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Temperature

°C
1,000

900
800
700
600
500
400
300
200

100
20

20°C

108°C
197°C

285°C
373°C
L =493 °C Tois = 535°C Tax = 549 °C 462°C

550°C
T =22C T =34°C

FTMI (d) 360 s (e) 900 s (f) 3600 s
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~ Optical fiber layouts
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f" . Hational Institute of Standards and Technology
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November 11, 2016

Dr. Tien-Chih Wang

Fire Experiment Center

Architecture and Building Research Institute (ABET)
Tainan City, Taiwan

Dear Dr. Wang:

Ensuring the safety of built structures in the event of fire is of great interest to scientists and
engineers in both Taiwan and the United States. We are delighted to host your visit to the
National Fire Research Laboratory (INFRL) at the National Institute of Standards and
Technology (NIST) from November 15 to November 17, 2016 and to discuss with you about
potential future collaboration m fire-structure interaction research that 1s mutually beneficial to
both crganizaticns. I have also made amangement for you to meet with Dr. Long Phan, Leader
of the Structures Group in the Matenals and Stroctural Systems Division to discuss with you the
current research activities in his Group.

We look forward to your visit to NIST next week. In the meantime, please do not hesitate to
contact me 1f [ can be of any help.

Sincerely,
Jianm C. Yang, Ph D).
Deputy Chuef, Fire Fesearch Division
Engineening Laboratory
National Institute of Standards and Technology
100 Burean Drve
Building 274, Foom B338
I MDD 20890
(301) 975-6662

Jiann. vangi@mist. gov
mww st goviel
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A:. Smoke Control Tower _
B: Fire Fighting
Technology
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Wall ( Door, Window )

iTest Furnace

= Specimen size:
4300*4300 mm

= Standard test:
ISO, ASTM, BS, UL...

= Loaded or Unloaded:
Upto 60t
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Structural Assembly
Test Furnace

Column: 4m height
Beam: 8m long
Floor/roof: 4m by 8m
Loading system:
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NFPA 285 test
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N FPA 285 teSt = Standard fire test method for evaluation of fire

propagation characteristics of exterior non-load-bearing wall assembles containing
combustible components

= Discussion: wrapped with ceramic fiber ?
heat flux meter
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Beam to column connection SB1

20C 400°C

600°C 654.8C

21

ke UL

displacement(m)

o .
o

velocity(m/s)

friction(N)
&H o o

time(sec)
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Collapse DVD

P Structural .
; Videos and Reports

. S
0 - | FNA

. ?mwﬁl ot of Commerce

www.nist.gov/fire

Report of the :
Technical Investigation of
The Station Nightclub Fire

National Institute of Standards and Technology NCST Act Report - 2

William L. Grosshandier

NIST NCSTAR-2
Nelson Bryner .
Daniel Madrzykowski ::I'ﬂ: :f- :"P"" i
Kenneth Kuntz Computer Simulations

June 2005

Experiment Video

National Institute of
Standards and Technology
Technology Adminstration
U.5. Departmant of Commance
Waww.nist.govinest
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July, 2004
Video:Dyn

Nationaj rr_lr'*f-ﬂlt" )

= |
‘TechnologyfAGmm o
U.S8Departmentr,
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fires ﬁ[s,:, gov

~ire Hazard in Dormitories:
Sleeping Room Fire Experiments
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D5 ane Dual Layer

Implementing the Advances
in Fire Fighting Research
on the Fire Ground

NIST

Daniel Madrzykowski
madrzy@nist.gov

www.nist.gov/fire
@NIST_Fire

Review of Modern Fire
Dynamics Research

l JH‘ L www.nist.gov/fire

http://fstartraining.org/

FSTAR
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Positive Pressure Ventilation Research:
Videos & Reports

" o il u|
Stephen Kerher . I” I"
Danlel Madrzykowsk . -- ".' v i”“

Mational Institute of \gr H()I—rl L la-I—-l (-l
O Do ey Security

Fire Dynamics fon:
Structural Firefighting

www.nist.gov/fire
N @NIST_Fire

Daniel Madrzykowski
madrzy@nist.gov
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Station TRJEAKFHEHE EH
® Report on The Station Nightclub Fire

National Construction Safety Team Investigation

Report on
The Station Nightclub Fire

National Institute of Standards and Technology
Technology Administration
U.S. Department of Commerce

June, 2005

Duties of National Construction Safety Teams

To establish likely technical causes of building failure;

To evaluate technical aspects of evacuation and emergency
response procedures;

To recommend specific improvements to model building standards,
codes, and practices based on findings; and

To recommend research and other appropriate actions needed to
improve structural safety of buildings, evacuation and emergency
response procedures, based upon findings of this investigation.

NIST
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Conduct of Investigation into The Station Fire

Identified technical issues through consultations with experts in fire
protection engineering, emergency evacuation, and members of other
investigative teams.

Collected data from the site, local authorities, contractors, building
design documents, video/photographic data, telephone/radio
transmissions, oral and written accounts.

Compared model building and fire codes and practices, and reviewed
practices used in operation of building.

Simulated and analyzed fire spread, smoke movement, tenability,
evacuation, and operation of fire protection systems.

Conducted tests to support analysis and simulation predictions.

NIST
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Overall Timeline

Time

11:08 pm

11:09

11:10

11:13
11:20
11:23
11:32
12:15am
~12:45
~1:00

NIST

Event

ignition of foam by pyrotechnics

band stops playing, crowd begins to evacuate

cell phone callers report fire to 911

fire alarm sounds and strobes begin to flash

report received of fire at Station nightclub; off-duty police
on scene

people caught in doorway, smoke pouring out above

4 fire engines, a ladder truck and battalion chief assigned
and dispatched

Engine 4 on scene; running first hose line (1 3/4")
master stream off Engine 2 operational

Fire Chief 1: implement mass casualty plan

roof over main bar appears down

partial collapse of pool room area begins

State Fire Marshal on scene

all patients transported

Drawingnot io scale

Wl Rescue Ambulance
dmm Battalion ChiefCar  (BC)
B Special Hazards Unit (SH)
R Ladder Truk (O]
$E== Engine Company (E)
& Command Past

Residental Heighbar hood

@F Triage Station
West Warwick Fire Department (WWFD)
Warwick Fire Department (WFD)

Figure 3-1. Schematic of primary apparatus deployment
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! Computer Simulation of The Station Fire

View of fire from
near entrance to
front vestibule
(near floor)

Time: 0.0 [

View of fire from far
side of main bar
(head height)

NET temperature
°C

o Temperatures in The
200 c

= Station at 90 seconds
&00
500
400
300
200

(from computer simulation)

100
7 Y 0.00
5 ft above floor NIST tempf;;"ature

Time: 90. | |
= 2 ft above floor s

800
700
00
500
400
300 |
200

Peak temperatures in red
exceed 1000 °C (1832 °F)

Light blue indicates
temperatures around the
boiling point of water
(100°C, or 212 °F)

NIST S S—
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Direct contributors to substantial loss of life
in The Station fire

» Hazardous mix of building contents

* Inadequate capability to suppress fire during
its early stage of growth

* Inability of exits to handle all of the occupants
in the short time available for such a fast
growing fire

NIST

Major Conclusion

» Strict adherence to 2003 model codes
available at the time of the fire would go a long
way to preventing similar tragedies in future.

» Changes to codes subsequent to fire made
them stronger.

* By making some additional changes — and
state and local agencies adopting and
enforcing them — we can strengthen occupant
safety even further.

NIST
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Key Findings Regarding Building Contents

* Non-fire retarded foam sample purchased by NIST ignited
within 10 seconds when exposed to a pyrotechnic device;
under similar condition, fire retarded foam sample did not ignite.

e Computer simulation of the nightclub fire shows that flames
spread rapidly over foam finish material, igniting the wood paneling
adjacent to the foam and generating - &0

intense heat in the first 90 seconds. s \ =l
%, NN
« Fire transitioned to more traditional, § |
ventilation-limited wood frame g =2 /
building fire in about 2 minutes. § 20 / 90 seconds
T 10
J/

0 50 100 150 200 25
Time (s)

NIST

Key Findings Regarding Fire Protection Systems

* Experiments conducted at NIST demonstrated that a
sprinkler system installed in test room in accordance with
NFPA 13 was able to control a fire initiated in non-fire
retarded polyurethane foam panels.

* Sprinklers were not installed in The Station, nor would they
have been required for such existing structures under
2003 editions of the model codes

* A heat detection/fire alarm system was installed in the
building and was activated (sound and strobe) by the fire
41 seconds after the fire started.

NIST
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Computer simulation
of platform area
mock-up with
sprinklers

Time: 0.0

Lower View, i
Non- _gpnkle’i“e‘ﬁd LOWEI‘ VIeW

Sprlnklerpd A

Key findings regarding emergency egress

* First patrons recognized danger 24 seconds after ignition
of foam; bulk of crowd began to evacuate around time
band stopped playing (30 seconds).

* Up to 2/3 of occupants may have attempted to leave
through main entrance; many were unsuccessful.

¢ Prior to 90 seconds, a crowd-crush occurred at main
entrance which disrupted flow through front exit.

* Event precipitating crowd crush likely related to
arrangement of single interior door with merging streams
of traffic and pressure to escape rapidly deteriorating
conditions in nightclub.

NIST
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Key findings regarding emergency egress (cont.)

* Measurements in a fire test of a reconstructed portion of the
platform and dance floor produced, within 90 seconds,
conditions well in excess of accepted survivability limits.

» Computer simulation of the full nightclub fire suggested that
conditions around the dance floor, sunroom, and assembly
area behind kitchen would have led to severe incapacitation
or death within about 90 seconds after ignition of the foam.

NIST

Areas of recommendations for improvements to
model building & fire codes, standards and
practices in nightclubs

* Adoption/enforcement by state/local jurisdictions of model
codes

« Strengthening requirements for sprinklers

* Increasing factor of safety on time for occupant egress

* Tightening restriction on use of flexible polyurethane foam
as an interior finish product

* Further limiting use of pyrotechnics

» Conducting research to underpin recommended changes

NIST
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Recommendation 1
Model Code Adoption and Enforcement

All state and local jurisdictions

a) adopt building/fire code covering nightclubs based on model codes (as
a minimum requirement) and update local codes as the model codes are
revised;

b) implement aggressive and effective fire inspection and enforcement
programs that address:
(i) all aspects of those codes;
(if) documentation of building permits and alterations;
(iii) means of egress inspection and record keeping;
(iv) frequency and rigor of fire inspections, including follow-up and
auditing procedures; and
(v) guidelines on recourse available to the inspector for identified
deviations from code provisions

NIST

Recommendation 1 (cont.)

All state and local jurisdictions

c) ensure that enough fire inspectors and building plan
examiners are on staff to do the job and that they are
professionally qualified to a national standard such as
NFPA 1031 (Professional Qualifications for Fire Inspector
and Plan Examiner).

NIST
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Recommendation 2
Sprinklers
Require sprinkler systems for all new nightclubs regardless of

size, and for existing nightclubs with occupancy limit > 100.
NIST

Time: 0.0 [ ]
Computer simulation of The Station fire had

NIST

Recommendation 3
Building contents and finish materials

(a) specifically forbid non-fire retarded flexible polyurethane foam, and
materials known to ignite and propagate flames as easily, from all new
and existing nightclubs;

(b) provide more explicit guidance to building owners, operators,
contractors, and authorities having jurisdiction for when large-scale tests
that are covered in NFPA 286 are required to demonstrate that materials
(other than those already forbidden above) do not pose an undue hazard
for the use intended

(c) modify ASTM E-84, NFPA 255, and NFPA 286 to ensure that product
classification and the pass/fail criteria for flame spread tests and large-
scale tests are established using best measurement and prediction
practices available.

NIST
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Recommendation 4
Indoor use of pyrotechnics

(a) Ban pyrotechnic devices from indoor use in new and
existing nightclubs not equipped with an NFPA 13
compliant automatic sprinkler system.

(b) Modify NFPA 1126 to include a minimum occupancy
and/or area for a nightclub below which pyrotechnic
devices should be banned from indoor use, irrespective of
the installation of an automatic sprinkler system.

(c) Increase clearance between building contents and
range of pyrotechnic device.

NIST

Recommendation 5
Occupancy Limits and Emergency Egress

Increase factor of safety on time to egress by

(a) establishing the threshold building area and occupant
limits for egress provisions using best practices for
estimating tenability and evacuation time; and, unless
further studies indicate another value is more appropriate,
use 1-1/2 minutes as the maximum permitted evacuation
time for nightclubs similar to or smaller than The Station;

(b) computing number of required exits and permitted
occupant loads assuming at least one exit will be
inaccessible in an emergency evacuation.

NIST
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Recommendation 5 (cont.)

(c) increasing minimum capacity of main entrance (for nightclubs with
one clearly identifiable main entrance) to accommodate 2/3 of
maximum permitted occupant level (based upon standing space or
festival seating, if applicable) during an emergency;

(d) eliminating trade-offs between sprinkler installation and factors that
impact the time to evacuate buildings;

(e) requiring staff training and evacuation plans for nightclubs that
cannot be evacuated in less than 1-1/2 minutes; and

(f) providing improved means for occupants to locate emergency
routes for when standard exit signs become obscured by smoke.

NIST

Recommendation 6

Portable Fire Extinguishers

Perform a study to determine minimum number and
appropriate placement (based upon time required for
access and application in fully occupied building) of
portable fire extinguishers for use in new and existing
nightclubs, and level of staff training required to ensure
their proper use.

NIST
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Recommendation 7

Emergency Response

Ensure effective response to rapidly developing mass
casualty events by adopting and adhering to existing
model standards on communications, mutual aid,
command structure and staffing, such as NFPA 1221,
NFPA 1561, NFPA 1710, and NFPA 1720

NIST

Recommendation 8

That research be conducted to better understand human
behavior in emergency situations, and to predict impact of
building design on safe egress in emergencies.

Recommendation 9

That research be conducted to understand fire spread and
suppression better in order to provide the tools needed by the
design profession to address above recommendations.

Recommendation 10

That research be conducted to refine computer-aided
decision tools for determining costs/benefits of alternative
code changes and fire safety technologies, and to develop
computer models to assist communities in allocating
resources.

NIST
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Actions Already Taken by Rhode Island

* Require the use across the board of up-to-date fire safety codes
(elimination of grandfather clause) and coordinated administration
of fire safety building codes

* Prohibit use of pyrotechnics in places of assembly such as
nightclubs, and strictly regulate use in other large venues.

» Mandate sprinklers in nightclubs with occupancy of >150 in all
class A and B places of assembly, with some exceptions.

* Provide greater enforcement powers to fire marshals to ensure
ability to make inspections, to require immediate abatement of
threats to public safety, and to increase access.

* Establish comprehensive planning requirements to identify future
weaknesses in RI’s approach to fire safety.

NIST

For Further Information:

Web site to view final report: http://www.nist.gov/ncst

NIST Building and Fire Research Laboratory:
http://www.bfrl.nist.gov

NIST Fire Research — Data, Models, Reports:
http://www.fire.nist.gov

NIST
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The Firefighters’” Work Place

. Houses are getting larger

Review of Modern Fire Dynamics

Research — 1973: 1,600 sq. ft. 2008: 2,500 sq. ft.
. Housing lots are getting smaller
Daniel Madrzykowski, PE, FSFPE National — 1976: 10,100 sq. ft. 2008: 8,800 sq. ft.
Institute of Standards & Technology Fire . During the past 50 years fuel loads have in homes have changed
Research Division — Resulting in fuel rich fire conditions within homes
Engineering *  Home designs have become more open (less compartmentation,
Laboratory madrzy@nis engineered structural members) and more energy efficient
t.gov (multi- pane windows, wrapped in plastic, alternate energy
www.nist.gov/fire sources)

. Have staffing and tactics changed to adapt to these changes?
o .

Presentation Objectives

* Increase your knowledge of the changing fire environment.

Current Reality

¢ Review and Expand on your understanding of Fire ¢ Changes in fire environment
Dynamics » Fewer fires = less experience
« Capabilities and Limitations of FF Safety Equipment * Limited fire behavior training in the academy
e The Importance of Size-Up and Choosing Tactics to fit the fire « Equipment and building standards working to
conditions  to: catch up to advances in technology

= Put the fire out faster and more efficiently

No National Standards on Fire Fighting Tactics

= Improve the safety of you and your crew
=  Improve your chances to save victims

Provide you with the information for your department and
how to implement change
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Convection
A Disturbing Reality

e Rate of FF deaths due to traumatic injuries
— Late 1970s — 1.8 deaths per 100,000 fires
— Late 2000s - 3.0 deaths per 100,000 fires

* During this same period the annual number of structures
fires decreased by 53%

* Since the number of structure fires is decreasing, how do
firefighters and fire officers gain the experience to
understand fire progression, fire behavior, and what
happens to the structural integrity of a building under
fire conditions?

Ref: Fahy, Rita, F, “U.S. Fire Service Fatalities in Structure
Fires, 1977-2009”, NFPA, Quincy, MA., June 2010.

Radiation Conduction

Conduction

Radiatin
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Fire Fighting Thermal Environments

CLE
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From: Utech, Status Report on (NBS) Research Programs
for Firefighters Protective Clothing. FDIC 1973.

Recognition that the Face Piece is one of the
weakest links of the protective ensemble
SCBA Face Piece Lens Related Incidents

NIOSH F2002-34, "Career Lieutenant and Fire Fighter Die in a
Flashover During a Live-Fire Training Evolution - Florida,”
NIOSH F2005-31, "Career officer injured during a live fire evolution
at a training academy dies two days later - Pennsylvania,’
NIOSH F2007-12, "Career Fire Fighter Dies in Wind Driven
Residential Structure Fire - Virginia,”
. NIOSH F2007-29, "A Volunteer Mutual Aid Captain and Fire
Fighter
Die in a Remodeled Residential Structure Fire - Texas,
. “NIOSH F2008-34, "Volunteer Fire Fighter Dies While Lost in
Residential Structure Fire - Alabama,’
. NIOSH F2009-11, "Career Probationary Fire Fighter and Captain

Die as a Result of Rapid Fire Progression in a Wind-Driven
Residential Structure Fire - Texas,”

From: NIST-SP 1123 -Emergency Responder Respirator Thermal
Characteristics Workshop, July 2010.
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Time to Glass Transition Temperature

300

A

e Exteriorlens TC i < 2’;

temperature = A °s

* Timeto reach 200 k v E
140°C(280°F) | .

100 é
50 g

1 1 1

A. Putorti, A. Mensch, N. Bryner, G. Braga, Thermal

Performance of Self-Contained Breathing Apparatus 0 5 10 15
Facepiece Lenses Exposed to Radiant Heat Flux, NIST TN
1785, National Institute of Standards and Technology,
Gaithersburg, MD, February 2013

Heat Flux (KW/m?2)




Comparison of NFPA PPE Test Conditions

1981 -SCBA (2007 ed.) 1982 — PASS 1971 - Turnout Gear
1801 - Thermal Imager

Convective Oven Convective Oven
95 °C (203 °F) for 15 min 95 °C (203 °F) for 15 min
Open Flame Open Flame

1000 °C (1832 °F) for 10 s 1000 °C (1832 °F) for 10 s

Convective Oven Convective Oven
260 °C (500 °F) for 5 min 260 °C (500 °F) for 5 min

Radiative Flux Convective + Radiative Flux
15 kW/m?  for 5 minutes 84 kW/m?
NEW for 2013

55 °C (131 °F) Human skin receives a second degree burn injury

5 kW/m? Pain to skin within seconds
20 kW/m? Threshold flux to floor at Rollover
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A Tl is not an X-ray device

5 LT \

Traditional Tactics

“This is how we have always fought fire.”
* Whenever possible, attack from the unburned
to the burned side.
* Ventilation — systematic removal and
replacement of heated air, smoke and gases
from a structure with cooler air. (Vent to Cool)

* The most effective and efficient fire attack is
from the interior.

e Attack basement fires from the interior;

* Don’t flow water from the outside — you will
push fire.

72

Is this really how fire fighters have

always fought fire?

* Whenever possible, attack from the unburned
to the burned side.

* The most effective and efficient fire attack is
from the interior.

IFSTA 200, 1977 Figure 6.20

ANALYSIS OF THE EXTINGUISHMENT OF A CONFINED STRUCTURAL FIRE

PHASE

CONDITIONS

REQUIREMENTS TO EXTINGUISH

METHOD

ks

Chance for atmospheric breathing.
Possibility of smoke explosion if air ks
admitted

of temperature

ent of smroke and gaves with
space [ivabie and elimi
explosion

nd direct application of
entinguishing agenl.

Prrsonal protection if needed

Ent
fises.
& Protect self If necessary with breathing

€q!

uipmént and heavy clothing.




DOIT
DIFFERENT Garage Fire — Exterior Attack

T TP

THINKING

FIREFIGHTERS

Spartanburg, SC
January 2013
May 2014

Ventilation

Vent to cool?

Ventilation must be coordinated.
Coordinated with what?

Is vertical ventilation better than horizontal
ventilation?
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Fire Dynamics

Study of how fires start, spread and develop.

Fire Dynamics — detailed study of how
chemistry, fire science, material science and
the engineering disciplines of fluid mechanics
and heat transfer interact to influence fire
behavior.

What is a fire?

* A fireis an gas phase, exothermic chemical

reaction that emits heat and light

Fire Tetrahedron

Fuel

Oxidizing Agent

Heat

Uninhibited Chemical Reactions
Fire Tetrahedron

Fire triangles do not account for sustained flames or a
growing fire. The self-sustained chemical reaction
enables flames and fire growth.
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Temperature

Recognition of Ventilation Controlled
Structure Fires

Fuel Controlled Fire Ventilation Controlled Fire
Wi ST [RESES lf_\ e
- § ==
\\ £ ;,' \\'. |
p ~ & | co s 7 I'UI
Igrdton ’./ ‘\C ange It
// / oxygen b F

Recognition that Smoke is Fuel




Recognition that Fuels are Different

Wood Polystyrene

- ooy

BRI

Diffusion vs Pre-mixed Flame

Fuel Rich Oxygen Added
Heat Release Rate vs Temperature

e One candle vs ten candles - same flame
temperature but 10 times the HRR

\

HRR:
. . Approx. 80 W
Oxygen —No Heat without it! Temperature Range:
; ; 500 C to 1400 C
For each kg of O, cohsumed in a fire, (930 F 10 2500 F)
13 MJ of heat is released. Energy: Approx. 800 W
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Temperature (°C)
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Heat Flux (kW/m2)
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Total and Radiant Heat Flux

Temperature (°F)
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Flow Path

High Pressure The flow path is the volume between an inlet

and an outlet that allows the movement of
heat and smoke from the higher pressure
within the fire area towards the lower
pressure areas accessible via doors and
window openings.

Based on varying building configurations, there
may be several flow paths within a structure.

Low Pressure

Operations conducted in the flow path,
between the fire and the where the fire wants
to go, will place members at significant risk
due to the increased flow of fire, heat and
smoke toward their position.

Fuel Load

Heat Release Rates

ltem

Avg. Peak
HRR

Trash
Container

30 kW

Chair

1.8 MW

Sofa

2.5 MW

Bed

4.3 MW

(TR PR
LIVINGRH

BEDRODM CORRIDOR HcorprRISIR

010 0 R W AR TR TAR G TR SRS
- "'
|

L

Hilii— ®merteas

0:00

Experiment 1



Temperature (C)

Impact of Ventilation on HRR
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Impact of Ventilation on Total Neutral Plane

Unburned Hyd rocarbon Generation The interface at a vent, such as a doorway or a window opening,

between the hot gas flowing out of a fire compartment and the
cool air flowing into the compartment.

W.
ndoy, Yenteg  pegl

15

—S— LR Upper THC
—®=  BR Upper THC

Gas Concentration (% Volume)

0 100 200 300 400 500
Time (s)

Impact of Wind on a Structure Fire
Neutral Plane

First Floor Fire Basement Fire

o
NI = BRATYERY ™

NIST
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Fire Development— Ignition First Fire Peak

National Institute of
Standards and Technology
U.5. Department of Commerce

Temperatures drop more than 1000 F
due to lack of oxygen.

Growth
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5 seconds after opening the front door Post Fire
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Scientific Research for the
Development of More Effective Tactics
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First Floor Basement

Lage Legend
A Temperaturs A Temperature
Velocity
i *me
© Velocity
Front of Home
Wt It Duooe Front of House
With Insst Door
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Impact of flow path through Open Bedroom due
to Window Ventilation

Flow Path from Open Front Door and exits through Open 2" Floor Bedroom Window
DC2 (642B)

You MUST Control the Flow Path to Improve Victim Survivability

Top of Stairs
350°F - 950° F Closed Bedroom
120°F - 160°F

Bottom of Stairs
800°F - 1800°F

@ Open Bedroom

350°F - 600°F

Exit ‘
+ 15 mph
I -170°F - 290°F
Living Room Rear

800°F -> 1600°F

Living Room Front

800°F - 1800°F

Impact of Closing Door During VEIS

Flow Path from Open Front Door and exits through Open 2™ Floor Bedroom Window
DC3 (640C)
You MUST Control the Flow Path to Improve Firefighter Safety

Jop of Stairs
750°F - 650°F (7 0.)
F(30. )

700°F - 350° Closed Bedroom

100°F - 100°F

@==— Open Bedroom

450°F > 150°F (7 0.)
r 12 mph - 0 mph
+170°F - 120°F (1 0.)

Living Room Rear

1300°F -> 1100°F

Living Room Front

1500°F - 1500°F

I |H|\|I I =« |

86 OSRS
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Impact of Water through Open Front Door on Impact of Water through Open Front Door With

Living Room Fire Vertical Vent

DC 2 (642B) — 28 seconds of water Scuttle (640A) — 25 seconds of water

You Don’t Have to be on top of the fire to flow water Conditions improve everywhere from water on fire

. . Outlet
Top of Stairs Top of Stairs
900°F - 500° F Closed Bedroom 1200°F > 400°F Closed Bedroom
Bottom of Stairs h, 160°F - 160°F Bottom of Stairs 1500°F - 100°F

1800°F -> 800°F 1700°F - 650°F

= Open Bedroom

= Open Bedroom
600°F - 350°F

1500°F -> 100°F
+290°F - 210°F

Exterior Water ~ .
. Living Room Rear
Application | | —

Living Room Rear
700°F - 300°F

1550°F - 250°F

Living Room Front

Living Room Front
1200°F - 300°F

850°F > 400°F

Water
Application

Front IR {ividg Reiom Basement Fire or Operating Above the

Fire Floor
F

* The most effective and efficient fire attack is
from the interior.

T — ,‘ * Attack basement fires from the interior.

Front Door Opened
* Position FFs at the top of the stair to protect
the search.

Front of 1sl Fl Hallway Rear of Fl Hallway

NIST  05:00 [@ &7



* Why are these fires a challenge?

— Ventilation limited with the potential for rapid
change if windows/walkout door is present

— Current SoPs, place FFs over the fire in
combustible construction and position FFs in the
exhaust portion of the flow path.

Basement Fire — Only vent on 15t Floor

Front Rear

o | _ 1 1

88



Flooring Assemblies

BASEMERT

00:03

BAC

[

: 00

HIHHIA eRTTE J-:".F {“Elﬁﬁ"‘:

IR

Collapse Times

Experiment Floor Support Ventilation Time from Ignition AT
Number Description to Collapse Time to Collapse —
Time to fire spread
to floor assembly.
1 Dimensional Lumber (2 x12) Max Vent 11:09 71
2 Dimensional Lumber (2 x12) | Sequenced Vent 12:45 10:45
3 Engineered Wood I-Joist (12 Max Vent 6:00 2:45
in.)
4 Engineered Wood I-Joist (12 No Vent 6:49 4:06
in.)
5 Engineered Wood I-Joist (12 | No Vent/No boxes 8:27 4:42
in.)
6 Engineered Wood I-Joist (12 | Max Vent/Furnace 6:49 2:29
in.) DHS load
7 Steel C-Joist (12 in.) Max Vent 8:15 (6:11 5:15
exceeds ISO
834:1)
8 Steel C-Joist (12 in.) Sequenced Vent 14:04* (10:08 10:32
exceeds 1SO
834:1)
9 Parallel Chord MPCWT No Vent 6:08 3:42
10 Parallel Chord MPCWT Max Vent 3:28 1:50

Post Fire Damage

Ref: Full-Scale Floor System Field and Laboratory Fire Experiments
Kerber (UL), Madrzykowski (NIST), Dalton (CFD) and Backstrom (UL)
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Top of Stairs
600°F = 400°F
21kW/m2-> 7kW/m

Front Door

275°F - 260°F

Protecting the Stairs

Front Top of Stairs IR

-
NIST 11:00 @

\ 2/

Protecting the Stairs

Flow Path from Open Front Door and exits through Open Front Door
Basement 3 (644C) — 25 seconds of water
Flowing Water into the 1% Floor Basement Door Has Little Effect

Closed Bedroom
D/ 110°F - 110°F

- Open Bedroom
225°F - 210°F

Basement Rear
— 750°F - 750°F

,— Basement Front

1250°F - 1450°F A 1200°F - 1500°F

90

Watch Your Back, Fire Extended Through the Kitchen Pipe Chases,
Not the Interior Stairwell And Collapse Occurred in the Kitchen

Protecting the Stairs

Flow Path from Open Front Door and exits through Open Front Door
Basement Fires (644C, 644A, 642F, 640F)
Watch Your Back, Fire Extended Through the Kitchen Pipe Chases, Not the Interior Stairwell
And Collapse Occurred in the Kitchen

Legend
A Tomperature

W Heat Fus
Ar Fressn

@ venciy

Far of Vs

i Basrrene Ly arce

Attack Crew
Protecting
Stafrs-i-

First Flsr of tha House



Water in the Basement Window

Front Top of Stairs IR

NIST

12:25

Water through the Basement Window

Flow Path from Open Basement Window and Bilco Door, exits through Open Front Door
Basement 3 (644C) — 60 seconds of water
Flowing Water on the Fire Improves Conditions Everywhere in the Structure

. B Closed Bedroom
Top of Stairs >, 110°F > 110°F
600°F - 200°F 7

14kW/m2-> 0kW/m?2 .
F = Open Bedroom

225°F - 190°F
Front Door
250°F - 200°F

Outlet

Basement Rear
— 800°F - 300°F

. Basement Front

Application
1700°F - 300°F

Base of Stairs
1200°F - 400°F

91

Pushing Fire

* Don’t flow water from the outside — you will

push fire.
* What does “pushing fire” mean?

Impact of Water through Open Front Door on

Living Room Fire
DC 2 (642B) — 28 seconds of water
You Don’t Have to be on top of the fire to flow water

Top of Stairs
900°F - 500°F

Bottom of Stairs
1800°F - 800°F

Closed Bedroom
160°F - 160°F

= Open Bedroom
600°F - 350°F

+290°F > 210°F

Living Room Rear
700°F - 300°F

Living Room Front
1200°F - 300°F

Exterior Water
Application




DOIT
DIFFERENT

RS

THINKING
FIREFIGHTE

Spartanburg, SC
January 2013
May 2014
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Impact of Venting the Living Room Window

214 Folsom St. Experiment 1

Rear Bedroom

At 7 0:300°F - 300°F
At 1 0:100°F - 100°F

: Kitchen
At 7 0:400°F - 450°F

: 0:100°F -> 100°F
7,

Living Room
At 7 0: 600°F > 700°F
At 10:200°F - 200°F

Middle Bedroom
At 7 0: 300°F > 300°F
At 1 0:100°F > 100°F% L
7kW/m? > 5kW/m?

Front Bedroom

At 7 0: 120°F - 120°F Al
10:70°F > 70°F At 3 ft: %
20% 0, - 20% O,
1% CO, > 1% CO,
0% CO > 0% CO
0 kW/m2 - 0kW/m?

Bidirectional Flow
(Both Inlet and
Outlet)



Impact of Exterior Attack through Living Room
Window with no other Ventilation

Rear Bedroom

At 7 0:300°F - 250°F
At 10:100°F > 100°F

Middle Bedroom

At 7 0:300°F = 250°F
At 1 0:100°F > 100°F§§
5kwW/m? > 4 kW/m?

Front Bedroom

At 7 0:120°F - 120°F Al
10:70°F > 70°F At 3 ft:
20% 0, - 20% O,

1% CO, > 1% CO,

0% CO > 0% CO

0 kW/m2 - 0kW/m?

214 Folsom St. Experiment 1

: Kitchen
At 7 0:450°F - 300°F

Living Room
At 7 O: 700°F - 100°F
At 1 0:200°F - 70°F

Bidirectional Flow
(Both Inlet and
Outlet)

Exterior Water
Application
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Impact of Opening the Front Door and Windows

215 Folsom St. Experiment 1

Middle Bedroom

RearBedroom
At70:70 °F > 75 °F
At10:50 °F > 50 °F P

At 7 O: 600 °F - 700 °F
At 1 0: 200 °F - 300 °F
At 3 ft: 4 kW/m2 >

4 kW/m?

Front Bedroom
At70:80 °F > 90 °F
At10:50 °F > 50 °F

At 3 ft: 20% 0, = 20% O,
& 0% co, > 0% co,
0% CO - 0% CO
At 7 0: 500 °F - 700 °F 3kW/m2 - 3kW/m?

At 1 0:200 °F > 300 °F X
Door Knob Inside Room:

100 °F - 200 °F
Door Knob Exposed to Fire:
700 °F - 1200 °F

Living Room
At 7 0:1100 °F - 1400 °F
At 1 0:400 °F - 300 °F

Impact of Exterior Water through the Front Door

215 Folsom St. Experiment 1
~ 75 seconds of water
Middle Bedroom
At 7 O: 700 °F - 200 °F
At 1 0: 300 °F - 100 °F
At 3 ft: 4 kW/m2 >
1 kW/m?

Rear Bedroom
At70:75°F > 75 °F
At10:50 °F > 50 °F

Front Bedroom

At 7 0:90 °F > 80 °F
At10:50 °F > 50 °F

At 3 ft: 20% O, - 20% O,
0% CO, - 0% CO,

0% CO - 0% CO

3 kW/m?2 - 1kW/m?

Kitchen

At 7 0:700 °F > 200 °F
At 1 0:300 °F > 100 °F

Living Room Door Knob Inside Room:
At 7 O: 1400 °F - 200 °F Appligation 200 °F - 100 °F

Door Knob Exposed to Fire:
1200 °F - 300 °F

At 10:300 °F - 70 °F



Single Family Home
Importance of Size-Up




Impact of Exterior Attack through Basement

BC Bedroom

At 7 0: 400°F > 200°F

At 1 0:200°F - 150°F

Kitchem——
At 7 0:400°F - 200°F

At 1 0:250°F - 1504

o

Door
227 Folsom St. Experiment
~ 60 seconds of water

CD Bedroom
At 7 0:350°F > 200°F

At 7 O: 400°F > 200°F
At 10:150°F = 100°F
Turnout Gear
At 3 0:300°F - 200°F
3kW/m? - 2 kW/m?

Exterior Water
Application

Inlets

Basement
At 7 O: 1800°F > 400°F

" At10:1800°F - 400°F

Water in a Window Does Not Push Fire

Flow Path from Kitchen Windows
Rail Road Flat 2 (642A) — 14 Seconds of Water
Fire Cannot be Pushed — No Flowpath

Kitchen Middle Room Rear Room
1400°F - 200°F 600°F > 300°F 500°F > 300°F

T 3UNSOdX3

NS

Hallway
550°F - 300°F

xterior Water into

Bedroom Doorwa

Stairway

NIST 08:15
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Exterior Water into 2™ Floor

Flow Path from Bedroom Window and 1%t Floor
Can Test 2 (644D) — 22 Seconds of Water

Hallway

900°F - 250°F (7 0.)

400°F > 200°F (30.)

100°F - 120°F (1 0.)

Bedroom

1000°F - 200°F (7 0.)
900°F - 150°F (3 0.)
400°F > 150°F (1 0.)

Water
Application

Exterior Attack - SS vs Fog

TempBB6BF

IIMI- BRTTERY
p BSEGE

M- 8&TTERY
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www. nist.gov/fire
Reports, Presentations and Videos

MIST Time | NIST Home A-Z Site Index

About NIST | Contact s

NIST Home = Fire.Gov

Research Areas Recent News

ik Fighting e Gy Fire Fighting Research On-Line

Electronic Safety Equipment Recently, there has been a high level of interaction between fire researchers and the fire service. The
objective of the interaction has been to generate research results that can be used to increase the safety

Fire Dynamics and the of . The research d trates the changes that fuel loads and

construction methods have had on the fire environment within residential structures, These changes have

Firefighter Fatality & Injury Studies p
9 altered the model of fire behavior taught to the fire service for decades. In addition, firefighter protective

equipment has also changed over the years. All these factors lead to an assessment that firefighting tactics

Fire Fighting Tactics
may need to evolve in order to keep in step with the changing conditions on the fireground. As noted,

Fire Forensics these findings are the result of research conducted in collaboration with the fire service. To get some
ingight into this research and the potential applications on the fire ground, a list of web based presentations

Fire Protection given by NIST , UL and fire service leaders from across the country are provided with hyperlinks below.
The lnks ksted below have been posted within the last year. This is just a partial list of the many free

Personal Protective Equipment firefighter training resources that are avadlable on the internet.

Stalfng Studex IAFC Webinar, Under Fire Prevention

Structural Callapse The Changing Severity of Home Fires. Presenters: Steve Kerber (UL), BC Sean DeCrane (Cleveland Fire

Department) and Dan Madrzykowski (NIST)

Wind Neiven Fires

Technology Transfer - Online Training Programs

Single Family Detached Dwelling Fire Tactics Program

Basement Fires
Understanding Collapse Hazards and Fire
gamics to Increase Firefighter Safety

Fire Dynamics

Station Night Club Fire Analysis
Super Sofa Store Fire Analysis
Thermometry — Underdevelopment

www. ULfirefightersafety.com www.cfitrainernet


mailto:madrzy@nist.gov
http://www.nist.gov/fire
http://learn.isfsi.org/
http://www.ulfirefightersafety.com/
http://www.cfitrainer.net/

LITLIRLE IACCT\.L o Roh. H P B H | ) H | MANIST
YO av cti ati Y

and UL Time to Survival, High-rise and Residential Deployment Studies

ALIVE : Web-Based and Mobile Applications

www.poly.edu/fire

Wind Driven High Rise Fires
4 Modern Residential Fires
Fire Dynamics

Android

e http://www.lacofdturnout.com/

FSTAR

FIREFIGHTER SAFETY YTHROUGH
ADVANCED RESEARCH

www.FSTARtraining.org

J‘c&& {/(t(\&‘/f%& ff""n(/m

Hosted by UL Flrehghter Safety Research Institute and the

www.modernfirebehavior.com
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Questions

WWW.hist.gov/fire

Follow the Fire Fighting Technology
Group on Twitter

@nist_fire

madrzy@nist.gov

NISTIR 6510

Simulation of the Dynamics of the Fire at 3146 Cherry Road
NE, Washington D.C., May 30, 1999

Daniel Madraykowski and Robert L. Vettori

CD Version prepared by:
William D. Walton and Glenn P. Forney

April 2000
Fire Safety Engineering Division

Building and Fire Research Laboratory
National Institute of Standards and Technology

Learning Objectives:  1)Ventilation Induced Flashover
2) Flow Path
3)Speed of transition to flashover


http://www.poly.edu/fire
http://www.nist.gov/fire
http://www.lacofdturnout.com/
http://www.fstartraining.org/
http://www.modernfirebehavior.com/
mailto:madrzy@nist.gov

First Floor Stairway to Second
Front View Rear View Hal Iway Floor

: ' 1’r'w II I”_. T L :‘I : ; | - -~
: = ' . Lot Living room




32"-10" /
Stairs up to
first floor
o Sofa
Sliding
Area of origjn
Bar
closet
Desk Bookcase

Reconstruction Committee

32'-10"
sulrs down | — 4 A « 5 FFs on 1% floor — significantly different
Sofa Stairs up to K injuries
second floor o
Living room Front door * Room where LODDs occurred had limited
: Sliding door Bath Closet thermal damage
2 room . .
» Both fatalities had charged lines — never
| Window
opened them
Kitchen
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3-D Geometry

MIST Smokeview 1.0.14

Incident
Simulation

Time
00:17:00
00:24:00
00:26:00
00:26:20
00:26:40
00:27:00
00:28:00
00:28:40
00:29:00

First call reporting fire
FFs enter front door

1st FIr Front Window open
Basement door half open
Basement door fully open
Basement “fully involved”
FFs on 18t flr injured

Fire extending to 15t flr
(End of simulation)

Time

Os

120 s
140 s
160 s
200 s
240 s
280 s
300 s

100

MIST Smok

MIST Smokeyiew 1.0.0

Frame: 0
ime: 0.1 |

013

010

0.05

0.04




Simulation of the Fire at 1100 Prospect Place
12-19-2011
Can You Vent Enough?

Adam Barowy
Daniel Madrzykowski
NIST- Fire Research

NIST

National Institute of
Standards and Technology
U.S. Department of Commerce

0904: 911 call received

0911: Flames observed extending from
Two rear window on the top floor

Front Window , top floor, exp 2 side,
Vented

Stairwell skylight vented

Scuttle opened

0912: Front Window , top floor, center,
vented.

Bathroom skylight vented

Bedroom skylight vented

0913: Firefighter bailing out of front
Window, top floor, exp 4 side.

101

Prospect Place

Rear Bed Room
(fire origin)




Rear Room
(Room of fire origin)

Front Room
(Room where firefighters were burned)
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Model Timeline
(min:sec)

3:40 — Front Door Open

5:50 — Rear windows start to fall

11:40 — Luan Door opened

12:40 — Front Window, Bottom Pane — Exp 2 side
12:55 — Stairwell Skylight

13:05 — Front Window Top Pane — Exp 2 side
13:20 — Scuttle opened

13:50 — Center Window, Bottom pane opened
13:50 - Bedroom skylight

14:10 — Center Window, Top pane opened
14:10 — Bathroom Skylight opened

14:35 — Front  Window, Exp 4 side opened

Before Tactical Roof and Window Ventilation

Adam Barowy, Daniel Madrzykowski, NIST- Fire Research

103

After Roof (44 sq ft) and Window
(3 in Front, 2 in Rear ) Ventilation

Adam Barowy, Daniel MadrEESWSki, NIST- Fire Research

High Pressure to Low Pressure
Chicago, IL
November 2, 2012



Porch Stairway

Side A Side C 2"d Floor to Attic 1 St Floor

Attic

104



Doorway to Porch
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Total solarium falure  First solarium panel fallute

Spartanburg Doors

Single Family Home — Houston
Wind Driven Fire

A - A

]
~
~
N

N\
=||. Living Room Dining Room
A

b
‘ Vicim#1 - victim 82
Hal I(Iﬂiet
X
& X
b A —_—

:A-eaof \
Oigin_\ ' — Bl

BV L\
\ Den FT—_ [~
,__‘ .

Gazebo
/n:e

open door

Garage

o A — Kitehen
= |-
—a=;.‘ \ Fireplace
Reference: Barowy, A., and Madrzykowski, D., Simulation of the Dynamics of a Failed Soldrium Panels
Wind-Driven Fire in a Ranch-Style House — Texas, NIST-2011. Office TT TTTT

Wind
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Flow reversal at the front door

10 s before glass failure 10 s after glass failure

57t Ave Fire - Fire Dynamic Simulator
(FDS) Model

Focus on the formation of the flow path between the openings in
the basement on upwind side (inlet) and the front door on the
downwind side (exhaust).

Craig Weinschenk
Daniel Madrzykowski
NIST
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Side C Wood Floor Assembly

Basement — Area of Origin

. Wood Cabinets in Bathroom and Basement
Wood Stairs Kitchen
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AB Corner View, 1 s before front door opened Side A, 1 s before front door opened

Side B Side D

2200 fkWim3)

Side A, 10 s after front door opened

Side B Side D

W >200 (KWim3)
Frame: 367 Frome: 367

Time: 110.1  I—— e 101
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