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Abstract: This research explores recent advancements in mitigating the impact of thermal bridging in
wall assemblies constructed with cold-formed steel. Thermal bridging, the unintended transfer of heat
through structural components, poses significant challenges to energy efficiency and building
performance. This study investigates emerging materials and insulation technologies, advanced
modeling and simulation techniques, innovative building envelope designs, smart building
technologies, and updates to building codes and standards that collectively contribute to the mitigation
of thermal bridging effects. The research highlights the adoption of advanced insulation materials such
as aerogels and vacuum insulation panels, as well as the integration of phase change materials to
enhance insulation performance. Advanced modeling tools and building information modeling (BIM)
software enable designers to identify and address thermal bridging issues during the design phase.
Dynamic thermal simulation tools predict temperature fluctuations caused by thermal bridging, aiding
in optimal design choices. Innovative building envelope designs, including continuous exterior
insulation and structural thermal breaks, are discussed as effective strategies to minimize thermal
bridging. Smart building technologies, such as dynamic shading systems and occupancy sensors, offer
dynamic solutions to reduce the impact of thermal bridging in real-time. Finally, the study
acknowledges the importance of updated building codes and standards, which now include stricter
requirements for thermal performance and insulation in cold-formed steel constructions. These
advancements collectively contribute to a future where construction embraces energy efficiency,
occupant comfort, and sustainability, ultimately reducing the environmental footprint of buildings.
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1. Introduction

In response to the construction industry's growing
emphasis on energy efficiency and sustainability,
addressing thermal bridging effects in wall assemblies
constructed with cold-formed steel has become a
paramount concern. Thermal bridging, which involves the
transfer of heat through structural components, presents a
significant challenge in maintaining building performance
and overall energy efficiency. Recent research endeavors
have delved into innovative approaches to mitigate the
impact of thermal bridging in cold-formed steel wall
assemblies, unveiling a range of cutting-edge techniques
and materials. One promising avenue of progress lies in

Paper 1D: 2023/IJEASM/4/2023/1892

the development and application of advanced insulation
materials specifically tailored to combat thermal bridging
in cold-formed steel constructions. Aerogels, known for
their ultra-low thermal conductivity, are increasingly
finding their way into wall assemblies. These remarkable
materials offer exceptional insulation capabilities while
minimizing space requirements, making them an attractive
solution for reducing heat transfer through structural
elements. Additionally, Vacuum Insulation Panels (VIPS)
have emerged as a valuable resource in the fight against
thermal bridging. VIPs provide high thermal resistance
within a thin and compact form, making them particularly
well-suited for addressing thermal bridging in critical areas
like window and door frames.
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Another noteworthy development involves the integration
of Phase Change Materials (PCMs) into wall assemblies to
combat thermal bridging. PCMs possess the unique ability
to absorb and release thermal energy, -effectively
regulating temperatures and reducing the temperature
fluctuations that often result from thermal bridging. By
incorporating PCMs strategically within the building
envelope, engineers and architects can enhance energy
efficiency while ensuring more consistent and comfortable
indoor climates. In conclusion, the quest for improved
energy efficiency and sustainability in construction has
spurred remarkable advancements in mitigating the impact
of thermal bridging in cold-formed steel wall assemblies.
The utilization of cutting-edge insulation materials like
aerogels and VIPs, along with the incorporation of PCMs,
represents a significant stride towards achieving energy-
efficient and environmentally responsible building
designs. These innovations hold great promise in reducing
heat transfer through structural elements, ultimately
contributing to enhanced building performance and
reduced energy consumption.
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2. Advanced Modeling and Simulation
Techniques

The advancement of computational tools and software has
revolutionized the modeling and simulation of thermal
bridging effects in cold-formed steel wall assemblies.
Recent developments include: Computational models now
offer higher fidelity in simulating heat transfer through
complex building assemblies, allowing for more accurate
predictions of thermal performance. BIM software has
integrated thermal bridging analysis, enabling designers to
identify and address thermal bridging issues during the
early stages of design. Dynamic simulation tools can
predict temperature fluctuations caused by thermal
bridging under varying weather conditions, helping
designers optimize building performance.

Table 1 Literature Survey

Author(s) Year | Methods Findings Suggestions
Beausoleil-Morrison, 1., & Review of thermal bridge | Reviewed thermal bridge
Zmeureanu, R. 2013 | modeling modeling in buildings N/A
Implementation  of  the

Standard for calculating | standard in building
CEN 2021 | EN ISO 10077-2:2017 standard | thermal transmittance assessments

Analyzed impact of
de Gracia, A., Rincén, M. Comprehensive assessment of | thermal bridges on energy | Consider thermal bridges in
A., & de Lara, J. 2019 | thermal bridges demand building energy assessments
European Committee for EN 6946:2017 standard for Use the standard for thermal
Standardization (EN thermal resistance and | Provides a calculation | calculations in  building
6946:2017) 2017 | transmittance calculation method components

International Organization
for Standardization (ISO

ISO 10211:2017 standard for

Detailed calculations for

heat flows and surface | Use the standard for detailed

10211:2017) 2017 | thermal bridges temperatures thermal calculations
La Ferla, L., Riva, G., & Review of advanced thermal | Examined advanced | Consider advanced thermal
Ferrandes, R. 2020 | break solutions thermal break solutions breaks in building envelopes

Reviewed thermal bridge | Consider energy

Review on thermal bridge effect | effects and  energy | conservation in dealing with

Li, Y., Lu, L., & Wu, Y. 2020 | and energy conservation conservation thermal bridges

Evaluated thermal | Assess different window-to-
Manfren, M., Ferrante, A., Comparative analysis of | transmittance of | wall interfaces for thermal
& Lettieri, M. 2019 | window-to-wall interfaces interfaces transmittance

Investigated thermal | Evaluate thermal
Mauro, G., Lettieri, M., & Review of thermal performance | performance of facade | performance and energy

Salerno, G. 2019 | and energy efficiency

solutions efficiency of facades

Nielsen, T. R, &

Dynamic thermal modeling of | thermal

Developed dynamic

models  for | Use dynamic modeling for

Svendsen, S. 2014 | thermal bridges bridges thermal bridge assessments
Utilize  building  energy
Building Energy  Modeling | Provides building energy | modeling  software  for

NREL 2021 | Software modeling software assessments
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3. Innovative Building Envelope Designs

Innovations in building envelope design have become a
focal point for architects and engineers seeking to
minimize the adverse effects of thermal bridging in
construction. One effective strategy involves the
incorporation of continuous exterior insulation within wall
assemblies. This approach significantly reduces the impact
of thermal bridging, leading to enhanced energy efficiency
in buildings. Additionally, engineers are exploring the use
of structural thermal breaks within cold-formed steel
connections, effectively interrupting heat flow and
preserving the integrity of insulation. A further avenue for
mitigating thermal bridging involves combining various
materials and construction methods within  wall
assemblies. For example, the combination of concrete-
filled steel studs alongside cold-formed steel can
effectively curtail heat transfer, contributing to improved
thermal performance in building structures. These
innovative  approaches  underscore the  ongoing
commitment to creating energy-efficient and sustainable
buildings while addressing the challenges posed by
thermal bridging in construction.

4. Smart Building Technologies

Innovations in building envelope design have emerged as a
crucial strategy to combat the detrimental effects of
thermal bridging in construction. Thermal bridging occurs
when a heat-conductive material, such as metal or
concrete, provides a path for heat to bypass insulation in a
building's envelope, leading to energy loss and reduced
thermal comfort. Architects and engineers are increasingly
focused on devising creative solutions to minimize these
heat transfer pathways and enhance overall energy
efficiency in buildings.

One significant advancement in this regard is the
incorporation of continuous exterior insulation within wall
assemblies. By applying insulation continuously on the
outside of the building structure, thermal bridging is
substantially reduced. This approach ensures that the
building's exterior remains well-insulated, preventing heat
from escaping through the structural components. As a
result, the building requires less energy for heating and
cooling, leading to lower energy consumption and reduced
greenhouse gas emissions.

Engineers are also exploring the use of structural thermal
breaks within cold-formed steel connections. These breaks
are strategically placed interruptions in the building's
structure that impede the transfer of heat. By inserting
these thermal breaks in critical locations where heat flow
is a concern, such as where metal connections penetrate
the insulation layer, engineers can maintain the integrity of
the insulation and prevent energy loss. This innovation is
particularly valuable in colder climates where thermal
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bridging can lead to substantial heat loss and increased
heating costs.

Furthermore, architects and engineers are experimenting
with hybrid wall assembly designs that combine different
materials and construction methods. For instance, pairing
concrete-filled steel studs with cold-formed steel in a wall
assembly can effectively curtail heat transfer through the
building envelope. By carefully selecting and combining
materials based on their thermal properties, construction
professionals can create more energy-efficient structures
that mitigate the impact of thermal bridging.

In conclusion, the relentless pursuit of energy-efficient and
sustainable building solutions has led architects and
engineers to embrace innovative approaches in building
envelope design. Continuous exterior insulation, structural
thermal breaks, and hybrid wall assembly designs are all
strategies aimed at minimizing thermal bridging and
enhancing overall energy performance in buildings. These
advancements not only reduce energy consumption and
operating costs but also contribute to a more
environmentally responsible approach to construction.

5. Building Codes and Standards Updates

Recent updates to building codes and standards have
recognized the importance of addressing thermal bridging
in cold-formed steel wall assemblies. Building codes now
include more stringent requirements for thermal
performance and insulation in cold-formed steel
constructions.  Standard-setting  organizations  have
published guidelines specific to mitigating thermal
bridging in cold-formed steel, providing clear
recommendations for designers and builders. The
continuous advancement of materials, modeling
techniques, envelope designs, smart technologies, and
updated building codes underscores the industry's
commitment to mitigating thermal bridging effects in cold-
formed steel wall assemblies. These innovations offer
promising solutions to enhance energy efficiency, improve
occupant comfort, and reduce the environmental footprint
of buildings. As researchers and practitioners embrace
these advancements, the future of construction holds the
promise of even more energy-efficient and sustainable
buildings.

6. Conclusion

The conclusion summarizes the key findings and insights
from the research on mitigating thermal bridging effects in
wall assemblies made of cold-formed steel. It emphasizes
that various sectors within the construction industry are
actively working towards improving the performance of
these assemblies. The continuous advancement of
materials, such as innovative insulation options, and the
development of more efficient modeling techniques
demonstrate the industry's dedication to finding better
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solutions. Additionally, the exploration of envelope
designs that reduce thermal bridging and the integration of
smart technologies, like automated shading systems and
occupancy sensors, further underline this commitment.
Moreover, the conclusion acknowledges the importance of
updated building codes and standards that now incorporate
stricter requirements related to thermal performance in
cold-formed steel constructions. These standards reflect a
collective effort to raise the bar for energy efficiency and
sustainability in construction practices.

In essence, the research suggests that the construction
industry is moving in a positive direction, with a strong
focus on enhancing energy efficiency, improving occupant
comfort, and reducing the environmental impact of
buildings. As researchers and practitioners embrace these
advancements, it is expected that the future of construction
will bring even more energy-efficient and sustainable
buildings, contributing to a more environmentally
responsible and comfortable built environment.
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