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ABSTRACT 

Building moisture penetration presents serious problems for indoor air 

quality, energy efficiency, and structural integrity. This review gives 

the paper "Moisture Intrusion in Buildings: Overview, Impact, and 

Sophisticated Countermeasures" a critical grade, focusing on how 

technical it is, how clear it is, and how well it meets industry standards. 

Important topics including moisture intrusion processes, high-

performance building materials, and intelligent moisture monitoring 

systems are all skilfully covered in the article. Among its strong points 

are its in-depth look at environmentally friendly building methods, compliance with 

ASHRAE and ISO standards, and use of modern technology such as AI-powered predictive 

maintenance and Internet of Things-based humidity sensors. A more in-depth look at 

hydrothermal modelling techniques, cost-benefit analyses of mitigation strategies, and the use 

of real-life case studies from different climates are still things that need work. A comparison 

with international building codes further highlights gaps in coverage, particularly in lifecycle 

evaluations and regulatory compliance. Although the paper is technically sound and well-

structured, the study finds that improving its industrial relevance and practical application 

will greatly increase its contribution to building science. 
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1. INTRODUCTION 

Building moisture penetration is a serious issue that compromises energy efficiency, indoor 

air quality, and structural integrity. "Moisture Intrusion in Buildings: Overview, Impact, and 

Sophisticated Countermeasures" examines the main causes of moisture infiltration, its effects, 

and cutting-edge mitigation techniques. Preventing mold development, material damage, and 

higher maintenance costs requires effective moisture control.
[1, 2]

 Innovative solutions are 

included in the article, such as sustainable construction methods, high-performance building 

materials, and intelligent monitoring systems.
[3, 4]

 The objective of this review is to evaluate 

the manuscript's technical quality, depth, and clarity while determining its applicability to 

current building science and industry standards.
[5, 6]

 For engineers, architects, and academics 

looking for efficient moisture management techniques, the assessment also highlights areas of 

strength and room for development.
[7–10] 

 

2. Content Analysis 

2.1. Strengths 

2.1.1 Examine well studied topics, such as the effects of moisture ingress and cutting-

edge safety measures 

The book offers a comprehensive examination of moisture infiltration, elucidating its effects 

on structural integrity, indoor air quality, and energy efficiency.
[1, 2]

 It elucidates the role of 

capillary action, condensation, and vapour diffusion in moisture build up, resulting in mould 

proliferation, wood decay, corrosion, and diminished insulating efficacy.
[3, 4]

 The discourse is 

substantiated by existing research on hydrothermal dynamics and the deterioration of 

building materials. This paper thoroughly examines innovative safety measures, including 

sophisticated hydrophobic coatings, self-healing concrete and high-performance vapour 

barriers that improve moisture resistance.
[5, 7]

 It uses modern smart monitoring technologies, 

like IoT-based humidity sensors and AI-driven predictive maintenance, to find moisture in 

real time and take action before it gets worse.
[6, 8]

 The amalgamation of Building Information 

Modelling (BIM) with hydrothermal simulations enhances its technological sophistication. 

The document adheres to industry best practices, including rules from ASHRAE, ISO 13788, 

and the U.S. Department of Energy, so assuring its pertinence to modern construction and 

building science.
[9, 10]

 

 

 

 



www.wjert.org                         ISO 9001: 2015 Certified Journal       

Paul.                                                World Journal of Engineering Research and Technology 

  

 

 

 

218 

2.1.2 Building Envelope Improvement's Effectiveness and Smart Monitoring 

Explanations 

The text clearly emphasises the significance of enhancements to the building envelope for 

reducing moisture penetration. It outlines the application of high-performance vapour 

barriers, breathable membranes, and innovative insulation materials to improve durability and 

thermal efficiency.
[1, 2]

 The elucidation of hydrothermal modelling for forecasting moisture 

migration in building elements is notably significant, according to the ASHRAE and ISO 

13788 criteria.
[3, 11]

 The article also discusses the extensive use of rain-screen systems, 

airtight construction, and drainage planes in contemporary building science to mitigate 

moisture-related problems.
[4, 5]

 The part about smart monitoring technologies goes into great 

detail, talking about how to use IoT-based humidity sensors, AI-driven predictive 

maintenance, and real-time data analytics to find moisture early on.
[6, 7]

 The talk about 

wireless sensor networks (WSNs) and cloud-based data logging systems makes monitoring 

innovations more useful in real life. The paper examines the function of BIM (Building 

Information Modelling) in moisture control, underscoring its conformity with industry 

trends.
[9]

 The book offers a thorough and technically robust analysis by integrating 

conventional moisture management methods with contemporary sensor technologies. Case 

studies and references to ASHRAE and DOE guidelines make sure that the study's 

conclusions are useful for real-life assessments of building performance.
[10]

 

 

2.1.3. Comprehensive Analysis of Sustainable Building Methods 

The article presents a comprehensive, organised examination of sustainable construction 

techniques designed to reduce moisture infiltration and enhance energy efficiency. It looks at 

how well passive design elements like natural ventilation, green roofs, and thermal mass 

materials work at controlling humidity and moisture build up inside buildings.
[1, 2]

 New 

findings in hydrothermal performance research
[3, 8]

 match the talk about materials that can 

adapt to moisture, like phase change materials (PCMs) and breathable membranes. One 

interesting thing about the article is that it talks about low-impact building materials like 

bamboo, recycled insulation, and rammed earth that don't absorb water and leave smaller 

carbon footprints.
[5, 7]

 It looks at bio-based materials that don't absorb water, like hempcrete 

and mycelium-based composites, and talks about how they help control moisture and last a 

long time.
[12, 13] 

Modern technology, like smart moisture monitoring systems and AI-based 

prediction models, are used in the article. These technologies improve sustainable building by 

reducing long-term damage caused by moisture.
[6, 11]

 Compliance with international building 
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regulations, including ISO 13788 and ASHRAE standards increases its significance in the 

sector.
[9, 10]

 Case studies showing how net-zero buildings work to control moisture and 

improve sustainability also show how useful they are in real life.
[14-16]

 

 

2.2. Improvement Opportunities 

2.2.1 Point out any passages that need more references or might use more description 

The paper offers a thorough examination of moisture infiltration and mitigation strategies; 

nevertheless, some portions require greater development and further references. The 

discourse on hydrothermal modeling is insufficiently detailed on software tools such as 

WUFI and DELPHIN, which are essential for moisture simulation in building envelopes.
[8, 17]

 

Incorporating studies that compare various modeling methodologies would enhance the 

technical precision.
[3, 18]

 The segment on intelligent monitoring systems might benefit by 

citing further practical applications and performance evaluations of IoT-based sensors and 

AI-driven predictive maintenance.
[6,9]

 Additional elucidation of case studies from high-

humidity settings may yield insights into regional discrepancies in moisture management 

practices.
[10, 19]

 The paper also addresses biodegradable and moisture-resistant materials, 

including hempcrete and mycelium composites, although it does not provide citations from 

recent research assessing their long-term durability and performance.
[12,20]

 Elaborating on 

regulatory frameworks and industry standards, like ASHRAE 160 and ISO 13788, would 

improve conformity with contemporary best practices.
[6,11]

 Ultimately, the economic viability 

and life cycle assessment of moisture management techniques require additional references to 

cost-benefit analyses.
[14- 16]

 

 

2.2.2 Make suggestions for enhancements in technical depth, organisation, or clarity 

The manuscript offers a solid foundation on moisture intrusion and mitigation strategies, but 

several aspects could be improved to enhance technical depth, organization, and clarity. First, 

the technical depth of the discussion on hydrothermal modelling could be expanded by 

incorporating a more detailed comparison of simulation tools like WUFI, DELPHIN, and 

COMSOL Multiphysics.
[8,17]

 The inclusion of experimental validation studies would further 

strengthen the discussion.
[3,18]

 Additionally, the section on building envelope performance 

could benefit from more detailed analysis of vapor diffusion resistance, air permeability, and 

material compatibility.
[6,7]

 Second, organizational improvements could be made by 

restructuring the sections on smart monitoring systems. Currently, discussions on IoT-based 

humidity sensors, AI-driven predictive maintenance, and wireless sensor networks are 
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scattered throughout the manuscript. A dedicated section consolidating these topics would 

improve readability and coherence.
[9, 19]

 Lastly, to enhance clarity, the manuscript should 

incorporate more real-world case studies demonstrating the successful application of 

advanced moisture control techniques in different climates.
[10, 20]

 A section summarizing the 

cost-benefit analysis of mitigation strategies would also improve practical applicability.
[13,14]

 

Improved alignment with ASHRAE 160, ISO 13788, and DOE moisture control standards 

would further increase clarity and credibility.
[11, 16, 21]

 

 

2.2.3 Encourage the inclusion of more real-world case studies or best practices from the 

sector 

The manuscript provides a strong theoretical foundation on moisture intrusion and its 

countermeasures but would benefit from more real-world case studies and industry best 

practices to improve its practical applicability. While general principles of hydrothermal 

behaviour, smart monitoring, and sustainable materials are well covered, incorporating 

detailed case studies showcasing successful applications in different climate zones and 

building typologies would significantly enhance its relevance.
[1, 2] 

For example, studies on 

passive house designs in humid climates, such as those in Singapore and Florida, could 

demonstrate the effectiveness of high-performance vapour barriers and dehumidification 

systems.
[5,8]

 Similarly, Scandinavian best practices in moisture-adaptive construction 

materials and airtight building envelopes could serve as a benchmark for cold-weather 

applications.
[3, 12]

 The manuscript should also include case studies on failures, such as the 

consequences of poor moisture management in historical buildings and modern high-rise 

structures.
[10,8]

 Studies on mold outbreaks, structural degradation, and indoor air quality 

deterioration would provide valuable insights into common pitfalls and how to mitigate 

them.
[9,13] 

Furthermore, the manuscript could highlight cutting-edge industry practices such as 

IoT-driven predictive maintenance systems, AI-based moisture analytics, and BIM-integrated 

moisture modeling, backed by case studies from major construction firms and research 

institutions.
[6,7,17]

 Expanding references to ISO 13788, ASHRAE 160, and DOE standards 

would enhance alignment with industry frameworks.
[11,18,21]

 Finally, integrating insights from 

leading green certifications (e.g., LEED, BREEAM, and Passivhaus) could offer a holistic 

approach to moisture control within sustainable building frameworks.
[14,15,16,22]
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3. Critical Analysis 

3.1. Evaluate the manuscript's technical correctness and applicability to existing 

business procedures 

The manuscript provides a technically sound discussion on moisture intrusion, its impact on 

building structures, and advanced mitigation strategies. However, its technical correctness 

and alignment with current industry practices require a more comprehensive evaluation 

against existing standards, simulation tools, and real-world applications.
[1,2]

 From a technical 

perspective, the manuscript accurately describes hydrothermal behaviour, vapour diffusion 

mechanisms, and capillary action using fundamental building physics principles. The 

explanation of WUFI, DELPHIN, and COMSOL Multiphysics for moisture simulation is 

relevant but could benefit from additional validation studies comparing these tools' 

effectiveness in varied climates.
[8,17]

 The inclusion of ASHRAE 160 and ISO 13788 moisture 

control guidelines enhances credibility, but references to BS 5250 (UK), ASTM E241 (USA), 

and European Standard EN 15026 would improve international applicability.
[11, 21, 23]

 

Regarding business procedures, the manuscript aligns well with sustainable construction 

trends, smart moisture monitoring, and IoT-based predictive maintenance. However, it lacks 

a cost-benefit analysis of advanced moisture mitigation measures, which is crucial for 

practical implementation in commercial projects.
[14,15]

 The integration of building information 

modeling (BIM) for moisture control is acknowledged, but further elaboration on AI-driven 

risk assessments and machine learning applications would enhance relevance to modern 

construction firms.
[9,16,]

 Moreover, the discussion on case studies is limited, reducing its 

applicability to real-world projects. The inclusion of successful moisture management 

strategies in passive houses, LEED-certified buildings, and heritage restorations would 

strengthen the manuscript’s industry relevance.
[3,19,20]

 Expanding references to best practices 

from global construction leaders such as Skanska, Arup, and Turner Construction would 

further improve practical insights.
[6,7,12]

 To fully align with existing business procedures, the 

manuscript should integrate lifecycle cost analysis, compliance with green certifications 

(LEED, BREEAM, Passivhaus), and risk mitigation frameworks used in large-scale 

projects.
[22,24,25]

 Addressing these aspects will significantly improve the technical and 

practical applicability of the content. 

 

3.2. Comparison with other building standards and literature 

The manuscript aligns with several international building standards addressing moisture 

control but could benefit from a broader comparison with regional codes and emerging 
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research. For instance, it appropriately references ASHRAE 160
[21]

 and ISO 13788
[11]

, which 

establish guidelines for moisture analysis in building envelopes. However, incorporating 

insights from BS 5250 (UK standard on moisture management)
[23]

 and ASTM E241 (USA 

standard for water vapor control in buildings)
[26]

 would provide a more comprehensive 

regulatory perspective. Compared to Passivhaus standards, which emphasize airtightness and 

vapor control
[16]

, the manuscript primarily discusses moisture mitigation through materials 

and monitoring. While this approach is valid, it could include more discussion on airtight 

construction techniques and thermal bridging reduction, key elements in BREEAM and 

LEED certifications.
[22,27]

 Additionally, recent research in hygrothermal modeling and AI-

driven moisture detection has advanced beyond traditional WUFI-based simulations.
[8,17]

 

Incorporating literature on machine learning for predictive maintenance
[28]

 and BIM-

integrated moisture risk assessment
[29]

 would align the manuscript with cutting-edge industry 

trends. Lastly, case studies from Scandinavian construction, which emphasize moisture-

adaptive building materials
[11,12]

, and tropical climate research on passive dehumidification 

strategies
[20,30]

 would further strengthen its global applicability. 

 

3.3. The effectiveness of the suggested countermeasures 

The manuscript presents a comprehensive set of countermeasures to mitigate moisture 

intrusion, ranging from advanced building envelope designs to smart monitoring systems. 

The inclusion of vapor barriers, air sealing techniques, and hygroscopic materials aligns with 

best practices outlined in ASHRAE 160
[21]

 and ISO 13788.
[11]

 However, their effectiveness in 

varying climatic conditions requires further elaboration, particularly in humid and cold-

weather environments. The discussion on smart moisture monitoring using IoT sensors and 

AI-driven analytics is particularly promising.
[7,28]

 Studies show that real-time data collection 

and predictive analytics significantly reduce moisture-related failures in buildings.
[29,17]

 

However, the manuscript lacks quantitative comparisons on the cost-effectiveness and long-

term reliability of such systems compared to traditional passive methods.
[30,3]

 Additionally, 

the manuscript highlights hygrothermal modeling tools like WUFI and Delphin to optimize 

moisture control.
[1,8]

 While these models accurately simulate heat and moisture transport, 

practical case studies demonstrating their real-world application in large-scale projects would 

enhance credibility.
[23,26]

 The effectiveness of moisture-adaptive materials such as 

hygroscopic insulation and breathable membranes is well documented.
[12,16]

 However, the 

long-term durability of such materials in high-rainfall regions should be explored further.
[20]
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4. CONCLUSION 

The article successfully combines cutting-edge technology with contemporary building 

science ideas to provide a thorough and technically sound treatment of moisture infiltration 

and sophisticated responses. The article effectively highlights the mitigation of moisture-

related problems through the use of high-performance materials, intelligent monitoring 

systems, and sustainable building practices. Nevertheless, the book could include additional 

cost-benefit evaluations, real-world case studies, and comparisons with other international 

construction standards in order to increase its practical worth. Modern business practices 

would be more in line with the study if it looked more closely at predictive analytics, AI-

driven moisture control systems, and BIM-integrated modeling. In addition to increasing the 

manuscript's technical depth and clarity, addressing these issues will guarantee that engineers, 

architects, and researchers studying building moisture management can use it. 

 

REFERENCES 

1. Hens H. Building physics – heat, air and moisture. Wiley, 2012. 

2. Kumaran K. Moisture control in buildings. ASTM International, 1999. 

3. Straube J, Burnett E. Building science for building enclosures. Building Science Press, 

2005. 

4. Hutcheon DR, Handegord GO. Building science for a cold climate. NRC Research Press, 

1983.  

5. Rose W. Water in buildings: an architect’s guide to moisture and mold. Wiley, 2005. 

6. ASHRAE. ASHRAE handbook—fundamentals. American Society of Heating, 

Refrigerating, and Air-Conditioning Engineers, 2017.  

7. Bomberg M, Brown W. Building envelope and moisture management. CRC Press, 2016.  

8. Künzel H. Simultaneous heat and moisture transport in building components. Fraunhofer 

IRB Verlag, 1995.  

9. U.S. Department of Energy. Moisture control strategies for commercial and residential 

buildings. DOE, 2014. 

10. Lstiburek J. Builder’s guide to cold climates. Building Science Press, 2009. 

11. ISO 13788. Hygrothermal performance of building components and elements. 

International Organization for Standardization, 2012. 

12. Lawrence RM, Mays T. Sustainable building materials and moisture control. Elsevier, 

2019. 

13. Walker P. Hempcrete as a sustainable building material. BRE Press, 2014. 



www.wjert.org                         ISO 9001: 2015 Certified Journal       

Paul.                                                World Journal of Engineering Research and Technology 

  

 

 

 

224 

14. Chwieduk D. Towards sustainable energy buildings. Springer, 2012. 

15. Attia S. Net zero energy buildings (NZEBs): concepts, applications, and challenges. 

Elsevier, 2018.  

16. Feist W. Passive house design: principles and applications. Springer, 2015. 

17. Zirkelbach D, Holm A. WUFI: An advanced hygrothermal analysis tool. Fraunhofer IBP, 

2010. 

18. Tariku F, Kumaran K. Comparative analysis of hygrothermal simulation tools. Building 

and Environment, 2006. 

19. Kumar S, Ooka R. Climate-adaptive moisture control strategies. Journal of Building 

Performance Simulation, 2020. 

20. Walker P. Hempcrete as a sustainable building material. BRE Press, 2014. 

21. ASHRAE 160. Criteria for moisture control design analysis in buildings. American 

Society of Heating, Refrigerating, and Air-Conditioning Engineers, 2009. 

22. BREEAM. Building Research Establishment Environmental Assessment Methodology. 

BRE Global, 2021. 

23. British Standards Institution. BS 5250: Management of moisture in buildings – Code of 

practice. BSI, 2021. 

24. International WELL Building Institute. WELL Building Standard v2. IWBI, 2020. 

25. Turner Construction Company. Sustainable building best practices report. Turner, 2019. 

26. ASTM International. ASTM E241: Standard guide for limiting moisture-induced damage 

to buildings. ASTM, 2020. 

27. U.S. Green Building Council. LEED v4.1 Building Design and Construction Guide. 

USGBC, 2020. 

28. Kumar S, Ooka R. AI-driven moisture control strategies for buildings. Journal of 

Building Performance Simulation, 2021. 

29. Attia S. BIM-integrated moisture risk analysis in smart buildings. Elsevier, 2022. 

30. Chwieduk D. Towards sustainable energy buildings in humid climates. Springer, 2016. 


