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Fig. 1 The numerical model
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Fig. 2 The air area and reflective boundary conditions
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Table 1 MAT_NULL keyword parameter settings

mass density pressure cut off dynamic viscous relative volume for erosion
parameter . .
p/(kg-m™) P coefficient & in tension Vo
value 1290 0 0 0
relative volume for erosion Young’ s modulus Poisson’ s ratio
parameter . .
in compression V, E /Pa v
value 0 0 0
%2 EOS_LINEAR_POLYNOMIAL X4k TR iy S 405 &
Table 2 EOS_LINEAR_POLYNOMIAL keyword parameter settings
polynomial equation coefficient initial internal energy per unit reference initial relative
parameter . ) -3
0 C, C, Cs C, Cs Cq specific volume E, /(J-m™) volume V,
value 0 0 0 0 0.40 0.40 0 2.5E+8 1.00
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Table 3 MAT_HIGH_EXPLOSIVE_BURN keyword parameter settings

mass detonation  Chapman-Jouget beta bulk shear yield
parameter density velocity pressure burn flag modulus modulus stress
p/(kg'm™) vy /(mes™") Pey /Pa B K /Pa G /Pa R, /Pa
value 1.53E+3 6.93E+3 2.10E+10 0 0 0 0

R4 EOS_IWL RE IR RS HBLE
Table 4 EOS_JWL keyword parameter settings

initial internal energy per unit
state equation material constant - initial relative
parameter reference specific volume
volume V,,

A /Pa B /Pa R, R, w Ey/(J-m™)

value 3.74E+11 3.23E+9 4.15 0.95 0.30 TE+9 1
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Table 5 MAT_JOHNSON_HOLMQUIST_CONCRETE keyword parameter settings

quasi-static

mass shear normalized normalized strain rate pressure L
uniaxial
parameter density modulus cohesive pressure coefficient hardening .
compressive
p/(kg-m™) G /Pa strength a hardening b c exponent N strength P /Pa
value 2.40E+3 1.49E+10 0.79 1.60 7.00E-3 0.61 4.00E+7
maximum tensile  reference  amount of plastic  normalized crushing crushing locking
parameter hydrostatic pressure strain rate strain before maximum strength  pressure volumetric pressure
T, /Pa &/s7! fracture &, F . /Pa P . /Pa stain W, P, /Pa
value 4.00E+6 0.001 0.01 7.00E+6 1.60E+7 0.001 8.00E+8
locking
. damage constant pressure constant failure
parameter volumetric
. type F,
strain fyo D, D, K, K, Ky
value 0.10 0.04 1.00 8.50E+10 -7.10E+10 2.08E+11 -
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Table 6 MAT_PLASTIC_KINEMATIC keyword parameter settings

mass density Young’ s modulus Poisson’ s ratio yield stress tangent modulus
parameter
p/(kg'm™) E /Pa v R, /Pa E, /Pa
value 7.83E+3 2.08E+11 0.30 2.925E+8 2.10E+9
hardening parameter strain rate parameter failure strain for rate  formulation for rate
parameter . .
B Ske Sup effect F'_ effect V)
value 0 40 5.00 0.20 0
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Table 7 Test conditions
test TNT equivalent m /kg  explosion height H /m explosion distance L /m scale distance k /(m/kg"?)
test 1 3 0.9 1.6 1.1
test 2 50 0.9 0.7 0.19
test 3 50 0.9 0.5 0.14

B3 sy B4 BFShSIg A E K
Fig. 3 Specimens Fig. 4 The field test layout
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resultant displacement resultant displacement
X/m X/m

7.177E-3 7.177E-3
6.459E-3 6.459E-3

5.741E-3 - 5.741E-3 -

5.024E-3 - 5.024E-3 -
4.306E-3 4.306E-3
3.588E-3 3.588E-3
2.871E-3 2.871E-3
2.153E-3 2.153E-3
1.435E-3 1.435E-3
7.177E-4 7.177E-4

0- 0-

(a) Bk (b) BbiREEL
(a) The overall model (b) The core concrete
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Fig. 5 Residual displacement nephograms in test 1
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Table 8 Comparison of residual displacements between calculation results and numerical solutions

test result X, /mm numerical solution X, /mm (X, - X,)/X,
test 1 8.0 7.2 0.10
test 2 93 90.3 0.03
test 3 137 128.5 0.06
resultant displacement resultant displacement resultant displacement resultant displacement
X/m X/m X/m X/m
_ _ 1.302E-1 1.301E~1
SOt So0E s 1172E-1 1171E-1
8.080E-2 - 8.080E-2 - 1.042E-1 - 1.041E-1-
7.070E-2 - 7.070E-2 - 9.114E-2- 9.107E-2-
6.060E2 6.060E-2 - 7.812E-2+ 7.806E~2+
5.030E-2 - 5.050E-2 - 6.510E-2 - 6.505E-2 <
4.040E-2 - 4.040E-2 - 5.208E—2~ F 5.204E-2 -
3.030E-2 3.030E-2 3.906E-2 - 3.903E-2~
2.020E-2 2.020E-2 2.604E-2 2.602E-2
1.010E-2 1.010E-2 1.302E-2 1.301E-2
0- 0- 0- 0-
(a) ik (b) BOIREET (a) ik (b) %L REEL
(a) The overall model (b) The core concrete (a) The overall model (b) The core concrete
6 TO2 IR = K] B7 TH3ARRLB R
Fig. 6 Residual displacement nephograms in test 2 Fig. 7 Residual displacement nephograms in test 3
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Table 9  Comparison of reflective overpressures between calculation results and numerical solutions

N reflective overpressure calculation error

{est position test result P, /MPa numerical solution P, /MPa £/ %

column top 1.350 1.246 7.7

front surface column center 6.202 5.837 5.9
column base 1.364 1.313 3.7

column top 0.401 0.368 8.2

back surface column center 0.448 0.416 7.1
column base 0.361 0.347 3.9
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Fig. 8 Displacement histories at the column center for different section forms
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Fig. 9 Displacement histories at the column centers for different scale distances

R0 AFAIE T 0 IR 5E L AT Bl 2 e L EL 157 B8 B A= i ]

Table 10 Peak displacements and occurrence moments of concrete filled steel tubes for different section forms
circular cross section R /(m/kg"?) square cross section R /(m/kg"?)
parameter
0.205 0.190 0.205 0.190
peak displacement X ., /mm 30.0 100.9 118.2 176.3
occurence moment ¢, /s 2.60x1073 2.66x1073 1.80x1073 2.44%1073
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Fig. 10 Displacement histories at the column centers for different material strengths of circular-section columns
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Table 11 Peak displacements and occurrence moments of concrete filled steel tubes for different material strengths

steel strength grade with the circular section steel strength grade with the square section
parameter
0235 Q345 Q390 Q420 Q235 Q345 Q390 Q420
peak displacement X, /mm  111.2 104.2 102.8 103.6 198.2 160.5 148.9 142.1
C40
occurence moment ¢, /s 3.36x1073 2.44x107% 2.10x107 2.12x1073 2.96x107% 2.08x107* 1.90x107> 1.80x107*
80 peak displacement X, /mm  45.0 33.8 31.3 29.6 99.3 77.2 72.6 69.8

occurence moment ¢, /s 3.44x1073 2.64x107% 2.34x107 2.26x1073 2.86x107% 2.26x107* 1.84x1073 1.76x107*
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Displacement histories at the column centers for different material strengths of square section columns
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Table 12 Peak displacements and occurrence moments of concrete filled tubes for different radius-thickness ratios

Fig. 11

radius thickness ratio d/T 39 34 30 27 23
peak displacement X ., /mm 100.9 96.8 80.7 48.8 44.4
occurence moment ¢, /s 2.66x1073 2.44x1073 2.12x1073 1.58x1073 1.44x1073
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Fig. 12 Displacement histories at the column centers for different radius-thickness ratios
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Fig. 13 Displacement histories at the column centers for different length-width ratios of rectangular columns
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Table 13 Peak displacements and occurrence moments of concrete filled steel tubes

for different length-width ratios of rectangular columns

length-width ratio 2.5 1.6
peak displacement X, /mm 326.8 340.3
occurence moment ¢, /s 6.10x1073 4.64x107?
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Numerical Simulation and Test Validation for Concreted
Filled Steel Tube Columns Under Blast Loading

ZHAO Junhai, SUN Shanshan, DANG Huixue, LI Xinzhong
(School of Civil Engineering, Chang’ an University, Xi’ an 710061, P.R.China)

Abstract : Based on the LS-DYNA nonlinear finite element program and multi-material fluid-sol-
id coupling method, the finite element model was developed to analyze dynamic responses and
damage mechanisms of concreted filled steel tube ( CFST) columns under blast loading, which
were validated through comparison between simulated results and tested ones of the full-scale
specimens. The effects of main parameters including the section form, the scale distance, the
concrete strength, the steel strength and the section shape characteristics on the blast-resistant
performance of the CFST columns were investigated with the finite element model. The results
indicate that, the CFST columns have excellent anti-blast performances, and the proposed finite
element model predicts the dynamic responses of the CFST columns under blast loading effi-
ciently ; the anti-blast performance of circular CFST columns is better than that of square ones;
increasing the material strength and the length-width ratio of a rectangular CFST column can
improve the blast-resistant performance, and decreasing the radius-thickness ratio of a circular

CFST column also can promote that resistance.

Key words: structural engineering; concrete-filled steel tube column; blast loading; dynamic
response
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