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Hazardous Goods in ASRS

Final Extinguishment

Top-Loading ASRS

Horizontal-Loading ASRS

Introduction

Items
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Pallet sized goods

“Flue spaces”

Limited storage height 
(forklift trucks). 

Traditional Warehousing
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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

Changing Risk Profile of Warehousing
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• Which one 
to use?

FM Data Sheet 8-9 vs Data Sheet 8-34
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• Normal pallet sized goods with 
adequate flue spaces.

• “Rack structure ASRS”.

• Use Data Sheet 8-9.

Automated Pallet Racking
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Horizontal-Loading ASRS: Miniload

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

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

Challenges
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Horizontal-Loading ASRS: Flue Spaces 

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

> 38 mm net = acceptable flue
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• 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 
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• If transverse flue spaces are not vertically aligned, based flue space dimensions 
and horizontal distance based on where vertical alignment occurs e.g., at rack 
uprights

Horizontal-Loading ASRS: Flue Spaces 
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Horizontal-Loading ASRS: Flue Spaces 
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Horizontal-Loading ASRS: Adequate Flue Spaces 
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Horizontal-Loading ASRS: Inadequate Flue Spaces 

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

• Check if you need vertical barriers also
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Horizontal-Loading ASRS: Flue Space Examples

= 50 mm 
> 38 mm 

0.6 m
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Horizontal-Loading ASRS: Flue Space Examples

< 38 mm 

0.6 m

= 2.7 m

Net 150 mm
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Horizontal-Loading ASRS: Flue Space Examples

= 50 mm 
> 38 mm 

0.6 m

• Back to the first example
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Horizontal-Loading ASRS: Flue Space Examples

= 50 mm 
< 38 mm (or zero) 

0.6 m

• But now the flues are blocked by guides
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Horizontal-Loading ASRS: Flue Space Examples

= 50 mm 
< 38 mm (or zero) 

0.6 m

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

≤ 3.0 m

Net 150 mm
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Horizontal-Loading ASRS: Flue Space Examples

= 50 mm 
< 38 mm (or zero) 

0.6 m

• But if there is no adequate flue for a distance of more than 3 m, see if vertical 
barriers are needed
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Horizontal-Loading ASRS: Flue Space Examples
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Horizontal-Loading ASRS: Flue Space Examples

= 50 mm 
< 38 mm (or zero) 

0.6 m

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

Vertical barriers 
max. 3.7m apart
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• In-rack layouts and sprinkler designs vary slightly 
depending on:

o Mini-load or shuttle system.

o Cardboard or plastic containers.

o Open or closed-up containers.

• April 2026 revision includes some                            
useful changes
o Increase horizontal spacing to max 1.5 m

o Heads can be up to 75mm from the flues

o Longitudinal flue between containers may or may not be present

Horizontal-Loading ASRS: Horizontal IRAS Arrangements
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Horizontal-Loading ASRS: Horizontal IRAS Arrangements

Previously in 8-34:
• 10 IRAS Figures in Section 2.2.3.2.1
• 12 IRAS Figures in Section 2.2.4.2.1
• 8 IRAS Figures in Section 2.2.6.2.1
• 12 IRAS Figures in Section 2.2.7.2.1

New for 2026:

Shuttle System IRAS Figure

• 5 IRAS Figures in Section 2.2.3.2.1
• 5 IRAS Figures in Section 2.2.4.2.1
• 5 IRAS Figures in Section 2.2.6.2.1
• 5 IRAS Figures in Section 2.2.7.2.1

Shuttle System IRAS Figure
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• Previous versions of DS8-34 
allowed lower protection criteria 
for containers that would shed 
water through holes around the 
base 

• Concept was problematic 
(blockage of holes)

• Removed references to venting

Horizontal-Loading ASRS: Vented Containers
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• 600mm wide x 400mm deep x 300mm high 
open-top plastic boxes holding metal parts

• Supported on angle irons

• Distance between the containers is 57 mm

• 50mm gaps between angle irons

• 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 m tall in 23 m heated warehouse

ASRS Protection: Example 1

400mm600mm

600mm

25 mm rack 
support at 45°

57mm

50mm
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• Horizontal-loading system

• Angle iron supports so 
“mini-load”

Type of System
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• 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

Flue Spaces
600mm

25 mm rack 
support at 45°

57mm

50mm
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Storage height ≤ 3 m?
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• Eight boxes deep with central 150 mm 
longitudinal flue, each rack “half” 1.6 m 
wide

• Rack row depth = 1.6 m

• Overall rack row depth = 3.35 m

Horizontal In-Rack Arrangement

1.6 m

1.6 m
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Vertical In-Rack 
Spacing and Design
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Vertical In-Rack 
Spacing and Design

> 400 mm
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Ceiling Sprinkler Design

• If there is no option:

o False (suspended) ceiling, or

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

• Determine the ceiling design 
by using the vertical distance 
between the top in-rack level 
and ceiling height
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Ceiling Sprinkler Design

• Storage is 18 m high, ceiling is 23 m

• In-racks on 3 m vertical spacing i.e., at 3 m, 6 m, 9 m, 12 m, 15 m 
(3 m storage above top level of in-racks)

• 8 m between the top in-racks and ceiling

• No option

• Install in-racks above the top of storage

• Total 5 levels of in-rack sprinklers
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Ceiling Sprinkler Design

• In-racks on 4.5 m vertical spacing i.e., at 4.5 m, 9 m, 13.5 m, 18 m 

• Total 4 levels of in-rack sprinklers and plenty of ceiling options
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Top Loading ASRS
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Top-Loading ASRS

Ocado Smart Platform (UK)                                           AutoStore (Norway)

Solid-Wall
Containers

Non-Solid-Wall
Containers

None flame 
progagating?
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• Boxes stack on each 
other in an array.

• Small flues.

• Limited storage height 
(6 m). But check…

• “Robots” on top of 
grid, raise and lower 
boxes and deliver to 
pick points 

Top-Loading ASRS
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Full-Scale Fire Tesing

Configuration
 Area: 200 ft2 (19 m2)
 Height: 18 ft (5.5 m)

 Ceiling : 40 ft (12 m)

Ignition
 Base of storage

 Beneath robot
 Under-1 sprinkler

Sprinkler Protection
 K14 (K200), QR
 75 psi = 1.2 gpm/ft2

(5.2 bar = 49 mm/min)

 Applied for at least  30 minutes
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+30 minutes, sprinklers turned off
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Infamous loss...
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• Stuff

Protection Challenge – Final Extinguishment
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• Elevated mezzanines for fire 
fighter access

• Monitor nozzles

• Infrared cameras

• 4-hour water supply

• Agreement and written pre-fire 
plan with fire department

Protection Challenge – Final Extinguishment
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• Subdivision (aisles) within the 
storage grid

• Voids (flues) that line up with 
ceiling sprinklers

Or

• A checkerboard pattern of 
combustible non-solid wall 
containers and FM Approved non-
flame progagating containers

Non-Solid Walled Containers, additionally
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• Ceiling at 7.6 m, 8.5 m, or 9.1 m above 
floor level

• Strong sprinkler design

• Fire may be extinguished by sprinklers 
alone. Pre-fire planning still critical.

• 2-hour water supply

• Table 2.3.2.3.3.1

Solid-Walled Containers: 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
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• Stuff

Sprinkler designs that reduce final extinguishment 
recommendations



59

Sprinkler designs that reduce final extinguishment 
recommendations

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.
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• 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)

FM Approved Non-Flame-Propagating containers

*

Demonstration Test
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• Vertically enclosed ASRS (e.g., Kardex)

• Bottom-Loading ASRS

o No protection guidance yet

• Robotic retrieval systems

o Fire testing ongoing with some 
suppliers

Other ASRS
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Storage of hazardous goods 
in ASRS
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• 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:
o Liquid/aerosol type.

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.

Ignitable Liquids and Aerosols in ASRS
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• 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 ml i.e., nail polish 

Ignitable Liquids and Aerosols in ASRS
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• Covered in DS 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-Ion Batteries in ASRS
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• SOC < 30%, ignore the battery and classify the finished product 
as normal

• 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

• SOC > 60%, do not store in ASRS

Lithium-Ion Batteries in ASRS
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