Reducing Structure Ignitions from  NIST &R
Small Storage Sheds
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Sheds Research Overview

1. Fire Hazard of Storage Sheds

2. NISSE and NOSSE Series
 Effects of Construction Material
» Effects of Fuel Loading
 Effects of SSD
« Effects of Wind

3. Technical Findings

4. Limitations

5. Implementation
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Structure Separation Experiments

Goal: Provide guidance for the placement of auxiliary

structures with floor area < 120 ft2

NISSE (NIST Indoor Structure Separation Experiments)

and

NOSSE (NIST OQutdoor Structure Separation Experiments )




Structure Separation Experiments NIST sz

Goal: Provide guidance for the placement of auxiliary

structures with floor area < 120 ft2

Primary objective: to characterize burning behavior of
small storage sheds

v i v' Heat Release Rate
SIZES, : v’ Mass loss

v’ construction types, v Heat Flux

v fuel loading, and

v’ separation distance

NIST TN 2235 6



NIST Indoor Structure Separation Experiments (NISSE)

<75 ft3

Combustible

Closets

Noncombustible

Very Small

Sheds
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NIST Indoor Structure Separation Experiments (NISSE)

Fuel (1 A Wood Cribs) Loading for Closets NISI'T

NATIONAL INSTITUTE OF
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NIST Indoor Structure Separation Experiments (NISSE)

n [ ] NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
xperimental Matrix

Test # TestID Material | Shed | Fuel Load* Mass, kg Fuel Density,

)
fipe |Shed l Cribs | Total I sl
combustible

1 1B-WChO Closet
p 1B-WChO0-R1 Closet

3 1B-WCh0-R2 Closet

4 Very
Small

S 1B-WVSh0 Very

Small

6 1B-SVShO Very
Small

7 1B-WCI0 Wood Closet
8 1B-PCI0 Plastic Closet

9 1B-SCI0 Steel Closet

*(number of 1-A cribs)

NIST TN 2235, Section 4, Table 7. 9



Burning Behavior of Combustible Wood Closet

W L
By ¥ t= 8 min
Wood Closet
16 ft

Four 1-A wood cribs
Peak HRR = 4.2 MW

HE- = 10 min

-----
-
..

t="12 min

NIST Indoor Structure Separation Experiments (NISSE)

NIST TN 2235, Section 4, Figure 26. 10



NIST Indoor Structure Separation Experiments (NISSE)

Burning Behavior of Combustible Plastic Shed
? ‘» o

t= 5 min

Plastic Very Small Shed
Six 1-A wood cribs
Peak HRR = 6 MW

- A TR No structural protection
SHESEREE t=9min |Pool fire
v Higher burning intensity

NIST TN 2235, Section 4, Figure 31. 11



NIST Indoor Structure Separation Experiments (NISSE)

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S. DEPARTMENT OF COMMERCE

Burning Behavior of Noncombustible Steel Shed

T

t= 15 min

NIST TN 2235, Section 4, Figure 41.
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Steel Very Small Shed
Six 1-A wood cribs
Peak HRR = 222 MW
Good structural integrity
Longer duration burn
Flame jetting



N
Technical Findings NIST B
 Good Repeatabllity

« Comparisons of the HRR curves for repeated tests had similar
shapes, magnitudes, and burning periods

« Data show reproducibility of the measured quantities with
PHRR variation of 5 % and THR variation of 2 %

Construction material for wood and plastic sheds
contributed approximately 60 % increase In fuel load
compared to the steel shed

« Lower fuel loading density allows for
» higher oxygen availability
» faster flame spread

NIST Indoor Structure Separation Experiments (NISSE)
o

NIST TN 2235 13



NIST Indoor Structure Separation Experiments (NISSE)

Technical Findings Contd. NILST | B

« Total heat release from source structure corresponded
with their respective total combustible mass

 Measured peak heat flux show an inverse square
relationship with radial distance.

* Generally, lower heat flux gauges recorded higher heat
fluxes compared to the upper heat flux gauges due to
their relative proximity to the source fire compared to the

u
. F
. F

NIST TN 2235

oper flux gauges.
ame “jetting” resulted in very high local exposures.

ame jetting depends on size of door opening.

14



Shed + Target Structure Experiments NIST &z
Objective:

To assess target structure performance for different exposures

from sheds (construction, size, fuel loading) placed at different
SSDs with no added wind field.

Target Structure Performance Measurements

v Window v HRR
v Vent v Heat Flux
v’ Eaves v' Temperature

v’ Exterior layer of wall

A

A
-0, _0.

Exposure Structure
Hardening

NIST Indoor Structure Separation Experiments (NISSE)

Realistic no-wind scenario

NIST TN 2235, Section 5. 15




NIST Indoor Structure Separation Experiments (NISSE)

Target Structure Assembly NIST | R

Cement board
Annealed Glass
Window

4 DensGIassshéathing
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NIST TN 2235, Section 5. 16



NIST Indoor Structure Separation Experiments (NISSE)

Target Structure Instrumentation NIST|

@ Heat Flux Gauge on Eave Roof
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NIST TN 2235, Section 5. 17
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NIST Indoor Structure Separation Experiments (NISSE)

NIST/
Shed + Target Structure Experiment (1 of 4)

t=5 min

» Wood Closet

» Low fuel loading: two 1-A wood cribs
» SSD =0

» No wind

NIST TN 2235, Section 5, Figure 78. 18
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NIST Indoor Structure Separation Experiments (NISSE)

Shed + Target Structure Experiment (2 of 4)

> Steel Closet

» High fuel loading: Four 1-A wood cribs
» SSD =0

» No wind

NIST TN 2235, Section 5, Figure 88. 19



NIST Indoor Structure Separation Experiments (NISSE)

Shed + Target Structure Experiment (3 of 4)

el
———at

t=7min  SSD=S5{t - t= 10 min

t= 6 min
> Steel Very Small Shed Shed Orientation
> High fuel loading: Six 1-A wood cribs Door Opening
» SSD =5 ft

> No wind

NIST TN 2235, Section 5, Figure 93. 20



Shed + Target Structure Experiment (4 of 4)

» Wood Closet
» No fuel loading
» SSD =0

» No wind

NIST Indoor Structure Separation Experiments (NISSE)

NIST TN 2235 Section 4, Fig. 108 21



Exterior Wall Performance NS Pl
With extra protective layer Without extra protective layer

"

Cracking of cement

Significant spalling
of cement board

board

Significant thermal
damage to OSB

NIST Indoor Structure Separation Experiments (NISSE)

NIST TN 2235 22



Window Performance NIST | oo

Flame Contact No Flame Contact
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I 15-WC00-0

- 1B-SCh0

NIST Indoor Structure Separation Experiments (NISSE)

NIST TN 2235 23
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—_ 1B-WCO00

i

1B-WCI0-0
1B-SVShO-

Vent Performance

NIST TN 2235
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NIST Indoor Structure Separation Experiments (NISSE)

Vent Performance

= ASTM E 2886 exposure: 300 kW
+ 10 kW for 10 min

= Failure Criterion: T, > 360 °C
on the unexposed side of the vent

Peak exposures tested > 10-20x

ASTM exposure

NIST TN 2235 25
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NIST Indoor Structure Separation Experiments (NISSE)

Caulking Performance

NIST TN 2235

26

NIST/
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NIST Indoor Structure Separation Experiments (NISSE)

NIST TN 2235

Summary

Target Hardening and Shed Usage

27

NIST/
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NIST Indoor Structure Separation Experiments (NISSE)

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S. DEPARTMENT OF COMMERCE

Target Hardening

v Replace annealed glass windows with tempered glass where
fire exposures are expected on the structure. This should be
done in conjunction with window screens and other
necessary structure hardening for embers and fire (HMM).

v Use flame-retardant caulking around windows and eave
vents.

v Additional protective layer sheathing may be used to prevent
Ignition of combustible layers of the exterior wall assembly.

NIST TN 2235 28



NIST Indoor Structure Separation Experiments (NISSE)

Summary contd.

NIST/

Construction materials has unique fire hazard associated
that must be considered with its usage.

NIST TN 2235

Directional high Quasi-uniform exposures

exposure from
door/openings
No Wind

material can spread away from original location

Pooled, burning, melted

AS

NATIONAL INSTITUTE OF
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NIST Indoor Structure Separation Experiments (NISSE)

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
- U.S. DEPARTMENT OF COMMERCE

Shed Usage

v Consider Reduce, Relocate, Remove (RRR) as specified in HMM
to reduce fire exposures.

Minimum SSD = 10 ft for Closet and Very Small sheds (< 26 ft?).

NIST TN 2235 30



NIST Indoor Structure Separation Experiments (NISSE)

Summary contd. NIST /o
Shed Usage

Choose construction materials to reduce exposures; however, this
alone cannot substitute for RRR and SSD
v Consider relative position of neighboring residence for door
orientation of noncombustible steel shed.
v Keep doors closed.
v Avoid placing plastic sheds on sloped terrain and/or where
pool fires can spread and ignite nearby combustibles.

NIST TN 2235 31



NIST Indoor Structure Separation Experiments (NISSE)

Summary contd. NIST [

Consider relative position of neighboring residence for
door orientation of noncombustible steel shed.

SSD=51t t= 10 min

NIST TN 2235 32
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NIST/

Goal: To study the effects of applied wind on thermal exposures from sheds of

various sizes and composition to a target structure.

The results are used to determine the minimum Structure Separation Distance (SSDmin)

Heat qu
Gauge Tree

Bldlrectrlonal
W wm Probes Array

NIST Outdoor Structure Separation Experiments (NOSSE)

NIST TN 2253 33
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NIST Outdoor Structure Separation Experiments (NOSSE)

NIST TN 2253

NIST/
Code Compliant Target Structure

34
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NIST Outdoor Structure Separation Experiments (NOSSE)

NIST TN 2253

Non-compliant Exterior Wall

NIST/

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S. DEPARTMENT OF COMMERCE



NIST Outdoor Structure Separation Experiments (NOSSE)

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
Ty PES of Sheds

Wood Closet Wood Very Small Shed Wood Small Shed

Sheds

Steel Closet Steel Very Small Shed Steel Small Shed

Steel Sheds

Non-Combustible Combustible Wood

NIST TN 2253 36



Instrumentation and Data Acquisition

I:I IR Camera 4
16 ft ¥
Target Structure
HFGa WrG3 000 HFG1 HFG2 '

Heat Flux Gauge Rig
Max SSD & 15 ft % Lecs/Hece

T

Camera 2

=3 ft

N EY

20 ft
Anemometer Eﬂ, (0] Anemometer 1

Bidirectional probe

Fow Strightener T
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I Dual Wind Machine
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NIST TN 2253, Figure
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U.S. DEPARTMENT OF COMMERCE

Table 7. Shed and fuel loading specifications for the sheds tested at NIST. (1ft = 0.305 m, 1 kg = 2.2 |bs) .
= Sl Variables
MNOSSEL O-WW5h0-10 / _- 128 203 151 .
o £ S e v Wind
| S v' Shed Types:
OWVSkw-10 | Vary ) 03 . Combustible wood
= m ] ; *  Non-Combustible Steel
v' Shed Sizes:
« Very Small Shed
. Small Shed
v' Shed Orientation, Door facing
. Target wall

oo - «  90°to target wall

NOSSETI S TS : w15 = _ . Wind machine
- Dioor opening:180° ‘/ EXte r I O r Wal I :
NOSSE 12 | O-WShw-10 5 2 26 285 546 3 ° Co d ecom p I ant

Door opening: =
1800 . Non-compliant

NOSSE 13¥ | O-WVShw-10-R2

#Mon-fire hardened target structure was used for this test.
* Fuel density is defined as energy per unit area of shed floor space and has units of MT/ft.

NIST Outdoor Structure Separation Experiments (NOSSE)

NIST TN 2253, Table 7. 38



Effect of Wind on Burning Behavior of ~NIST/ R
Combustlble Wood Shed

NOSSE3 ¥
Test ID: O- WVShw-lO
10/14/2021

Significant plume lean is

noted in presence of wind

NIST Outdoor Structure Separation Experiments (NOSSE)

NIST TN 2253 39



NIST Outdoor Structure Separation Experiments (NOSSE)

Effect of Wind on Burning Behavior of NS sessms..
Non-Combustible Steel Shed

”

NOSSE2 Al T T —
Test ID: O-SVSh0-10 . Test ID: O-SVShw-10
10/05/2021 oAl b, - : 10/19/2021

Flame jetting Is a function of door opening,
wind has minimal effect on flame jetting

NIST TN 2253 40



NIST Outdoor Structure Separation Experiments (NOSSE)

Effect of Wind on Thermal Exposure from NIST | et
Combustible and Non-combustible Sheds

Wood Shed » Steel Shed

With wind

No wind With wind

No wind

~
E
B
=
’
=
3
[
L
]
]
I

Thermal exposure from non-combustible steel shed is not
affected by wind

NIST TN 2253 41
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Effect of Shed Size on Thermal Exposure NIST [
to the Target Structure (SSD =10 ft)

iy Closet 16 Sq. ft NSl Very Small Shed 26 Sq. ft

Small Shed 67 Sq. ft
12 'wood cribs

NIST Outdoor Structure Separation Experiments (NOSSE)

NIST TN 2253 42



NIST Outdoor Structure Separation Experiments (NOSSE)

Effect of Shed Size on Thermal NIST | B8 o
Exposure to the Target Structure

Wood Small Shed_825 kg fuel

Wood Very Small Shed_203 kg fuel
Wood Closet_146 kg fuel

£
2
g
=
-

Time, min

Peak thermal exposure increases with the fuel loading

43



Test ID: O-WShw-15
10/28/2021

J(Lof?

wind
»

1 .

i)

o Ay

D

—

NIST Outdoor Structure Separation Experiments (NOSSE)
Heat Flux, kW/m?

Effects of Shed Orientation on Thermal Exposures NIST|

est ID: O-WShw-15-R1
11/10/2021

Door facing
target wall (downwind)
Door facing

~ upwind

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S. DEPARTMENT OF COMMERCE

-xposure to the target structure is not affected by combustible shed orientation



Effects of Shed Orientation on Thermal EXpoSsures NIIST | o
(2 of 2)

NIST Outdoor Structure Separation Experiments (NOSSE)

U.S. DEPARTMENT OF COMMERCE

Door opening facing target Door opening at 90° to target wall

v" Non-combustible shed
v" Same SSD
v Same fuel loading

Door facing
target wall

Door facing
90° to target wall

Heat Flux, kW/m'

With non-combustible steel shed, exposure to the target structure can be
reduced by 1/2 by changing the shed orientation

NIST TN 2253 45



Effects of SSD on Thermal Exposures NSk

T . ——SSD=10ft
e sne ———SSD =15 ft :\,
/ - Combustible Wood Shed : ORZEDPERSONNEL O TTHORIZED PER

Heat Flux, kW /m?

20

Time, min

Extra 5 ft reduced thermal exposure to the target structure by 1/3rd

NIST Outdoor Structure Separation Experiments (NOSSE)

46



Effect of Target Structure Construction Materials
on Ignitability

{ Code Compliant Target Structure Non-Fire Hardened Wall

Same exposure different outcome

NIST TN 2253 47

NIST Outdoor Structure Separation Experiments (NOSSE)



NIST Outdoor Structure Separation Experiments (NOSSE)

NIST]
Summary of target structure performance for
various exposures

number
Window  |wall  |Eaves [Vent |
- v e P
frame, screen fell off
e A

O-WVShw-10 Very Small Thermal deformation of vinyl
frame, screen fell off

NOSSE4 | O-SVShw-10 veysialll N e NN

| NOSSE6 | O-WChw-10 L e e e T

INCESEZ [bshias: @ & smal D IND G 0 ee s T e IRDE
NOSEE TWRIRG e sl e i NG e

ey e e 8
Door opening: 90° frame, screen fell off
i bl G o 8
frame, screen fell off
el e b DR A
Door opening: 180°

NIST TN 2253, Table 10 48
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NIST Outndoor Structure Separation Experiments (NOSSE)

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S. DEPARTMENT OF COMMERCE

Minimum SSD estimated from shed burn experiments with
applied wind (only for hardened construction)

Wood Closet and Very Small M-
to 26 f1?)

Wood Small shed Minimum
(26 ft* to 64 ft?)

Steel Small* shed (20 1 to 64 t?)

Minimum
SSD

* Place door opening away from primary residence and neighboring residence.

NIST TN 2253, Table 11. 49



NIST Outdoor Structure Separation Experiments (NOSSE)

NOSSE Limitations NS | oo
Source Structure Limitations

» Sheds were tested with representative “high” equivalent fuel loading using
standard 1-A wood cribs.

» Experiments were conducted on flat ground; effects of topography on flame
spread or thermal exposures to the target structure were not considered.

» Limited shed orientations with respect to target structure and wind direction
were tested.

» Non-flame retarded plastic sheds that can melt and burn as pool fires have
not been studied.

» Presence of ladder fuels or vehicles between the source structure and the
target structure were not considered.

» Experiments do not reflect the ignition hazard associated with embers
generated by the burning shed.

» Few repeated tests to confirm the minimum SSDmin.

NIST TN 2253 50



NIST Outdoor Structure Separation Experiments (NOSSE)

L = L NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S. DEPARTMENT OF COMMERCE

Target Structure Limitations

» Assumes structure hardened for ember exposures.

» Fire hardened in compliance with Chapter 7A of the California
Building Code requirement (for all but one experiment).

» Single story target structure.
» Perpendicular to wind flow (limited data on various orientations).
» Simplified geometry. Corner configuration NOT tested.

» No weathering, cracking, or other deterioration of the target
structure.

NIST TN 2253 51
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Implementation of Technical Findings

52
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SSD=0 ft SSD=0 ft

182 ft? SEYRl SSD=8 ft
SSD=13 ft Ot

SSD=7.5 ft 240 ft?
256 ft? 195 ft?
120 ft? SSD= 24 ft

$SD=10 ft SSD= 14 ft
SSD=2 ft

v" Reduce
v' Relocate
v Remove

53



se Study 1

v Reduce
= v Relocate
. v Remove

=

<16 ft?

& || <26 ft2
ey
&
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- , 4 2 - i |; {
o & ade
. e ) g B ssD =7 ft

D
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Thank You

Contact Information:

Shonali Nazare
Shazare@-cpsc.gov

Alexander Maranghides
alexm@nist.gov

Eric Link
Eric.link@nist.gov

NIST/

é )
Direct links to SSE reports

NISSE test plan: https://doi.org/10.6028/NIST.TN.2161
NISSE report: https://doi.org/10.6028/NIST.TN.2235
NOSSE test plan: https://doi.org/10.6028/NIST.TN.2199

NOSSE report: https://doi.org/10.6028/NIST.TN.2253

\_ J
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https://doi.org/10.6028/NIST.TN.2253

NIST Outdoor Structure Separation Experiments (NOSSE)

. . - NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S. DEPARTMENT OF COMMERCE

» Repeat experiment showed good reproducibility of the measured guantities.
» Combustible wood sheds:

» consumed in the fire, resulting in higher thermal exposure to the target structure as opposed
to noncombustible sheds.

> therr_nfall) exposure is not affected by orientation (i.e., door opening facing downwind or
upwind).

» wind had complex effects on the burning behavior causing turbulence and eddies.

» Noncombustible sheds:

» applied wind had minimal or no effect on thermal exposure to the target structure.

» contained the fire effectively, thus reducing, but not eliminating, the thermal exposure to the
target structure.

» thermal exposure to the target structure can be reduced by half by changing the orientation
of the door opening 90° away from the target structure.

» Increasing the SSD from 10 ft to 15 ft reduces thermal exposure to the target

structure by 1/3'9,

» The SSD,,, for both combustible and noncombustible sheds

> with floor area < 26 ft? (Closets and Very Small Sheds) was determined to be 10 ft.
> with floor area between 26 ft? and 64 ft2 (Small Sheds) was determined to be 15 ft.

» A non-fire hardened target structure ignited within 6 mins, the fire hardened target

structure exhibited minimal thermal damage and significant ignition resistance
when exposed to similar thermal exposure.

NIST TN 2253 57
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