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In this study, the behavior of concrete filled double skin steel tubular (CFDST) 

composite columns with various cross-sections and reinforcements under explosive 

loads was investigated. Five column models, each 5 meters in length with an inner 

diameter of 50 cm and an outer diameter of 80 cm, were simulated using 

ABAQUS/Explicit software. Column 1 had no reinforcement, Column 2 included four 

linear reinforcements, Column 3 had four square reinforcements, Column 4 combined 

linear and square reinforcements, and Column 5 featured trapezoidal reinforcements. 

Explosive loading equivalent to 250 kg of TNT was applied at different distances, with 

an optimal distance of 4.5 meters identified for all models. Additionally, a 30×10-meter 

bridge model, resembling a bridge in Basra, was simulated using the weakest (Column 

1) and strongest (Column 5) columns. Explosions were analyzed for scenarios above

the bridge and below the columns. The results demonstrated that Column 5 significantly

outperformed Column 1 in resisting stresses, tensile and compressive damage, and

displacements. In the scenario with explosions beneath the bridge, the performance of

the bridge with Column 5 improved by up to 40%. Furthermore, tensile damage in the

concrete was found to be considerably greater than compressive damage, underscoring

the necessity of reinforcing concrete against tensile forces. The CFDST columns for

bridge is found be the most effective among in reducing the dynamic effect induced by

the blast loading on the structure.
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1. INTRODUCTION

Bridges are an important part of the physical infrastructure 

in most countries. They play a crucial role in the transportation 

of people and goods, serving as an economic and financial 

social asset. Considering that bridge columns are one of the 

most critical components of bridges and are more exposed to 

explosions, damage to them leads to damage to the bridge 

itself. As a result, this can disrupt intercity and urban 

transportation, causing traffic, problems, and economic and 

financial losses. Due to these reasons and the importance of 

damage to bridge columns from explosions, many researchers 

and engineers have focused on designing bridges to withstand 

explosive loads. 

Over the past 60 years, more than 550 terrorist attacks have 

been carried out against bridges and infrastructure systems [1]. 

Explosions on road bridges may occur unintentionally or 

deliberately as part of an attempt to disrupt the transportation 

network. Given that bridges are vital parts of infrastructure and 

key points in traffic flows and are easily accessible, protecting 

them is extremely challenging. This makes these structures 

potential targets for explosive and terrorist attacks. Bridge 

columns are primary load- bearing members in structures and 

bridges and are vulnerable to terrorist attacks and explosive 

loads [2]. In this regard, several studies have been carried out 

in the last years towards the fulfillment of optimal design 

approaches for columns exposed to combined gravity and 

wind loads, as well as accidental impacts like blast [3-9]. And 

more efforts were also made to protect infrastructure from the 

risk of explosion [10-13]. In order to benefit from the 

advantages provided by both steel and concrete to obtain high 

resistance that can handle large blasting loads, this study 

examines composite columns of the CFDST type, which are 5 

meters long with an inner diameter of 50 cm and an outer 

diameter of 80 cm, in which the type of reinforcements used 

in the columns varies, against explosive loads. The explosive 

load is applied to the columns at specified distances to 

determine the appropriate distance with a weight of 250 

kilograms.  

Figure 1. Representing the bridge similar to a model in the 

center of Basra city 
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After reviewing the results and selecting column 1 as the 

weakest and column 5 as the strongest, a semi-realistic bridge 

is simulated using the characteristics of the Bridge in the 

center of Basra Province as shown in the Figure 1, employing 

the modeled columns from the previous section (preferably 

columns 1 and 5) as the bridge columns. Subsequently, the 

explosive load is applied at a distance of 1 meter from the 

columns, along with the axial load resulting from the weight 

on the bridge, and the results from the analyses are examined 

and compared. 

Considering that bridges and the columns used in them are 

essential components of a country's infrastructure, and are 

utilized for the transportation of people and traffic flows both 

within and outside cities, explosions and terrorist attacks 

targeting bridge columns can lead to significant financial and 

economic damages. Therefore, it is of utmost importance to 

use modern methods such as regular and reinforced columns, 

as used in this research, to mitigate the explosive behavior and 

damage to bridge columns, taking advantage of the good 

advantages provided by both steel and concrete together. 

AL-Thairy [14] studied the numerical simulation of the 

behavior and failure patterns of steel columns under blast loads 

using the dynamic finite element package ABAQUS/Explicit. 

The conclusions extracted from this parametric study may be 

used to develop a thorough understanding of the behavior and 

failure of steel columns subjected to blast load which, in turn, 

could lead to a more accurate practical design procedure. 

Nassr et al. [15] studied the dynamic response of steel 

columns. Exposed to blast loading, 13 typical steel columns 

were tested and bored, each carrying a central load equal to 

25% of its pivotal capacity, using live explosives, including a 

shipment size between 50 and 250 kg of ammonium 

nitrate/fuel oil (ANFO) and a terrestrial confrontation distance 

from 7.0 to 10.3 meters. The results showed that in the 

columns that show a flexible response, due to the elongation 

of the shaking period of the pivotal load, the side deformation 

caused by the explosive load is reduced instead of amplifying 

it by pivotal pregnancy. Nawar et al. [16] studied the dynamic 

performance of perforated steel columns (PSCs) at numerical 

assessment under different levels of explosion threats using 

LS-DNA software. Six models of the columns shown in the 

geometric shapes under different properties of pregnancy were 

taken from the bombing of the material ANFO which is a high- 

explosive substance with most of its composition quantities 

range from 50 kg to 250 kg, the results showed that an 

indicator the damage is less in the case of the fixed end of it in 

the free end, as well as the more pinned end the more damaged 

indicator. 

In the study conducted by Li et al. [17], the contact 

explosion was studied numerically and experimentally against 

double-casing steel columns (CFST) and three samples of 

circular columns were taken and field tests were conducted 

where various damage patterns were detected during the 

explosions. Arbitrary-Lagrangian-Eulerian (ALE) 

formulations connected in pairs with fluid-structure 

interaction (FSI) algorithms that are obtainable in the explicit 

nonlinear dynamic analysis program LS- DYNA were used to 

improve the numerical models. The explosives were placed 

adjacent to the columns with material TNT and in the quantity 

from 0.6 kg to 1 kg. As reported by Zhang et al. [18], 

numerical studies have been conducted to investigate the 

bending behavior of CFST columns under both fixed and 

dynamic loads. The results indicated that CFST columns 

showed good resistance against bending loads under fixed and 

dynamic loading conditions, and they can be them widely in 

these areas where possible explosive attacks or frequent 

earthquakes are expected. Ahmad et al. [19] examined the 

local and overall buckling of square CFDST columns filled 

with high-strength concrete. They proposed a new 

mathematical model for simulating slender square CFDST 

columns and developed a formulation for local and overall 

buckling, taking confinement into account. Hosseinian et al. 

[20] investigated the overall behavior of circular CFDST 

columns with an outer layer of stainless steel in 2017. They 

used ordinary steel for the inner layer and stainless steel for 

the outer layer. They found that these columns had lower costs 

and less weight compared to conventional columns while 

maintaining high strength. Elchalakani et al. [21] conducted 

finite element simulations of short circular CFDST columns 

under axial compressive loads in 2019. Li et al. [22] 

investigated the post-buckling behavior and residual capacity 

of CFDST columns subjected to explosive loading in 2020. 

They developed a numerical model to analyze the explosive 

behavior of these capacity under explosive loading. Yan and 

Zhao [23] investigated the compressive strength of short, 

double- walled, concrete-filled steel tubes with circular cross-

sections under axial loading. They noted that internal and 

external confinement in CFDST columns significantly affects 

their compressive strength and ductility. Alberto et al. [24] 

investigated the behavior of slender double-walled steel 

columns under non-axial loads. They compared their findings 

with analytical formulas from other studies. Li et al. [25] 

investigated the experimental and numerical behavior of 

CFDST columns under near-explosion loading. The concrete 

core was severely damaged, while the steel sections remained 

largely intact, except for limited areas close to the explosion. 

The energy absorption rates of the different sections of the 

CFDST column showed that severe plastic damage to the 

concrete core plays a significant role in energy absorption 

under near- field explosions. Momeni et al. [26] found that the 

proposed formulas can provide a good level of accuracy and 

high computational efficiency for steel columns of H section 

loaded by blasting. In addition, the damage index was linked 

to the conventional displacement/rotation index. According to 

Xia et al. [27], the dynamic behavior of precast concrete-filled 

double-layer steel pipe sectional columns (PS-CFDST) under 

blast loads was investigated. Field tests were conducted on 

three large columns subjected to large equivalent blasts and a 

high-precision finite element model was used to study the 

behavior of this type of columns under blast. The numerical 

model was validated against the experimental test results. It 

was observed that the dynamic response of these columns is 

divided into two stages: shear deformation stage and bending 

deformation stage. It was found that shear deformation absorbs 

most of the blast energy through damage to the concrete and 

the outer steel pipe. The self-centering ability of PS tendons is 

mainly characterized in the bending deformation stage. Li et 

al. [28] investigated the seismic performance of columns 

CFDST by experimental means after field explosion, where 

two samples of circular columns and two samples of square 

columns were tested, each with similar axial load carrying 

capacities. The evaluation of the results shows that the 

columns damaged by explosion retain good lateral strength 

and energy dissipation capacity, which indicates the elastic 

performance of CFDST columns in a post-explosion 

earthquake scenario. It was also observed that the post-

explosion seismic performance is more affected in the 

direction of loading towards the side of the explosion. Mi et 
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al. [29] studied the cases in which columns can be subjected to 

coupled collision and blast (CCB), and the reliability of the 

numerical model was verified on the basis of the existing 

experimental results. Then the damage propagation process of 

this type of columns subjected to separate impact and blast 

loads was investigated. The damage history patterns, 

deflection D and impact force F were comparatively analyzed, 

and the performance level of columns after CCB loads was 

determined based on damage index thresholds. The main 

factors affecting the dynamic behavior of columns were 

investigated, and the result showed that compared with the 

sum of deflections under separate impact and residual 

deflection under CCB loads increased by 6.1 and 7.8 

respectively. Gangolu and Gisaro [30] In this study, two 

profiles of Steel Wide-Flange were taken for far axial blasts 

on the weak axis. Two profiles of steel W200×71 and 

W150×24 were taken using as a finite element tool. The 

simulation included axial load ratio 0, 20%, 40%, 60%, 80% 

under different blast pulses. Two experimental models were 

taken to validate the numerical methodology. The simulations 

found a significant Axial Load Ratio (ALR) on the response 

of the profile for identical blast profiles leading to elastic 

behavior, plastic deformation, or failure scenarios. The 

damage index Di was calculated. The relationship between 

ALR and Di provides insights for building shape decisions and 

modification options which is critical for structural safety. 

Some researchers have addressed this topic from different 

perspectives such as Yang et al. [31], Yimer and Dey [32], Gao 

et al. [33], and Khalaf et al. [34]. 

The aim of this study is to investigate the behavior of 

CFDST composite columns with various sections and 

reinforcements under explosive loads and to propose strategies 

for enhancing the resilience of infrastructure, particularly 

bridges, against explosion-induced damages. The research 

employs precise simulations of both reinforced and non-

reinforced columns using ABAQUS software to analyze the 

impact of explosive loads at different distances. The 

innovations of this study include the design and evaluation of 

new reinforced CFDST models, detailed analysis of stresses 

and displacements in columns and bridges, and an emphasis 

on the necessity of reinforcing concrete against tensile 

stresses. The findings provide a foundation for optimizing the 

design of explosion-resistant columns and bridges to minimize 

economic and financial losses in infrastructure. The 

importance of the study lies in the fact that it deals with the 

representation of a semi-real bridge with large dimensions and 

the effect of blast loading on it, unlike most studies that mostly 

deal with the simulation of small models of CFDST columns. 
 

 

2. MODELING  
 

In this section, the explosion simulation on a CFDST 

column is conducted using the Conwep feature in the 

ABAQUS software. The geometry and modeling conditions 

for this case are fully presented below, and the specifications 

of the model are extracted and used from the reference [17]. 

 

2.1 Validation model 
 

The column studied in this research is of the CFDST type, 

consisting of two steel tubes, with concrete filling the space 

between these two tubes. The specifications of the model and 

its dimensional parameters are provided in Figure 2 and Table 

1. 

 
 

Figure 2. Geometry of validation model [17] 

 

Table 1. Specifications of validation model [17] 

 
Model 

Name 
H (mm) Dxt (mm) Dxt (mm) Hd (mm) TNT (kg) 

CB1 2500 159×6 325×6 300 1 

CB2 2500 159×6 325×7 300 0.6 

CB3 2500 159×6 325×8.5 300 0.6 

 

In Table 1, Hd refers to the distance of the explosive charge 

from the top of the foundation. Based on the mentioned details, 

the concrete section, inner steel tube, and outer steel tube were 

modeled in the ABAQUS software, with a schematic 

representation shown in Figure 3. 

The material used for the concrete section is concrete with 

a maximum compressive strength of 40 MPa. Additionally, the 

steel used in the inner and outer tubes is Q345 steel, the 

material properties of which are provided in Table 2. A 

schematic of the assembly model for Validation Model is 

presented in Figure 4. 

The inner and outer steel tubes were connected to the inside 

and outside of the concrete section using the Tie constraint. 

According to the constraints provided in the reference article 

[17], the upper and lower sections of the column are fully 

fixed. The explosive charge, equal to 1 kg, is defined using 

Conwep in ABAQUS software, and select the TNT definition 

menu in ABAQUS as incident wave (surface blast), and is 

applied to the outer surface of the model at a height of 300 mm 

from the foundation. The type of mesh used for the concrete 

section and foundation is C3D8R, which is an 8-node three-

dimensional mesh. For the steel sections, the S4R mesh, a 4-

node shell mesh, is employed, with a mesh size of 20 mm 

selected. In this section, the results related to Validation Model 

are presented. The first result obtained pertains to the 

displacement caused by the explosion of a 1 kg mass in sample 

CB1. In the reference [17], this displacement is reported as a 

circular area with a diameter of 150 mm and a depth of 85 mm, 

with a schematic representation shown in Figure 5. The results 

obtained from ABAQUS are presented in Figure 6. 

 

 
 

Figure 3. Geometry of the inner and outer steel tubes and the 

internal concrete section and foundation in validation model 
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Table 2. Material properties for validation model [6] 
 

Material 
E 

(GPa) 
v 

fc  

(MPa) 

Yield Stress 

(MPa) 

Ultimate Stress 

(MPa) 

Concrete 29 0.2 40 - - 

Steel 200 0.3 - 220 345 
 

 
 

Figure 4. Assembly model of validation model 
 

 

 
 

Figure 5. Results obtained for field observation of specimen 

and model CB1 in reference [17] 

 
 

Figure 6. Results obtained from the analysis 

 

Table 3. Comparison between experimental data paper 

reference and resulting ABAQUS [6] 

 

Specimen 

Experimental Data 
Resulting Data from 

ABAQUS 

D1 

(mm) 

D2 

(mm) 

Dp 

(mm) 

D1 

(mm) 

D2 

(mm) 

Dp 

(mm) 

CB1 150 150 85 158 136 86 

CB2 140 120 30 158 115 28 

CB3 140 120 25 158 115 24 

 

Table 3 represents a comparison between the experimental 

data and the results obtained from ABAQUS. In this table, D1, 

D2, DP was width, length, depth of the hole due to explosion 

respectively and the experimental results of the pit dimensions 

for the three models were compared with the results extracted 

after representing the three models using the ABAQUS 

program, where a 1 kg detonation charge of Tinti was used 

with the first model and 0.6 kg with the second and third 

models. The table shows a clear convergence between the 

experimental results and those corresponding to them from the 

ABAQUS program. It is also noted that the pit depth for Model 

3 is less than its depth for Model 3, and this is due to the fact 

that the thickness of the outer shell for Model 3 is greater than 

the thickness in Model 2. From the above results, we conclude 

that it is possible to rely on representing columns of this type 

using ABAQUS. 

As observed, the results obtained from the ABAQUS 

analysis are 86 mm, which shows a 2% difference compared 

to the result presented in reference [17], which is 85 mm. This 

indicates that the results are acceptable with good accuracy. 

 

2.2 Simulation of CFDST studied columns under explosive 

load 

 

In this section, five CFDST columns are modeled in 

ABAQUS and subjected to explosive loading. The explosive 

load is applied using utilizing the Conwep feature in 

ABAQUS. The models feature a concrete section with an 

internal diameter of 500 mm and an external diameter of 800 

mm, surrounded by two steel tubes with wall thicknesses of 5 

mm on the inner and outer sides of the concrete. Model 1 has 

steel sections without reinforcements, while Models 2 to 5 

include reinforcements, with their cross-sections illustrated in 

Figure 7. Additionally, the length of the columns is 5 m. The 

material properties for the steel and concrete sections are 

provided in Table 4. 
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Figure 7. Cross sections geometry 

 

Table 4. Properties of materials 

 

Material 
Ultimate 

Stress (MPa) 

Yield Stress 

(MPa) 
v 

E 

(GPa) 
fc (Mpa) 

Steel 620 420 0.3 200 - 

Concrete - - 0.2 30.5 30 

 

The process of defining material properties is similar to that 

of the validation sample. For the simulation of concrete, the 

concrete damage plasticity (CDP) model has been used. The 

internal and external steel tubes in all models were constrained 

to the concrete section using tie constraints. All models were 

subjected to axial loading, and ultimately, 25% of the 

maximum axial load capacity was applied as an axial load 

during the explosive loading. The lower part of the column is 

completely fixed. Subsequently, using the Conwep feature, the 

pressure was applied at distances of 1, 2, 2.5, 3, 3.5, 4, and 4.5 

meters. Ultimately, a distance of 4.5 meters was selected as the 

optimal distance for applying the load to all models. 

The type of mesh used for the concrete sections is C3D8R, 

which is an 8-node three- dimensional solid element, while the 

mesh used for the steel sections is S4R, and 50 mm mesh size 

was used for concrete and steel plate, then Steel plate was 

modeled using elasto-plastic hardening model. 

 

2.3 Simulation of the bridge 

 

In this section, following the analysis of results from the five 

simulated models in the previous section, it was determined 

that the weakest column was Column 1 and the strongest 

column was Column 5. These columns were then used to 

model a bridge with dimensions of 10×30 meters, similar to a 

bridge in Basra. A schematic of the analyzed bridge is shown 

in Figure 8. 

The properties of the concrete and steel sections used in the 

bridge are the same as those in the previous section and have 

not changed expect for the concrete columns, they were 

replaced by CFDST, while the rafter (beams) were steel I-

sections, channel used as a crown for columns, The lower part 

of the bridge is fully fixed. Two scenarios were used to 

simulate the explosion on this bridge. In the first scenario, the 

explosion starts 1meter from the top of the bridge. In the 

second scenario, the explosion starts from underneath the 

bridge, in front of the columns above 3 meters from foundation 

and 1 meter from columns. The explosive load was set to 500 

kilograms of TNT, and a schematic of the model meshing is 

presented in Figure 9. 

 

 
 

Figure 8. (a) Schematic of the bridge; (b) FE model of 

elastomeric pad 

 

 
 

Figure 9. Bridge meshing with CFDST column 

 

 

3. RESULTS AND DISCUSSION 

 

Presentation of results for column analysis using explosive 

simulation with the Conwep feature in ABAQUS. This section 

presents the results for column 1 to 5 analyzed using the 

Conwep feature in ABAQUS software. 

 

3.1 The energy dissipated  

 

It’s the energy released through the inelastic deformations. 

The results related to damage dissipation energy, shown in 

Figure 10, indicate that Sample 1 is the weakest and Sample 5 

is the strongest and most effective in withstanding explosions. 

The displacement results for Columns 1 and 5 at different 

times after the explosion, at a distance of 4.5 meter, are 

presented in Figures 11 and 12. 

 

 
 

Figure 10. The results related to the amount of damage 

dissipation energy in samples 1 to 5 
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Figure 11. Displacement in model number 1 in 0.5, 1, 1.5 

and 2.1 seconds 

 

 

 

 
 

Figure 12. Displacement in model number 5 in 0.5 ,1, 1.5 

and 2.1 seconds 
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The results from the contours and displacement values in 

Models 1 and 5demonstrate a significant improvement in 

column resistance using Model 5. Specifically, the 

displacement values at the final moment decreased by up to 12 

times between 1.5 seconds, and by up to 80 times at 2 seconds. 

This indicates a substantial enhancement in performance 

against explosive forces with Model 5. 

 

3.2 Presentation of results for the bridge 

 

In this section, the results related to the analyzed bridge are 

presented. As previously mentioned, the bridge featured 

Columns 1 and 5 and was analyzed under two explosion 

scenarios: one above the bridge and one beneath the bridge. 

Below are the results (stress, compression damage, tensile 

damage) for the analysis of the bridge when the explosion 

occurs above it and with type 1 CFDST columns. The list of 

results and the distribution of stresses on the bridge in the a 

those facing the explosion, exceed the yield strength of 420 

MPa and reach the ultimate strength at 620 MPa. 

 

 

 

 
 

Figure 13. Stresses, compression damage and Tensile 

damage in the explosion Above the bridge in the sample 

CFDST columns type 1 

 

 

 
 

Figure 14. Stresses, compression damage and Tensile 

damage) in the explosion Above the bridge in the sample 

CFDST columns type 5 
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Figure 15. Stresses, compression damage and tensile damage 

in the explosion beneath the bridge in the sample CFDST 

columns type 1 

 

 

 

 
 

Figure 16. Stresses, compression damage and Tensile 

damage in the explosion beneath the bridge in the sample 

CFDST columns type 5 

The results obtained in this section indicate that in the 

scenario where the explosion occurs above the bridge, the 

upper part of the bridge resists the explosive pressure, and the 

columns play a much smaller role in this explosion scenario. 

Consequently, the damage values for tensile and compressive 

forces, as well as the stress distribution, are very similar for 

both Column 1 and Column 5 models. A noteworthy 

observation from the results is that the concrete section above 

the bridge is significantly weaker in tensile damage compared 

to compressive damage, highlighting substantial tensile 

damage to the concrete. But the Results for the Explosion 

Scenario Under the Bridge and in Front of the Columns for the 

two bridge models with Columns 1 and 5. 

As observed in the Figures 13-16, the amount of damage 

and the red-colored areas in Model 5 are significantly less than 

in Model 1. This indicates that Column 5 has resisted the 

explosive load more effectively. Further results highlighting 

the improved performance of Column 5 in the bridge under the 

explosion are presented in the following sections. 

In the Figure 17, stresses were monitored over time at a 

specific point chosen to represent the damaged area at a height 

of 3m on the side facing the explosion from the fourth middle 

column, which is located within a row of 7 columns in the 

bridge. In the figure, the orange line representing the stress of 

column 5 was below the blue line representing column 1. This 

means that the stresses of column 5 were less than 1 for the 

same condition and location on the two columns, which 

indicates that column 5 was the stronger and column 1 was 

weaker. 

 

 
 

Figure 17. Stress-time distribution in the explosion under the 

bridge in models with column number 1 and 5 

 

 
 

Figure 18. Damage dissipation energy distribution in models 

with column number 1 and 5 
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Figure 19. Displacement-time diagram in models with 

column number 1 and 5 

 

 
 

Figure 20. The location of pick points on column type 5 and 

the pressure stresses (front surface, side surface, back 

surface) 

 

 

 

 
 

Figure 21. Stresses pressure vs time in column type 5 

 

The amount of energy dissipated due to damage in the type 

1 column model is greater than in the type 5 column model, 

indicating that the type 1 column model is weaker while the 

type 5 is stronger (Figure 18), and the displacement in columns 

number 1 is greater than in columns number 5 as shown in 

Figure 19. 

When we take specific points at the explosion level to 

monitor the compressive stress on the front, side, and back 

surfaces of the column, the results show that the stresses on the 

front at the beginning of explosion are more than ten times 

higher than side and back surfaces as shown in Figures 20 and 

21. 

The results from the analyses in this section indicate a 

significant improvement in the behavior of the bridge columns 

when using the proposed Column 5 from this study. This 

enhancement led to a reduction in stress, tensile and 

compressive damage, and displacement by 15% to 40%. In 

order to study the column section within the bridge model, we 

take three points on the column body after performing the 

deletion and cutting operations in the ABAQUS program 

shown in the previous chapter. One of the points is facing the 

explosion, the other is on the side, and the third is at the back 

surface. 

The results show that the max. pressure stresses on the side 

opposite the explosion point are twenty times greater than on 

the side next to the column and in turn are greater than on the 

back side of the column. Note that the three points are on the 

same level. Also, the column type 1 appears the same pattern. 

It is necessary to evaluate the structural performance of 

CFDST columns and their ability to absorb the energy 

resulting from the explosion and their efficiency in resisting 

the high loads resulting from their exposure to explosion loads. 

A dynamic analysis has been integrated that takes into account 

the loads resulting from explosions such as the generated 

pressure, the duration of the load and the intensity of the 

explosion. It also requires updating the design standards to 

include explosion resistance standards with the determination 

of safety limits based on studies that simulate real conditions 

such as enhancing the thickness of steel pipes to withstand the 

pressures resulting from the explosion, as the thickness of the 

pipes was used in the research at 5 cm. The proportions of 

concrete and steel can be improved to provide additional 

rigidity and choose materials with a high energy absorption 

capacity. The concrete used can be improved through additives 

to increase its durability and thus its ability to resist 

explosions, as well as using high-strength steel and improving 

the bonds between concrete and steel within the column. 

Modern construction techniques can be relied upon to reduce 

the disparity in the distribution of materials between steel and 

concrete by using three-dimensional modeling to ensure the 

implementation of an explosion-resistant design accurately, as 

well as conducting tests to simulate explosions before field 

implementation to ensure the durability of the manufactured 

columns. Computational modeling can also be used in 

response analysis, thus identifying weaknesses. Potentially, it 

is also necessary to modify the design of future bridges in 

locations close to sources of risk such as industrial areas and 

roads with high traffic efficiency by using reinforced columns 

with the addition of additional layers of protection or metal 

linings as in the research models to obtain bridge designs 

capable of withstanding explosions with minimal damage to 

ensure the continuity of work even in emergency situations. 
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4. CONCLUSION 

 

This study investigated the structural behavior of CFDST 

columns under explosive loading through simulations 

conducted using the Conwep feature in ABAQUS. Five 

CFDST columns with varying reinforcement configurations 

were modeled, subjected to pressure generated by explosions 

equivalent to 250 kg of TNT, with a fixed detonation distance. 

Furthermore, bridge simulations were carried out using the 

strongest and weakest column types to evaluate performance 

under blast conditions, from all these investigations, the 

following finding emerged: 

1. Column 5 demonstrated significantly better performance 

in stress tensile, compressive damage, and distance compared 

to Column 1, especially in explosion scenarios below in the 

bridge, with improvements of 15%-40%. 

2. Using Column 1 or Column 5 showed no significant 

impact on bridge performance during explosions above the 

bridge. 

3. CFDST columns exhibited excellent blast resistance due 

to concrete energy dissipation properties, with reinforced 

columns outperforming unreinforced ones. 

4. Tensile damage in concrete was higher than compressive 

damage, highlighting the need to strengthen concrete against 

tension. 

5. Blast loads caused concrete crushing or denting of the 

outer pipe, with an optimal blast distance of 4.5 meters 

identified for 250 kg TNT explosion. 
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