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Abstract: Steel concrete steel composite slab is a new type of composite structure. It has the characteristics of high shear
strength, high ductility and strong energy consumption compared with the traditional reinforced concrete slab. The new type
composite slab has been widely used in nuclear reactor containment, offshore platform and oil storage tank. Two scaled
reinforced concrete slabs (RCS) and steel-concrete-steel (SCS) composite slabs were designed and manufactured, and the
experimental study was carried out under the contact explosion load. The anti-blast performance of different slabs was
analyzed by damage analysis and displacement. Based on ANSYS/LS-DYNA nonlinear finite element program, the damage
modes and the maximum deflection of the mid-span of the steel-concrete composite slab are numerically investigated, and the

numerical damage modes and maximum deflection of the steel-concrete composite slabs are compared with the test results of
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the components, which verifies the accuracy and applicability of the finite element analysis model. In this study, the influences
of parameters, such as explosive quantity, concrete strength and steel plate thickness on the anti-blast performance of steel-
concrete composite plate are numerically analyzed by parametric analysis. Then, the prediction formula of mid-span deflection
of SCS slab is proposed by using the method of multi parameter regression analysis. The results show that the plastic damage
of the structure can be reduced by increasing the strength of concrete, and the maximum deflection of SCS can be effectively
reduced by increasing the thickness of steel plate. It is indicated that the SCS maintains good integrity and owns the ability to
continue to carry load compared with the RCS. Finally, the fitting formula can well predict the relationship between the mid
span deflection of SCS plate and the charge amount and the thickness of steel plate.

Keywords: contact explosion; steel concrete steel shear wall; anti-blast performance; dynamic response
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Fig. 1 Dimensions of RCS and reinforcement layout
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Fig.2 Dimensions and structural style of SCS
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Table 1 Mechanical properties of materials

R 5 FMEARL L/ GPa HUHR )/ MPa Ja e i /M Pa HUHLHE )/ MPa
REEL C30 30 30

Gl HRB335 200 341 472

I Q235 200 235 370

ST A2-50 200 210 500
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Fig. 7 Experimental results of RCS damage
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Fig. 8 Experimental and numerical results of RCS damages
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Fig. 9 Experimental and numerical results of RCS’s rebar deformation
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Fig. 10 Maximum deflection of RCS’s rebar
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Fig. 11 Displacement curves of RCS Fig. 12 Acceleration curves of RCS
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Fig. 13 Experimental results of SCS damage
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Fig. 16 Experimental and numerical results of SCS damages
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Fig. 17 Numerical results of SCS’s concrete core
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Fig. 20 Effective plastic strains of concrete in SCS with different explosive charges
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CCs50

0
——(C30 60 +
5| —-e--C35
—-a--C40 50+
-0 - - -Cl5
O S e b ﬂ e CSO 40-

=)
g g
= =
8 5
: :
g 15y 2 sl e
&z £30F 2759 27.09 2715 2634 27.13
5 20 | B
g ER
2 25 &
=t =
= 30 L S 10t
_35 1 1 1 1 O 1 1 1 1 1
0 0.5 1.0 1.5 2.0 C30 C35 C40 C45 C50
Time/ms Concrete grade
K24 K[EHREELI) SCS 15 {52 2k 25 AIFTREE LIS SCS [ R NRS
Fig. 24 Mid-span displacement curves of SCS Fig. 25 Maximum displacement of SCS
with different concrete strengths with different concrete strengths

43 WREE

BAMREE 55 2.0, 2.5, 3.0, 3.5 F1 4.0 mm, HASEIYLRFFAAE, 4307 5] ARAR JE B R 241 45 #
SCS FBEKEM R o P 26 S A [ A MR IS B T A9 - TR R -9 41 Wb TR R + A0 A RO R A . R RIS
FET, A MOREE + 3850 ¥ K Az BUEEREIR, 3000 17 S 5 R TR 9 ek 5 A0 DX Sl ot 0 e J2 5 1) 348 3% o 1 K
AR TS 0T 1 R 0 XSS 0 R S AT 48 A, T AR T BT SR A 7 i i e 5 ¥ e U R & . Fh
Vel 27 O WL, i o AL B P 348 0T, A B R i KA A S /N P B, AR R 348 o 5 i v A2 S D N 2 3
IR R o AR 28 AT UL, 4N-TR 35E -0 A AROAJIC B85 v 0 01 o 2 0/ N 55 600 e J2 2 e 2 A 4 1k
RS AR, R R BB R I N T A AR TP A, AR JRE 5 e B - TR B - 2 S AR
PERERY B E R

095102-13



%414 BB, 45 SURBIRBE AL S MR RE 2T %59 4

2.5 mm 3.0 mm 3.5 mm
(a)Blast side

2.5 mm 3.5 mm

(b) Rear side

K26 ARREFIRIEEE R SCS TREE+ A BB R 2E
Fig. 26  Effective plastic strains of concrete in SCS with different thickness of steel plate

0 —=—2.0 mm Unit: mm 60 + Unit: mm
£ P 2.5 mm 25 =
E - 30mm £ sop
5 —10f --o- 4.0 mm 5} P
= E 40t 2
g 15t v 3 3 - S
= "‘* = © S
o 4, & 30} 27.15 &%
Z 20t z*i\?"w— bS] 24.76 23.31
g sl SRR 2 20|
ﬁ Tee .:’:::"“"*h‘-ﬁA-A-AMA =]
2 30k *tcceseees o E 10}
% 0.5 1.0 15 2.0 LY 25 3.0 35 20
Time/ms Thickness of steel plate/mm
27 RIS SCS HBS POz R ik P28 A[RIMRS R SCS RS iR R AR
Fig. 27 Mid-span displacement curves of SCS Fig. 28 Maximum displacements of SCS
with different thicknesses of steel plates with different thicknesses of steel plates

5 JREHELARK

Sk TR AR TR Ak A T BT B A B B R, T SR BT AR B A 2 - AR R -
HhBe I B, il i 2 e AR LM [m1E 4 BT AR A AR TR N A A AR B TR B 50 02, R LA R,
30 3 Y 28 R 2 2RI DA W AN ) 25 i VAR AR 2 A B s AR T O

HAEMM RS 1000 mmx1 000 mmx75 mm, AFRREE L8 C40, BT J13EEF K E N 3 mm, 4EZY
S TAH G AL E . BT EBUE 45 R, KEZ5 540528 100, 150, 200, 250 F1300 g, SR 55351 R
2.0. 2.5, 3.0, 3.5 i1 4.0 mm, G120 i KRB EE v SHEZ 5 w FIANARIE B ¢ Z [ AR A 2

A MEE P B TR A R

y = 39.7¢!0006+0004 1w | 8 356380401669 _ () 631 1y, —0.004 6w” + 113.81 — 5.7937 — 1 070 (13)
Kby NEHA WIS DR, mm; w A KEZ 5, g; ¢ HAIAREEE, mm.

Pl 29 S AN -TRBE - AL A M KB 5 2 0 . SARREBE i) — 4l T, 36 3 AL S s h R & 50
ARG RREZ S . AT, A ARG R G EBUE I 46 R 28D, IRZEAE T 1%, R E
R*=0.991 1, W HE BT /0 AR B O B 3 45 2R, i A X Be AR Ur M L& 20 A A rh be 2 S5 HE2Y
i AR Z MM E R

095102-14



5 41 45 AR, S5 XU BE 2 S AR DU RE 2 BT %59 4

100 Numerical data

50

y/mm

=50
R>=0.991 1
—100

400

300 55

200 50
7 100 75 ’
& 0 10.0 (o

K129  SCS #5 P SHE2h s AREREMC R

Fig. 29 Mid-span deflections of SCS versus explosive charges and thicknesses of steel plates

®3 REL-N-BERIEAREFREZEARBAER

Table 3 Fitting results of empirical formula for mid-span deflection of SCS
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