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Dynamic Response and Failure Mechanisms of Pre-holed Q235 Steel Plates Under
Foam Projectile Impact
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Nanjing 210016,Jiangsu, China; 2. Advanced Materials and Energy Center, China Academy of Aerospace Science and Innovation,

Beijing 100176, China; 3. Naval Research Academy, Beijing 100161, China)

Abstract: To assess the structural damage caused by combined blast and fragment loading upon detonation of cased
explosives, a numerical investigation is performed on pre-holed Q235 steel plates subjected to foam projectile impact.
Validity of the numerical model is checked against experimental measurements. The validated model is then employed
to investigate the dynamic response, deformation/failure modes and hole-edge deflection of the pre-holed plate.
Physical mechanisms underlying tearing failure initiated around the pre-hole are interrogated using the stress triaxiality
and Lode parameter. The influences of hole diameter and plate thickness on the impact resistance and failure
mechanism are also quantified. Results show that the presence of a pre-formed hole significantly curtails the impact
resistance of the steel plate: With increasing hole diameter or decreasing plate thickness, the hole-edge deflection of
the steel plate grows, while the projectile momentum causing tearing failure drops.
Keywords: pre-holed plate; dynamic response; failure mechanism; stress state; numerical simulation
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Table 1 Material model coefficients of Q235 steel(23]

ZH HfH
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E/GPa 200
A/MPa 235
B/MPa 275
n 0.36
C 0.022
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T /K 293
v 0.3
& 1
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Table 2 Comparison between numerical and experimental

results
g THEN  mE pRERE ‘pfﬁ@%mmﬁ
5 kgm?)  (msh  EkPas) i A -
1 392 164 5.4 158 169 65
2 385 210 6.9 210 220 45
3 385 257 85 273 278 17
4 387 342 11.3 382 393 27
5 389 363 12 409 424 35
6 390 388 12.8 450 462 25
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Fig. 3 Comparison between experimentally observed and
numerically predicted failure modes of pre-holed Q235 steel

target plate, with projectile momentum fixed at lo = 12.8 kPa's
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Fig. 5 Deformation process of pre-holed Q235 steel plate
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Fig. 6 Contact force and transmitted momentum histories of pre-

holed Q235 steel plate
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Fig. 7 Hole-edge deformation history of pre-holed Q235 steel
plate
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Fig. 10 Equivalent plastic strain contours of pre-holed plate
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Fig. 11 The change of stress triaxiality and Lode

parameter
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representative elements
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Fig. 13 Equivalent plastic strain contours of pre-holed plate



Bl 14 RN =315 Lode SR I 5L
Fig. 14 The change of stress triaxiality and Lode

parameter
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Table 3 Key geometrical parameters of the pre-holed plates with

various hole diameters
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Table 4 Failure modes of pre-holed plates with various hole

diameters at 1 = 1 ms

dr/ Lp AT ESiALEN
0.02 Model 1
0.04 Model I
0.06 Model I1
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2 7.2 0.04
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Fig.16 Failure map of pre-holed plates with various hole
diameters
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Table 5 Key geometrical parameters of pre-holed plates with

various plate thicknesses

G Ly i 0.0055 Model 1
! 0.5 0.0028
2 0.75 0.0041
3 57 180 85 0.04 7.2 1 0.0055
4 1.25 0.0069
3 1.5 0.0083

BER NI Chy / Ly = 0.0028), #2317 7L 5% 2

BALBN B To = 8.05 kPa-s I, Tl il FL AR AR 1) 2 2%
P aRBEAR R (B L INR 6 Fus. [ — ka8 0.0069 Model I
TERR, BEZE hp/ Ly 3K, 3 RAUEA 1 Mode
I #7454 Mode 1, LA BIREASWIR/IN, 42 ML
FEA S RS R BN E] . HAERNE, FRE

B 1B 19 226 1A RIS T A U
HIEIRT I, BB hp / Ly 97K, BERRG RS I
FENEMN_ETE, RS DTS A 14 55 .
®6 THEERRRAXHEXAE

Table 6 Failure modes of pre-holed plates with various plate 0.0082 Model |
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