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ABSTRACT

This study examines the blast resistance behavior of a bowstring steel girder bridge under air-blast
loading while accounting for realistic bearing constraint conditions. A thorough three-dimensional
nonlinear finite element model of the bridge was produced using ABAQUS/Explicit (2017). The bridge
system consists of steel deck plates, longitudinal girders, and transverse girders supported by pot
bearings positioned on concrete support blocks. The structural steel components were modelled using
the Johnson-Cook (J-C) plasticity and damage model to accurately capture strain rate effects under high-
intensity loading. For a variety of detonation scenarios, including mid-span and end-span explosions,
blast loads were applied under fixed and expansion bearing support conditions using the CONWEP
blast loading model (CBLM). The structural response of the bridge was evaluated in terms of
displacement behavior, stress distribution, and deformation patterns. The results demonstrate that
vertical displacement is the most common reaction mode and that eccentric blast scenarios produce
more asymmetric deformation and noticeable torsional effects than mid-span detonations.
Furthermore, the study shows that realistic bearing constraint conditions have a significant impact on
the deformation pattern and stress concentration within the bridge system. These findings highlight the
importance of accurately modeling support circumstances for assessing the blast performance of steel
bridge structures and provide insightful information for improving blast-resistant bridge designs.
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1. Introduction

Bridges are important parts of the transportation system structures respond to high loading conditions. Numerical

and are very important for making sure that people can move
around quickly and that the economy grows. Strategically
important bridges are subject to accidental explosions, terrorist
strikes, and industrial blasts. These events can destroy
buildings, disrupt services, and kill people. Because of this,
understanding how bridges react structurally to blast stress has
become a major area of research in structural and
transportation engineering [1, 2]. Blast loads are defined by
extremely high-pressure waves acting over a short period of
time. These pressures induce a variety of complex dynamic
responses in structures, including large displacements, high
strain rates, and localized damage. Unlike conventional static,
blast loads have the ability to significantly bend, shear, and
twist bridge components [3, 4]. Steel bridges, particularly
girder-type bridge systems, may experience significant
deformation and stress concentration when subjected to blast
loads [5].

Steel girder bridges are popular due to their structural
efficiency and ability to withstand huge loads with a small
profile. Deck components and longitudinal and transverse
girders distribute loads on these bridges. Under severe dynamic
stresses like explosions, these components may interact to
cause complex deformation patterns and structural collapse [6].
Advancements in computational techniques have made finite
element analysis a powerful tool for analyzing how bridge

modeling allows researchers to explain complex structural
systems and capture nonlinear material behavior under
dynamic pressures. Finite element software such as ABAQUS
has been widely used for blast studies of bridge structures
because it can predict high-strain-rate material behavior and
rapid dynamic loads [7, 8]. Blast loads cause structural steel,
strain-rate effects, and plastic deformation. The Johnson-Cook
(C-J) constitutive model is used in blast and impact simulations
to accurately portray metallic material strain hardening, strain-
rate sensitivity, and thermal softening [9, 10]. Predicting bridge
system structural reaction needs material modeling and support
conditions. Bridges often use pot bearings and other bearing
systems to transfer loads from the superstructure to the
substructure while allowing controlled translation and rotation.
Many computer studies oversimplify support conditions and
ignore the effect of true bearing constraints on bridge structural
reaction under blast pressure [11]. Another factor determining
blast reaction is the explosion position relative to the bridge
span. Explosions near the supports or end-span portions might
induce torsional effects and uneven stress distribution, whereas
mid-span blasts normally cause symmetric deformation
patterns [12].

Recent research has focused on steel box girder bridges
and composite bridge systems, which are common in modern
bridge building. Recent computer studies on far-field blast-
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loaded steel box girder bridges indicated that explosion
intensity and stand-off distance considerably affect dynamic
response and damage patterns [7-10]. Parametric studies on
box girder bridges show that geometry and layout considerably
affect blast resistance and deformation [11]. High-explosive
charges can damage bridge decking and girders, especially
around mid-span portions with considerable bending loads,
according to experimental and numerical studies [32].

Thus, blast location and bearing restraint circumstances
must be studied to understand steel bridge system dynamics.
An extensive three-dimensional finite element model of a
bowstring steel girder bridge is created to analyze its structural
reaction to blast loads. The bridge is supported by pot bearings
over concrete blocks and studied under several configurations.
CONWERP blast loading applies mid- and end-span blast loads.
The bridge's displacement behavior, stress distribution,
torsional effects, support reactions, and damage patterns are
assessed. Understanding steel bridge system dynamics requires
studying blast location and bearing restraint. A thorough three-
dimensional finite element model of a bowstring steel girder
bridge analyzes blast load response. The bridge is supported by
pot bearings over concrete blocks and studied in several
configurations. CONWEP blasts mid-span and eccentric end-
span locations. Assessments include bridge displacement,
stress distribution, torsional effects, support reactions, and
damage patterns.

2. Literature review
2.1 Blast effects on structural systems

Blast loading consists of a high-intensity positive pressure
phase followed by a negative suction phase. This creates strong
impulsive forces and dynamic amplification effects on
structures. Initial research predominantly concentrated on
protective systems and reinforced concrete components. Hao
and Tang [1] conducted a numerical analysis of the response of
cable-stayed bridge components to explosive loading,
revealing that flexural and shear failures predominate in pier
and deck systems. Hashemi et al. [41] established that the
location of detonation markedly affects displacement
amplification and progressive damage in long-span bridge
structures. In the same way, Pan et al. [25] found that
explosions below the deck cause more damage than those
above the deck because of the effects of confined pressure.

These studies collectively demonstrate that structural
vulnerability under blast loading is significantly influenced by
parameters such as charge weight, stand-off distance, and
explosion location. Nevertheless, the majority of studies are
confined to simplified structural configurations.

2.2 Effect of blast loading on steel bridges

Recent studies have concentrated on the response of steel
girder bridges to blast loading, given their prevalent utilization.
Zhang et al. [48] examined the dynamic response of steel box
girder bridges subjected to far-field blast loading and identified
stress concentration near supports as a pivotal factor affecting
global stability. The research additionally suggested damage
indices for the assessment of structural performance. Lei
Zhang et al. [34] utilized a coupled CFD—-explicit dynamics
methodology to precisely simulate blast wave diffraction and
pressure distribution. Their probabilistic assessment showed
that the more intense the blast, the worse the damage. On the
other hand, the higher the incidence angle, the less likely the
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pier is to fail. Xie et al. [10] performed structural optimization
studies, illustrating that geometric alterations can markedly
diminish peak displacement and stress demand.

These improvements, most studies still use idealized
boundary conditions and don't include detailed modeling of
bearing systems. This could make the predicted structural
responses less accurate.

2.3 Effects of explosions on concrete girder bridges

Researchers have also looked at concrete girder bridges a
lot when they are subjected to blast loading. Tian et al. [7]
examined simply supported concrete girder bridges under
extensive blast conditions and found that mid-span areas are
especially vulnerable to flexural cracking and cumulative
damage. The research highlighted the impact of augmented
charge weight on crack propagation and structural
deterioration.

However, existing research primarily focuses on global
structural response, with limited attention to localized damage
mechanisms and component interaction.

2.4 Influence of support and bearing conditions

Structural dynamic response relies heavily on supporting
factors. The redistribution of forces, the acceleration of stress
near supports, and the torsional rotation are all impacted by the
stiffness of the restraints when subjected to impulsive loading.
Bridge supports are typically considered fixed or supported
boundary conditions in finite element studies. Pot bearings
provide for the rotation and translation of bridge
superstructures. A blast's dynamic response can be
significantly altered by the use of guided, expansion, or fixed
bearings. Research on blast analysis of girder bridges that
specifically models bearing systems is limited.

Detailed numerical research on blast-loaded bowstring
girder bridges is needed, including realistic support models and
composite deck interaction.

3. Research gap and objectives

Based on the reviewed literature, the following important
research gaps are identified:

e Most research focuses on Cable Stayed Bridge and Box
Girder Bridge, but Composite Bowstring Girder Bridge
under blast stress is rarely examined.

e In explosion analysis, realistic pot-bearing behavior is
frequently disregarded.

e The steel-concrete interface behavior under blast loading
has limited scientific coverage.

e There aren't enough thorough frameworks for evaluating
damage to composite bowstring bridges.

In light of the identified gaps, the primary objectives of
this study are:

e Using ABAQUS, create a three-dimensional nonlinear
finite element model of a girder bridge under blast loading.

e Realistic pot-bearing systems with expansion and fixed
support conditions can be simulated.

e To apply material nonlinearities, use the Johnson-Cook
Model for steel and the Concrete Damage Plasticity Model
for concrete.

e Examine the impact of blast characteristics like eccentric
detonation locations and charge weight.
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o Use displacement, stress distribution, and damage indices to
assess the structural reaction.

4. Numerical modeling
4.1 Finite element modeling of the bridge

For this study, we chose a conventional bowstring steel
girder bridge and used the explicit dynamic solver in the finite

element software ABAQUS (2017) to model it. This study
examined a highway infrastructure-style simply supported
bridge with a 46.32-m span. The bridge deck has two 7.35-m-
wide traffic lanes and a load-carrying framework of
longitudinal and transverse steel girders. The bridge
superstructure consists of eight 5.49-m-long structural panels
that comprise the span. The bridge's bowstring arch rises to 9
m at the mid-span, giving it its distinctive look.
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(a) Isometric view of the steel bridge

(b) top view of the steel bridge

Figure 1: Isometric and top views of the bowstring steel girder bridge.

The steel girder structure is supported by pot bearings over
concrete support blocks, mimicking bridge support. The
numerical model considers fixed and expansion support border
designs. To accurately describe structural behavior under blast
loading, the finite element model was discretized using eight-
node reduced integration brick elements (C3D8R). Near
bearings and connecting zones, a revised mesh was used to
account for large stress gradients. Advanced constitutive
models for structural components simulated material behavior
under high-strain-rate loading. The mechanical parameters of
structural steel include a Young's modulus of 210 GPa, a
density of 7850 kg/ms3, and a Poisson's ratio of 0.30. The
Johnson—Cook plasticity and damage model studied steel
plasticity under blast loading, including strain hardening and
strain-rate dependent behavior. The CONWEP blast loading
approach provides pressure-time histories from TNT
equivalent explosive charges. It simulates air-blast effects on
structural systems realistically and is commonly used in blast-
resistant structural analysis.

4.2 Material modeling

Predicting bridge structural reaction to blast loading
requires accurate material behavior characterization. High-
strain-rate circumstances can cause plastic deformation, strain-
rate sensitivity, and gradual deterioration in structural
materials. To simulate bridge component behavior, the finite
element model wused appropriate constitutive models.
This study's bridge structure is mostly structural steel
members, such as longitudinal, transverse, and bearing plates
on concrete blocks. Multiple material models were used to
mimic steel and concrete components under blast loading.

4.2.1 Steel material properties

Bridge steel components were modeled using an elastic—
plastic material model and strain-rate dependent constitutive
relations. Common bridge steel parameters were used to
determine structural steel properties. Steel's elastic properties
include a density of 7850 kg/m3, a Poisson's ratio of 0.30, and a

Young's modulus of 210 GPa. In addition to elastic behavior,
plastic deformation was used to describe yielding and strain
hardening. The structure steel yield strength was estimated at
355 MPa, and ultimate strength was 510 MPa, which is
compatible with bridge construction grades.

4.2.2 Johnson-Cook Plasticity Model

The Johnson—-Cook plasticity model was used in finite
element analysis to steel's high-strain-rate behavior under blast
stress. This constitutive model accounts for strain hardening,
strain-rate sensitivity, and thermal softening in metallic
materials, making it popular in blast and impact simulations.
The Johnson—Cook model calculates flow stress from plastic
strain, strain rate, and temperature. In this work, blast analysis
literature values for structural steel were used to select model
parameters. The yield stress parameter (A) was 355 MPa, the
hardening modulus (B) was 510 MPa, and the strain hardening
exponent (n) was 0.67. We assumed a 0.014 strain-rate
sensitivity constant (C) and a 1.0 thermal softening exponent
(m). A reference strain rate of 1 s was used, with room and
melting temperatures of 20°C and 1500°C, respectively.

4.2.3 Johnson-Cook Damage Model

In addition to plastic deformation, the Johnson-Cook
damage model analyzed blast-loaded structural collapse. This
model shows how plastic strain and strain-rate effects cause
and evolve metallic material damage.
The damage parameters used in this investigation are D1 =
0.05, D2 = 3.44, D3 = 2.12, D4 = 0.002, D5 = 0.61, and
melting temperature = 1500°C. These parameters allow the
finite element model to predict steel component degradation
and failure under high-intensity blast loads.

4.2.4 Concrete Block Modeling

A bridge support system uses concrete blocks as pot-
bearing seats. To simulate dynamic loading, these concrete
components were modeled using nonlinear material behavior.
Concrete cracking and crushing were simulated using the
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Concrete Damage Plasticity model. This model can simulate
tensile cracking and compressive failure stiffness degradation.
This material model simulates concrete support block behavior
under blast-induced dynamic loads carried through the bearing
system.

4.3 Bearing modeling

Bearings help bridge constructions transfer loads from the
superstructure to the substructure while absorbing thermal
expansion, traffic loads, and dynamic impacts. This work
models the bridge support system employing pot bearings on
concrete support blocks to approximate genuine bridge
boundary conditions. The numerical model considers fixed and
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expanding bearing restrictions, as shown in Fig. 2. The fixed
bearing stops rotation at the support position and movement in
all horizontal directions, which makes the structure stiffer and
less likely to shift. The expansion bearing lets the bridge span
move along its length but not up or down. This lets the bridge
deck expand or contract while it is under load. The ABAQUS
finite element model uses boundary restrictions at the bearing
nodes to mimic these bearing conditions. The fixed bearing
limits the degrees of freedom for moving along the length and
width of the structure, whereas the expansion bearing allows
movement along the length but limits vertical movement to
keep the structure stable.

FIXED BEARING

EXPANSON BEARING

Figure 2: Diagrammatic depiction of the fixed and expansion bearing support conditions for steel bridges.

4.4 Mesh modeling and boundary conditions

Three-dimensional solid elements in ABAQUS discretized
bridge components. Different mesh sizes were used for
structural components to balance computational accuracy and
efficiency. The steel girders were modeled with mesh sizes
ranging from 50-100 mm, while the pot bearing components

were discretized using a finer mesh size of 2040 mm to
capture localized stress concentrations. The concrete support
blocks were modeled with mesh sizes between 75-150 mm.
The selected mesh configuration ensures stable numerical
results and accurate representation of stress wave propagation
during blast loading, as shown in Fig. 3.

Figure 3: Finite element mesh and boundary conditions of the steel bridge model.

Realistic bridge support behavior was represented by
simple support boundary conditions. Concrete support blocks
held fixed, and expansion pot bearings for the bridge. The
fixed bearing restrained horizontal displacements, while the
expansion bearing allowed longitudinal movement of the
bridge to simulate realistic expansion behavior. The dynamic
response of the structure under blast loading was analyzed
using the explicit solver in ABAQUS/Explicit.

4.5 Bowstring steel bridge effect blast loading

This study uses the ABAQUS code [21], Figure 1, to
model a conventional Bowstring steel girder bridge with a span
length of 46.32 m (Fig. 1). The model bridge is thought to have
two 7.35 m lanes. There are eight panels on the bridge, and
each one is 5.49 m long. The overall height of the arches at
mid-span is 9 m.
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Figure 4: The Bridge Models X-displacement (mm) Profiles.

(d) End-span Eccentric 500kg TNT (e) End-span Eccentric 100kg TNT (f) End-span Eccentric 1500kg TNT
Figure 5: The Bridge Models Y-displacement (mm) Profiles.
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Figure 6: The Bridge Models Z-displacement (mm) Profiles.
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The model is discretized with C3D8R elements. Strain-
rate effects on steel are accounted for when using the UFC 3—
340-02(2008) [22, 24] design code for the blast analysis of
structures. The plastic behavior of the steel has been described
using the Johnson-Cook damage plasticity model in ABAQUS.
The model's parameters are derived from the literature [1-18,
22-28]. The bridge is modeled using ABAQUS's default
interactions, restrictions, and boundary conditions [21].

Blast load: An explosion is a quick release of energy into
the air that creates a blast wave. There are numerous kinds of
explosions, such as physical, chemical, and nuclear explosions.
Chemical explosions are the most prevalent type of explosion
that can happen by accident or as a result of a terrorist assault
[22-26]. The blast characteristics describe a temporary pulse of
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pressure that quickly spreads out from the site of the explosion.
The first step in designing or analyzing a blast is to figure out
how much force it will have [2-36]. Blasts can create very
intense and extreme loads. Even a small amount of explosives
can wreak a lot of harm to a building if they are put in the right
places [15]. Explosions can put pressures on structures that are
many times higher than the normal design loads. Dynamic
pressure may still cause drag stresses on the rest of the
structural frame. If there is an explosion on top of the bridge,
the girders and deck slab that hold it up are pushed down by
the overpressure [16]. Calculating the equivalent load from a
blast explosion is a difficult task. The blast pressure gets
weaker the farther away you are from the center of the
explosion.

459208
416069

329.798
286.662
243.526
200.390
157.254

114.118
70.952
27.846
15290
-58.426

Z

(a) End-span Eccentric 500kg TNT

(b) End-span Eccentric 100kg TNT

320902
290372
B 259841

Z

(d) Mid-span Eccentric 500kg TNT

(e) Mid-span Eccentric 100kg TNT

(f) Mid-span Eccentric 1500kg TNT

Figure 7: Maximum principal stress (MPa) profiles (Positive values indicate tensile).

(d) Mid-span Eccentric 500kg TNT

(e) Mid-span Eccentric 100kg TNT

(f) Mid-span Eccentric 1500kg TNT

Figure 8: Minimum principal stress (MPa) profiles (Positive values indicate tensile).

Page | 59



M. Aamir et al.

The CONWEP method, which uses empirical relationships
from UFC 3-340-02 (2008) to estimate air-blast pressure, is
used in ABAQUS to simulate blast loading. The TNT-
equivalent approach is used to model the explosive charge and
the scaled distance. The blast pressure of an explosion is
inversely proportional to the scaled distance, as shown in Eq.
(D).

z==
w3

where W is the TNT equivalent mass and R = the target's
distance (m) from the explosion’s point, it is used to determine
the blast severity. Two explosion locations, mid-span and end-
span, are taken into consideration for three charge weights (500
kg, 1000 kg, and 1500 kg TNT).

Blast load and its profile with time are calculated using
Wu and Hao's (2005) [24] blast model, which is based on a
number of empirical equations and the Con-WEP 2.0 semi-
empirical technique in [21]. The explosion locations taken into
consideration in this work include near support, mid-span, and
end-span. ABAQUS computer code is used to create a total of
six finite element models of the bridge. Three alternative
intensities of explosions are evaluated near the middle of the
deck in these areas, as well as the lateral eccentricity of quarter
deck width corresponding to these locations. For this analysis,
large explosive loads of 500 kg, 1000 kg, and 5000 kg-TNT at

a constant stand-off distance of 1.0 m above the deck slab are
taken into consideration. The reference point keycard in
ABAQUS is used to apply the charge in the free-air
environment.

5. Results and discussion

The results of the analysis show the blast loadings of
explosive charges of 500 kg, 1000 kg, and 1500 kg-TNT in
eccentric places on 60 mm thick steel plates of the steel bridge
deck without a concrete slab. The potential explosion that
occurred during construction before the bridge was opened to
traffic is reflected in this analysis. This work cannot
accommodate the simulation of the bridge with the concrete
deck slab on the steel plates, its outcomes, and comparisons.

The following observations are notable from the blast
analysis conducted:

5.1 Locations of eccentric explosives

The displacement response of the bowstring steel girder
bridge subjected to blast loading is summarized in Table 1,
while the displacement contours in the X-, Y-, and Z-directions
are illustrated in Fig. 4-6. The structural response was
evaluated for both mid-span (MS) and end-span (ES) blast
scenarios with different explosive masses.

Table 1: Bridge's displacement response (all displacement values are considered ve).

Figures Model ID Maximum Displacement of X, Y, and Z (mm) in different Components near
the area of concern for the explosion
Steel Plate Transverse Girder Longitudinal
Girder
Fig. 4-(a) MS-E-500 70.043 26.233 17.577
Fig. 4-(b) MS-E-1000 93.721 47.826 19.130
Fig. 4-(c) MS-E-1500 106.761 57.337 27.914
Fig. 4-(d) ES-E-500 162.200 131.883 102.005
Fig. 4-(e) ES-E-1000 161.802 131.905 102.005
Fig. 4-(f) ES-E-1500 154.137 125.620 96.374
Fig. 5-(a) MS-E-500 364.137 333.204 302.271
Fig. 5-(b) MS-E-1000 383.738 351.258 318.778
Fig. 5-(c) MS-E-1500 701.638 642.310 582.988
Fig. 5-(d) ES-E-500 356.199 326.447 296.695
Fig. 5-(e) ES-E-1000 366.417 335.727 305.036
Fig. 5-(f) ES-E-1500 556.405 509.953 463.502
Fig. 6-(a) MS-E-500 1297.600 1077.884 858.167
Fig. 6-(b) MS-E-1000 1297.962 1077.884 857.806
Fig. 6-(c) MS-E-1500 1290.331 1071.327 852.324
Fig. 6-(d) ES-E-500 1439.529 1198.159 956.789
Fig. 6-(e) ES-E-100 1439.216 1197.898 956.581
Fig. 6-(f) ES-E-1500 1435.355 1194.686 954.016

o The longitudinal girder of the deck experiences a maximum
X-displacement of 17.577 mm as a result of a mid-span
eccentric 500 kg explosion (Fig. 4-(a)). The X-displacement
reduces as the explosive charge location shifts from mid-
span to near supports, Fig. 4.

e Bridge component deformation along the Y-direction is
depicted in the transverse displacement response shown in
Fig. 5-(d). 296.695 mm is the maximum displacement. This
displacement in the longitudinal girder under the ES-E-500
explosion scenario shows that asymmetric loading
circumstances caused by eccentric blast loading result in
severe transverse deformation.

e The vertical displacement contours in Fig. 6 (c) indicate
how the bridge structure bends the most. The results
demonstrate that eccentric blast loading causes the most
vertical movement, with the longitudinal girder moving
about 852.324 mm at its most. This shows that unequal
blast loading can greatly increase the bending deformation
of the bridge structure.

e The stress study shows that the highest primary stress is
about 459.205 MPa, and the lowest principal stress is 9.521
MPa. The most stress is concentrated in the connectors and
support areas of the girders, which shows how weak these
parts are when they are hit by a bomb.
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e The bridge structure bends up and down because the mid- unevenly. The results show that eccentric explosions make
span blast loading causes it to deform in a rather torsional effects much worse, making structures more likely
symmetrical way. Eccentric end-span blast loading causes to fail near supports and connections.
the girders to clearly twist because it puts pressure on them

—— Steel Plate Transverse girder —@— Longitudinal girder
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Figure 9: Responses of steel plate, transverse, and longitudinal girder under different masses of explosive charges.

The displacement responses of the bridge components transfer behavior within the bridge structural system. The
under various blast loads are compared in Figure 9. The results  longitudinal and transverse girders experience the least amount
demonstrate that displacement typically increases with  of distortion after the steel plate.
increasing explosive charge mass, highlighting the load
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Figure 11: Energy — time histories of the bridge under blast loading at mid-span and end-span for explosive masses of 500kg, 1000kg, and
1500kg TNT.

Figure 10. The variation of vertical displacement (U3)
with time at selected nodes of the bridge subjected to blast
loading. The displacement remains small during the initial

stage and increases rapidly after approximately 0.08-0.10
s due to the impulsive blast pressure. The curves indicate
significant dynamic deformation and vibration of the
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bridge system, with peak displacement occurring at later
stages of the response.

Energy-Time Response of the Bridge under Blast Loading

o The energy-time histories illustrate the evolution of strain
energy, internal energy, and kinetic energy of the bridge
subjected to blast loads of 500 kg, 1000 kg, and 1500 kg
TNT at the mid-span (MS) and end-span (ES) locations
shown in Figure 11.

o After the explosion, the strain energy rises quickly,
showing that the blast pressure generated a lot of structural
deformation. More powerful explosives create higher peak
strain energy values, which means that the bridge parts are
more likely to break and get damaged.

e The internal energy rises steadily throughout the course of
the simulation, which depicts how the structural system
gradually absorbs energy from the blast. The findings
reveal that increased charge masses result in heightened
energy accumulation, illustrating the significant correlation
between structural reaction and explosion intensity.

o The kinetic energy curves show how the blast wave causes
things to move. For all charge masses, the kinetic energy
trend is rising, which means that the energy from the blast
is being transferred to structural vibration and inertia
effects.

6. Conclusions

This study numerically investigates the dynamic response
of steel girder bridge subjected to blast loading using nonlinear
finite element analysis in ABAQUS.

The following conclusions can be made based on the
numbers:

e The bridge's displacement reaction rises as the explosive
mass increases, suggesting that structural deformation is
greatly increased by higher explosion intensity.

e Eccentric end-span blast loading causes higher deformation
and torsional effects than mid-span explosions due to
asymmetric blast pressure distribution.

e According to stress analysis, significant  stress
concentrations are found close to girder connections and
support areas, with the maximum principal stress reaching
roughly 459 MPa.

e The energy-time histories demonstrate that blast energy is
initially transformed into Kkinetic energy, subsequently
dissipated through strain and internal energy, confirming
the dynamic energy transfer mechanisms within the bridge
structure.

In general, the results show how important it is to think
about the size of the explosive charge, the position of the blast,
and realistic support circumstances when designing and testing
blast-resistant steel bridge systems. Adding these aspects is
necessary to precisely estimate how a structure would respond
and to make bridge constructions more resilient and safer in
case of an explosion.
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