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Abstract
The Cowper-Symonds relationship is the most common empirical equation used to model the influence of strain rates in
steel structures subjected to blast loads. The simplicity of this relationship makes it as the preferred choice due to the
minimum number of coefficients used in the equation. However, different coefficients were reported from experimental
results where it was found that the coefficients could be influenced by the thickness of the specimens, types of materials
and method of testing. Even so, the actual coefficients even for the same type of material such as for mild steel could be
differ. It is known that strain rates effect increases the yield strength of steel, and this could reduce the maximum
displacement of steel structures such as steel plates subjected to blast loads. This influence could be more significant if the
steel plate was stiffened. Therefore, this study investigated the influence of Cowper-Symonds coefficients for steel plates
with stiffeners subjected to close-in blast loads. The numerical investigations were performed using finite element software,
Abaqus. The target plate was a 0.4 m x 0.4 m plate with 0.002 m of thickness subjected to a 0.012 kg of Plastic Explosive
No. 4 (PE4) at 0.04 m stand-off distance. The influenced of stiffeners were investigate first where five stiffeners’
configurations were used and, in each configuration, the stiffeners come with different geometry ratios. Two best stiffened
steel plates have been chosen to study the influence of different Cowper-Symonds coefficients. Different coefficient values
of dominator, D and hardening coefficients, q was used. The results shows that any possible coefficient combinations of
Cowper-Symonds relation are possible to use in predicting response of steel plates subjected to blast loads. From this
study, the most ideal stiffened square steel plates for offshore platform could be identified. © 2022 Trans Tech Publications
Ltd, Switzerland.

Author Keywords
abaqus;  blast load;  cowper-symonds;  finite element;  steel plate

References
Louca, L. A., Pan, Y. G., Harding, J. E.
Response of stiffened and unstiffened plates subjected to blast loading
(1998) Eng. Struct, 20 (12), pp. 1079-1086. 

Park, J. Y., Jo, E., Kim, M. S., Lee, S. J., Lee, Y. H.
Dynamic behavior of a steel plate subjected to blast loading
(2016) Trans. Can. Soc. Mech. Eng, 40 (4), pp. 575-583. 

Remennikov, A., Ngo, T., Mohotti, D., Uy, B., Netherton, M.
Experimental investigation and simplified modeling of response of steel plates
subjected to close-in blast loading from spherical liquid explosive charges
(2017) Int. J. Impact Eng, 101, pp. 78-89. 

Chung Kim Yuen, S., Butler, A., Bornstein, H., Cholet, A.
The influence of orientation of blast loading on quadrangular plates
(2018) Thin-Walled Struct, 131, pp. 827-837. 
April

Aune, V., Valsamos, G., Casadei, F., Larcher, M., Langseth, M., Børvik, T.
Numerical study on the structural response of blast-loaded thin aluminium and steel

5/2/25, 9:09 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1916086435&eid=2-s2.0-85127264605&sort=&clickedL… 1/5



plates
(2017) Int. J. Impact Eng, 99, pp. 131-144. 

Langdon et al 2015-The influence of material type on the response of plates to air-blast
loading, 

Zheng, C., shao Kong, X., guo Wu, W., xi Xu, S., wei Guan, Z.
Experimental and numerical studies on the dynamic response of steel plates
subjected to confined blast loading
(2018) Int. J. Impact Eng, 113 (October 2017), pp. 144-160. 

Langdon, G. S., Yuen, S. C. K., Nurick, G. N.
Experimental and numerical studies on the response of quadrangular stiffened
plates. Part II: Localised blast loading
(2005) Int. J. Impact Eng, 31 (1), pp. 85-111. 

Yuen, S. C. K., Nurick, G. N.
Experimental and numerical studies on the response of quadrangular stiffened
plates. Part I: Subjected to uniform blast load
(2005) Int. J. Impact Eng, 31 (1), pp. 55-83. 

Oskouei, A. V., Kiakojouri, F.
Steel plates subjected to uniform blast loading
(2012) Applied Mechanics and Materials, 108, pp. 35-40. 

Kadid, A.
Stiffened plates subjected to uniform blast loading
(2008) J. Civ. Eng. Manag, 14 (3), pp. 155-161. 

Yuan, Y., Zhang, C., Xu, Y.
Influence of standoff distance on the deformation of square steel plates subjected
to internal blast loadings
(2021) Thin-Walled Struct, 164, p. 107914. 
April

Li, X. D.
The effect of stand-off distance on damage to clamped square steel plates under
enclosed explosion
(2020) Structures, 25, pp. 965-978. 
March

Geretto, C., Chung Kim Yuen, S., Nurick, G. N.
An experimental study of the effects of degrees of confinement on the response of
square mild steel plates subjected to blast loading
(2015) Int. J. Impact Eng, 

Caçoilo, A., Mourão, R., Teixeira-Dias, F., Lecompte, D., Rush, D.
Structural response of corrugated plates under blast loading: The influence of the
pressure-time history
(2021) Structures, 30 (July 2020), pp. 531-545. 

Yao, S., Zhang, D., Lu, Z., Lin, Y., Lu, F.
Experimental and numerical investigation on the dynamic response of steel
chamber under internal blast
(2018) Eng. Struct, 168 (March), pp. 877-888. 

Zhao, N., Yao, S., Zhang, D., Lu, F., Sun, C.
Experimental and numerical studies on the dynamic response of stiffened plates
under confined blast loads
(2020) Thin-Walled Struct, 154, p. 106839. 
June

5/2/25, 9:09 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1916086435&eid=2-s2.0-85127264605&sort=&clickedL… 2/5



Yuen, S. C. K., Nurick, G. N.
Experimental and numerical studies on the response of quadrangular stiffened
plates. {Part I}: Subjected to uniform blast load
(2005) Int. J. Impact Eng, 

Yuen, S. C. K., Nurick, G. N.
Deformation and Tearing of Uniformly Blast-Loaded Quadrangular Stiffened Plates
(2001) Structural Engineering, Mechanics and Computation, 

Peng, Y., Yang, P., Hu, K.
Nonlinear dynamic response of blast-loaded stiffened plates considering the strain
rate sensitivity
(2019) Mar. Struct, 70, p. 102699. 
October 2020

Li, Y., Ren, X., Zhao, T., Xiao, D., Liu, K., Fang, D.
Dynamic response of stiffened plate under internal blast: Experimental and
numerical investigation
(2021) Mar. Struct, 77, p. 102957. 
February

Ngo, T., Mendis, P., Gupta, A., Ramsay, J.
Blast loading and blast effects on structures–An overview
(2007) Electron. J. Struct. Eng., no. EJSE Special Issue: Loading on Structures, pp. 76-
91. 

Nassr, A. A., Razaqpur, A. G., Tait, M. J., Campidelli, M., Foo, S.
Experimental Performance of Steel Beams under Blast Loading
(2012) J. Perform. Constr. Facil, 26 (5), pp. 600-619. 

Marsh, K. J., Campbell, J. D.
The effect of strain rate on the post-yield flow of mild steel
(1963) J. Mech. Phys. Solids, 11, pp. 49-63. 

Itabashi, M., Kawata, K.
Carbon content effect on high-strain-rate tensile properties for carbon steels
(2000) Int. J. Impact Eng, 24 (2), pp. 117-131. 

Marais, S. T., Tait, R. B., Cloete, T. J., Nurick, G. N.
Material testing at high strain rate using the split Hopkinson pressure bar
(2004) www.lajss.org Lat. Am. J. Solids Struct, 1 (July), pp. 319-339. 

Jones, N.
The credibility of predictions for structural designs subjected to large dynamic
loadings causing inelastic behaviour
(2013) Int. J. Impact Eng, 53, pp. 106-114. 

Jones, N., Jones, C.
Inelastic failure of fully clamped beams and circular plates under impact loading
(2002) Proc. Inst. Mech. Eng. Part C J. Mech. Eng. Sci, 216 (2), pp. 133-149. 

Jones, N.
(2012) Structural Impact, 
2nd ed. Cambridge University Press

Safari, K. H., Zamani, J., Khalili, S. M. R., Jalili, S.
Experimental, theoretical, and numerical studies on the response of square plates
subjected to blast loading
(2011) J. Strain Anal. Eng. Des, 46 (8), pp. 805-816. 

5/2/25, 9:09 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1916086435&eid=2-s2.0-85127264605&sort=&clickedL… 3/5



Nurick, G. N., Shave, G. C.
The deformation and tearing of thin square plates subjected to impulsive loads-An
experimental study
(1996) Int. J. Impact Eng, 

Liu, B., Guedes Soares, C.
Effect of strain rate on dynamic responses of laterally impacted steel plates
(2019) Int. J. Mech. Sci, 160 (June), pp. 307-317. 

Toussaint, G., Bouamoul, A.
Close-Range Blast Effects on Small Square Clamped Plates Made from Aluminum
6061-T6
(2017) J. Dyn. Behav. Mater, 3 (1), pp. 83-99. 

Hsu, S. S., Jones, N.
Quasi-static and dynamic axial crushing of thin-walled circular stainless steel, mild
steel and aluminium alloy tubes
(2004) Int. J. Crashworthiness, 9 (2), pp. 195-217. 

Yu, J., Jones, N.
Further experimental investigations on the failure of clamped beams under impact
loads
(1991) Int. J. Solids Struct, 27 (9), pp. 1113-1137. 

Abramowicz, W., Jones, N.
Dynamic progressive buckling of circular and square tubes
(1986) Int. J. Impact Eng, 4 (4), pp. 243-270. 

Langdon, G. S., Schleyer, G. K.
Deformation and failure of profiled stainless steel blast wall panels. Part III: finite
element simulations and overall summary
(2006) Int. J. Impact Eng, 32 (6), pp. 988-1012. 
Jun

Mehreganian, N., Louca, L. A., Langdon, G. S., Curry, R. J., Abdul-Karim, N.
The response of mild steel and armour steel plates to localised air-blast loading-
comparison of numerical modelling techniques
(2018) Int. J. Impact Eng, 115, pp. 81-93. 
May 2017

Cowper, G. R., Symonds, P. S.
(1957) Strain hardening and strain-rate effects in the impact loading of cantilever beams, 

Jones, N.
The credibility of predictions for structural designs subjected to large dynamic
loadings causing inelastic behaviour
(2013) Int. J. Impact Eng, 53, pp. 106-114. 

Yang, P. D. C., Caldwell, J. B.
Collision energy absorption of ships’ bow structures
(1988) Int. J. Impact Eng, 7 (2), pp. 181-196. 
Jan

Markose, A., Rao, C. L.
Failure Analysis of V-shaped Plates under Blast Loading
(2017) Procedia Eng, 173, pp. 519-525. 

Showichen, a.
(2008) Numerical analysis of vehicle bottom structures subjected to anti-tank mine
explosions, 
PhD thesis

5/2/25, 9:09 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1916086435&eid=2-s2.0-85127264605&sort=&clickedL… 4/5



Bogosian, D., Yokota, M., Rigby, S.
TNT equivalence of C-4 and PE4: A review of traditional sources and recent data
(2016) 24th Int. Symp. Mil. Asp. Blast Shock (MABS 24), pp. 1-15. 
September

Kartikeya, S. Prasad, Bhatnagar, N.
Finite Element Simulation of Armor Steel used for Blast Protection
(2019) Procedia Struct. Integr, 14 (2018), pp. 514-520. 

Cowper, G. R., Symonds, P. S.
(1995) Strain-hardening and strain-rate effects in the impact loading of cantilever beams, 

Johnson, G. R., Cook, W. H.
A Computational Constitutive Model and Data for Metals Subjected to Large Strain,
High Strain Rates and High Pressures
(1983) Seventh Int. Symp. Ballist, pp. 541-547. 

Correspondence Address
Alias A.; Faculty of Civil Engineering Technology, Gambang Campus, Lebuhraya Tun Razak, Pahang, Malaysia; email:
aizat@ump.edu.my

Editors: Putra Jaya R.
Publisher: Trans Tech Publications Ltd

Conference name: 5th World Sustainable Construction Conference, WSCC 2021
Conference date: 15 October 2021 through 16 October 2021
Conference code: 274579

ISSN: 10139826
ISBN: 9783035717921
CODEN: KEMAE
Language of Original Document: English
Abbreviated Source Title: Key Eng Mat
2-s2.0-85127264605
Document Type: Conference Paper
Publication Stage: Final
Source: Scopus

Copyright © 2025 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.

5/2/25, 9:09 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1916086435&eid=2-s2.0-85127264605&sort=&clickedL… 5/5


