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Dynamic Response and Numerical Simulation of
UHTCC-R-RAC Composite Slab under Contact Explosion
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(1. a. College of Urban Construction; b. College of Science, Wuhan University of
Science and Technology , Wuhan 430065 , China ;2. State Key Laboratory of
Precision Blasting, Jianghan University, Wuhan 430056 , China)

Abstract: To investigate the blast resistance of Ultra-High Toughness Cementitious Composites-Reinforced Recy-
cled Aggregate Concrete (UHTCC-R-RAC) composite slabs under contact explosion, three sets of UHTCC-R-RAC
specimens with varying UHTCC layer thicknesses (0 mm and 10 mm) and recycled coarse aggregate substitution
rates(25% and 75% ) were designed and subjected to contact explosion tests using 200 g emulsion contact-explo-
sions under different working conditions. Subsequently, a numerical model was developed using the Arbitrary La-
grangian-Eulerian( ALE) method and a fluid-structure coupling algorithm in ANSYS/LS-DYNA , incorporating hoth a
global (10 mm) and a locally refined(5 mm) mesh configuration for the UHTCC-R-RAC composite panels. The ex-

perimental results indicate that increasing the replacement rate of recycled coarse aggregate from 25% to 75% re-
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duces peak strain by 11.7% and peak acceleration by 6.4% on the blast-exposed surface of the R-RAC composite

slab, demonstrating a negative correlation between RCA content and blast resistance. Conversely , the application of a

10 mm UHTCC layer significantly improved blast resistance ,evidenced by a 64. 7% increase in peak strain. Numeri-

cal simulations further confirmed that the locally refined 5 mm mesh model outperformed the global 10mm mesh mod-

el in both computational accuracy and efficiency.
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Table 1 Performance parameters of various materials

FkE W PR THAA L Jit e 2
materials density/ (kg + m ™) modulus of elasticity/MPa  Poisson’s ratio  Yield strength/MPa
PVA 1.30 x 10° 4.0 x10* - 1.60 x 10°
N5 Reinforced steel 7.86 x10° 2.0x10° 0.3 4.0 x10?
LIS .
Emulsion
explosive \l
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Fig. 2 PVA-fiber
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Table 2 Mix proportion of recycled coarse aggregate concrete

RS KR s KRR TRAHLE R K Water/ PR
Replacement Cement/ Sand/ Natural coarse aggregate/ Recycled coarse (k ) Compressive
rate/ % (kg - m™) (kg - m™) (kg -m™) aggregate/ (kg + m ™) gt m strength/MPa
25 4.36 x 10 5.64 x 107 8.36 x 107 2.79 x10° 2.05x10° 42.4
75 4.36 x 10’ 5.64 x 10 2.79 x 10 8.36 x10° 2.05 x 10 37.6
%3 UHTCCE&Lt
Table 3 UHTCC mix ratio
i Name ke b Ky BEIR TRy K Ik 7K 551 PVA B4
" Cement  Sand Fly ash Silica fume  Water Water-reducing admixture ~ PVA dosage

At b Mix ratio 1.0 0.40 2.50

9.30x107*  1.12 0.11 2%

x4 KBIR
Table 4 Experimental group design

EvaE e UHTCC 2 FEAAL ARG
Test piece number UHTCC layer thickness/mm Recycled coarse aggregate replacement rate/ %
RC-25 0 25
RC-75 0 75
URC-25 10 25
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Table 5 Maximum strain and acceleration observations of the specimen
PENEE s WIRTES (HR x ) Jof AR UEAH o U
Test piece Damage pattern( diameter x depth) /mm Peak Strain/pe Peak acceleration/g
number - B, A, A,
RC-0-25 95 x 12 2.66 x 10" 5.38 x 107 5.28 x 107
RC-0-75 130 x 20 2.35x10" 5.75 x 107 5.67 x 107
URC-10-25 75 x10 4.39 x 10* 4.94 x 10° 4.65 x 10°
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Fig. 4 Strain and acceleration measurement curves and numerical simulation curves of B, and A,
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Table 6 Input of numerical simulations

(a) AR IS A (a) Constitutive model input

a, a a, ag, a, ay, ay ay ay
17.10 0.54 1.70x107° 12.38 0.73 6.40 x107° 0 0.54 1.70x107°
b, b, b, A A A A As s A
2.40 -11.30  3.0x10°° 0 8.0 x 107° 2.40x10™° 4.0x107° 560x10”° 7.20x10™° 8.80x10~
Ag Ag Ao Al A A m M 7 N4
3.2x107* 3.2x107* 5.7x107* 1.0 100 1 x10"° 0.0 0.85 0.97 0.99
s s ul 2 M Mo ull Mo M
1.0 0.99 0.97 0.50 0.10 0.0 0.0 0.0 0.0
(b)IRATTFE(EOS) iy A (b) Equation of State( EOS) input
M Mo Hs My Hs Hs M Hs Ho Hio
0 1.50x107° 8.43x107° 0.01 3.10x107 5.13x107% 7.26x107> 9.43 x107 1.74 2.08
Kav, Kav, Kav, Kav, Kaw, Kavg Kav, Kavg Kav, Kav,,
Kv Kv 1. 01Ky 1. 07Kp 1. 27Ky 1. 47Kv 1. 67Ky 1. 83K 4. 11K 5. 0Kv
P, P, P, P, P, P, P, P, P, Py
0 Kv X, 2.18 P, 3.50P, 6.65P, 10.03P, 14.23P, 21.71P, 127.1P, P,
5
Air e
Explosive

UHTCC
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Recycled aggregate concrete WA

Reinforced steel B 7 g ipm

Fig. 7 Local refinement model
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Table 7 Recycled aggregate concrete parameters

RO/(kg + m™) A B

C N F./MPa

2.42 x10° 0.27

1.86

6.0x107° 0.84 39.3

TE:RO WL A B .C N N RHREESHGF, i s bt e 2

2.2.2 4R
P T8 7577 1) 20 285 T I 5 B I I 1 g S A R
R Rt A 10 728 3 23 8 o i 14 A R, SR T LS-DY-
NATM rfi ) P-K #5551 ( %« MAT_PLASTIC_KINEMAT-
1C) SR 3 A A0 A5 1) 3h A5 R o SR Cowper-Sym-
onds AR R] I AE T A9 B Je AR ok B, B9 A 1Y
N Z5H F ( Dynamic Increase Factor, DIF) 3¢ 5 ik
XN
DIF =1+ (%)’/P (1)

AL AR C P R RAE R SR
2 8 B T i ] PLASTIC_KINEMATIC 4% 71 (%) 45 55
MEISH

2.2.3 w4

AR YA ol 23 SCEEARLAE Ry TR AR LA R A T
fajfb, o 5 LN e ¢, @4t LS-DYNA Affshpsi il
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POLYNOMAL S} H 37368 .

RS IT RN N
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Table 8 Reinforcement material parameters

##} material RO/(kg-m™) E/GPa PR

FY/MPa

i 5f Reinforced steel 7.86x10°  2.0x10> 0.3

4.0 x10? 2.0

40 0.16

G/GPa B c P FS
0 5

T RO NEEREE (G o35 hy s PE A A Y DI RS A 5 PR OWIARA L5 FY S8 RHE MG E 5 C A0 P o 2% 18R 748 8 300 Y
Cowper-Symonds FERIZHL; FS g b RE R AL e BB YRR S o

£9 TEHHBH
Table 9 Air material parameters
T HR 5 IhnhE R
B S A vy B
Initial density p,/ T 1 ij‘u‘?{&' (ﬁ?E C, ~C, C, Cs C, Initial energy E,/
I Cut off pressure  Dynamic viscosity ’ ’ .
(kg -m™) (J-mm™)
1.29 0 0 0 0.40 0.40 0 0.25
2.2.4 X% P p AHSEIE T Ey O R BUNE25 0 5R N

A FAUG S i I KEZ5 25805 2 S8 aFl ik
KEZG, L 0.75 M3 s 250 ol Xt i A TNT 24
o R KEZGBUE AL 3l R E + INITIAL_
VOLUME_FRACTION_GEOMETRY [ 2§t 7 3k ok A8
FRIFAL 23 SR 3 W M BHE 2 91 SO TNT JE 245 1Y
Tk DBUR B S BOEKE2Y i LS-DYNA J§
LR 7S 5 F2 + EOS_JWL fil + MAT_HIGH _EX-
PLOSIVE_BURN #5742 X TNT 24, JWL AR Ty
TR p-V KE N

p =All —w/(RV)]e™" +
B[l —w/(R,V)]e™ + wE,/V (3)

AE; V M AR 0 A BLR, (R, Y90 TNT # R4
RES AL, A TSR N3 10 fivs '™
2.2.5 UHTCC

ARYBE B R ] Malvar FF & FF ek (14 18 ¥
LA « MAT_072R3_CONCRETE_DAMAGE _
REL3 4Ll UHTCC 78 J K fif 24 AT 69 2 25 i
T B WA 2 1A AR R S Xl 3 VR
I I S 09, O HGE P AR UL, CARTIE S
AT SE HH B 0 XA ) 25 TR R RE S KK
BEAT T HCHE
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Table 10 Explosive material parameters

Wb HR RS R T 1 WItHhER
Initial density ~ Detonating velocity/ ~ Detonation wave A/GPa B/GPa R, R, ® Initial energy
po/ (kg - m™) (m-s™") front pressure/GPa E,/(J - mm™)
1.63 x10° 6.93 x 10° 21.0 3.71x10°  3.20  4.15 0.95 0.30 7.0 x10°
2.3 HERPERMEEIE TR/, K L RC-0-75 To 5 oK

FLAC T 3 AR ] RAR RO T SR RC-0-25 I \URC-10-25 fge/Iy, B AR ST EAR AR
GOR . TERUUE R R T O AR A EETRILIET 8 HER 11,

F 11 MEERGTR ST ERBET
Table 11 Comparison between numerical simulation values and experimental measurements
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Fig. 8 Comparison between experimental

and numerical damage diagrams
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Fig. 9 The influence of the replacement rate of recycled coarse aggregate on the size of explosion craters
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Fig. 10 The influence of UHTCC thickness on the size of explosion craters
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