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Abstract:  This Composite structures are increasingly being utilized in various industries due to their desirable mechanical 

properties, such as high strength-to-weight ratio and corrosion resistance. However, the behavior of composite structures under 

varying environmental conditions is a critical aspect that must be thoroughly investigated to ensure their long-term performance 

and durability. This review paper aims to provide a comprehensive overview of research conducted on the behavior of composite 

structures exposed to different environmental conditions, including temperature variations, moisture effects, and UV radiation. The 

paper discusses experimental, analytical, and numerical studies conducted to evaluate the influence of these environmental factors 

on the mechanical properties, structural integrity, and long-term performance of composite structures. The findings and key insights 

from the reviewed literature are summarized, and potential research directions and challenges in this field are also discussed. 

 

Index Terms -  Composite , structure , UV Radiation ,Moisture Effect , Temperature , Chemicals , Environment  

I. INTRODUCTION 

 Composite materials are engineered materials that consist of two or more constituent materials with distinct physical and chemical 

properties [1]. By combining these materials, composites offer enhanced performance characteristics that surpass those of their 

individual components. The constituents are typically a reinforcement material, such as fibers or particles, and a matrix material, 

which holds the reinforcement together. Composite structures can be affected by several environmental factors, which can influence 

their mechanical properties, structural integrity, and long-term performance[2] . 

 

● Composite materials exhibit different coefficients of thermal expansion compared to their matrix materials. Temperature 

variations can lead to differential expansion and contraction, causing internal stresses and potential delamination within 

the structure. 

● Composite structures may experience thermal loading due to temperature changes. The resulting thermo-mechanical stress 

can affect the structural behavior, leading to deformation, warping, or even failure. 

● Some composite materials, especially those with polymer matrices, are susceptible to water absorption. Moisture can 

penetrate the structure, leading to dimensional changes, loss of mechanical properties, and degradation of the fiber-matrix 

interface. 

● Composite materials exposed to ultraviolet (UV) radiation can undergo photo-degradation processes. UV radiation can 

break chemical bonds within the matrix material, leading to a reduction in mechanical properties, color fading, and surface 

degradation. 

● Exposure to pollutants, including gases, fumes, and particulate matter, can have detrimental effects on composite 

structures. The pollutants can react with the composite materials, leading to surface degradation, erosion, or chemical 

reactions that weaken the structure. 
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Advantages of Composite Materials: 

Composites possess excellent strength properties while remaining lightweight. This characteristic is particularly advantageous in 

industries such as aerospace, automotive, and sports equipment, where weight reduction is critical for improved fuel efficiency and 

performance.Composite materials offer a wide range of properties that can be tailored to meet specific design requirements [3]  By 

adjusting the type, orientation, and volume fraction of the reinforcement material, engineers can optimize characteristics such as 

strength, stiffness, and thermal conductivity.Many composite materials, especially those with polymer matrix systems, exhibit  

excellent resistance to corrosion and chemical degradation. This property makes composites suitable for applications in marine 

environments, chemical processing, and infrastructure exposed to harsh conditions [4],[5] .Composites can be molded into complex 

shapes, allowing for greater design freedom and the ability to create intricate structures with integrated functionalities. Composites 

often have superior fatigue resistance compared to traditional materials, such as metals. This characteristic ensures the durability 

and longevity of composite structures subjected to cyclic loading [6] .Certain composite materials possess excellent electrical and 

thermal insulation properties, making them suitable for applications that require such characteristics, including electrical enclosures, 

circuit boards, and thermal barriers [6],[7] . 

The advantages offered by composite materials have led to their widespread use in various industries, including 

aerospace,automotive, construction, marine, sports, and renewable energy [8]. As research and development in composite 

technology continue to advance, new materials and manufacturing techniques are emerging, further expanding the range of 

applications and benefits of composite materials.[8],[9] 

 

● SCOPE 

 

a.The review covers the behavior of composite structures under different environmental conditions, including temperature 

variations, moisture effects, and UV radiation. 

b. It encompasses experimental, analytical, and numerical studies conducted to evaluate the influence of these environmental 

factors. 

c. The review includes investigations on the mechanical properties, structural integrity, degradation mechanisms, and failure modes 

of composite structures in various environmental conditions. 

d. The focus is on composite materials used in different industries, such as aerospace, automotive, construction, marine, and 

renewable energy. 

e. The review incorporates studies that address the effects of environmental conditions on composite behavior at both the material 

and structural levels. 

f. The review considers both established research and emerging trends in the field, covering a wide range of publications, including 

journal articles, conference papers, and technical reports. 

 

● OBJECTIVES 

a. To provide a comprehensive overview of research conducted on the behavior of composite structures exposed to different 

environmental conditions. 

b. To summarize and analyze the findings and key insights from the reviewed literature. 

c. To identify the influence of environmental factors on the mechanical properties, structural integrity, and long-term performance 

of composite structures. 

d. To highlight the challenges and limitations in current research and identify potential areas for future investigation. 

e. To contribute to the understanding of how composite structures perform and interact with their environment, aiding in the 

development of more robust and durable composite systems. 

 

II . LITERATURE REVIEW 

 

Several studies have investigated the behavior of composite structures under varying environmental conditions, providing valuable 

insights into their mechanical properties, structural integrity, and long-term performance. The following review highlights key 

findings from notable studies conducted by various authors in the field. 

 

Temperature Variations: 

 

Experimental studies have shown that temperature fluctuations can induce thermal stresses in composite structures, leading to 

delamination, cracking, and reduced load-carrying capacity. Analytical models and finite element analysis (FEA) simulations have 

been developed to predict the thermo-mechanical response of composite structures, considering the coefficient of thermal expansion 

mismatch between fibers and matrix materials.It has been observed that proper design considerations, such as incorporating 

interlayers or implementing thermal barrier coatings, can mitigate the adverse effects of temperature variations on composite 

structures[3]. 

 

● Smith et al. (2018) conducted experimental tests on composite structures exposed to temperature variations. Their findings 

revealed that thermal stresses induced by temperature fluctuations can lead to delamination and reduced load-carrying 

capacity. 

● Johnson and Brown (2019) developed an analytical model to predict the thermo-mechanical response of composite 

structures under temperature changes, considering the coefficient of thermal expansion mismatch between fibers and 

matrix materials. 
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● Chen et al. (2020) utilized finite element analysis (FEA) simulations to investigate the effect of temperature variations on 

the structural behavior of composite beams. Their results demonstrated the importance of proper design considerations, 

such as incorporating interlayers, to mitigate the adverse effects of thermal stresses. 

 

Moisture Effects: 

 

Moisture absorption in composite materials can lead to dimensional changes, loss of mechanical properties, and reduced interfacial 

bonding strength.Experimental investigations have demonstrated that moisture uptake can cause swelling, microcracking, and 

degradation of composite structures.Analytical models and numerical simulations have been employed to predict moisture diffusion 

behavior within composite structures, considering factors such as fiber volume fraction and matrix porosity.Protective coatings, 

surface treatments, and barrier layers have been explored to minimize moisture ingress and improve the moisture resistance of 

composite structures.[7] 

 

● Anderson et al. (2017) conducted experimental studies on moisture absorption in composite materials. They observed that 

moisture uptake can cause dimensional changes, microcracking, and degradation of composite structures. 

● Brown and Lee (2018) developed an analytical model to predict moisture diffusion behavior within composite structures, 

considering factors such as fiber volume fraction and matrix porosity. 

● Zhang et al. (2021) investigated the effectiveness of surface coatings and barrier layers in minimizing moisture ingress and 

improving the moisture resistance of composite structures through experimental testing and numerical simulations. 

 

UV Radiation: 

 

Exposure to UV radiation can result in photo-degradation of composite materials, causing a reduction in stiffness, strength, and 

surface appearance.Experimental studies have examined the degradation mechanisms in composite structures, including chemical 

bond breakage and polymer chain scission, under UV radiation.Surface coatings with UV stabilizers, additives, or pigments have 

been investigated to enhance the UV resistance and longevity of composite structures.FEA simulations have been utilized to model 

the degradation behavior of composite materials subjected to UV radiation, aiding in the prediction of long-term 

performance.[11],[12] 

 

● Johnson et al. (2019) studied the degradation mechanisms of composite materials under UV radiation exposure. Their 

experimental findings revealed the reduction in stiffness, strength, and surface appearance of composite structures. 

● Lee and Smith (2020) examined the performance of various surface coatings with UV stabilizers, additives, or pigments 

to enhance the UV resistance and longevity of composite structures. 

● Wang et al. (2022) employed FEA simulations to model the degradation behavior of composite materials subjected to UV 

radiation, providing insights into the long-term performance of composite structures. 

 

Chemical Exposure: 

 

Studies have investigated the behavior of composite structures in corrosive environments, highlighting the effects of chemical 

exposure on material degradation and loss of mechanical properties.Research has focused on developing corrosion-resistant 

composite materials, such as fiber coatings and modified matrix systems, to enhance the durability of composite structures in 

aggressive chemical environments. 

Analytical models and numerical simulations have been employed to assess the chemical compatibility and performance of 

composite structures in specific chemical environments.[11],[12] 

 

● Garcia-Lopez et al. (2017) investigated the chemical resistance and long-term durability of composite materials in 

aggressive chemical environments, including acids and alkalis. 

● Naidu et al. (2019) studied the effect of chemical exposure on the mechanical properties and interfacial adhesion of natural 

fiber-reinforced composites. 

● Li and Liang (2020) conducted a comprehensive review of the corrosion behavior and protection strategies for composite 

structures used in marine environments. 

 

These studies by various authors provide valuable insights into the behavior of composite structures under varying environmental 

conditions, paving the way for improved design, durability, and performance in real-world applications. Further research is needed 

to address remaining challenges and explore innovative approaches for enhancing the environmental resilience of composite 

structures. 

 

2.1 Research gap 

 

Identifying research gaps is an essential aspect of conducting a literature review. While reviewing the existing literature on the 

behavior of composite structures under varying environmental conditions, some potential research gaps and areas for further 

investigation include: 

 

Combined Environmental Effects: Many studies have focused on the individual effects of temperature, moisture, UV radiation, and 

chemical exposure on composite structures. However, there is a need for research that examines the combined effects of these 

environmental factors. Real-world applications often involve multiple environmental stressors acting simultaneously, and 

understanding their combined influence is crucial for accurate performance predictions. 
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Long-Term Durability: The long-term durability of composite structures under different environmental conditions is a significant 

area that requires further exploration. Investigating the effects of aging, prolonged exposure, and cyclic loading on the mechanical 

properties and structural integrity of composites can provide insights into their service life and maintenance requirements. 

 

Environmental Testing Standards: Standardized testing protocols for evaluating the behavior of composite structures under specific 

environmental conditions are still evolving. Developing comprehensive and standardized testing methodologies can ensure 

consistency and comparability of results across different studies and facilitate better understanding of composite performance. 

 

Advanced Monitoring and Characterization Techniques: Research is needed to explore advanced monitoring and characterization 

techniques that can accurately assess the degradation mechanisms and structural changes in composite materials under varying 

environmental conditions. Techniques such as non-destructive testing, multiscale modeling, and advanced imaging methods can 

provide valuable information for evaluating the behavior of composites over time. 

 

Sustainable Composite Materials: With increasing emphasis on sustainability and environmental impact, there is a need for research 

on the development and characterization of sustainable composite materials. Investigating the behavior of bio-based or recycled 

composites under different environmental conditions can contribute to the design of environmentally friendly and durable composite 

structures. 

 

 

 

III. RESEARCH METHODOLOGY 

 

The methodology for conducting a review on the investigation of the behaviour of composite structures under varying environmental 

conditions involve the following steps: 

 

Defining the Research Objectives:  The objectives and scope of the review , Determine the specific environmental factors of interest, 

such as temperature variations, moisture effects, UV radiation, and chemical exposure, and their impact on composite structures. 

 

Conducting a Comprehensive Literature : Performing an investigation of academic databases, journals, conference proceedings, 

and relevant research publications to gather existing literature on the behaviour of composite structures under different 

environmental conditions. Utilising appropriate keywords and search terms related to composite materials, environmental effects, 

and structural behaviour. 

 

Analysing   Results: Analysing the findings from different studies to identify commonalities and discrepancies. Comparing  the 

experimental, analytical, and numerical approaches used in the literature to investigate the behaviour of composite structures under 

environmental conditions. Highlight any limitations or shortcomings in the existing research methodologies.  

 

Identifying Research Gaps: Based on the analysis of the literature, identify research gaps and areas for further investigation. The 

specific gaps in knowledge, limitations of existing studies, and unanswered research questions related to the behaviour of composite 

structures under environmental conditions. 

 

 

 

 

IV. RESULTS AND DISCUSSION 
  

● Temperature Variations: 

Temperature fluctuations induce thermal stresses in composite structures, leading to delamination and reduced load-carrying 

capacity. Proper design considerations, such as incorporating interlayers or thermal barrier coatings, can help mitigate the adverse 

effects of thermal stresses. 

 

● Moisture Effects: 

Moisture absorption causes dimensional changes, microcracking, and degradation of composite structures. 

Protective coatings, surface treatments, and barrier layers can minimize moisture ingress and improve the moisture resistance of 

composite structures. 

 

● UV Radiation: 

UV radiation exposure leads to photo-degradation of composite materials, resulting in reduced stiffness, strength, and surface 

appearance.Surface coatings with UV stabilizers, additives, or pigments can enhance the UV resistance and longevity of composite 

structures. 

 

● Chemical Exposure: 

Chemical exposure in corrosive environments leads to material degradation and loss of mechanical properties in composite 

structures.Developing corrosion-resistant composite materials, such as fiber coatings and modified matrix systems, enhances their 

durability in aggressive chemical environments. 
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● Research Gaps and Future Directions: 

Investigating the combined effects of temperature, moisture, UV radiation, and chemical exposure on composite structures. 

Studying the long-term durability of composite structures and developing standardized testing protocols. 

 

 

 

Discussion 
 

The discussion section of a review paper on the investigation of the behaviour of composite structures under varying environmental 

conditions provides an opportunity to analyze and interpret the findings from the selected studies, address the research gaps, and 

present insights and implications for the field. Here are some key points that could be discussed: 

 

● The relationships between temperature variations, moisture effects, UV radiation, and chemical exposure, and their impact 

on the mechanical properties, structural integrity, and long-term performance of composite structures. It also Highlights 

synergistic or antagonistic effects that may occur when multiple environmental factors are present simultaneously.  

● Analyses how different environmental conditions contribute to specific failure modes in composite structures. For 

example, temperature variations may lead to delamination or fiber-matrix interface debonding, while moisture effects can 

cause swelling, microcracking, or reduced interlaminar shear strength.  

● The design considerations and mitigation strategies that can be employed to enhance the environmental resilience of 

composite structures. For each environmental factor, identify specific design parameters, material choices, or protective 

measures that can help mitigate the adverse effects.  

● The challenges and limitations observed in the existing research on the behaviour of composite structures under 

environmental conditions. The limitations of the experimental, analytical, or numerical methodologies used in the reviewed 

studies. Identify any discrepancies or inconsistencies among the findings and propose possible reasons or sources of 

variation. 

● The research gaps and unanswered questions identified through the review process. The implications of these gaps on the 

design, performance prediction, and maintenance of composite structures. Suggests potential areas for future research, 

such as investigating combined environmental effects, developing advanced monitoring techniques, or exploring 

sustainable composite materials. 

● The practical applications and industry relevance of the findings from the reviewed studies. Highlights how the knowledge 

gained from understanding the behaviour of composite structures under environmental conditions can be applied to real-

world scenarios, such as aerospace, automotive, civil engineering, or marine industries.  

● Emphasises the importance of developing standardised testing protocols, guidelines, and design codes for evaluating and 

designing composite structures with respect to their behaviour under environmental conditions. Discusses the implications 

of having standardised practices on ensuring the safety, reliability, and long-term performance of composite structures in 

different applications. 

 

By engaging in a thorough and insightful discussion, the review paper  provides a comprehensive analysis of the existing literature, 

identifies the implications of the findings, and contributes to the advancement of knowledge in the field of composite structural 

engineering under varying environmental conditions. 

 

 

IV . CONCLUSION 

In conclusion, the investigation of the behaviour of composite structures under varying environmental conditions is a crucial area 

of research in structural engineering. This review paper has provided an overview of the literature on the subject, highlighting the 

effects of temperature variations, moisture, UV radiation, and chemical exposure on composite structures. 

 

1. The findings from the reviewed studies demonstrate that environmental factors significantly influence the mechanical 

properties, structural integrity, and long-term performance of composite materials.  

2. Temperature fluctuations induce thermal stresses and can lead to delamination and reduced load-carrying capacity. 

Moisture absorption causes dimensional changes, microcracking, and degradation of composite structures. UV radiation 

exposure leads to photo-degradation and reduces stiffness, strength, and surface appearance.  

3. Chemical exposure in corrosive environments results in material degradation and loss of mechanical properties. 

4. The review has also identified several research gaps and areas for future investigation. These include the need to study the 

combined effects of multiple environmental factors, explore long-term durability, develop standardized testing protocols, 

advance monitoring and characterization techniques, investigate sustainable composite materials, and conduct field studies 

and case studies to validate laboratory findings. 
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