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ABSTRACT

In rack-type warehouses, it is difficult to extinguish fires effectively using sprinkler systems because high fire load
commodities are stacked vertically and densely. In this study, an actual size rack structure was constructed and the
effectiveness of the fire extinguished by the sprinkler system was confirmed through fire tests according to the type and
arrangement of the sprinkler head in the rack structure. Through this study, to effectively suppress fires in rack-type
warehouses, it is necessary to use sprinkler heads with a volume of more than 115 LPM and sprinkler heads need to be
installed at the diagonal corner positions of the commodities of each rack.
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Table 1. Extinguishing System to be Equipped with Warehouses
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Extinguishing System Building

Scale

Warehouse
(Except for Logistics Terminal)

All Floors above 5,000 m>

Sprinkler System
Rack-type Warehouse

If the Height of the Ceiling or the Half is over 10 m, the Total
Floor Area is 1,500 m> or More

Table 2. Sprinkler Horizontal Distance by Each Object

Fire Protection Objects Horizontal Distance (m)

Stage Department, Storage or Disposal Place of Special Combustible Materials Less Than 1.7
Special Combustible Materials and Others Less Than 2.5

Rack-type Warehouse - - -
Special Combustible Materials Less Than 1.7
Apartments Less Than 3.2
. . Non-fireproof Construction Less Than 2.1

Other fire Protection Objects - -

Fireproof Construction Less Than 2.3
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Figure 1. Standard combustibles in FMDS 8-1.
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CEP unit combustible

CEP dummy of combustibles
Figure 2. Cartoned expanded plastic (CEP) combustibles.
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Table 3. Scenario of Fire Experiment for 1st Rack-type Structure

Number
Position of Number
f SP P Head T
Case | of § SP Head | OF Head Type | o opp
Head
P 1 1 Center K-80 1
Standard Type
a. Steel Dummy b. Sprinkler head
Center, K-115
Figure 3. Installation of steel dummy and sprinkler head on 2 2 Edge ESFR Type 2
1-stage rack structure.
3 ) Center, K-80 )
Edge ESFR Type
Steel Steel Steel Steel Steel Steel Center, K-115 Standard
Dummy| |Dummy Dummy| |Dummy! Dummy| |Dummy 4 2 Edge Type 2
cree) o o 5 3 Center, K-115 Standard )
CEP Dummy CEP azr CEP Cep Edge 2ea Type
[ ® ) ® ®
a. Case 1 b. Case 2~4 c. Case 5

@ : Fire source
@ : Sprinkler head

Figure 4. Arrangement of sprinkler head and fire source by case
for 1-stage rack structure.
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Table 4. Scenario of Fire Experiment with 3-Stage Rack Structure

Number or Head
Positi f SP H
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2 Center, K-115
1 3 ea
stack Both corners open type
1 Center,
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a. Front view b. Side view

Figure S. Arrangement of sprinkler head and fire source by case
for 3-stage rack structure.
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. Fire Source
e | | e o CEP cep /| | cep
@ k115 Head ® 115 Hoad @
a. l-stage b. 2-stage

Figure 6. Arrangement of sprinkler head of 1-stage and 2-stage
for 3-stage rack structure.
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a. Ignition b. 6 minutes after ignition

Figure 8. Fire test in case of K-80 standard type in-rack sprinkler
head.

a. Ignition b. 10 minutes after ignition

Figure 9. Fire test in case of K-115 Early response type in-rack
sprinkler head.
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a. Ignition b. 10 minutes after ignition

Figure 10. Fire test in case of K-80 early response type in-rack
sprinkler head.

a. Ignition b. 8 minutes after ignition

Figure 11. Fire test in case of K-115 standard type in-rack sprinkler
head.

a. Ignition b. 10 minutes after ignition

Figure 12. Fire test in case of K-115 standard type in-rack sprinkler
head.
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Table 5. Results for 1 Stage Fire Tests

Case Loca';l{(;r; d:f Sp Type of SP Heads ghlm;itzrsigrf
1 Center K-80 Standard X
2 Center, Edge K-115 ESFR O
3 Center, Edge K-80 ESFR X
4 Center, Edge K-115 Standard O
s, Pogft:nzefr’E dge | K11 Standard o

a. Ignition b. 4 minutes after ignition

Figure 13. Fire test in case of K-115 deluge in-rack sprinkler
head.
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a. Ignition b. 6 minutes after ignition

Figure 14. Fire test in case of K-115 deluge in-rack sprinkler
head.

Table 6. Results for 3 Stage Fire Tests

Case Location of SP Heads Whether'of
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