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ABSTRACT

In Korea, performance-based fire safety designs are being discussed to deal with the various risks of fire in complex and
diverse types of structure. However, performance-based fire safety designs are not actively employed because it is difficult to
estimate the fire characteristics related to the various factors in buildings. In this study, real scale fire tests were conducted
based on fire severity levels and fire loads provided in He New Zealand Building Code, in order to use the results as
guidelines and fundamental data for performance-based designs. In the real scale fire tests conducted in a 10MW full-scale
calorimeter, wood cribs were placed in a 2.4(L)x3.6(W)>x2.4(H)m mock-up of a compartment which had one 0.8(L)x2.0(H)
opening for different fire loads and heating was continued until all of the wood cribs were burned down. The heat release
rate started to increase rapidly 90 seconds after the wood cribs caught fire. In the test with a fire load level 1, the maximum
heat release rate of 4743.4 kW was reached at 244 second. In the test with fire load level 2, a maximum heat release rate
of 5050.9 kW was reached at 497 second. In the test with fire load level 3, a maximum heat release rate of 4446.9 kW
was reached at 677 second.
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Table 1. Fire Growth Rates
Category | Fire Growth Rate Examples Fire Growth Parameter
1 Slow - Baking Hall, Limited Combustible Materials 0.0029 [kJ/s3]
2 Medium - Stacked Cardboard Boxes, Wooden Pallets 0.012 [kJ/s3]
3 Fast - Baled Thermoplastic Chips, Stacked Plastic Production, Baled Clothing 0.047 [kJ/s3]
4 Ultra fast - Flammable Liquids Expanded Cellular Plastics and Foam 0.188 [kJ/s3]

Table 2. Design FLEDs for use in Modeling Fires

Design FLED NP
[MJ/m’] Activities in the Space or Room Examples
Display or other Large Open Spaces; or other Spaces of Low Fire | - Art Galleries, Auditoriums, Bowling Alleys, Churches, Clubs,
Hazard Where The Occupants are Awake but May be Unfamiliar| Community Halls, Court Rooms, Day Care Centres,
with the Building. Gymnasiums, Indoor Swimming Pools
. . . - School Cl , L Halls, M , Eating Pl
Seating Areas Without Upholstered Furniture SC. ool € assrgoms .e.c‘ture alls, Museums, Eating Flaces
without Cooking Facilities
400 All Spaces Where Occupants Sleep - Hou.seh.old units, Motels, Hotels, Hospitals, Residential Care
Institutions
Working Spaces and Where Low Fire Hazard Materials - Wineries, Meat Processing Plants, Manufacturing Plants
are Stored
- Car Parks, Locker Rooms, Toilets And Amenities, Service
Support Activities of Low Fire Hazard Rooms, Plant Rooms with Plant not using Flammable or
Combustible Fuels
Spaces for Business - Banks, Personal or Professional Services, Police Stations
P (without Detention), Offices
800 S(catmg Areas with Upholstered Furniture, or Spaces of Moderate - Nightclubs, Restaurants and Eating Places, Early Childhood
Fire Hazard where the Occupants are Awake but May be . o
L. . o Centres, Cinemas, Theatres, Libraries
Unfamiliar with the Building
Spaces for Display of Goods for Sale (Retail, Non-Bulk) - Exhibition Halls, Shops and other Retail (Non Bulk)
. . . - Manufacturing and Processing Moderate Fire Load
00 Spaces for Working or Storage with Moderate Fire Hazard - Storage Up To 3.0 M High other Than Foamed Plastics

Workshops and Support Activities of Moderate Fire Hazard

- Maintenance Workshops, Plant and Boiler Rooms other Than
Those Described Elsewhere

400/tier of Car
Storage

Spaces for Multi-Level Car Storage

Car Stacking Systems. the Design Floor Area over which the
Design Fled Applies is the Total Actual Car Parking Area

800/m Height,
with a
Minimum of
2400

Spaces for Working or Storage with High Fire Hazard

Chemical Manufacturing and Processing, Feed Mills, Flour
Mills

Storage Over 3.0 M High of Combustible Materials, Including
Temperature Controlled Storage

Spaces for Display and Sale of Goods (Bulk Retail)

Bulk Retail (Over 3.0 M High)
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Table 3. Scenario of Feal Scale Fire Experiment

Mock up Size 2.4(L)x3.6(W)x2.4(L) m
Opening Size 0.8(L)x2.0(H) m
Wood Crib
Internal Combustibles : ~Sf1yZI;: Op?ig PO.0309CW) Meter

- Moisture Content: 10 %
Heptane (0.5 L)

Heat Release Rate

Large Scale Calorimeter [10 MW]

Level 1: 400 MJ/m’
Level 2: 800 MJ/m’
Level 3: 1200 MJ/m’

Ignition Source

Measurement

Experiment Equipment

Fire Load
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Table 4. Wood Crib by Fire Load

Level 1 183.47 kg
Level 2 366.94 kg
Level 3 55041 kg

Calorific value of wood: 4,500 kcal/kg
Floor area: 3.6(W)x2.4(L)=8.64 m’
1 Kcal=4,186 J

FLED 1

Figure 1. Photo of wood crib by FLED.
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Figure 2. Photo of real Scale fire experiment.
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Figure 3. Results of HRR measurement.
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Figure 4. Results of CO, CO, measurement.
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Table 5. Max. HRR & Time

Max. HRR Time
FLED 1 47434 kW 244 sec
FLED 2 5050.9 kW 497 sec
FLED 3 4446.9 kW 677 sec

Table 6. Fire Severity by Fire Load

L [kg] | A, [m’] A, [m’] | Fire Severity [sec]
Level 1 | 183.47 1310.8
Level 2 | 366.94 44.08 1.6 2621.6
Level 3 | 55041 3932.4
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