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ABSTRACT

A fire risk assessment in rack-type warehouse is typically determined based on the following factors: 1. flammability
and fire loads for storage of goods, packing materials, and pallet, 2. a ceiling height of warehouse indoor spaces, and 3.
height, arrangement, and spacing for storage racks. For appropriately extinguishing and protecting the fire in warehouses,
therefore, it is necessary to classify combustibles considering the previously mentioned factors and to develop design
Standards for sprinkler system. As the first step to apply automatic sprinkler system to domestic warehouses, this study
investigated characteristics for commodity distribution and warehouse configuration using 28 warehouses in five distribu-
tion complexes located in Gyeonggi-do, South Korea. In addition, this study analyzed Standards for commodity distribu-
tion adopted in USA, Europe, and Japan. Using the field survey analysis, this study was aimed to provide baseline data to
prepare for Commodity Classification Standard for warehouses in South Korea.
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Table 1. Distribution Status of Combustible Commodities

A FmeA PAld weh na
Z79} %E Table 17} o] B S Tkain]

Exterior Pallet Exterior Pallet
<Gimpo> Commodity Packing . <Yongin> | Commodity Packing .
.- | Material .~ | Material
Material Material
Electronic Equipment Plastic 1 Clothes 1,2,6 Plastic
1 1,34
Food Wood 2 Clothes 1,2,6 Plastic
2 Furniture 123 Plastic 3 Clothes 1,2,6 Plastic
Mattress Wood 4 Clothes 1,2,6 Plastic
3 Liquor 1367 | Plastic 5 Clothes 1 Wood
Food
; - loth 1
4 Water (Plastic Bottle 1.5L) | 2 Plastic 6 Clothes Wood
Exterior
High density polyethylene Plastic . . . Pallet
<Paju>
> Paper Ion Exchange Resin 12346 Wood Paju Commodity Packu?g Material
Material
Beverage . -
6 Food 1,6 Plastic | Book 13 Plastic
Wood
7 Medical Supplies 1,3,6 Plastic Plastic
Medical Supplies 1,3,6 Plastic 2 Book 13 Wood
Medical Supplies Plastic Plastic
? Grain 124 Wood 3 Book 1,3 Wood
Vehicle Part Plastic ;
10 Paint 1,68 Wood 4 Personal Moving Supplies | 1,3 31]25;:
. Plastic Plasti
11 Vehicle Part 1 Wood 5 Personal Moving Supplies | 1,3 Wiscif
Plastic . . Plastic
12 Clothes 123.8 | Wood 6 Personal Moving Supplies | 1,3 Wood
Steel -
- Exterior Pallet
_ . EX‘[GI?IOI‘ Pallet <Gunpo> | Commodity Packing Material
<Gwangju> | Commodity Pac@g Material Material
Material -
; 1 Electronic Equipment 1,3 Plastic
1 Book 13 l\;l]asf ' Wood
OO_ <Exterior Packing Material> 1. Paper Box, 2. Vinyl, 3.
2 Clothes 13,5 Plastic Pape'r Box+Vinyl, 4. Burlap Bag, 5. Burlap Bag+Vinyl, 6.
Wood Plastic, 7. Wood, 8. Steel.
Low-temperature .
3 Non-conforming Article 1,3 Plastic
. Wood
Industrial Products

Fire Sci. Eng., Vol. 30, No. 2, 2016



100 A3 - oG

EE9] A7 AHgo] golgt Fojutie} Hidoe] gt A5 Fol HAHI Qo AAHE EAEE HoF
< AABAL o dAFE FErt retal ol H AT}

<+ ZE2E AEE /\F%f@:} gele hE-E 1L.Imx

1.1mx0.12m F422 °F 70%7} Za2H, 20%7} o 222 FEA AL

A, 225 9%7} %01, A 1% W= 53] Sk AN are] 5 S lEOlh Table 29} o] 715

glo] ARgHIEo] wig- EA et obee A viFel w2 mebd HA 2.6 m(HSA), HAL 15.5 m(F =2

AR E = gflo] AAE AL AAR ] ARgslE F471, A)elH 5m el&7t 107, 10m ©lsk7} 2370, 10m ©)%
Table2. Space Configuration and Loading Type for Various Warehouses
<Gimpo> | Warehouse Height (m) Storage Height (m) Rack Spacing (m) Rack Length (m) Loading Type
1 9.8 72 3.1 9.3 1+3+4
2 9.8 Rack - 7.2 1.2 3.1 1+2+3+4
Food - 2.2
3 15:5 Liquor - 1.8 i i !
4 15.5 1 - - 1
5 15.5 12 2 50 1+3+4
6 15.5 6.1 1.7 20 1+3+4
7 4 6.6 1.8 20 1+3+4
8 4 22 1.5 16.6/11 1+3+4
9 4 22 2 20 1+3+4
10 5.7 4 33 12/15 1+3+4
11 6.5 5.6 32 21 1+3+4
12 5.7 5.6 33 38 1+3+4
<Gwangju> | Warehouse Height (m) Storable Height (m) Rack Spacing (m) Rack Length (m) Loading Type
1 12.4 7.5 34 31 1+3+4
2 7.5 7.5 - - 1+2
3 10 - - - 1+3+4
<Yongin> | Warehouse Height (m) Storable Height (m) Rack Spacing (m) Rack Length (m) Loading Type
1 2.7 Deck-Type - - 1+3+4
2 2.7 Deck-Type - - 1+3+4
3 3.6 Deck-Type - - 1+3+4
4 2.6 Deck-Type - - 1+3+4
5 53 33.9 (Automated Load) ; 46'758 (ﬁ‘ggafgag)"ad) 143+6
6 53 33.9 (Automated Load) 33 46'758 &‘gglrafgaﬁ)oad) +R;;f;;fack
<Paju> Warehouse Height (m) Storable Height (m) Rack Spacing (m) Rack Length (m) Loading Type
1 42 2.5 0.8/1.6 6.5 1+3+4
2 33 2.2 (Ground-Type) - - 1
3 33 22 - 55 1+3
4 7.8 45 427 14 1+3+4
5 92 8.5 10 20 1+3+4
6 92 7 4 20 1+3+4
<Gunpo> | Warehouse Height (m) Storable Height (m) Rack Spacing (m) Rack Length (m) Loading Type
1 7.65 5.6 3.5 19 1+3+4

<Loading Type> 1. Ground, 2. Deck, 3. Insulated Rack, 4. Double row rack 5. Shelf Load, 6. Automatic Loading Rack.
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Figure 2. Ground-type loading warehouse.
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Table 3. Comparison of Classification Categories for Major Commodities in USA and Europe

Commodity EN FM NFPA
Beer Cat | <20% alcohol Class I
. . B ine <20% alcohol - .
Alcoholic Beverage Beer in wood crates cer/Wine <20% alcoho <20% alcohol in wood
Class 1 i
- Cat Il container - Class II

Batteries Wet cell - Cat 11

Wet cell - Class 1 Automobile - Class |

<59 ;
Electrical Appliance 5% plastic by mass

With plastic Class 3 No appreciable plastic -

- Cat III Class 1

Meat Chilled/frozen - Cat II Frozen w/plastic trays - Frozen w/wax or plastic -
Class 2 Class 11

Textiles Natural fiber - Cat 11 Natural fiber - Class 3 Natural fiber - Class III

Paper Products Books,

. Office materials - Cat III
Mags, Stationary

Class 3 Class 111

Leaf & finished goods

T P
obacco Products Catll

In cartons - Class 3 In cartons - Class III
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Table 4. Classification Categories in Europe (BS EN 12845)
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Material Factor

Storage configuration ) 5 3 2
Exposed plastic container with non-combustible contents Cat. I, II, II Cat. I, 11, IT Cat. I, II, II Cat. IV
Exposed plastic surface - unexpanded Cat. 111 Cat. III Cat. III Cat. IV
Exposed plastic surface - expanded Cat. IV Cat. IV Cat. IV Cat. IV
Open structure Cat. II Cat. 11 Cat. 1II Cat. IV
Solid block material Cat. I Cat. I Cat. II Cat. IV
Granular or powered material Cat. | Cat. I1 Cat. I Cat. IV
No special configuration Cat. I Cat. II Cat. 11T Cat. IV
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Table 5. Sprinkler Installation Standards by Classification in Japan

I | 1 | 11 v
Vertical Length for Head Every height of 4 m Every height of 6 m
Water Quantity 102.6 m’ 68.40 m’ 45.60 m’
(Using © = 50) (114 I/min x 20 min x 30 heads x 1.5) (114 x 20 x 30 heads) | (114 x 20 x 20 heads)
Water Quantity 82.08 m’ 54.72 m’ 36.48 m’

(Using t = 100) (114 x 20 x 24 heads x 1.5)

(114 x 20 x 24 heads) | (114 x 20 x 16 heads)

Waterproof Anti-fire t Plate
(Horizontal Pad) from Upper
Head

Within every height
of 4m

Within every height
of §m

Within every height Within every height
of §m” of 12m”

) Not required if water quantity is determined
using 1.5 times of normal water quantity
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Table 6. Comparison of Installation Standards in EN and USA (Amore-pacific Fire)

Option 1 Option 2 Option 3 EN 12845
Ceiling Sprinklers | Design Density 14.3 mm/min 14.3 mm/min 14.3 mm/min 7.5 mm/min
Design Area 186 m’ 186 m” 186 m’ 260 m’
AS Temperature Ordinary Ordinary Ordinary *
78 m x 73 m/9 m’ 632 632 632 632
In-Rack Sprinklers
Flue Sprinklers
Per Double Row 153 408 100 510
Single Row 153 408 100 250
14 Dbl Row; 1 Single Row | 2295 6120 1500 7390
Face Sprinklers
Per Double Row 408 408 300 -
Single Row 204 204 150 -
14 Dbl Row; 1 Single Row | 5916 5916 4350 -
Total 8211 12036 5850 7390
Min Sprinkler Discharge 114 lpm 114 lpm 114 lpm I\K/h; O 2(1014]13?]ro/m)
Number sprinklers flowing 14 (7oneach2 | 14 (7oneach?2 | 14 (7 oneach?2 | 9 (3 on each of
top levels) top levels) top levels) top 3 levels)
Total 8843 12668 6482 8022

Note * This document does not specify a density based on operating temperature.
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