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ÅTo developrepresentative models of low-rise, 
critical function buildings in Mississippi subjected 
to fire and smoke scenarios

ÅThe test will be conducted by computer in high fidelity 
operational environment. The software used are the Fire 
Dynamics Simulator (FDS), the Consolidated Model of 
Fire and Smoke Transport (CFAST), and the Smokeview 
(SMV), developed and supported by BFRL/NIST

ÅThe properties of the new materials investigated in 
Material Research, and the fire resistant retrofitting 
solutions investigated in Structural Component and 
System Research, will be used to investigate the improved 
performance of these critical function buildings 

objectives





FEA: Finite Element 

Modeling 

Coupled 
Thermal- StructuralSurface Heat Flux

Temperature: T(t)
Absorption Coefficient

RTM: Radiative Transport 

Modeling

FDS: Fire Dynamic 

Simulations
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Material research
Description of Material Used
ÁEpoxyñThe flexible epoxy used was made of  100phr Epon

828/50phr JeffamineD-400/25phr JeffamineD-2000.ò

ÁPolyurea ñLINE-X XS-350 is a two- component polyurea from 

Protective coating Inc.ò

ÁPolyurea POSS ñPolyhedral OligomericSilsesquioxane(POSS®) 

is a class of silicon based nanochemicalsdesigned to fulfill various 

mechanical functions. Hybrid Plastics Incò

ÁEpoxy reinforced with xGnPñ(xGnP) were produced at 

Michigan State University. XGnP-15, made from Asbury 3772 using High 

Power Microwave was used. Prior to its use,xGnPplatelets were kitchen-

microwavedfor 1 min/1min per 10-15 g.

ÁPolyurea reinforced with xGnP



Material research

ÁFire Protection Material 
ÁLR ñTyfo® LR is a liquid [ethylene propylene] rubber coating used from 

Fyfe inc.ò

ÁLR HP ñTyfo® HP is a two-component epoxy fire retardant-

intumescentcoating based on non-halogenated phosphates.ò

ÁLR FC F ñTyfo* FC/F is a two part epoxy coating system specially 

formulated to provide an increase in existing fire rating. Tyfo * F is a one 

component formulation designed to be applied over Tyfo FC. The Tyfi

FC/F System will provide an increase to the fire rating of an element as per 

ASTM E-119 (2- hrourswall rating) and provide a Class 1, ASTM E-84 

flame and smoke rating.ò

ÁType 4 ñTyfo® Blast-Flex Type 4 is two-component polyurea based 

systems with fire-resistance additive from Fyfe Incò





Calorimeter experimental setup



Time Dependent HRRs Obtained 
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Time Dependent HRRs Obtained 

From Cone Calorimeter

Time Dependent HRRs Obtained From Cone 

Calorimeter Measurements Epoxy Coated Brick
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Heat Release Rate (HRR) Measurements Polymer Plaques
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Heat release rate (HRR) measurements Polymer  Coated 

Blocks

  Polymer Coated Blocks
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PHRR EXPERIMENTAL VALUES
Material

Incident Flux

(30 kW/m2)

Incident Flux

(40 kW/m2)

Incident Flux 
(50 kW/m2)

Polymeric Plaques

Polyurea 1450 1875 2201

Polyurea+Phosphate n.a. 1720 1327

Polyurea+POSS 856 1299 1156

Epoxy 1544 1966 2263

Epoxy+Graphene 1738 1553 1887

Polymeric Coated Cinder Blocks

Polyurea 213 260 216

Polyurea+POSS 233 229 293

Polyurea+Graphene 305 261 221

Epoxy 391 422 n.a.

Epoxy+Graphene 602 552 552

LR 38 39

LR HP 127 152

LR FC F 84 108

Type 4 128 147





üStructural Component Research

ÁConcrete Column

ÁSteel Column

ÁMasonry Wall

üStructural System Research

ÁSingle Room

ÁMultiple Room

üDecision Support System

Fire simulations outline



üRadiation field must be determined from solutions of the 

radiative transport equation which relates the incident flux 

to the spatial distribution of temperature and combustion 

products

üAssumption used in Thermal analysis in structures, is that 

the radiant heat flux q incident upon surface of the element 

is related to gas temperature

üThe temperature and stress distribution in the structural 

elements  can be calculated, given a spatially uniform 

enclosure temperature and a  the  ñtime- temperature curveò

FIRE SIMULATIONS



üConcrete Column

üMasonry Wall

Structural Component Research



Structural Component Research
Column Wall

Concrete 18ò*18òConcrete Wall ñ9ô*9ô*8ò





FDS: Concrete columns
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Heat Flux Time Evolution Plots For The Concrete Columns



HRRPUV For  PP Coated Concrete Columns FDS
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Maximum Heat Flux At (0.5m) For Coated Blocks



Maximum Heat Flux At (0.5m) For Coated Blocks



Max Heat Release Rate At Different Heat Fluxes For 
Polyurea POSS Coating



Max Temperature Profiles Varying The Coating 

Thickness For Polyurea And POSS





Von Mises Stress Nodal Distribution In Concrete Coated 
Columns

Concrete
Polyurea 

POSS
Epoxy Gypsum



Concrete Columns Maximum And Minimum Strainx , Stressx

Concrete Columns

Baseline
Polyurea 

POSS
Epoxy Gypsum

Max Stress  (GPa)

0.07 0.11 0.62 0.04

Min Stress (GPa) 

-1.13 -1.66 -5.97 -0.55

Max Strain

0.027 0.033 0.04 0.02

Min Strain

-0.005 -0.73 -1.26 -0.03



Von Mises Stress Nodal Distribution In Concrete Coated Walls

Epoxy Polyurea  POSS LR HP LR



Concrete Wall Maximum And Minimum StrainX , StressX

Concrete Wall

Epoxy Polyurea POSS LR HP LR

Max Stress  (GPa)

-2.09 -0.19 -1.09 -0.08

Min Stress  (GPa)

-129.94 -8.69 -68.74 -39.45

Max Strain

-0.02 -0.02 -0.01 -0.01

Min Strain

-14.14 -7.79 -7.41 -3.46



üDifferent heat fluxes did not have a major effect 

on HRRPA for  polymeric materials studied

üIt is shown that addition of POSS and graphene 

has reduced the HRR for the polyurea by 2.5%

üGraphene platelets addition to epoxy based 

polymer coatings has a counter effect on the 

HRR, maximum heat flux, and maximum 

surface temperatures

Conclusion & Remarks



üConcrete wall coated with .003m LR performed 

the best in terms of least HRR, and minimal 

resulted structural stress/strain

üThe addition of fire retardant filler such as 

LRFCF and LR for polyurea has reduced 

significantly the HRR peak value by 29%

üNo effect for thickness variation of polyurea 

POSS

Conclusion & Remarks



This work was supported by the funding

received under a subcontract from the

Department of Homeland Security ï

sponsored Southeast Region Research

Initiative (SERRI) at the Department of

Energy's Oak Ridge National Laboratory,

USA.

Acknowledgement




