Fire Resistance ModellngforNano -Particle
Reinforced Composites Designed for Blast
Protection

H. Alkhateb?, Dr. A. Al-Ostaz!, Dr. A. Cheng?,

University of Mississippi,1:Civil Engineering Depratment, 2:Engineering School
Aug-11-2010
Los Angeles - CA

From Quantum to Infrastructure
o pes

THE UNIVERSITY OF MISSISSIPPI




Outline
U Objectives
U Approach
U Experimental Data

U Fire Dynamic Simulations

U Parametric Evaluation
U Finite Element Modeling Results

U Remarks and Conclusion

THE UNIVERSITY OF MISSISSIPPI



objeives

ATo developrepresentativemodels of lowrise,
critical function buildings in Mississippi subjected
to fire and smoke scenarios

AThe testwill be conducted by computerin 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 bBFRL/NIST

AThe properties of the new materialsinvestigated in
Material Research, and the fire resistant retrofitting
solutions investigated in Structural Component and
System Research, will beised to investigate the improved
performance of these critical function buildings
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APPROACH
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FDS: Fire Dynamic RTM: Radliaiiixe Thanspott FEA: Finite: Element
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Material research
U Experimental

U Simulation

U Parametric Evaluation For The
Best Performance Material
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Material research

Description of Material Used
AEpoxyiThe flexible epoxyEmsed w
828/50phiJeffamineD-400/25phiJeffamineD-2 0 0 0 . ©

A Polyurea AL I -MKS-350is atwecomponent polyurea from
Protective coating |l nc. o

A Polyurea POSSi P o | y BligamericSilsesquioxan¢POSS®)
IS a class of silicon basednochemicaldesigned to fulfill various
mechanical functions. Hybri d Pl

A Epoxy reinforced with xGnP # XGnP were produced at

Michigan State University. XGnB5, made from Asbury 3772 using Hig|
Power Microwave was used. Prior toulse,xGnMplatelets were kitchen
microwavedfor 1 min/1min per 1415 g.

A Polyurea reinforced with xGnP
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I\/Iatrial reseérch
AFire Protection Material

AR ATyfo® LR is a liquid [ethylene propylene] rubber coating used fi
Fyfe inc. o

AR HP ATyfo® HP is a twecomponent epoxy fire retardant
Intumescentoating basedonnemal ogenated phosp
ARFCE ATyfo* FC/F is a two part epoxy coating system specially

formulated to provide an increase in existing fire ratiiygo * F is a one
component formulation designed to be applied dyéo FC. TheTyfi

FC/F System will provide an increase to the fire rating of an element a
ASTM E-119 (2 hrourswall rating) and provide a Class 1, ASTM3&

fl ame and smoke rating. o

AType 4 fiTyfo® BlastFlex Type 4 is twecomponent polyurea based
systemswithfiree esi st ance additive fron
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EXPERIMENTAL
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Tlme Dependent HRRS Obtalned
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Fire Experlments%. HRRpolymer plaques

Polymer Plaques
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Fire Experlments; HRR'Coated Blocks

Polymer Coated Blocks
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Incident Flux Incident Flux Incident Flux

S (30 kW/n?) (40 KW/n?) (50 kw/n)

Polymeric Plaques
Polyurea 1450 1875 2201
Polyurea+Phosphatg n.a. 1720 1327
Polyurea+POSS 856 1299 1156
Epoxy 1544 1966 2263
Epoxy+Graphene 1738 1553 1887
- PoymericCoated CinderBlocks
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
LRFCF 84 108
Type 4 128 147
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FIRE SIMULATIONS
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Flre S|mulat|ons outllne

U Structural Component Research
A Concrete Column
A Steel Column
A Masonry Wall
U Structural System Research
A Single Room
A Multiple Room
U Decision Support System
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FIRE SIMULATIONS.

U Radiation field must be determined from solutions of the
radiative transport equation which relates the incident flu
to the spatial distribution of temperature and combustion

products

U Assumption used in Thermal analysis in structures, Is the
the radiant heat flux g incident upon surface of the eleme
IS related to gakemperature

U The temperature and stress distribution in the structural
elements can be calculated, given a spatially uniform
encl osure temper-dtemperar d
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Structural Component Research

U Concrete Column

U Masonry Wall
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PART1: FIRE DYNAMIC SIMULATION
(FDS)
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HRRPUV For Coated Concrete Columns FDS Snap Shot:
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FDS: Concrete columns
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FDS: Concrete columns
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HRRPUV For PP Coated Concrete Columns FDS
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Max Heat Flux at (.5 m) for Coated Blocks
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Fds: Masonry Walls
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Max.Temperature vs PP Thickness
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PART?2: FINITE ELEMENT ANALYSIS
(FEA)
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Polyurea
POSS

Concrete

Von Mises Stress Nodal Distribution In Concrete Coated
Columns
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FEA Concr

Concrete Columns

Polyurea
POSS

Max Stress (GPa)

Min Stress (GPa)

Baseline

Epoxy Gypsum

-1.13 -1.66 -5.97 -0.55
Max Strain

0.027 0.033 0.04 0.02

-0.005 -0.73 -1.26 -0.03

Concrete Columns Maximum And Minimum Strainx , Stressx

THE UNIVERSITY OF MISSISSIPPI



= — -
o S —
3 K A N —
S B J«E% 33
_— - < > . = —

FEA: Masonry walls

Epoxy Polyurea POSS LR HP

Von Mises Stress Nodal Distribution In Concrete Coated Walls
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FEA Masonry ‘walls

Concrete Wall

Epoxy Polyurea POSS LR HP
-2.09 -0.19 -1.09 -0.08
-129.94 -8.69 -68.74 -39.45
-0.02 -0.02 -0.01 -0.01
-14.14 -7.79 -7.41 -3.46

Concrete Wall Maximum And Minimum StrainX , StressX
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Conclusmn & Remarks

U Different heat fluxes did not have a major effet
on HRRPA for polymeric materials studied

U It Is shown that addition of POSS and grapher
has reduced the HRR for the polyurea2®fo

U Graphene platelets addition to epoxy based
polymer coatings has a coungdfect on the
HRR, maximum heat flux, and maximum
surface temperatures
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Conclusmn & Remarks

U Concrete wall coated with .003m LR performe
the best in terms of least HRR, and minimal
resulted structuratress/strain

U The addition of fire retardant filler such as
LRFCF and LR for polyurea has reduced
significantly the HRR peak value by %9

U No effect for thickness variation of polyurea
POSS
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