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Improved Single Degree of Freedom Method Considering Flange Deformation
of Steel Beam Under Blast Loading

HU Guangging, YANG Taochun”, WANG Yin
(School of Civil Engineering and Architecture, University of Jinan, Jinan, Shandong 250022, China)

Abstract: When the structure generates large local deformation under blast loading, the single degree
of freedom ( SDOF) method will have large errors or even mistakes to calculate the overall displacement
of structure. In order to solve this problem, based on the SDOF theory, study on I-shaped steel beam,
after analyzing the influence of local deformation of flange on the overall displacement of steel beam, the
bending resistance function is improved based on the proposed simplified deformation model of steel
beam section. An improved single degree of freedom (ISDOF) method for blast resistance analysis of
steel beams is proposed. Finally, the dynamic displacement response and failure characteristics of steel
beams under different blast loading are numerically simulated by the finite element software ABAQUS.
The results are compared with those of the SDOF model and the ISDOF model, and the displacement
and failure differences of steel beams under different calculation models are studied. The results show
that compared with the finite element simulation results, the larger the local deformation of the steel
beam flange is, the smaller the SDOF model calculation result is. The calculation results of ISDOF mod-
el are better, ISDOF model can be better applied to the simplified displacement calculation of blast re-
sistance analysis of steel beams.

Key words: blast loading; improved single degree of freedom method ; I-shaped steel beam; local de-

formation; displacement calculation
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Tab.1 Model information and blast loading cases

T o= BRI R ] HxBxt xt,/mm REBERE L/ m #B R P /MPa FEVERERT ¢,/ ms
Case 1 160x102x6. 6x10. 3 2.41 0.31 7.24
Case 2 160x102x6. 6x10. 3 2.41 1.56 6. 16
Case 3 400x300x10x10 6. 00 1.50 5.00
Case 4 400x400x10x10 6. 00 2.00 5.00
Case 5 200%200x10x 10 6. 00 1.00 5. 00
Case 6 400x400x 10x8 6. 00 — —
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Fig. 5 Comparison of the middle deflection time histories of steel beam between the finite element results and the test results
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Fig. 7 Deformation of I-shaped steel beam
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Tab. 4 Section size of I-shaped steel beam

Yt TR SF HXBxt, xt,/mm
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Fig. 10 Ratio of bending stiffness of steel beam before and

after flange deformation in elastic stage
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steel beam before and after flange deformation
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Fig. 13 Comparison of the middle deflection time histories
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Tab. 6 Comparison of finite element simulation results with calculation results of ISDOF model and SDOF model
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0.6 159 1.08x107 1. 04x107 4.25x10°  4.19x10°  41.3 2.1 1.89  RBIF K#EK
0.8 34.2  1.08x10’ 1. 00x10’ 4.25x10°  4.11x10°  58.1 60.5 4.13  KBIR  RBUR
1.0 60.2  1.08x10’ 9.47x10° 4.25x10°  4.00x10°  79.8 85.6 7.33  RBER RBER
1.2 96.2  1.08x10’ 8.75%10° 4.25x10°  3.85x10°  106.3 119.2  12.13  KBER  RBER
1.4 131.3  1.08x10’ 8. 10x10° 4.25x10°  3.71x10°  137.9 161. 1 16.85 RIEIA  RMBEIR
1.6 165.0 1.08x107 7.53%10° 4.25x10° 3.58x10° 174.5 212.1  21.58  RBER  #EIR




W DA AR T 5 IR MR IR AT et B P 2R 51

Sk

[1] ANSI/AISC 360-10—2010, Specification for Structural
Steel Structures[ S].

[2] NORRIS G H, HANSEN R J. Structural Design for Dy-
namic Loads[ M]. New York: McGraw-Hill Book Compa-
ny, 1959.

[3] BIGGS J M. Introduction to Structural Dynamics[ M].
New York: McGraw-Hill Book Company,1964.

[4] BAKER W E, WESTINE P S, COX P A. MRYEfG R Je
PG (1) (M. SR, 3. JEat BEAH Rk, 1988.

[5] BAKER W E, WESTINE P S, COX P A. J#KESE RGP K
FOF AL (F) [M]. 3K BB, 3. Jb 5t BF A R
#1,1988.

[6] CRAWFORD R E, HIGGINS C J, BULTMANN E H.

[

The Air Force Manual for Design and Analysis of
Hardened Structures( AFWL-TR-74-102) [ M ]. New Mexico:
Civil Nuclear Systems Corporation , 1980.

[7] KRAUTHAMMER T, BAZEOS N, HOLMQUIST T J.
Modified SDOF Analysis of RC Box-Type Structures|[ J].
Journal of Structural Engineering, 1986, 112 (4 ).
726-744.

[8] KRAUTHAMMER T, SHAHRIAR S, SHANAA H M.
Response of Reinforced Concrete Elements to Severe Im-
pulsive Loads [ J]. Journal of Structural Engineering,
1990,116(4) :1061-1079.

[9] LOW H Y, HAO H. Reliability Analysis of Reinforced

Concrete Slabs Under Explosive Loading[ J]. Structural
Safety,2001,23(2) .157-178.

[10] LOW HY, HAO H. Reliability Analysis of Direct Shear
and Flexural Failure Modes of RC Slabs Under Explosive
Loading [ J ]. Engineering Structures, 2002, 24 (2) .
189-198.

[11] Viges, ok W, 2= 0wk B0 TR B 1 R g 4
T AR S5 AR A B T R ()] A R A R,
2019,40(10) .8-16.

[12] Phadtis 2= Eni, bl 55, HRAE il fir 0E R SRC AESE:
R il BRI . R0 S it ,2007(6) :82-89+185.

[13] NASSR A A, RAZAQPUR A G, TAIT M J, et al. Ex-
perimental Performance of Steel Beams Under Blast
Loading[ J]. Journal of Performance of Constructed Fa-
cilities ,2012,26(5) :600-619.

[14] NASSR A A, RAZAQPUR A G, TAIT M J, et al. Sin-
gle and Multi Degree of Freedom Analysis of Steel Beams
Under Blast Loading[ J]. Nuclear Engineering and De-
sign,2012,242.63-77.

[15] W%, bl 53, 2 E5R 45, T3 AR B IEVE T2
ARFE ST EAFE )], I35 vhifi, 2016,35(5) :
27-38.

[16] MA G W, SHIH]J, SHU D W. P-I Diagram Method for
Combined Failure Modes of Rigid-Plastic Beams [ J].
Journal of Impact Engineering,2007,34(6) :1081-1094.

(SULGAH A TH)



