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Introduction



Typical LSF wall system

Terminologies:

ü Light gauge steel frame (LSF) walls

ü Lightweight steel frame/framing

ü Cold-formed steel (CFS) walls

ü Thin-walled steel elements

Applications:

ü Utilised in residential, office, and industrial 
buildings

ü Fire-separating or non-fire separating

ü Loadbearing walls or non-loadbearing 
elements

ü Increasing usage in the building industry







Scope



Systematic literature review

Benchmark furnace tests 

Numerical modelling study 
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Systematic literature review



ü To understand current strategies used in numerical modelling of LSF walls exposed to fire.

ü To examine how various design conditions, including fire exposure condition, the number of 
exposed faces to fire, loading conditions, component characteristics, and configurations, 
impact the structural performance of LSF walls in fire. 

Aim of literature review study

Research questions
ü What are the best practices for modelling the performance of LSF walls in fire? 

ü How does the number of faces exposed to fire and other design parameters affect the fire 
resistance rating and structural performance of LSF walls?



Records identified 
through 
Scopus 

(n = 473)

Records identified 
through 

Web of Science 
(n = 151)

Records identified 
through 

Engineering Village
(n = 308)

Search keywords:
("light gauge steel" OR "lightweight steel" OR "cold-formed steel" OR "thin-walled steel") AND 

(fire) AND (wall OR walls)) 
AND ( LIMIT TO (LANGUAGE: "English"))

Number of records after duplicates and triplicates removed
(n = 521)

Number of records 
screened
(n = 521)

Full-text of articles 
assessed for eligibility

(n = 195)

Studies included for 
detailed review

(n = 67)
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Systematic 
review 
design
(PRISMA)

Full text eligibility criteria:
ü Fire related
ü Other accidental loadings in 

addition to fire was excluded (e.g., 
seismic loading, blast loading, etc.)

ü Be on LSF wall systems
ü Numerical modelling
ü Full text available



Review results – Modelling parameters



Review results – Modelling parameters



Review results – Modelling parameters



Modelling Idealization
Single stud model

Steel frame with lateral 
restraint

Complete wall
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q Temperature dependent 
properties:

• Density
• Specific heat capacity
• Thermal conductivity
• Mechanical properties

q Boundary condition q Initial Geometric imperfections

q Sheathing material fall-off

Review results – Modelling parameters
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Fire exposure condition
• Type of fire time-temperature curve. 
• Realistic design fires cause more damage compared to 

standard fires. 
• It is important to investigate the influence of two-sided 

exposure on the temperature distribution within LSF 
wall components and ultimately its fire performance.

Load ratio
• Load ratio has a significant impact on the fire 

performance of load-bearing and non-load bearing LSF 
walls

• Load ratios for load-bearing LSF walls typically ranging 
between 0.2 and 0.7

Steel section details
• The geometry of steel stud sections has minimal impact 

on LSF wall stud performance under fire conditions, 
however, using hollow section (SHS/RHS) studs in cavity-
insulated walls has an advantage in increasing FR.

• Increasing the aspect ratio of LSF walls marginally 
improved fire behaviour, while increasing the stud web 
depth led to an increased FR.

• Increasing steel thickness and grade results in an increase 
in FR.

Insulation and sheathing board
• Cavity insulation can enhance the insulation fire 

resistance level of non-loadbearing LSF walls but reduces 
the fire resistance level of load-bearing LSF walls

• Number of sheathing board layers and insulation location

Review results – Factors influencing performance of 
LSF walls

Sheathing material fall-off
• Sheathing board fall-off lead to increase in the rate of 

temperature rise, significantly reducing the fire resistance 
of LSF walls.



Preliminary Numerical Study
(Thermal FE Analysis - SAFIR)



Modelling scenarios
ü Based on proposed testing programme

Ø Two layers of sheathing board 
(15 mm each) – Gypsum plasterboard

Ø With and without insulation
Ø Steel stud - 100SN12 (100x53x14x1.2)
Ø Stud spacing = 600 mm
Ø Standard fire

ü Three LSF wall configurations
Ø No insulation
Ø Cavity insulation
Ø External insulation

No insulation

Cavity insulation (Cold frame system)

External insulation (Warm frame system)



Modelling scenarios
ü Four fire models

Ø Standard ISO fire
Ø EC 1 parametric fire – short, hot
Ø EC1 parametric fire – long, cool
Ø EC1 external fire

ü Fire exposure on one side only

ü Fire exposure on both sides
Ø Time lags: 5 min, 10 min & 20 min

Parametric fire – short, hot Standard fire

Parametric fire – long, cool

External fire



Selected Modelling Results
Insulation type: External insulation

30 min 60 min 90 min

Fire condition: ISO

One- sided exposure

Two - sided exposure (10 min lag)

One- sided exposureOne- sided exposure

109 °C

213 °C

141 °C

Two - sided exposure (10 min lag) Two - sided exposure (10 min lag)



Selected Modelling Results
Insulation type: External insulationFire condition: ISO

Two-sided fire exposure

One-sided fire exposure



Selected Modelling Results
Insulation type: Cavity insulation

30 min 60 min 90 min

Fire condition: ISO

One- sided exposure

Two - sided exposure (10 min lag)

One- sided exposureOne- sided exposure

Two - sided exposure (10 min lag) Two - sided exposure (10 min lag)

289°C

698 °C

534 °C

900°C

910 °C

899 °C



Selected Modelling Results
Insulation type: Cavity insulationFire condition: ISO

Two-sided fire exposure

One-sided fire exposure



Selected Modelling Results
Fire condition: ISO

Two-sided fire exposure
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Insulation type: Cavity insulation Insulation type: External insulation



Summary



• The effect of double-sided exposure could have implications for the fire resistance of LSF 
walls exposed to fire.

• There is lack of test data and numerical studies for two-sided exposure of LSF walls. 

• Results of numerical studies on LSF walls subjected to fire on one side can be used to 
define factors that can potentially influence the performance of LSF walls in fire to form a 
basis for future parametric studies of LSF walls exposed to fire on two sides.

• Preliminary numerical simulation indicate that Insulation between the studs has a 
significant impact and, therefore, this is a variable that should be considered. 

• Results further suggests that two-sided exposure is more significant at higher fire 
resistance demands.

Summary



Further Studies



Further numerical studies
ü Validation of numerical models with experiments.

ü Further parametric studies:

ü Influence of different section types

ü Influence of number of sheathing board

ü Influence of cavity insulation thickness

ü More time lags

ü Thermo-mechanical analysis

ü Reversible and irreversible thermal properties

ü Influence of thermal and mechanical properties during the 
cooling phase 

ü Analysis to ascertain whether existing design equations/methods 
can be used or modified to account for double-sided fire exposure
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Questions?


