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ABSTRACT

The requirement for car parks is constantly growing and car parks have become higher and bigger. The
quality and quantity of combustible materials in car parks is limited, and exterior wall and windows are not
required. As a result, if a fire breaks out in this type of car park, the combustion type is not ventilation-
controlled one but fuel-storage-controlled fire type. Currently, car parks are designed based on the premise
that a fire initiated in one car in a car park does not spread to the neighboring cars®. However, this premise
was arrived at on the basis of the results of experiments performed using the small car parks. In this study,
in order to examine the hypothesis that a car fire initiated in one car in a large car park does not spread to
neighboring cars, an experiment is conducted using a large-sized multistory car park by setting fire to a car
in the parking lot. Contrary to the premise, the fire spreads from one car to another in succession.

KEYWORDS : Large Scale 'Tost, Spreading Fire of Cars, MultiStory Car Parks, Open Car Parks

1. INTRODUCTION

In recent years, there has been an increase in the size of commerecial facilities such as department stores and
shopping centers, and the number of facilities located in suburbs are increasing. It is well known that these
facilities have a severe shortage of parking spaces, although the number of urban and suburban dwellers
using vehicles increases each year. There is a notable shortage of parking space in residential areas, par-
ticularly in apartment housing complexes. It would bo impossible to provide sufficient parking space for all
households within their building sites. The parking mituation will worsen as more and more single-family
households own multiple vehicles. The shortage of purking space around shopping centers leads to lines of
waiting vehicles on the road and causes far worse conditions of traffic congestion. Tho shortage of parking
space in residential areas promotes serious social probloma wuch nx illoganl roadaide parking nnd increases
traffic accidents. Indeed, it will be difficult to maintain a ponceful rosidontial onviconmont under these
circumstances,

As a solution, the Minister of Construction approved the use of profabricated car park systoms Two story
prefabricated car park system was devised in Fobruary 19917 und throo-story cnr park syntom was devised
in 1993%. These developments provided an opportunity to examine n wide varioty of car park Ryslems as
well as in relation to the traffic conditions and other cnr parkw in the vicinity Unfortunntely, there has been
insufficient improvement in the traffic problems and 1 the shortage of pnrking wpace. The number of urban
and suburban residents with vehicles that require parking upnce han incrensed i puce with the increase in
size and number of commercial facilities and residential nrous [t s omsentinl to rospond to these changes by
increasing the number of car parks or by constructing tallor and lneger car parks. Kxanunation of the
structural safety of the four-story prefabricated car park wyntom hns just begun and the safely measures
and standards have not yet been established. In viow of the limstod wupply and the expected increase in
demand for parking space, it is important to immediatoly oxaminne the feasibility and safety of multistoried
car parks such as a four-story system.
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The following iwmm nee 1ssues 1o be investigated regarding the peelabricated, open-type multistoriod car
parks i view of fire resistance properties.

1. Prefabricated open-type car parke have been designed under the premise that fires would not spread to
surrounding vehicles ' However, this premise was based on experiments that were performed using
small car parks with an area of approximately 100 m?. The premise may not apply to prefabricated car
parks with areas as large as 4000 m®per floor.

2. For fires that spread among vehicles, the structural frame temperatures are not clarified.

3. The quantity of structural frame deformation is not clarified.

4. ltis not clarified whether or not structural frame collapse occurs.

1im
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An area of 4000m? is approximately a square with a side of 60 m. For this study, the first floor of the
experimental rectangular structure is 30 m x 20 m in size. The two sides of the structure are thermally
insulated using autoclaved-aerated concrete boards and the other two sides remain open. Large-scale fire
test is carried out setting fire at the deepest part of the thermally insulated corner on the first floor.
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2. EXPERIMENTAL METHOD

2.1 Outline of structure used in the experiment

Table 1-1 lists the parameters and dimensions of the structure used in the experiment. I*ig.1-1 and Fig.1-2
show external photos of the structure, and Fig.1-4~Tig.1-7 show the first story plan and elevations of the
structure. Table1-2 lists the cross-sectional dimensions of the structure.
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Fig.1-4 Plan of the First Story (D (D (b (D CD

: ! i : : Fig.1-5 Beam Plan of the Second Story

Tablel-1 Parameters and Dimensions of the Structure
Used in the Experiment
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2.2 Outline of sxperiment

Sxperiment is porformed by starting a fire at the deepest part of the thermally insulated corner on the first
floor as shown in Fig. 2. The structure is covered with no fire protection, ie., the car park is made of baro
steel frames.

On

Ignition Car|
—]

Auto craved aerated concrete board

® © ®

Tig.2 Allocation of Cars of Experimantal Frame

The maximum allowed floor area for prefabricated parking structures is 4000 m*floor in Japanese specifica-
tion. If the area is square, the dimensions are 63m x 63m. A [ire started in the center of the first floor is
thought as the most violent type possible.

In order to achieve the fire conditions described above, a thermally insulated structure is used to form a
combustion space. This space is surrounded by the ceiling (floor of the second story), and walls. Combustion
progress is considered more severely because of heat radiated from the floor and walls to the cars in the
insulated space. Therefore, corner fires exhibits faster combustion and spread wider than open side fires.
The purpose of the experiment is to understand the behavior of car combustion and structural frames under
this extreme condition.

2.3 Temperature measurement points

Temperatures are measured with CA thermocouples at the locations indicated by the symbol in the cross-
sectional area of Fig. 3. Table 2 lists points of lemperature measurement along one cross section. With
respect to the designation of the temperature measurement points (m-n-p), n represents the number of
measurement points in Fig. 3, and m and p are explained in Table 2.

Table2 Pusitions and Numbers of Measuring Temperature in section

Member (m) Position (p)
N
1 t
N
Girder . Beam 1)
2t o o
. . N
~2 i1
/’Gla\\
—
Slab (3) 2 aaagieney
'.2

Fig.3 Positions and Numbers(n) of Measuring Temperature °

2.4 Displacement measurement points

A tower is construc.bed asa reference point for displacement measurements. Displacement gauges are in-
stalled at the locgnons indicated in Fig. 4. In the measurement results (D-n), D indicates displacement at
measurement point number n shown in Fig. 4. Table3 shows the directions of displacement measurements.

Table3 Direction of Measuring Displacement

Member Measuring Displacement
Girder
Fr— Vertical Displ.

Column Base of the First Floor Vertical & Horizon tal Displacement
Colurn Base of the Second Floor | Horisontal Displacement

Fig.4 Positions and Numbers(n) of Measuring Displacement

2.5 Strain measurement points

A total of 86 strain gauges are installed on the four sides at the top of the second floor columns. The struins

in the a)_dal direction of the columns are measured. In the strain measurement results (S-n), S represonts
the strain at gauge number n shown in Fig. 5.
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Fig.5 Positions and Numbers(n) of Measuring Strain

3. EXPERIMENYAL RESULTS
3.1 Fire spreading

Fig.6 and Table4 show events that occurred during the experiment. In the figure, O denotes the car num-
ber set on fire and the symbols @~@® show the order of spread. The time notation in the figure indicates the
time at which a particular car catches fire. The car numbers range from 101 to 110. Fig.7-1~Fig.7-8 show

photographs of the events during the experiment.

‘Table4 Whether Condition of the Experiment Time

and Passage of Fire Spreading

Date: 26 January 1999
Time of Starting Experiment: 10:54 am.
Weather: Fine
Temperature: 5 °C

Direction and Velocity of Wind - NNW2~.3m /sec
Time Record
00'00" | Start of Ignition
08'30" | Fire Spread to Left Side Car (No.101)
19'15" | Fire Spread to Right Side Car (No.103)
23'45" | Fire Spread to Tail Side Car (No.108)
26'30" | Fire Spread Lo No.108's Right Side Car(No.109)
25'45" | IFire Spread to No.108's Left Side Car(No.107)
43'00" | Iire Spread to Cars (No.110 and No.104)
43'45" | Start of Fire Fighting

Fig.6 Passage of Fire Spreading
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Fig.7-2 The View of Smoke Flow from North-East Side

Fig.7-3 The View of Smoke Flow from South Side Fig.7-4 The View of Spreading Car Fire
from North-East Side

Fig.7-6 The View of Spreading Car Fire from East Side Fig.7-6 The View of Fire Fighting
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Fig.7-7 The View of Beam and Deck Plate
After Fire Fighting

Fig.7-8 The View of Cars After Fire Extinguishment

3.2 Temperature of structural member
Fig.8-1 ~ Fig.8-13 show girder and beam temperatures. Fig.9-1 ~ Fig.9-9 show column temperatures and
Fig.10-1 ~ Fig.10-4 show temperatures along the front and back surfaces of slabs.

During the 44 minute time span from ignition to initiation of fire fighting, the steel temperature tended to
increase with time at most measurement points. The maximum temperature of a beam, 700°C, positioned
immediately above the ignited car is reached at 10 minute after ignition (Fig.8-2). The temperature then
decreases for up to 20 minute and remain approximately at 500°C until 35 minute after the start of ignition.
Thereafter, the temperature increased again until the time of fire fighting. The temperature reaches 600°C
at the lower flange and web. The ignited car is tall (wagon) and contains a sunroof. It is considered that the
sections of the beam are in a region of continuous fire and resulting in the occurrence of the sudden tempera-
ture increase. The increase in temperature at 35 minute afler ignition appears to result from the combustion
of car No. 101. Fig.8.8 shows that the temperature immediately above a wagon (without a sunroof) remain
at 600°C. Fig.8-4 ~ Fig.8-6 show the temperature of a girder surrounded by six cars (car numbers 101 ~
103 and 107 ~ 109). The temperature at the lower flange and the web part of the beam reaches approxi-
mately 500°C and may rise further if the fire is not extinguished.

Fig.9-1~Fig.9-9 show the steel column temperature. The maximum temperature reached is slightly below
500°C before the fire is extinguished.

As shown in Figs.10-1 ~ Fig.10-4, the temperature of the heated-side deck plate of the floor slab reaches
500°C ~ 600°C just prior to fire fighting. The temperature on the back surface of the deck plate slab is
approximately 70°C at the most.

3.3 Deformation of columns and beams

Fig.11-1 shows the degree of deformation of a beam immediately above the ignited car. The difference in
deformation between the central point and the edge point is 55 mm. The critical deflection (5=1800d, where
1= span length, d= beam depth) is 200 mm. The structure exhibits a sufficient margin of safety for fire.

Fig.11-4 shows the westward deformation of the tops of the columns of E-frame. The maximum deformation
at the top of the column reaches 30 mm. The critical deformation (3=h/30, where h= height of story) is 100
mm. Thus, the safety margin is sufficient. Fig.11-6 shows that the westward deformation reaches 60 mm at
the bottom of the column of E-frame. The column bottom exhibits greater displacement than the column top
because the column bottom is not restrained and flexible. '

3.4 Strain at the column top on the second floor

Fig.12-1 ~ Fig.12-3 show the degree of strain at the top of the column on the second floor on the E-frame.
The strain gauges are attached to the four sides of the column top, 10 cm from the lower flange of girder. The
tensile and compressive strain increase with time due to thermal expansion of the second floor girder, which
is exposed to fire. However, the strain tends to decrease after initiation of fire fighting. A tensile strain value
close to 1500 p is observed and it is confirmed that the steel material enters into the tensile yield region. The

strain value in Fig. 12-2 is small because the placement of the strain gauge is attached under 140-cm from
the girder.
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Fig 11-5 Diplacoment
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4. Conclusions ]

The experiment performed in this study yields the following results.

1) Car fires spread one after another. ) )

2) The steel temperatures of a beam located immediately above the combusted vehicle reaches
from 600°C to 700°C. o ] )

3) The degree of structural deformation is 1/4-1/3 of the critical deformation but the strain
enters the plastic region. ) N )

4) The structure doesn’t collapse even though it is subjected to severe fire conditions. Residual
deformation, such as local buckling, is not observed.

The data reported in this paper are analyzed in the middle of the data collection process. There-
fore, the results of more detailed data analysis will be reported in the future.
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ABSTRACT

This paper describes motorcycles fire in the arcade of the building. Four tests for motorcycles
burning were conducted in the arcade of a full-scale two-story building. Experimental results
indicate the flames from the motorcycle with plastic body hull, in intense burning, may ignite
any combustible materials in the arcade by radiation and flame touch, and their heating of the
surroundings is quite dangerous. When there are three motorcycles fallen in a row in the
arcade, and the motorcycles are fired, the flame heights from the floor is over 5m, the
temperature and the radiant-heat flux of the ceiling in the arcade is separately equal to 576°C
and 8.7 W/cm?,

KEYWORDS: motorcycles fire, arcade

INTRODUCTION

There are now about ten million (10,503,877) registered motorcycles in Taiwan: on average,
one motorcycle for every two people. Motorcycle fires have caused serious damage in Taiwan
because motorcycles are improperly managed and inadequately regulated, such as motorcycle
fires happened recently in the arcade of a modern complex-use building (Taipei, 1996). [1]
The traditional building with arcade is often constructed in Taiwan. Therefore, motorcycle
fires happening in traditional Taiwanese arcades often develop into building fires, which often
spread to other buildings, even cross the street. The flames tend to curl back, impinge upon
ceilings and building facades above arcades, generating radiant-heat fluxes to ceilings and
building facades. The density of the radiant-heat flux is high enough to make fire hazards to
the facades above the arcades and to the surrounding buildings. [1] Thus data of motorcycles
fire in the arcade of building, such as flame height, radiant-heat flux and tempcrature were
useful for the assessment of fire hazards.

539




	Binder1.pdf
	File.PDF
	File0001.PDF

	File0002.PDF
	File0003.PDF
	File0004.PDF
	File0005.PDF
	File0006.PDF
	File0007.PDF
	File0008.PDF
	File0009.PDF
	File0010.PDF
	File0011.PDF
	File0012.PDF
	File0013.PDF
	File.BMP
	File0001.BMP
	File0002.BMP
	File0003.BMP
	File0004.BMP
	File0005.BMP
	File0006.BMP
	File0007.BMP
	File0008.BMP
	File0009.BMP
	File0010.BMP
	File0011.BMP
	File0012.BMP
	File0013.BMP
	File0014.BMP
	File0015.BMP
	File0016.BMP
	File0017.BMP
	File0018.BMP
	File0019.BMP
	File0020.BMP
	File0021.BMP
	File0022.BMP
	File0023.BMP
	File0013.PDF

	Binder1.pdf
	scan0001.pdf
	scan0002.pdf
	scan0003.pdf
	scan0004.pdf
	scan0005.pdf
	scan0006.pdf

	Untitled



