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 Select FPE Research Areas @ UMD

• Construction Materials and Furnishings

Material Flammability Research [Prevention]

• Building Systems

Fire Sensing Research [Detection]

Fire Suppression Research [Response]

Building Fire Resilience
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 Focus

• Establish advanced measurement techniques and models to

support development of

virtual material analysis minimizing expensive, hazardous, and

environmentally burdensome testing; and ultimately

high performance (cost, toxicity, ignition, flame spread, etc.)

materials through improved understanding and improved navigation

of a broader discovery landscape.

Material Flammability
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Material Flammability
We start with:

Material A

It has excellent 

mechanical properties 

and required functionality 

but, when ignited, could 

be easily mistaken for jet 

fuel.   

Step 3:

Prepare samples

…...

…
..
.

Step 4:

Test samples
Step 5:

Update the toolbox

…...

Compounds or functional groups 

b, c, d, e, f, … have the right 

atoms and/or have shown to 

work in other materials.  Should 

we mix all of them?

Step 2:

Search FR chemistry toolbox

…...

http://www.tapplastics.com/product/plastics/cut_to_size_plastic/hdpe_sheets/529
http://www.google.com/url?sa=i&rct=j&q=&source=images&cd=&cad=rja&docid=e4rCZMjjy467gM&tbnid=H7lx9e7xKM-pcM:&ved=0CAUQjRw&url=http://www.guardian.co.uk/commentisfree/joris-luyendijk-banking-blog/2012/jul/13/former-investment-banker&ei=xf3BUYuCH5LD4AOS54GYDg&bvm=bv.47883778,d.dmg&psig=AFQjCNGX_G89ZJn3jcwRGjcy5H8DuUoFHg&ust=1371754132560412
http://www.google.com/url?sa=i&rct=j&q=&source=images&cd=&cad=rja&docid=9te7lPZXBMG-1M&tbnid=Ro83vA4e-rmElM:&ved=0CAUQjRw&url=http://www.jaimesoriano.net/training/top-tier-vs-mlm-which-one-should-you-choose/&ei=3ALCUYLRG9fd4APjwoDYDw&bvm=bv.48175248,d.dmg&psig=AFQjCNHWNGBxE92BzovpIqNn20cuPXpv8A&ust=1371755557339582
http://www.google.com/url?sa=i&rct=j&q=&source=images&cd=&cad=rja&docid=W3Q3YXxWjF2dHM&tbnid=TNu3UxJovz1X3M:&ved=0CAUQjRw&url=http://www.franklinparishlibrary.org/&ei=UAnCUfWsGa7H4AO34IGABg&bvm=bv.48175248,d.dmg&psig=AFQjCNHNCLy9IModxBIPl5fZdP2XH0ptcg&ust=1371757229080029
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 Alternative Method

Material Flammability

Material structure 

relation 

Extremely complex and 
difficult to interpret  

kinetics of degradation 

thermodynamics of degradation 

thermodynamics of combustion 

material density 

heat capacity 

thermal conductivity 

optical properties 

Relations that are much 
easier to understand 
and predict 

Accomplished through 
modeling 

Flammability

Model

radiation 

convection 

heat flux = f (component flux) 

A ® B + C 

component flux (key predicted quantity) 

Gas phase is represented by 

empirical relations between 

heat flux and component 

fluxes. The relations are 

derived from experiments. 

radiative 
loss 

conduction 

Condensed phase is 

represented by a mixture of 

components (A, B, C), which 

interact chemically and 

physically. 

ThermaKin Modeling

Framework
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 Focus

• Leverage increasingly connected and sensor rich building
environment along with cyber-physical system concepts to
transition fire detection objectives from alarm to actionable
information delivery for decision-making.

Fire Sensing
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Fire Sensing

Bentley MicroStation

Building Information Modeling (BIM)

Software

Siemens Sensors

(Security and Fire)

MFRI Instrumented 

Burn Tower
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Fire Sensing

Inverse Fire Model

(IFM)
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 Focus

• Establish advanced measurement techniques and models to

support development of

virtual suppression system analysis minimizing expensive,

hazardous, and environmentally burdensome testing; and ultimately

high performance (cost, water requirements, suppression efficacy,

etc.) fire sprinkler systems through improved understanding and

improved navigation of a broader discovery landscape.

Suppression
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 Initial Spray Measurements

(drop size, drop velocity, volume flux)

Suppression

Spatially-Resolved Spray

Scanning System (4S)

4S Initial Sprinkler Spray

Measurement 
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 Modeling

Suppression

d > 2 mm

1 mm < d < 2 mm

d < 1 mm Flux, mm/min
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 Virtual Testing

Suppression

Physical UL1626 Test

Virtual UL1626 Test
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 Building fire resilience is adopting emerging

information acquisition, integration, and synthesis

paradigms for smarter fire design and response.

Summary


