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Traditional Warehousing

Pallet sized goods

“Flue spaces”

Limited storage height
(forklift trucks).
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Changing Risk Profile of Warehousing

Efficiency, space, cost.

Condensed storage

Limited flue spaces

Open-top containers

Lots of plastic

Electrical / li-ion powered robots
Concentration of value
Increased complexity

Much greater rebuild times

Cyber risks
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Automated Pallet Racking

adequate flue spaces.

e “Rack structure ASRS”.

e Use Data Sheet 8-9.

Rack structure ASRS storage arrangement An automatic storage and retrleval system that is S|m|lar to
traditional open-frame storage racks except that (1) the horizontal distance between rack uprights is sized for
only one pallet load, and (2) the support within the rack for the pallet loads tends to be either roller-type
conveyors or horizontal supports that are oriented perpendicular to the loading aisle as opposed to parallel
to it. Protection guidelines for these storage arrangements are provided in Data Sheet 8-9, Storage of Class
1, 2, 3, 4 and Plastic Commodities.




Horizontal-Loading ASRS: Miniload

Horizontal loading mini-load systems: boxes sit on angle iron supports between uprights




Horizontal-Loading ASRS: Shuttle

Horizontal loading shuttle systems: Boxes sit on beams, mesh shelves or similar




Challenges

In-rack sprinklers almost always required
* In-rack spacing may be very tight

* Larger in-rack sprinklers (K160 and larger), high flows (up to 500
litres/min)

* Transverse vertical barriers may be needed

Protection largely limited to “ordinary combustibles”

* Guidance for some aerosols, ignitable liquids, and li-ion batteries



Horizontal-Loading ASRS: Flue Spaces

Gross Width of Transverse
Flue Space (TFS)

(_Iﬁ

Nominal Horizontal Distance Between
Transverse Flue Spaces

Net Flue Spade Width Net Flue Space Width
>1. 5 in. mm) Space Between Containers or Trays >1. 5 in. (33 mm)

<1.5in. (38 mm)

Container
or Tray

< 38 mm gaps are not "flues” (i.e., ignore)

Container or Tray Container or Tray

Width  Width Upper Tier Level
A

Transverse
Flue Space

Container or Tray
Object at

| N

Nwngon” 37

Angle Iron Horizontal
Supports

> 38 mm net = acceptable flue

Lower Tier Level

Within TFS
Net Transverse Flue Space (TFS) Width = Sum of Open Widths Within TFS




Horizontal-Loading ASRS: Flue Spaces

* Net flue width excludes any rack structure <100mm
wide pitched at more than 30°

* Adequate transverse flue sizes/spacing

Vertically aligned net 38 mm wide every 0.6 m, or

Vertically aligned net 50 mm wide every 0.75 m, or

Vertically aligned net 75 mm wide every 1.5 m, or

Vertically aligned net 150 mm wide every 3 m

* Adequate transverse flues = in-rack sprinklers on
up to maximum 4.5 m vertical spacing




Horizontal-Loading ASRS: Flue Spaces

* Iftransverse flue spaces are not vertically aligned, based flue space dimensions
and horizontal distance based on where vertical alignment occurs e.g., at rack
uprights

‘ Container A # Container A
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Horizontal-Loading ASRS: Flue Spaces

Parnnmmanda
. Kecommended

Nominal Horizontal Distance Between Transverse Flue Recommended |

< $
opaces, 1 (m)

if vertical barriers are needed too




Are vertical
bamers needed per
Section 2.2.1.5?

Are the transverse
flue spaces in accordance
with Section 22.1.47

Is the in-rack
sprinider sysiem
wet?

See Table 2.27.22.1(a) b
determine the tab ical
locations of the
and their comesponding
design. Then see Sectons
2.27.222amd 22.7223

Is the in-rack
sprinkler system
wet?

See Table 2.27.22.1(¢c) to
delermine the acceplable vertical
locations of the in-rack spriniders

and their comesponding
design. Then see Sections
227.222through 22.7.22.4

Is the in-rack
sprinkler system
wet?

SeeTable2.27.22 Il..llu

design. Then see Sections

227222and 227223

Sea Table 2.2.7.22 1(c) to
demine the acceptable vertical
locations of the in-rack sprinklers

and their comespanding
design. Then see Sections

227222and 227223

See Table 22.7.22.1(b) to
determine the acceplatie vertical
locations of the & ?
and their corresponding
design. Then see Sections
227222 hrough22.72.24

See Table 22.7.22.1(b) to
determine the acceplatie vertical
locations of the in<ack sprinkiers
and their corresponding
design. Then see Sections
227.222and227.223

Horizontal-Loading ASRS: Adequate Flue Spaces

Table 2.2.7.2.2.1(a). Wet, Vertical In-Rack Sprinkler Locations and In-Rack upnnkier Designs for the Protecnon of
Open-Top, Combustible Containers Stored in a Mini-Load Type System with Flue S g

commended

Maximum Vertical
Distance Between
IRAS, ft (m)

Minimum
IRAS
Design
Flow, gpm
(L/min)*™

Minimum IRAS
K-factor

No. of IRAS in
Design

Hydraulically
Balance IRAS
System with Ceiling
System?

10 (3.0)

100 (380)

11.2 (160)

4 on top IRAS level

No

15 (4.6)

140 (530)

22 4 (320) Pendent

6 on top IRAS level

No

Figures
22.7.2.1(b)
575
2.2.721(e)

10 (3.0)

11.2 (160)

6 on top IRAS level

No

15 (4.6)

(
100 (380)
140 (530)

22 4 (320) Pendent

6 on top IRAS level

No

* The indicated in-rack sprinkler design flow is based on a minimum 9 in. (225 mm) vertical distance between storage tier levels. If the vertical
distance between vertical tier levels is less than 9 in. (225 mm), add 20 gpm (75 L/min) to the indicated design flow.




Horizontal-Loading ASRS: Inadequate Flue Spaces

Are vertical
bamers needed per
= n2.21.5?

Are the transverse
flue spaces in accordance
with Section 22.1.47

Is the in-rack
sprinider sysiem
wet?

See Table 2.27.22.1(a) b
determine the a
locations of the
and their comesponding
design. Then see Sectons
2.27.222and 22.7223

Is the in-rack
sprinkler system
wet?

See Table 2.27.22.1(¢c) to
determine the acceptable vertical
locations of the in-rack spriniders

and their comesponding
design. Then see Sections
227.222through 22.7.22.4

Is the in-rack
sprinkler system
wet?

See Table 2.2.7.22.1(c) 10
determine the acceplable vertica
locations of the in-rack sprinklers

and their comesponding
design. Then see Sections

227222and 227223

Sea Table 2.2.7.22 1(c) to
demine the acceptable vertical
locations of the in-rack sprinklers
and their comesponding
design. Then see Sections

227222and 227223

See Table 22.7.22.1(b) to
determine the acceplabie vertical
locations of the in<ack sprini

and their corresponding
design. Then see Sections
227222 hrough22.72.24

See Table 22.7.22.1(b) to
determine the acceplatie vertical
locations of the in<ack sprinkiers
and their corresponding
design. Then see Sections
227.222and227.223

Wet, Vertical In-Rack Sprinkler I
ed in a Mini-Load e System with Flue

linimum

Minimum IRAS

6 on top IRAS level

Inadequate transverse flues = in-rack sprinklers
up to maximum 3.0 m vertical spacing

Check if you need vertical barriers also




Horizontal-Loading ASRS: Flue Space Examples

Gross Flue Space Width =50 mm
Net Flue Space Width > 38 mm

I"L| 0.6 m FI1

Container
or Tray

Material Handling
Supports or Similar

Elevation View




Horizontal-Loading ASRS: Flue Space Examples

Horizontal Distance =2.7 m

i

Net 150 mm

Gross Flue Space Width <38 mm

0.6 m

Container
or Tray :

Material Handling
Supports or Similar

Elevation View




Horizontal-Loading ASRS: Flue Space Examples

* Backto the first example

Gross Flue Space Width =50 mm
Net Flue Space Width > 38 mm

I"L| 0.6 m FI1

Container
or Tray

Material Handling
Supports or Similar

Elevation View




Horizontal-Loading ASRS: Flue Space Examples

* But now the flues are blocked by guides

Gross Flue Space Width =50 mm
Net Flue Space Width < 38 mm (or zero)

O6m

Container
or Tray

Material Handling
Supports or Similar

Elevation View




Horizontal-Loading ASRS: Flue Space Examples

* This would be ok if we have a larger flue (= 150 mm) every 3 m or less

Horizontal Distance <3.0 m

i
1
ol
:4—’!

Gross Flue Space Width =50 mm :
Net Flue Space Width <38 mm (Or Zero) Net 150 mm

I"L| 0.6 m FI1

Container
or Tray :

Material Handling
Supports or Similar

Elevation View




Horizontal-Loading ASRS: Flue Space Examples

* Butif there is no adequate flue for a distance of more than 3 m, see if vertical
barriers are needed

Horizontal Distance > 10 ft (3.0 m)

Gross Flue Space Width =50 mm
Net Flue Space Width < 38 mm (or zero)

I"L| 0.6 m FI1

Container
or Tray

Material Handling
Supports or Similar

Elevation View




Horizontal-Loading ASRS: Flue Space Examples

2.2.1.5 Vertical Barriers for Horizontal-Loading ASRS Storage Arrangements
2.2.1.5.1 Vertical barriers are recommended at rack uprights on spacing not exceeding 12 ft (3.7 m) when:
1. Transverse flue spaces between rack uprights have a minimum gross width of 1.5 in. (38 mm), and

2. Material handling supports within the rack structure, such as vertical alignment guides or similar, result
in the transverse flue spaces between rack uprights having a maximum net width of 0.5 in. (13 mm), and

3. The horizontal distance between the affected transverse flue spaces outlined above is greater than 10 ft
(3.0 m)

See Figure 2.2.1.5.1 for a visual demonstration of this guidance.

Horizontal Distance > 10 ft (3.0 m)
1

Rack

Upright Gross Flue Space Width > 1.5 in. (38 mm) and
Net Flue Space Width < 0.5in. (13 mm)

h .

Container
or Tray

==
7

Material Handling
Supports or Similar

Elevation View

1

1. Example of material handling supports creating a condition where vertical barriers would be needed




Horizontal-Loading ASRS: Flue Space Examples

* This example would be a case where vertical barriers are needed (in addition
to in-racks on maximum 3 m vertical spacing)

Horizontal Distance > 10 ft (3.0 m)

Vertical barriers

Gross Flue Space Width =50 mm | max.3.7m apart
Net Flue Space Width <38 mm (Or Zero) :

I"L| 0.6 m FI1
Container
or Tray

Material Handling
Supports or Similar

Elevation View




Horizontal-Loading ASRS: Horizontal IRAS Arrangements

* |n-rack layouts and sprinkler designs vary slightly
depending on:

o Mini-load or shuttle system. . - e _
(466 an\r;
o Cardboard or plastic containers.

o Open or closed-up containers.

Max. 2 ft
m) @’ - ®
|v |’<|

i
Si
ca

useful changes

u

 April 2026 revision includes some a/\ MT}{M
o Increase horizontal spacingto max 1.5 m
o Heads canbe upto 75mm from the flues

o Longitudinal flue between containers may or may not be present

24



Horizontal-Loading ASRS: Horizontal IRAS Arrangements

Previously in 8-34: New for 2026:
10 IRAS Figures in Section 2.2.3.2.1 * 5IRAS Figures in Section 2.2.3.2.1
12 IRAS Figures in Section 2.2.4.2.1 * 5I|RAS Figures in Section 2.2.4.2.1
8 IRAS Figures in Section 2.2.6.2.1 * 5IRAS Figures in Section 2.2.6.2.1
12 IRAS Figures in Section 2.2.7.2.1 * 5I|RAS Figures in Section 2.2.7.2.1

nm)

Open-Top Max. 5
Containers (1.5m

l‘_l_\

g Nf‘

TR -
0 ST XK

S0 S S

Note
to incl
in-

nnnnnnnnnnnnnnnnnnnnnnnnn

: The in: rinkl
clude i raulic de: epend
rack sp indi d he in-ra

Upright

Shuttle System IRAS Figure

Shuttle System IRAS Figure
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=
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Horizontal-Loading ASRS: Vented Containers

* Previous versions of DS8-34
allowed lower protection criteria
for containers that would shed
water through holes around the
base

The closer the holes to the bottom
of the container the better

Area within yellow dashed
lines has min. 30% venting

 Concept was problematic
(blockage of holes)

* Removed references to venting



ASRS Protection: Example 1 P

Container or Tray

Container or Tray

600mm wide x 400mm deep x 300mm high -
open-top plastic boxes holding metal parts . v

support at 45°

* Supported on angle irons

iy

Distance between the containers is 57 mm

* 50mm gaps between angle irons

0 )"ll'i" I/

25mm diagonal cross bracing at 45° in the
gaps

Eight boxes deep with central 150 mm
longitudinal flue, each rack “half” 1.6 m wide

18 mtallin 23 m heated warehouse i Wl | /




Type of System

Horizontal-loading system

Angle iron supports so
“mini-load”
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n Appendix A

The Horizontal-Loading
ASRS is aMin-Load type
ASRS storage arrangement

containers be
noncombusitble and
closed-top

W

contain be
combustible and
closed-top

products or
on he trays be
of collect
water?




See Section 2.2.1.2 to
determine the information
needed for using
Section 2.2

Review the guidelines in

Section 2.2.1.3 regarding

the construction features
of the ASRS area

'

Review the guidelines in
Section 2.2.1.4 regarding the
flue spaces of the ASRS

'

Review the guidelines in
Section 2.2.1.5 to determine if

Review the guidelines in

—> Section 2.2.1.6 regarding the

acceptable sprinklers and sprinkler
systems for protecting the ASRS

'

Review the guidelines in
Section 2.2.1.7 regarding the
recommended detection system
for the ASRS area

'

Review the guidelines in
Section 2.2.1.8 regarding
recommendations specific tc
manual response to a fire
involving the ASRS

!

Go to the section indicated ir

TS

No

See the general
guidelines in Section 2.2.1
and the protection guidelines
in Section 2.2.7

Figure 2.2 specific to the type or

vertical barriers are recommended
as supplemental protection for
the horizontal-loading ASRS

horizontal-loading ASRS
being protected




Flue Spaces

25 mm diagonal cross bracing at 45° in
the gaps can be ignored

Gross transverse flue space =57 mm
Net transverse flue space =57 mm

Distance between transverse flues is
0.607 m

Adequate flues

Vertical barriers not needed

Upper Tier Level

600mm

Container or Tray Container or Tray

™~

Angle Iron Horizontal 25 mm rack Lower Tier Level
Supports support at 45°

2.2.1.4.1.3 When determining the net width of a transverse flue space, an object located within the transverse
flue space can be ignored when:

1. The object has a horizontal profile that is equal to or greater than 70% uniformly open (e.g., mesh
shelving) as represented in Figure 2.2.1.4.1.3(a), or

2. The object is no wider than 4 in. (100 mm) and is at an angle of 30° or more (e.g., cross bracing within
a rack upright) as represented in Figure 2.2.1.4.1.3(b).




See Section 2.2.1.2 to
determine the information
needed for using
Section 2.2

Review the guidelines in
Section 2.2.1.6 regarding the
acceptable sprinklers and sprinkler
systems for protecting the ASRS

Review the guidelines in

Section 2.2.1.3 regarding

the construction features
of the ASRS area

!

!

Review the guidelines in
Section 2.2.1.7 regarding the
recommended detection system
for the ASRS area

Review the guidelines in
Section 2.2.1.4 regarding the
flue spaces of the ASRS

!

'

Review the guidelines in
Section 2.2.1.8 regarding
recommendations specific to
manual response to a fire
involving the ASRS

Review the guidelines in
Section 2.2.1.5 to determine if
vertical barriers are recommended
as supplemental protection for
the horizontal-loading ASRS

v

Go to the section indicated in
Figure 2.2 specific to the type of
horizontal-loading ASRS
being protected

See the general

guidelines in Section 2.2.1
and the protection guidelines

in Section 2.2.7




Y

See Figure 2.2.7.1.1 to determine if
a ceiling-only sprinkler system protection
option is a possibility

Is a ceiling-only
protection option a possibility

2.2.7 Protection of Horizontal-Loading, Mini-Load ASRS Storage Arrangements Where Open-Top,
Combustible Containers are Being Used

Storage height< 3 m?

per the flowchart in Figure
2.2.71.17

In-rack sprinklers are recommended for
the given ASRS storage arrangement

Y

See Table 2.2.7.1.2 to determine which
protection table to use for obtaining potential
ceiling-only protection options

Review the guidelines in Section 2.2.7.2.1
to determine the recommended horizontal
in-rack sprinkler arrangement

Is there a
ceiling-only protection option
available that the water supply
can meet the expected flow
and pressure for?

Y

Review the guidelines in Section 2.2.7.22
to determine the maximum recommended
vertical increments between in-rack sprinkler
levels as well as the corresponding in-rack
sprinkler designs

Y

See Section 2.1.4.5.4 to obtain the
recommended hose demand design as well
as the water supply duration

Y

See Section 2.1.4.5.5 to determine
the number of ceiling-level
sprinklers per branch line to use for
hydraulic calculation purposes

Review the guidelines in Section 2.2.7.2.3 to
determine the recommended ceiling-level
sprinkler system design options




2.2.7.2.1 Horizontal Arrangement of In-Rack Sprinklers for the Protection of Open-Top, Combustible
Containers in a Mini-Load ASRS

Use Table 2.2.7.2.1 to determine the recommended horizontal in-rack sprinkler arrangement for the storage
rack to be protected.

Table 2.2.7.2.1. Recommended Horizontal In-Rack Sprinkler Arrangements for the Protection of Open-Top, Combustible
Containers in a Mini-Load ASRS

Applicable Horizontal IRAS
Overall Maximum Rack Depth, ft (m) In-Rack Sprinkler Type Arrangement Figures
3 (0.9) Wet or Dry
(2.4) Wet or Dry
13 (4.0) Wet
Dry
Over 13 (4.0) Wet or Dry

7.2.1(a)

&

O

6

~ |~
[SIESTESIESEEN

SIS
!‘\J NININ _[\)

~J




APPENDIX A GLOSSARY OF TERMS

ASRS overall rack row depth: The horizontal length of storage within a horizontal-loading ASRS storage
arrangement, measured perpendicular to the loading aisle, between (1) the face of the rack, and (2) a
horizontal opening that is more than 2 ft (0.6 m) wide. See Figure A-1 for a visual representation of this term.

Aisle at Face (>2 ft [0.6 m] wide)

El% o~
Aisle at Face (>2 ft [0.6 m] wide)

ASRS Rack _|
Flow Depth

|1 ASRS Overall | ASRS Overall
Rack Row Depth Rack Row Depth

Aisle at Face (>2 ft [0.6 m] wide)

m
Aisle at Face (>2 ft [0.6 m] wide)

Plan View

Horizontal-Loading ASRS




Horizontal In-Rack Arrangement

Eight boxes deep with central 150 mm

longitudinal flue, each rack “half” 1.6 m
wide

* Rackrowdepth=1.6m

T

Overall rack row depth =3.35 m

0 )"l'l.'.;' I/




2.2.7.2.1 Horizontal Arrangement of In-Rack Sprinklers for the Protection of Open-Top, Combustible
Containers in a Mini-Load ASRS

Use Table 2.2.7.2.1 to determine the recommended horizontal in-rack sprinkler arrangement for the storage
rack to be protected.

Table 2.2.7.2.1. Recommended Horizontal In-Rack Sprinkler Arrangements for the Protection of Open-Top, Combustible
Containers in a Mini-Load ASRS

Applicable Horizontal IRAS
Arrangement Figures
(0.9) Wet or Dry 2.2.7.2.1(a)

(2.4) Wet or Dry 2.2.7.2.1(b)

Overall Maximum Rack Depth, ft (m) In-Rack Sprinkler Type

Dry
Over 13 (4.0) Wet or Dry




Open-Top Locate the in-rack sprinklers no more than 3 in.
Containers (75 mm) from every other transverse flue space
while not exceeding 5 ft (1.5 m) on-line spacing

ol = Ol = Ol o Ol = | J

Max. 18 in.
(450 mm)

Max. 5 ft.
(1.5 m)

Max. 2 ft. b Max. 13 ft
(0.6 m) (4.0 m)

Face IRAS @ Note: The in-rack sprinkler numbers represent which sprinklers to include Alongitudinal flue space may or
Each Corner in the hydraulic design depending on the number of in-rack sprinklers may not be present
indicated for the in-rack sprinkler design

Plan View




Y

See Figure 2.2.7.1.1 to determine if
a ceiling-only sprinkler system protection
option is a possibility

Is a ceiling-only
protection option a possibility

2.2.7 Protection of Horizontal-Loading, Mini-Load ASRS Storage Arrangements Where Open-Top,
Combustible Containers are Being Used

per the flowchart in Figure
2.2.71.17

In-rack sprinklers are recommended for
the given ASRS storage arrangement

Y

See Table 2.2.7.1.2 to determine which
protection table to use for obtaining potential
ceiling-only protection options

Review the guidelines in Section 2.2.7.2.1
to determine the recommended horizontal
in-rack sprinkler arrangement

Is there a
ceiling-only protection option
available that the water supply
can meet the expected flow
and pressure for?

l

Review the guidelines in Section 2.2.7.22
to determine the maximum recommended
vertical increments between in-rack sprinkler
levels as well as the corresponding in-rack
sprinkler designs

Y

See Section 2.1.4.5.4 to obtain the
recommended hose demand design as well
as the water supply duration

Y

See Section 2.1.4.5.5 to determine
the number of ceiling-level
sprinklers per branch line to use for
hydraulic calculation purposes

Review the guidelines in Section 2.2.7.2.3 to
determine the recommended ceiling-level
sprinkler system design options




Vertical In-Rack
Spacing and Design

2.2.7.2.2 Vertical Location of In-Rack Sprinklers and In-Rack Sprinkler System Designs for the

Protection of Open-Top, Combustible Containers in a Min

-Load ASRS

IE(

ction t

Is the in-rack
sprinkler system

Ase vertical

bamers needed per
Section 22.157? wef?

See Table 2.2.7.22.1(c) b
determine the acoceptable vertical
locations of the in-rack sprinklers

and their corresponding

design. Then see Sectons

227.222trough227.224 j

Are the transverse
flue spaces in accordance

with Section 2.2.1.4?7

@ 1c)b N

See Table 2.2.7.22
determine the acoeptable vertical
locations of the in-rack sprinklers

and their corresponding
design. Then see Sectons

2 2and 22722
227222and22.7.223 J

~

See Table 2.2.7.22.1(c) b
determine the acceptable vertical
No locations of the in-rack sprinklers

and their corresponding
design. Then see Sections
227222and227.223 5,

ks the in-rack
sprinkler system
wet?

.

SeeTable 2.2.7.22.1(a) b
determine the acceptable vertical
locations of the in-rack sprinklers

and their comesponding
design. Then see Sedions
227.222and227223

See Table 22.722.1(b) to
determine the acoeptable verical
locations of the in-rack sprinklers

and their coresponding
design. Then see Sectons
227.222through2.2.7.2.24

SeaTable 227221(b)to
determine the acceptable verical
locations of the in-rack sprinklers

and their coresponding
design. Then see Sectons
227222and2.27223




Vertical In-Rack
Spacing and Design

Table 2.2.7.2.2.1(a). Wet, Vertical In-Rack Sprinkler Locations and In-Rack Designs for the Protection of
Open-Top, Combustible Containers Stored in a Mini-Load Type System with Flue Spaces in Acc nce with Section 2.2.1.4
R dec Minimum

IRAS Hydraulically
Maximum Vertical Design Balance IRAS
Distance Between Flow, gpm Minimum IRAS System with Ceiling
IRAS, ft (m) (L/min)* K-factor System?

10 (3.0) 100 (380) 11.2 (160) 4 on top IRAS level
15 (4.6) 140 (530) | 22.4 (320) Pendent | 6 on top IRAS level
0 100 (380)

* The indicated in-rack sprinkler design flow is based on a minimum 9 in. (225 mm) vertical distance between storage tier levels. If the vertical
distance between vertical tier levels is less than 9 in. (225 mm), add 20 gpm (75 L/min) to the indicated design flow.




See Table 2.2.7.2.2.1(a) to
determine the acceptable vertical
locations of the in-rack sprinklers

and their comresponding
design. Then see Sections

227.222and 227223

2.2.7.2.2.2 Limit the st
m) when flue s

), US€ a minimum pressure
tor value




Ceiling Sprinkler Design

* Determine the ceiling design
by using the vertical distance
between the top in-rack level
and ceiling height

* Ifthereis no option:

o False (suspended) ceiling, or

Table 2.2.7.2.3.1. Ceiling-Level Sprinkier Protection Guidelines, in Combination with In-Rack Sprinkiers, on a Wet System for the Protection of Open-Top Combustible Containers in
a Mini-Load ASRS; No. of AS @ psi (bar)

Vertical
Distance
Between
Top IRAS
Level and r
Ceiling, ft EC)

6@20
(1.4
10

(

)

)
9@7
(0.5)

20

@

2@
20
(1.4)

Note: The ceiling-level protection options highlighted in green represent those for which the ho ream demand is 250 gpm (9 'min) and the sprinkler system duration is 1 hour.

o Install sprinklers over the top of the storage (and use Table 2.2.7.2.3.1) =




Ceiling Sprinkler Design

Table 2.2.7.2.3.1. Ceiling-Level Sprinkl

* Storage is 18 m high, ceilingis 23 m

* In-racks on 3 m vertical spacingi.e.,at3m,6m,9m, 12 m, 15 m | i

Above | Between
Top | Top IRAS

(3 m storage above top level of in-racks) IRAS | Level and

Level, | Ceiling, ft
* 8 m between the top in-racks and ceiling
* No option
* Installin-racks above the top of storage

* Total 5 levels of in-rack sprinklers

Note: The ceiling-level protection options hig




Ceiling Sprinkler Design

* In-racks on 4.5 m vertical spacingi.e., at4.5m,9m, 13.5m, 18 m

* Total 4 levels of in-rack sprinklers and plenty of ceiling options

Table 2.2.7.2.3.1. Ceiling-Level Sprinkl

Vertical
Height | Distance
Above | Between
Top | Top IRAS
IRAS | Level and
Level, | Ceiling, ft

Note: The ceiling-level protection options hig




Top Loading ASRS




Top-Loading ASRS

Ocado Smart Platform (UK)

l ; i T————

= None flame ‘ = -
| progagating? §

s — oo e

Solid-Wall
Containers

Non-Solid-Wall
Containers
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Full-Scale Fire Tesing

Configuration

» Area: 200 ft? (19 m?)
= Height: 18 ft (5.5 m)
= Ceiling: 40 ft (12 m)

lgnition
» Base of storage =
= Beneath robot

» Under-1 sprinkler

Sprinkler Protection
= K14 (K200), QR

= 75 psi = 1.2 gpm/ft? h

(5.2 bar = 49 mm/min) =

= Applied for at least 30 minutes




+30 minutes, sprinklers turned off




Infamous loss...




Protection Challenge - Final Extinguishment




Protection Challenge - Final Extinguishment

* Elevated mezzanines for fire o Pty e |

fighter access

* Monitor nozzles

* |nfrared cameras

e 4-hour water supply

 Agreement and written pre-fire
plan with fire department

53



Non-Solid Walled Containers, additionally

* Subdivision (aisles) within the
storage grid

* Voids (flues) that line up with
ceiling sprinklers e

One Container

Or

 Acheckerboard pattern of
combustible non-solid wall
containers and FM Approved non-
flame progagating containers
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ﬂﬂﬁl IIIIIII.II
lﬂi‘iﬁﬂlllllllll

misfatalatuteiarns
==llllllllwrw.

- )

Grey Columns Represent White Columns Represent

Storage Columns Using Storage Columns Using

Non-Flame Propagating Non-Solid Walled
Containers ontaine



Solid-Walled Containers: Sprinkler designs that reduce final
extinguishment recommendations

* Ceilingat7.6 m,8.5m, or9.1 mabove Ny T, AR / : ‘
floor level l‘"‘.‘-ﬁ Ry,
i\
 Strong sprinkler design N
* Fire may be extinguished by sprinklers .
alone. Pre-fire planning still critical. = ; g2
7 - ‘iji by
* 2-hour water supply | ‘;_A.,_’,.-J- T
S0 we S
* Table 2.3.2.3.3.1
¢ T




Sprinkler designs that reduce final extinguishment
recommendations
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Sprinkler designs that reduce final extinguishment
recommendations
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Sprinkler designs that reduce final extinguishment
recommendations

Table 2.3.2.3.3.1. Ceiling-Level Sprinkler Protection Guidelines that Reduce Some of the Final Extinguishme
Recommendations when Protecting Solid-Walled Containers Stored to a Maximum He: ht of 20 ft 6 1 m)ina Top-Load.'ng
ASRS Storage Arrangement; Maximum Ceiling Height of 30 ft (9.1 m)

Ceiling-Level Sprinkler Protection Options for Solid-Walled Containers to
Maximum 20 ft (6.1 m) in a Top-Loading ASRS Storage Arrangement; No. of
AS @ psi (bar)

Ceiling Distance of Sprinkler Sprinklers
Height, ft | Thermal Element Below K14. 0 K16.8 K22 4 K25.2 K28.0 K33.6
e

CAUTION: Seems AutoStore are offering their system with an 8 m storage
height. Table 2.3.2.3.3.1 would not apply. More fire testing needed.




New Standard: FM 4994, Non-
Flame-Propagating Containers




FM Approved Non-Flame-Propagating containers

* No fire spread

* Limited damage to the storage
structure

* Greatly reduced smoke damage

* Protection designed for the
surrounding occupancy

* Containers do not need to be
metal (can be composite)

.
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S \

Demonstration Test



Other ASRS

* Vertically enclosed ASRS (e.g., Kardex)

 Bottom-Loading ASRS

o No protection guidance yet

* Robotic retrieval systems

o Fire testing ongoing with some
suppliers
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Storage of hazardous goods

In ASRS

a



Ignitable Liquids and Aerosols in ASRS

DS 8-34 has removed the exclusion for ignitable liquids and aerosols,
and points to DS 7-29 and DS 7-31.

* Limitations for different ASRS type on:
SafeBin

o Liquid/aerosoltype.

plastic container:

plastic containe:

o Product container type/volume.

o Total volume of liquid per ASRS container (bin).

* TL-ASRS and mini-loads require use of:
o FM Approved non-flame propagating containers.

o Metal containers.

o Full-height liquid-tight metal liners in plastic containers.

Metal inserts for the storage of hazardous substances in
iners.

Metal inserts for the storage of hazardous substances in
iners.



Ignitable Liquids and Aerosols in ASRS

 Reasonable options for water-miscible liquids e.g., alcohol based
* More options for shuttle systems than miniloads
* Some options for high-flashpoint ignitable liquids in shuttle systems

* Very limited options for low-flashpoint (<93C) non-water miscible
liquids, containers limited to 15 mli.e., nail polish



Lithium-lon Batteries in ASRS

e CoveredinDS 7-112.

* For bulk storage of finished cells, use the
formation and aging rack protection
guidance.

* For storage of batteries in finished
products, the key is State of Charge
(SOC).




Lithium-lon Batteries in ASRS

e SOC <30%, ignore the battery and classify the finished product
as normal

e SOC 30-60%, store in:
o Horizontal-loading ASRS only, and

o FM Approved non-flame propagating containers, metal
containers, or metal lined in plastic containers

e SOC >60%, do not store in ASRS






