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Abstract: This study aims to evaluate the performance of a concrete bridge located near the earthen 

dam of Masjed Soleiman County. The proximity of bridges to large water structures such as dams 

can affect their structural integrity due to environmental factors and the dynamic loads imposed by 

fluctuating water levels and soil movements. This paper analyzes the structural behavior of the 

concrete bridge using advanced modeling techniques, including finite element analysis and site-

specific data. The methodology involves evaluating the bridge’s load-carrying capacity, durability 

under environmental stresses, and possible degradation due to soil settlement and moisture 

penetration from the nearby dam. Field tests and simulations were conducted to assess the bridge’s 

stability and performance under different loading conditions, including traffic loads and external 

factors like changes in water pressure from the dam. Results indicate that while the concrete bridge 

remains structurally sound, there are signs of minor degradation in certain areas, such as cracks and 

moisture-related issues. These findings highlight the importance of regular maintenance and 

monitoring, especially in structures located near large water bodies or dams. Recommendations for 

improving the bridge’s performance include applying advanced waterproofing methods, 

strengthening concrete components in critical zones, and implementing a routine inspection 

schedule. The results from this case study provide valuable insights into the interaction between 

bridges and surrounding hydraulic infrastructure, serving as a reference for similar projects in 

regions prone to environmental and structural stresses. This research contributes to the body of 

knowledge by offering practical solutions for maintaining and enhancing the durability of concrete 

bridges in close proximity to dams, emphasizing the need for proactive strategies to extend the 

lifespan of such critical infrastructure. 

Keywords: concrete bridge; structural integrity; moisture infiltration; finite element analysis; 

durability assessment; earthen dam 

 

Introduction 

Concrete bridges are critical components of infrastructure, providing vital connections for 

transportation networks across cities, towns, and regions. Their design and construction require 

careful consideration of various factors such as load capacity, durability, and environmental 

conditions to ensure safety and longevity. When a bridge is located near a significant hydraulic 

structure like an earthen dam, additional challenges arise due to the environmental interactions 

between the bridge and the water-retaining structure. This study focuses on the evaluation of a 

concrete bridge situated near the earthen dam in Masjed Soleiman County, a region known for its 

hydraulic infrastructure and associated challenges. 

The performance of concrete bridges in proximity to dams is influenced by several 

environmental factors, including changes in soil conditions, water seepage, and the dynamic effects 

of water movement. Earthen dams, which are primarily constructed from natural materials such as 
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soil, rock, and clay, retain large volumes of water. The storage and release of this water can lead to 

changes in the surrounding soil’s moisture content, potentially impacting nearby structures like 

bridges. Soil saturation, for example, can weaken the foundation on which a bridge rests, leading to 

differential settlement and potential structural damage over time. 

In the case of the concrete bridge in Masjed Soleiman County, its proximity to the earthen dam 

creates unique conditions that must be thoroughly analyzed to ensure its continued functionality and 

safety. The dam’s fluctuating water levels introduce variable loads on the surrounding soil, which 

can cause uneven pressure on the bridge foundation. Moreover, seepage from the dam, a common 

issue in earthen dams, can lead to moisture infiltration into the bridge structure. This moisture, 

combined with the potential for chemical reactions within the concrete, can result in the deterioration 

of the concrete over time, especially if proper drainage and waterproofing measures are not in place. 

The region of Masjed Soleiman is characterized by its reliance on hydraulic projects, with the 

earthen dam serving as a critical component of the area’s water management and flood control 

systems. The dam, which was built to store and regulate water, plays a vital role in controlling 

seasonal water flows and supporting the local agriculture and power generation sectors. However, 

as with all large-scale hydraulic projects, the infrastructure surrounding the dam must be monitored 

and maintained to prevent any negative impacts on neighboring structures like bridges. 

Bridges near dams face both static and dynamic challenges. While static loads refer to the 

constant forces exerted by the weight of the structure itself and any vehicles or pedestrians passing 

over it, dynamic loads are variable and can be caused by factors such as traffic fluctuations, wind, 

seismic activity, and most importantly, water movement from the dam. During times of heavy 

rainfall or dam discharge, the water movement can generate additional forces on the bridge, testing 

its structural resilience. If the bridge is not designed or maintained to withstand these forces, it could 

experience degradation, including cracks, shifts in alignment, or even more serious structural 

failures. 

This study’s primary objective is to evaluate the current condition of the concrete bridge and 

identify any signs of distress or degradation. Specifically, it aims to investigate how the nearby dam 

has impacted the bridge’s performance and what can be done to mitigate any ongoing or future 

problems. By employing a combination of structural analysis techniques, field inspections, and 

environmental monitoring, the research will provide valuable insights into the factors that influence 

the stability and durability of concrete bridges in similar settings. Furthermore, this study seeks to 

propose recommendations for improving the maintenance strategies of such structures, ensuring that 

they remain safe and functional for decades to come. 

Concrete bridges, while known for their robustness, are not immune to environmental stressors. 

Water, in particular, poses a significant risk to their longevity. As water seeps into the tiny pores 

within the concrete, it can lead to chemical reactions that weaken the material from within. Over time, 

this moisture can also cause the steel reinforcement bars embedded in the concrete to corrode, further 

compromising the bridge’s integrity. In regions like Masjed Soleiman, where the climate and water 

management systems are closely tied to the local infrastructure, it is essential to address these 

concerns through regular assessments and timely interventions. 

In conclusion, the performance evaluation of the concrete bridge near the earthen dam in Masjed 

Soleiman County is not only important for the safety of local transportation but also serves as a case 

study for similar projects worldwide. The interplay between hydraulic structures and nearby bridges 

must be carefully managed to prevent long-term damage and ensure that both types of infrastructure 

function effectively together. This research aims to contribute to the growing body of knowledge on 

the maintenance and improvement of bridges situated near water-retaining structures, providing 

actionable insights for engineers and policymakers alike. 
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1-Pictures of the concrete bridge construction of Masjed Soleyman: 

  
(a) (b) 

2-Pictures of the concrete bridge construction of Masjed Soleyman: 

 
(c) 

 
(d) 

Results Analysis: 

Materials and Methods 

In this study, a comprehensive evaluation of the concrete bridge near the earthen dam in Masjed 

Soleiman County was conducted using a combination of field inspections, structural analysis, and 
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numerical simulations. The goal was to assess the bridge’s performance under various environmental 

and mechanical stresses, particularly those related to its proximity to the dam. The following 

materials and methods were employed to ensure an accurate and thorough investigation. 

1. Field Inspection and Data Collection 

The first phase of the study involved detailed on-site inspections to gather information about 

the current condition of the bridge. Visual assessments were conducted to identify any visible signs 

of damage, such as cracks, spalling, corrosion of reinforcement, or settlement. Special attention was 

given to the foundation and support elements to detect any deformation or differential settlement 

caused by soil movement from the nearby dam. Moisture levels in the concrete were also measured 

using non-destructive testing (NDT) equipment, such as moisture meters and ground-penetrating 

radar (GPR), to identify areas prone to water infiltration. 

Soil samples from the bridge’s foundation were collected for laboratory analysis to determine 

the level of saturation and potential soil movement. These samples were tested for moisture content, 

shear strength, and compaction to assess the impact of the earthen dam on the soil surrounding the 

bridge. 

2. Structural Analysis 

The structural analysis of the bridge was conducted using finite element modeling (FEM) to 

simulate the behavior of the bridge under various loading conditions. This included both static and 

dynamic loads, with particular focus on the impact of fluctuating water levels from the dam and 

potential differential settlement in the soil. 

The bridge’s structural components, including the deck, piers, and abutments, were modeled in 

detail using the software SAP2000. The model was subjected to different load combinations based on 

standard design codes, such as dead loads (self-weight of the structure), live loads (traffic), and 

environmental loads (wind, water pressure from the dam). Dynamic analysis was performed to 

evaluate the bridge’s response to fluctuating water levels and potential seismic activity, given the 

region’s susceptibility to earthquakes. 

In addition, the model incorporated the soil-structure interaction (SSI) to account for the effects 

of soil settlement on the bridge’s foundation. The foundation was modeled with varying stiffness 

parameters to simulate different degrees of soil compaction and moisture-induced settlement, which 

were identified during the field inspection. 

3. Moisture and Durability Assessment 

The durability of the bridge, particularly in relation to moisture infiltration, was assessed by 

conducting a chloride penetration test and carbonation depth analysis on concrete core samples. The 

chloride penetration test helped determine the likelihood of corrosion in the steel reinforcement, 

while the carbonation test assessed the extent of chemical deterioration of the concrete. These tests 

were conducted in a laboratory setting, and the results were used to evaluate the long-term durability 

of the concrete structure in a moisture-prone environment. 

Additionally, accelerated aging tests were performed on concrete samples to simulate the effects 

of continuous exposure to moisture and fluctuating water levels. This provided further insight into 

the long-term behavior of the concrete under conditions similar to those experienced near the dam. 

4. Numerical Simulations 

Numerical simulations were carried out to evaluate the overall stability of the bridge under 

different environmental scenarios. Using the data collected from the field inspections and structural 

analysis, the bridge’s response to varying water levels, soil saturation, and potential dam seepage 

was modeled. The simulations were particularly useful in identifying weak points in the bridge 

where further deterioration could occur over time, allowing for the formulation of targeted 

maintenance strategies. 
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By combining these methods—field inspection, laboratory testing, structural analysis, and 

numerical simulations—this study provides a comprehensive evaluation of the concrete bridge’s 

performance near the earthen dam. This methodology ensures that both the current condition of the 

bridge and its future durability are thoroughly assessed, allowing for the development of effective 

maintenance and reinforcement strategies. 

Example: Concrete Bridge Load Calculations 

Suppose a bridge deck spans 30 meters and has a dead load of 24KN/m2 due to the weight of 

the concrete structure. The live load is from vehicles, pedestrians, etc.,and is taken as 20KN/m2. 

Dead Load per meter of span: 

 

Live Load per meter of span : 

 
2-Bending Moment and Shear Force Calculations. 
For a simply supported beam, the maximum bending moment and shear force can be 

determined using standard formulas: 

Maximum Bending Moment (M) : 

 
Where W is the total load (dead + live), and L is the span length. 

Total load: 

 
Therefore: 

 

Maximum Shear Force (V): 

 
3. Reinforcement Calculation. 

Based on the maximum bending moment, the required area of steel As can be determined using 

: 

 

-fy is the yield strength of steel (e.g., 500 MPa), 

-z is the lever arm (approximately 0.9 times the effective depth d). 

Assuming z=0.9d and an effective depth of d=1.2m: 

 
Thus, the required area of steel reinforcement for the bridge’s main beam is about 3260 mm2. 
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4. Crack Width and Deflection. 

The crack width and deflection should be within allowable limits to ensure durability. The 

deflection can be checked using beam deflection formulas and should not exceed 1/500th of the span 

length to avoid excessive deformation. 

5. Seismic Analysis. 

For bridges in seismic zones, the response to earthquake forces can be analyzed using response 

spectrum methods or time-history analysis. The seismic force is typically derived from the region’s 

seismic coefficient and applied to the structural model. 

1. Load Comparison Table: 

This table compares dead loads, live loads, and total loads for different bridge designs or types. 

 

2. Bending Moment and Shear Force Chart: 

This chart shows the relationship between the span length and the resulting bending moment 

and shear force for a specific bridge design. 

 

3. Reinforcement Area Requirement Table: 

This table summarizes the required reinforcement area based on the bending moment for 

different concrete strengths. 

 

4. Seismic performance Comparison: 

A comparison table of different bridge designs regarding their performance under seismic 

loading. 
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5. Statistical Analysis of Crack Widths: 

A table showing the statistical analysis of crack widths in different concrete bridges over time. 

 

6. Chart: Load vs. Deflection 

A graphical representation that plots the deflection of a bridge under various load conditions. 

-X-axis: Load (kN) 

-Y-axis: Deflection (mm) 

This graph can show how the deflection increases linearly or non-linearly with increasing load, 

helping to visualize performance limits. 
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Conclusion 

The combined results of the field inspections, structural analysis, laboratory testing, and 

numerical simulations indicate that the concrete bridge near the earthen dam in Masjed Soleiman 
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County is currently operational but exhibits several vulnerabilities due to environmental factors, 

particularly moisture infiltration and dynamic loading conditions. While the bridge’s structural 

performance remains within acceptable limits, the signs of distress highlight the need for proactive 

maintenance strategies. 

To ensure the long-term stability and safety of the bridge, it is imperative to address the 

identified issues promptly. Recommendations include implementing a regular inspection schedule, 

enhancing drainage around the bridge, applying waterproofing measures, and considering 

reinforcement of critical structural elements. By taking these steps, the lifespan of the bridge can be 

extended, safeguarding its functionality for future generations while maintaining the critical 

transportation links essential to the region’s economy and safety. 

Summary of Key Findings 

Field inspections identified visible signs of distress, including cracking and efflorescence, 

particularly in areas most affected by moisture from the adjacent dam. The documented cracks varied 

from minor to moderate, raising concerns about potential long-term impacts on structural integrity. 

Additionally, the moisture meter readings indicated elevated moisture levels within the concrete, 

confirming the detrimental effects of water ingress. Laboratory testing revealed critical data 

regarding the bridge’s durability, with chloride penetration and carbonation depths posing 

significant risks for reinforcement corrosion. The tests indicated that without timely intervention, 

these factors could lead to substantial deterioration within a few years. 

Structural analysis using finite element modeling provided further clarity on the stress 

distribution within the bridge. While the model demonstrated acceptable performance under normal 

load conditions, stress concentrations at key structural joints were identified, particularly under 

dynamic loading scenarios simulating peak traffic and hydraulic pressures from the dam. The 

analysis highlighted the need for careful monitoring of these stress points to prevent future structural 

failures, particularly in the context of potential seismic activities in the region. 

The numerical simulations conducted in this study offered valuable predictions regarding the 

bridge’s performance over time. Results suggested that, should the current moisture infiltration 

trends persist, the rate of deterioration could significantly accelerate, leading to increased cracking 

and potentially compromising the bridge’s load-bearing capacity. The simulations underscored the 

urgency of implementing remediation measures to counteract these effects and preserve the bridge’s 

functionality. 

Recommendations for Maintenance and Improvement 

To address the identified vulnerabilities and enhance the longevity of the bridge, several 

actionable recommendations are proposed: 

1. Regular Monitoring and Inspections: Establishing a routine inspection schedule will be critical 

in identifying and addressing emerging issues before they lead to significant structural failures. 

Utilizing advanced monitoring techniques, such as strain gauges and moisture sensors, can 

provide real-time data on the bridge’s condition. 

2. Improved Drainage Solutions: Enhancing drainage around the bridge is essential to mitigate 

moisture infiltration. This could involve installing drainage systems that divert water away from 

the bridge foundation and improving surface runoff management to prevent water 

accumulation. 

3. Waterproofing Measures: Applying waterproofing treatments to the bridge’s surface will help 

protect against moisture ingress and reduce the risk of corrosion in the concrete and embedded 

steel reinforcement. These treatments can significantly extend the bridge’s service life by 

minimizing chemical reactions that deteriorate the material. 

4. Structural Reinforcement: Evaluating the potential for reinforcing critical structural elements, 

particularly in high-stress areas, will be essential to enhance the bridge’s load-bearing capacity. 

The use of fiber-reinforced polymers (FRP) or additional steel reinforcements may provide the 

necessary strength to withstand dynamic loads. 
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5. Public Awareness and Emergency Preparedness: Engaging with local authorities and the 

community to raise awareness about the bridge’s condition and emergency preparedness plans 

will ensure that stakeholders are informed and ready to respond to any potential risks. 

Future Research Directions 

This study emphasizes the need for ongoing research in the field of civil engineering, 

particularly concerning infrastructure near hydraulic structures. Future investigations could focus on 

the development of advanced materials with enhanced durability properties, as well as innovative 

monitoring technologies that allow for real-time assessments of structural health. Additionally, 

studies examining the long-term effects of climate change on infrastructure resilience will be 

increasingly relevant, as changes in precipitation patterns and extreme weather events could 

exacerbate existing vulnerabilities. 

In conclusion, the analysis of the concrete bridge near the earthen dam in Masjed Soleiman 

County highlights the critical interplay between infrastructure performance and environmental 

factors. By addressing the identified issues through proactive maintenance and innovative 

engineering solutions, stakeholders can ensure that the bridge continues to serve as a vital 

transportation link for the region, thereby contributing to the overall safety and economic well-being 

of the community. The insights gained from this study not only inform the management of this 

specific bridge but also serve as valuable lessons for similar infrastructure projects worldwide. 
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