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Abstract - Equivalent Single-Degree-of-Freedom(SDOF) analysis, most used for blast-resistant design, does not consider the
effects of gravity load on the performance evaluation of blast resistance of structural members. However, since there exists
gravity load on columns and walls of structures, the blast resistance of structural members should be evaluated considering
gravity load on them. In this paper, an approach to reflect the gravity load effects on the equivalent SDOF analysis for dynamic
blast response of structural members is proposed. For this purpose, the parametric studies using finite element analysis were
performed by varying maximum blast load, blast load duration, and gravity load with constant the resistance and natural period
of a structural member. The finite element analysis results were compared with the equivalent SDOF analysis results and the blast
response of the structure member was estimated by conducting finite element analyses for various gravity loads. Finally, a
graphical solution for ductility of a structural member with the variables of blast load, gravity load and structural member
properties was developed. The blast response of structural members under gravity load could be estimated reasonably and easily

by using this graphical solution.
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Table 1. Transformation factor, stiffness and resistance

L.O ading Variables Elastic range | Plastic range
diagram
™ Load Factor, K 0.64 0.50
Mass Factor, k&, 0.50 0.33
Load-Mass
L Factor, 0.78 0.66
Ky =Kyl Ky
Stiffi K SSART 0
iffness, o
Resi _8M,
2y esistance, 72 - R, = 2
Resistance
Bilinear
Ru T f 4
13”
a's
/ H
K ‘
I/
Ye Ym Y

Fig. 1. Equivalent resistance of SDOF
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Fig. 2. Boundary condition and deformation

Table 2. Section properties and member strengths'?

M b AS Z FI/ ‘/WP Pn
ember k
(mm?) | (mm®) | N/mm? | (kNm) | (kN)
Length:
3690 120,000 |3,600,000 352 1,267 17,187
Section:
1000x120
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T 2U8N/mm?, ARANEZIAS 1.1, EAZIAL 1.2
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Table 3. Variables for SDOF dynamic analysis

Variables Values
8M
L, = b 2,815(kN)
" L
384ET
Y 49.1 (kN/mm)
Y = 1[?;,' 57.4(mm)
Hastic K;,,= ﬁ 0.78
T g .
Plastic K;,,= ﬁ 0.66
L g .
Average K, 0.72
= (HlasticK,,,+ PlasticK,,,)/2 :
M, = K, X M 24 (steg/m)
M
= . 0.044
t, = 2m\ = sec
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Table 4. Equivalent resistance and maximum blast load

R/F, | 06 0.7 0.8 0.9 1.0 1.2 1.5

F,(kN)| 4,692 | 4,021 | 3,519 | 3,128 | 2,815 | 2,346 | 1,876

Table 5. Blast load duration and natural period

t,/t,] 0.1 | 02| 03 | 04 | 05|06 | 08| 1.0

t,(s)]0.0044(0.0088(0.0132{0.0176 0.022 |0.0264(0.0352| 0.044
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Fig. 3. Typical horizontal displacement from SDOF nonlinear
dynamic analysis
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Fig. 4. Prediction of ductility from SDOF nonlinear dynamic
analyses
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