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Agenda

● Overview of structural fire design approaches using computational modelling

● Fire dynamics modelling technique

● Thermal response modelling technique

● Structural response modeling technique

● Simulation examples of fire dynamics, thermal response and structural response model from RIFS project



Structural fire design approaches 

Using FDS as 

computational 

tool ( CFD)

Using ABAQUS

computational 

tool (FEM)

Sprinkler’s model

● Design process to determine the performance of the structure exposed to fire using 

computational modelling.



Fire dynamcis model

● Sprinkler’s model

● Estimation of sprinkler’s model parameters for FDS input

● Modelling of fire

● Defining ignition source and heat release rate

● Defining ignition temperature, heat release rate (HRRPUA) for combustible obstructions ( objects)

● Modelling of other structure in fire dynamics model

● Defining thermal material properties of obstruction

● Defining relevant output request ( thermocouple devices, 2D slice for temperature and similar)

Output: time-temperature curve



Thermal  and structural analysis 

Heat transfer procedure
Structural analysis procedure

Input: time-temperature curve 
from fire behavior model

Output: temperature histories in 
member

Input: temperature histories in 
member

Temperature 
mapping



Temperature points for beam section: ABAQUS



Thermal response analysis modelling technique 

0.8,  25 W/mK = =

(a) FE model (b) Comparison of FE results and fire 

test

● Fire test: Concrete infilled steel column 

and topped steel beam

● Thermal analysis tecnique validation

Cooke, G.M.E, Latham, D.J. (1987). The inherent fire resistance of 

a loaded steel framework. Steel Construction Today, 1, 49-58.



Structural response analysis modelling technique 

(a) FE model (b) Comparison of FE results and fire 

test

● Fire test: Concrete infilled steel column 

and topped steel beam

● Structural analysis technique validation

Cooke, G.M.E, Latham, D.J. (1987). The inherent fire resistance 

of a loaded steel framework. Steel Construction Today, 1, 49-58.



Simulation examples of  fire dynamics, thermal response 
and structural response model

● Examples from Risk-informed Fire Safety of sustainable sprinklered buildings using 

computational modeling (RIFS) project.

● Example structure 1: Lightweight Steel Framed (LSF-frame) residential building with sprinklers

● Example structure 2: Warehouse

● Fire scenarios: without sprinkler (case 1) and with sprinklers (case2)

computational domain 15m x 10m

apartment size 12m x 7m 

mesh 10cm warehouse 41m x 31m 

Extended computational  41m x 35m

mesh size 20cm 



Example strcuture 1: Lightweight Steel Framed (LSF-
frame) residential building with sprinklers

● Sprinkler’s parameters estimation for FDS input

● Modeling of fire using heat release rate (HRR)

● Defining ignition of fire starts in the middle of living room with heat release rate per unit area.

● Modelling the combustible fuel on the struture using FDS default simple chemistry reaction model

● Fire dyanmics 

● Thermal analysis of LSF wall panels

● No sprinkler’s case

● Structural analysis of critical LSF wall panels

● No sprinkler’s case



Example strcuture 1: Location of  sprinklers, 
thermocouples and devices placed in FDS model

(a) Tyco resident sprinkler LF11 series

Picture: https://www.tyco-fire.com/products-and-solutions/sprinklers-nozzles-and-accessories/residential



Example strcuture 1 : Estimation of  sprinkler model 
parameter for FDS



Example strcuture 1: Estimation of  sprinkler model 
parameter for FDS



Example strcuture 1: Case 1 and Case 2 results

(a) HRR and temperature with sprinkler

(b) HRR and temperature without sprinkler



Case 1: No sprinkler’s 

Example strcuture 1: Thermal response 
model

Case 1: Sprinkler present



Structural response of  critcal LSF wall panels

Example strcuture 1: Structural response model

Collapse time = 

55 min



Example strcuture 2 : Warehouse

● Sprinkler’s parameters 

● Modeling of fire 

● Defining ignition of fire starts in the middle of living room with 

heat release rate per unit area

● Modelling the combustible fuel on the struture using FDS 

default simple chemistry reaction model. HRR of a typical 

wood pallet (SFPE Handbook 2016). 

● Fire dyanmics 

● Thermal analysis member (2D thermal analysis)

● Structural analysis of wareouse as tubular frame solutions

Picture: SFPE Handbook 2016



Example strcuture 2: Estimation of  sprinkler model 
parameter for FDS

Spray Profile Patterns

20%50% 20%

10%

Picture: https://www.tyco-fire.com/products-and-solutions/sprinklers-nozzles-and-accessories/storage



Example strcuture 2: Estimation of  sprinkler model 
parameter for FDS input

● Tyco Storage sprinklers 

Model ESFR-25

● 25.5 K-factor Pendent 

Sprinkler

● Early Suppression, Fast 

Response

Picture: tyco-fire.com



Example strcuture 2: Location of  sprinklers, 
thermocouples and devices placed in FDS model



Results: Case 1 simulation vidoes



Results: Case 2 simulation vidoes



Results: Case 1 and Case 2



Thermal analysis of  member

Example strcuture 2: Thermal response 
model



Example strcuture 2: Structural response

Collapse time = 

38 min

Structural response model case 1

Structural response model case 2

No Collapse 

timeStructural model 



Thank you for you attenion !

Dilip Neupane, M.Sc (Tech)
Research Engineer, Steel Structures, 

HAMK Tech Research Unit

Häme University of Applied Sciences

dilip.neupane@hamk.fi

Mobile: +358 50 5174 996

Visakaarre 9, Hämeenlinna, Finland

P.O. Box 230, FI-13101 Hämeenlinna, 

Finland

Zhongcheng Ma, D.Sc (Tech)
Principal Research Scientist and Research Group

Leader in Steel Structures

HAMK Tech Research Unit

Häme University of Applied Sciences

zhongcheng.ma@hamk.fi

Mobile: +358 50 4361383

Visakaarre 9, Hämeenlinna, Finland

P.O. Box 230, FI-13101 Hämeenlinna, Finland

mailto:dilip.neupane@hamk.fi
mailto:zhongcheng.ma@hamk.fi

