaging
effect is more concentrated on the lateral expansion than on its penetration depth. The established predictive model enables rapid

and reasonably accurate estimation of crater dimensions in SFRC with different strengths and undgr varying effective charge
)

. % the anti-explosion

Keywords: Steel fiber reinforced concrete; Cylinder charge; Contact explosion; Crater diameters Crater‘depth

mass. The above research results can provide a valuable theoretical basis and a practical computa

design and performance assessment of SFRC protective structures.
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Fig.1 Finite element model of the target of SFRC

1.2 FHEHER

EREBERL T, KF()O AT YEIREE LA NI A R A B, R K& C 1 LR MO 4
R4V K & C A TV HERRAE SFRC ZN 7R AN R, @it TF B K & = HiNE

SPGB R S E . R30S 50 by SRR S E by RGT 1
PRI RS 5 A v Rf b S I SFRC SEAR 72 R T 2 A R A 3h i o y

R [241:

a0 =(0.232+0.133V)) f.,a, = 0.378 + 0.103V;, a3 (0. 1494 0.047V7) /1.
a0, =(0.194 +0.068V,) .,a,, = 0.504 + 0202V, 0.452 —0.142V)) /f. @)
a1:=0.374 + 0.102V;, as; = (0.218 — 0.068V7) /f:
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HIGH EXPLOSIVE BURN #ll * EOS %ﬁ:

YNOMIAL #EATH . TNT BZ55E ] * MAT
FRILFIHIA . BT BRSO 1~ 40124,

* iR K&C HERIS 2]
Tablel Par: C model for CF60 steel fiber concrete
plkgm?)  f/MPa v WMPa *  RSIZE UFC a0 oy aor
2440 65 024/ 495 3937 145x10%  -65x107  1.703x107 0
a dary A ylf \ N a oy of by by b3
0.481 0726/ / 0476, | 157%10°  477x10°  231x10° 075 02 0.018

Ve o SRS AU RS, v R do. doy. o ar. dry. av. @, . au RETIBEL by by by HEUIEHL

2 WA RS

Table2 Parameters of steel

plkg m3) E/GPa v o,/MPa
HRB400 $N5; 7850 205 0.29 400
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Q235 4RHR 7850 210 0.3 310

*®3 =RRREHESH

Table3 Air and equation of state parameters

o/(kg: m‘3) Co C C Cs Cy Cs Cs Ey/(GJ-m?) Vo
1.29 0 0 0 0 0.4 0 0 250 1
e Co~Co IR HTERE, Eo NHIMENEE, Vo ARIUAAHR AR

* 4 MEBRREHESH
Table4 Explosive and equation of state parameters %' A
FLC —
o/(kg-m?) D/(m-s) p/GPa A/GPa B/MPa R, R @ Eo/(GI'm?)
3
1630 6930 21 373 3747 4.15 (})\ \8.35 7
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Fig.2 Mesh size sensitivity analysis
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NIGAE FIREE 7 VR I HER T, X Yang ZEU TR SFRC MRl MER I T HUE T B
SFRC #x V14 2000 mmx2000 mmx400 mm, HEF4EEFBEN 1.5%. RARE 2 /Z ©12 mm
HRB335 # &L AN, JZ8115 @6 mm HRB335 857/, 4MHIEEEIA 100 mm. TNT 252454 180
mm SR, RN 9.6 kgo RIS A EEMRES IR A EE L 3). AR WK 4 B, @
TER 1.1 SRR FETAR MR, S in e X 48 (1000 mmx1000 mmx400 mm) K& A sF 10 mm.
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SFRC R K&C AL, Hi k9 BRI HTHL 58 B2 7351 107
X C2) W5, by A by BUEIRISCER[25], @13 5 s . YEAURTE SN
9%, HRB335 8K * MAT _PLASTIC KINEMATIC $3¢¥, %%Eéjj 33.,5 MPa, HRZH 55X 2 H

. /

% 5 SFRC CE
Table5 Parameter\sgf K el for SFRC target
< w
pl(kg-m3) fJ/MPa v f/MPa AME UFC ap oy aor
2440 107 0.24 9.3 A9§7 1.45x104  -1.07x108 3.17x107 0
ay diy af az oy arf by by b;

0.533 0.827 0.527 7 4;<10"\ 2.23x10° 1.08x10° 1.6 -2 1.15
Kl 5 f&7r T SFRC $E4ARE1 %&@zﬁ&%&%%%iﬁ%%%o K A B AR5 49 0 55 6=20 (M- A)
( A N K&C FAE %08t ?\jﬁ%ﬁaﬁm/}‘ém%@) FAIE SFRC ¥R FE: 29 1.8
<O<195 W, MR TRGUPINE. 24 0>1.95 K, MFH N EBHGLOM, JETERBIERN A
JEH 1.95~2 5 1.8~1.9 BULER . IR LAY RN B 5 a7 WL B SFRC AR

] KRG RS, TRERIARSZ J1 s 5 O B IR SRR X, VU A 23
238 AR I S AL AR ARG 32 5 A AR 25 o AU, i 75 PR 438 T A S AR I 4040 TR S 5 B 6 45
RYERAT, )2 ¢ E BT R A SFRC MR NI AR, 10 S b kel B A JE 35 5 1
UEAk, AP 2N B TR DT B AR 20 5108 800 mm A1 126 mm (LI 5(b)), 5615 251N 760
mm A1 123 mm WLE 5(a)), HXHRZE A 5.26 %M 2.44 %. B HETEGT EARFEE 2708 940 mm Al
230 mm, REE 5 AN 950 mm Al 214 mm, AXHRZEN 1.05%F 10.28%. Ft, FiREUE T7kREM
A AU T 26 25 8 fl B JEAE R SFRC B4R 1) 58645 1 7%
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Fig. 5 Test results and numerical results of SFRC target
*
7 iﬁtﬁ TPy Bl 2% 5 i I,
- Szgk;kﬁ’gﬂ}%ﬁi;%% Eé{&t l/dxﬁ%#ﬁiéﬁ@E@ﬁkmaﬁﬁjﬁﬁmﬁa;uno i,-gjﬁzﬁ fﬂ ;éﬁfg
o ﬁ%ﬁ*ﬂij{ G SRR T R ANAE, @ﬁl@%ﬁ‘ﬁjﬁﬂ)}i%ﬁ}%jﬁ, 1& ‘ ﬁ;;
%5$E;§$§ﬁ */E\ITE , AN fiph R T AR 4 R e 245 = BEAAR T O BE MW%UEE{EPE':?Q
" B " DRSS N p e
e @@%@a@i& B, HT, T T SFRC E‘Jﬁkiﬁxﬁlﬁﬁﬁ‘ﬁ)‘?f‘uf;i 7
o ’J%ﬁﬁ’ﬁﬂ% éf'@é A d A AEF T SFRC SRR IR 1L FEAIALHE, "ZIKI}%EJI&L .
iﬁzlﬂ/dfé—l 3 50 7 NI kg) A5 AKARLE (d=1, 2, 3, 4, 5) 3L 30 HABERE TN,
AV =N =1~ AN
IR AN T AR R R
: . NS N O= =1 ¥} SFRC
Z.Z.I%r@fgzim;w SFRC BRI (L BECEIIL, LR Q%é 1;@ 77[;;% ujmnﬁ
%EI'I‘J”%T%J&%L e 6 A 7 . 1B 6 FE 704 0=11 lfg, l/\d:,l HJ S\FRCE%%#'WMW%% s
F‘J‘i" MR 2 5] R R IR B, ‘}fz!%i’ﬁi'lEl'lﬁlﬁﬁ?ﬁuﬂ?tﬂlE%H‘{E”all"]ﬂézw\ﬁ ;u S
hL%liﬁﬁlﬁﬁ%@mkrﬁﬂLmﬁﬁEﬁE,%%ﬁ@ﬁ%%%twm%mhzﬁm£
5(a)~ o I FE 1) LA,‘ e 7] R Ly, I DL
gﬂ(z’?is‘ifﬂé?mh‘rﬂﬁ“éKﬁé;&@%ﬁ (&l 7(a)~(b)) Effm}ﬂzﬁﬁﬁhﬁi{ﬂfﬁgﬂi ;ﬁi;@ D;; i;‘i o
{"Jﬂ‘ Cn) B SR (B 6(c)),  HE T By i gpe i e K J‘EE%AJ??S?J?E ’x,\ﬁc »;éﬁyuﬁ;w\;/jj
lflf ; 7(c))o NSWAE BMENS, 2SI AR 5 15 1% T S SR B8 A B A L8 N B
EX CE 6(d)~(e)), MERFMBIAFE LI (B 7(d)).




MR, S R ARG AR TR AN AT S TR e L A Rl TR PR

Pressure (Pa)
—l ] 1 L 1 1 L] 1 —I
s 3% 3 EGoEod 5 :
Wi -+ - o [} N o — -
(a) 0.05 ms (b) 0.1 ms (c) 0.25 ms (d) 0.4 ms (e) 2.6 ms
Kl 6 0=11 kg i} SFRC #ER; JiE 4%t 78

Fig.6 Evaluation process of Von Mises stress distribution in the SFRC target under O=11 kg and //d=1

Effective plastic strain
1.73 1.76 179 182 185 188 191
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(b) t=0.1 ms
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Fig.7 Damage evaluation in the SFRC target under-@=11 kg and //d=1
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% 6 N SFRC #EARIEA[FIZE 2 & O FIKARENYA N B A =
B2 N EEAR I IR AEARACL . 00 T R B A F\clm&M
kg If, BEEIREZGEWIN, WRMEEYTIZHT X,

ATLVE H, 4 1d=2~5 It}

s, AR
AR St 4 1t Q=37

T T 46 LJIJ”H TmlfILJT,”fH: 4 Qi
SPHIR A 9~11 kg I, “l‘LM GES u’qu“J'wT RS, L"{HJLI i3k , HARH IS R
R IL, A FERE L RS KA LR T SFRC #EA 1 % 2 H&me
i‘% 6 CRIERHESKELIEMT SFRC $E1$E&i$ﬁ;,u
Table 6y Failure modes of SFRC targets under varying Q and //d
0
(kg) 1 3 5 7 9 11
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ERIRGURST KR . WA, 7E Vd=1~5 TGl Y, KEXUFH 2N EXF SFRC BRI TR E B
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kg i, D A H 535 0.4 F10.061 m #K% 1.04 F1ON T4 nf,

£ Q — R, K Id Getit B35 AR AR 1 REKANO=1 kg B, BEE IdZ 2. 3. 4F15

F, X D ARIHN 0.264 0.22. 0.2 F10.18 NG/ SR N 35%. 45% S0%AFH 55%; H KUK
0.051. 0.032. 0.03 F10.028 myNANEN 16.39%. 47.54%. 50.82%FH 54.1%. [6FHH, 24

0=3. 5. 7. 9. 11 kg H id M 1385 54 DNRIE 58 51.61%. 47.22%- 53.33%. 48.98%F!
50%; H F#ME5 514 51.88% 55.15% 55.26%- 52.15%#11 52.3%. HHULAT W, AEZZEQF, Id
B 138 E 5 ARG RSN T 29 50%.

1.2
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0.2 0.05
0.0 0
5 7
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(a) BEYTEAANT (b) BRI NT E

K8 AFEEZE QO FKAELE I/d ~ SFRC #EEEST ST XL

Fig.8 Comparison of diameter and depth of SFRC under different Q and //d



Pl S AETERE SR MR A T TR AR AT SR ot B B R B A

3 SFRC R LTHI R EE R

WEFCRM, FERRA TGRS, SO G54 (R A T EAR AR BETE W] R 5om, e i oA =
TR TR RGN I B o SUBRERRTI B2 R ORRRAE 0. Kigth /ad A
SFRC UL, MALF4EB R (0~3%) SEHSERILEmXENG S, jhhh, H2HEE TR
TR RSB HL IR B, S 3 S BRI F (2R 24 BOR BRI IR T 1A R 25 15 L By HLEXE NI
BEEH R Q. T2 3 n R0,

1
Q. =ySh.= Z’n/}’ﬂ'dB /
l/d=mn % (3)

X, Q. NEREEZE (kg); y ATEAERE (kg/m?); S AEEZ N

d AFEWRIRAEAR (m); [ASERRRASE (m); Q AHAR (K AR he HHEE R TT 50

WKL n #fi5E: M TIREER, Hn<1 K, h = /; 1 W, he = do XSETHOEE, Y4
n<18 B, h,=1; M n>1.8 i, h.=1.8d. -~
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