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ABSTRACT

The design of steel structures has evolved from traditional experimental and analytical methods to
sophisticated computational approaches. While classical engineering relied on closed-form solutions, modern
urbanization and complex design constraints such as resilience against extreme loading have made these
traditional methods impractical. Experimental studies remain vital but are often restricted by high costs and
safety risks, especially concerning explosion scenarios. Consequently, Finite Element Methods (FEM) and
numerical simulations have become indispensable tools, offering accurate approximations for complex
structural behaviour.

This paper focuses on the performance of slender steel frameworks subjected to explosive blast loads. Blast-
resistant design is now a critical priority due to rising accidental and intentional threats. The structural
response to such events is highly complex, involving time-dependent effects, high strain rates, and material
nonlinearities. This review evaluates the progression of modelling techniques from simplified single-degree-
of-freedom (SDOF) systems to advance nonlinear finite element analysis highlighting their efficacy in
modern "'design for disaster'* philosophies.
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1. INTRODUCTION

Blast resistant doors have been designed with a variety of geometric shapes to suit the local conditions. The
analysis of problems related to blast resistant doors subjected to explosive loads is not very new. But all the
developments and knowledge in this field are made available mostly through classified documents published by
defence organizations of the respective countries. In this field most of the research work was done by the
leading educational institutions such as MIT, University of Illinois USA, University of Cape town in South
Africa and few other research and development organizations due to specific projects given to these universities.
In the design and analysis of structural steel plate with a variety of stiffeners subjected to varied blast loads calls
for a thorough knowledge of blast phenomena. Further, it requires the dynamic response of various structural
elements. There are two important design considerations in the analysis of blast resistant structures such as 1)
structural dynamics and 2) blast aerodynamics. Particularly, in the design stages, the response of a structure for
a dynamic load due to explosion is to be taken in to consideration more critically. Likewise, recognition of the
blast loading behaviour such as peak pressure as well as time period (duration) of blast wave are the
prerequisites for mechanical design and analysis. In the literature, there are a few studies on blast loading is
available. But accurate assessment of these parameters such as peak overpressure is extremely difficult job.
Failure of engineering structures is not uncommon when the structure is pushed to the limits of their
performance capabilities as is the case during earthquakes, military or accidental explosions. An increased
understanding of structural failure is necessary in order to reduce both the damage frequency (in care of multiple
explosions) and severity.
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2. LITERATURE REVIEW

Baker (1993) attempted, in the past, to characterize different forms of blast loadings resulting from various
sources of explosions. The focus of the investigation was on the blast response of various structural systems that
interests particularly for the marine and offshore industries. The structural systems in the present context are
termed as energy dissipating barriers that dissipate blast energy.
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Louca et al (2003), in their study, considered the loading on the structure with complex variations with time and
also oscillations with varying frequencies. For the purpose of structural response calculation, simplifications are
made. The negative phase of the pressure pulses is ignored although rebound can be significant when the
negative pressure impulse is immediately preceded by a rapid decay rate of positive peak pressure or when
explosion occurs below a floor panel supporting heavy equipment. Another assumption that often makes in
structural response calculation is that the spatial variation of the pressure pulses on the targeted structure is
negligible although this is often not true and can be unconservative in some cases.

3. RESEARCH GAP

The scientific and technical literature is very limited on the study of blast resistant steel structures. Further,
major portion of the literature is classified in nature and is restricted for circulation amongst a few special
groups. There are a few studies conducted by previous investigators using experimental and/or numerical
methods. These studies distinguish different failure modes and establish the relationship between tearing and
deformation of clamped blast loaded plates.

4. NEED FOR STIFFENED PLATES

In the present modern world, the demand for structures with high stiffness and low weight is increasing day by
day. One of the ways to deal with the requirements is to use stiffeners on the plates. Large mechanical structures
are generally composed of plates with stiffeners. The material of the plate and stiffener can be identical or
different. The main advantage of using stiffened plates is their significantly high stiffness to weight ratio
compared to unstiffened plates. Due to the increase in overall stiffness of the system, enhanced load carrying
capacity and stability characteristics are obtained. So, it can be said that these are structurally efficient
components that also have the added benefit of material savings and subsequent, economic and cost effective
design. Another advantage of stiffened plates is that they can be fabricated with ease and simplicity. Hence, it is
no surprise that such structural components find wide-spread utilization in modern branches of civil,
mechanical, structural and construction engineering. Stiffened plates are subjected to various types of loading
conditions in their working environment. For instance, in case of bridge decks the stiffened plates are under
lateral or transverse loads. On the other hand, longitudinal bending of the ship hull exerts longitudinal in-plane
axial compression on the plates. The loading conditions on a component can be broadly classified into two
classes, static (invariant with time) and dynamic loading (varies with time). Hence, the design of the plates must
be carried out keeping in mind these two aspects of loading. Considerations for static design include desired
load carrying capacities and deformations within prescribed limits, while, design based on dynamic
considerations deals with mechanical behavior with respect to time varying excitations.
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5. LINEAR BUCKLING ANALYSIS

To comprehensively evaluate the blast resistance characteristics of stiffened and unstiffened plate structures,
both linear buckling and nonlinear dynamic analyses are performed using ABAQUS. These analyses aim to
capture the stability behaviour, deformation mechanisms, and energy absorption capacity of various
configurations under different blast loading conditions. The approach integrates static stability evaluation with
time-dependent dynamic response assessment to ensure a holistic understanding of structural performance.

The first stage of analysis involves linear eigenvalue buckling simulations, which are carried out to determine
the critical buckling loads and corresponding mode shapes for circular plates reinforced with T-, H-, and I-
shaped stiffeners positioned at different radial locations.

This analysis helps identify the structural stability limit before the onset of large deformations or failure. The
eigenvalue buckling solver in ABAQUS computes the lowest eigenvalues (critical loads) that cause instability,
along with their associated deformation modes.

6. METHODS FOR PREDICTION OF BLAST EFFECTS ON STRUCTURES

Empirical methods

Semi-empirical methods

Numerical methods

Empirical methods are basically correlations with experimental data. These methods have certain limitations due
to the fact that there is limited availability of experimental data. As the blast event becomes progressively near
field, the accuracy of prediction of empirical equations reduces.

We get semi-empirical models, when the physical phenomenon is simplified with certain assumptions without
losing the physics of the problem. These methods draw their strength from extensive data base and a number of
case studies. The accuracy of prediction is generally comparable to that of empirical methods.

The foundations for numerical methods are differential equations that govern the basic laws of physics that
describe a particular problem under consideration. These equations are generally laws of conservation of mass,
momentum and energy. In addition, 4 constitutive relationships describe the physical behaviour of materials.
Based on the application and load expected to be applied, the strength of the door is varied, which is designed
based on the standard manual TM5-1300.

7. CONCLUSION

The response of steel structures under explosive loading is best addressed using advanced computational
approaches that integrate blast loading characteristics with nonlinear structural dynamics.

While experimental blast testing remains the benchmark for validation, its practical limitations make Finite
Element Method (FEM) simulations indispensable for studying high strain-rate effects and material
nonlinearities.

Accurate blast-resistant design requires consideration of both peak overpressure and load duration; neglecting
negative phase effects and spatial pressure variations may lead to unsafe structural predictions.

The blast performance of protective steel components is strongly influenced by geometric parameters,
particularly stiffener thickness and stiffener layout density.

Parametric evaluation of stiffener thickness and plate curvature provides a reliable benchmark for validating
numerical models and improving predictive accuracy.

The study supports a “design for disaster” approach, contributing toward the development of resilient steel
infrastructure capable of withstanding extreme blast events.
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