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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 ofcombustible 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'l. 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 tlle premise. the fire spreads from one car to another in succession.

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

1. INTRODUCTION

In recent years, there has been an increase in the size ofcommercial facilities such as department stores and
shopping centers, and the number of facilitieslocatod in suburbs are increasing. It is well known that these
facilities have a severe shortage of parking splices. although the number of urban and suburban dwellers
using vehicles increases each year, There il a notllblc shortago of parking space in residential areas, par­
ticularly in apartment housing complexel, It would IH' illllHlssible to provide sufficient parking space for all
households within their building Bitel, The parkinlC H,tuation will worsen as more and more single· family
households own multiple vehicles, The abortallll of !,lIrkmlC .pll"" around Hhopl,ing centers IllallH to IinllH of
waiting vehicles on the road and causel far worM cUlIllitinno nf l.rllffi" "nnK".tinn. Tho .hnru.1C1' of parking
space in residential areas promotes serioullOClel prohl"III. ou,'h 11M illlllllli road.i,11I IllIrkinlC lind i,",.ell""H
traffic accidents. Indeed. it will be difficult CD melll'",n II ""a,,,,ful "".III11ntilllllnV'r11l1mont IInd"r tl",""
circumstances.

As a solution. the Minister of Construction approvlld ll", "'" of I'r"rllhrll·II".d "II' I'lIrk MyH"'IIIM Two .Iory
prefabricated car park system was devised in Februllry 1lI1l1" 1I11,llhr"e'-Hlory I'llr IlIIrk MyH"'1II WII. devi.ed
in 19933

). These developments provided an opporlulllly III "111111111" II Will,. vlI'"'ly of I'lIr I'lI,k MyM"HII" 11M
well as in relation to the traffic conditions and olhor "lIr IllIrkN III 1.1", vlI',n,ly Iinforl UIlII''''Y. '.h"". hllH beell
insufficient improvement in the trafficproblellls alld IIllhe. ohorllllCl' of ItllrklllM HI""" '1'1", '"I1I1I.'r "furhan
and suburban residents with vehicles that require pork'"1l 011111" haM ,,"'r"II...d III 1'11"" w,tlo ,III' lIlerea"" ill
size and number ofcommercial facilities and residelltialllr"ao II 'M "_'"ulIl III '''MI",,"1 III ,JII'''' "hanges by
increasing the number of car parks or by cOnSlruclllIM ,"lh'r '"111 lurM'" ,'II' Illlrk. 1';llllllllllltion oC the
structural safety of the four-story prefabricated car "ark .yo'"," hllM JIIHI IO'MIIII IIl1d 1.111' HIICety llIeasures
and standards have not yet been established. III VI(lW oC till' 101111".,1 MlIl'l'ly 1111I1 till' ,'xl'e"lI'd increase in
demand for parking space, it is important CD immediOl4lly "XIIIIIIII" tI", f,,"",llIhty IIl1d ollr,.ty oC multistoried
car parks such as a four-story system.
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Fig.1-5 Beam Plan of the Second Story
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Table!-2 Cross-Sectional Dimensions of the Structure
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Fig.l-? Side Elevation of 5-Frame

Fig. 1-4 Pli\!l of the First Story

i i

:i-----r
:1 1
'L--J

-A--+--
ii---i
,i if'::;
'i---i V"j:i i •

--'-'~'-'--'-'i'-l': .]·1--·-·-:·-.~~~·
,i iii .--l--T---r---t---'
:r---; : I I

,I ---I-~:~L __

Fig.l·S Side Elevation oEE·Frame

CD

Fig.!·! External view of carpark from SouthWest side
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1·~ig.1-2 Internal view of car park from East side

2. EXPERIMENTAL METHOD

2.1 Outline of structure used in the experiment
Table 1-1 lists the parameters anu dimensions of tile structure useu in the experiment. Fig.l-l anu Fig.1-2
show external photos of the structure, anu Fig.1-4-Fig.1-7 show the first story plan and elevations of the
structure. Tablel-2lists the cross-sectional dimensions of the structure.

Table I-I Parameters and Dimensions ofthe Structure
Used in the Experiment

I'refubricawu opcn-typ,e car parks have been ucsigneu under the premise thut fires woulu not spread to
surrounding vehicles ). However, this premise was based on experiments that were performetl URi 11K

small car parks with an area of approximately 100 m'. The premise may not apply 1.0 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 clarifieu.
3. The quantity of structural frame deformation is not clarifieu.
4. It is not clarifieu whether or not structural frame collapse occurs.

An area of 4000m' is approximately a square with a siue of 60 m. For this study, the first noor of the
experimental rectangular structure is 30 m x 20 m in size. The two sides of the structure are thermally
insulated using autoclaveu-aerated concrete boards anu 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 ti,e first floor.

Story 4-Story

~ BuiJding ArBS 621.6m2

:.- Tot.l Floor Ar•• lOBO. 5m2

MaxHBight to. 15m

i-Story 2.910

<:l Standsrd Story. 2-StDry 2.9m

"" HB1Kht~.. 3-Story 2.9mg,

f
Strauture Sleel SLruclure

Frame MJInenl Mesillini Frame

FooUnI ContinuoUi Foutine and Individual Fooling

Floor Slab Compooi!eSIiiD..rurs-..Ol P1...Sl8b
Insulsting WsJJ Autoclaved-aerat.ed Umcrete board

;;p j·Story Weight 2.5 (t) ...d u.dor 2.O(t) l2cara

~ 2.Story Weight under 2.O(t) 12 cars

~ 3·Story Weight under 2.0(t) l2c....
~

4-Story Weight under 2.O(t) 12cartl

'1'111' followlIllJ Ilu...1 nrn IN"'UI'" ttl lJt' lIIVllHtlKalet..l rl'KUrdlllt( lilt' vrt>l'aurlt-llhHI, OJjt'1l-IYlJl1 lIlultltilOrllll1 \:ur
pllrkH III VU'W of nrl' W",iHI.UIU'(' propt\I'{.IPH



FigA Positions and Numbers(n) ofMeasuring Displacement

HoriiontaJ Displacement

Vertical&: Horizontal Displacement

Me••urinr Displacement

Column Base of the Second Floor

Column Base of the First Floor

fiI/ ,
\61 '0

Fig.3 Positions and Numbers(n) of Measuring Temperature .
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Thble3 Direction ofMeasuring Displacement

Member

Girder
I--,;'Be::'~=--------IVerlicalDisplacement

2.4 Displacement mea!;!Jrement points
A tower is constructed as a reference point for displacement measurements. Displacement gauges are in­
stalled at the locations indicated in Fig. 4. In the meusurement results (D-n), D indicates displacement at
measurement point number n shown in Fig. 4. Table3 shows the directions of displacement measurements.

2.5 Strain measurement points
A total of 36 strain gauges are installed on the four sides at the top of the second floor columnM. 1'1", .t.flllns
in the axial direction of the columns are measured. In the strain measurement results (S.n), S rop.,''''''t..
the strain at gauge number n shown in Fig. 5.

.'
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(1 )

S 1a b (3)

Column (2)

Fig.2 Allocation of Cars ofExperimantal Frame

The maximwn allowed floor area for prefabricated parking structures is 4000 m'/fioor in Japanese specifica­
tion. If the area is square, the dimensions are 63m x 63m. A fire 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 m 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.

M • III b. r III

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 \.emperature measurement along one cross sectIOn. WIth
respect to the designation of the tempe.ature measurement points (m-n·p), n represents the number of
measurement points in Fig. 3, and m and I' ure expluined in Tuble 2.

2.2 Outline of e.penment
1';xpcrtnwnL i. pD.fo.med ~y sla.t.IIlK a fire at.Lhe deepest. parL of Uw Lhermally inMuhll"d ""run. on llw rorMl
floor as shown III Fig. 2. The sL.uclure is covered willI no rore protecLlOn, I.e., llle car park '8 made of ~"rD
steel frames.

~.
I
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Fig.7-4 The View of Spreading Car Fire
from North-East Side

Fig. 7·6111e View of Fire Fighting

Fig. 7-2 The View of Smoke Flow from North-East Side
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Fig.7·3 The View of Smoke Flow from South Side

Fig.7-1 The View Just Mter Ignition

Fig.7-5 The View ofSpreading Car Fire from East Side

JJate: 26 January 1999

Time of Starting Experiment: 10;54 a.lll.

Weather: Fine

Temperature: 5 ·C

Direction and Velocity of Wind.- NNW2_3m Isec

1'ime Record

00'00" Start of Ignition

OB'30" Fire Spread to Left Side Car (No.lOl)

19'15" Fire Spread to Right Side Car (No.l03)

23',15" Fire Spread to Tail Side Car (No.lOB)

25'30" Fire Spread to No.lOB's Right Side Car(No.l09)

25'45" Fire Spread to No.lOB's Left Side Car(No.l07)

43'00" Fire Spread to Cars (No.lIO and No.l04)

43'45" Start of Fire Fighting
Fig.6 Passage of Fire Spreading

Table4 Whether Condition of the Experiment Time
and Passage of Fire Spreading

Fig. 5 Positions and Numbers(n) of Measuring Strain
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3. EXPERIMENYAL RESULTS
3.1 Fire spreading
Fig.6 and Table4 show events that occurred during the experiment. In the figure, (j) 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 no. Fig.7-l-Fig.7-8 show
photographs of the events during the experiment.
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Fig.7·8 The View of Cars Mter Fire Extinguishment

Fig.9-1-Fig.9.9 show the steel column temperature. The maximum temperature reached is slightly below
5000 e 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
5000 e - 6000 e just prior to fire fighting. The temperature on the back surface of the deck plate slab is
approximately 700 e at the most.

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 5000 e until 35 minute after the start of ignition.
Thereafter, the temperature increased again until the time of fire fighting. The temperature reaches 6000 e
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 ofcontinuous fire and resulting in the occurrence of the sudden tempera­
ture increase. The increase in temperature at 35 minute after ignition appears to result from tile combustion
of car No. 101. Fig.8.8 shows that the temperature immediately above a wagon (without a sunroot) remain
at 600oe. 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 nange and the web part of the beam reaches approxi­
mately 5000 e and may rise further if the fire is not extinguished.

Fig.7·7 The View ofBeam and Deck Plate
Mter Fire Fighting

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.lO-1- Fig.10-4 show temperatures along the front and back surfaces of slabs.

Fig.H·4 shows the westward deformation of tile tops of tile columns ofE-frame. The maximum deformation
at the top of the column reaches SO mm. The critical deformation (0=h/30, where h= height of story) is 100
mm. Thus, the safety margin is sufficient. Fig.H.6 shows tilat the westward deformation reaches 60 mm at
the bottom of the column oCE·frame. The column bottom exhibits greater displacement than the column top
because the column bottom is not restrained and flexible.

534

3.4 Strain at the column top on the aecond floor
Fig. 12-1 - Fig. 12·3 show the degree of strain at the top of tile column on the second floor on the E·frame.
The strain gauges are attached to the four sides of the column toP. 10 I'm 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, tile strain tends to decrease after initiation of fire fighting. A tensile strain value
close to 1500 i.L is observed and it is conflrmed tllat tile 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
tile girder.

3.3 Deformation of columna and beama
Fig.H·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 (0=I'/800d, where
1= span length, d= beam deptil) is 200 mm. The structure exhibits a sufficient margin of safety for fire.

I,'
I



Fig.1l-3 Displacement
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Fig.1l-2 Displacement

T..... (min)

=;~ .-M•.. E~~-50 f-+--+-f-+--+--I-- o-;;J
-/0 L...L...l._L..L...l.-':I==c'J

-Ertj
._~F-

I

~ \...
iI" \,-

j'-

10 20 30 40 50 60 70 80
T'mto(min)

Fig. 10-3 Slab Temperature

o
o 10 W 30 ~ ~ ~ ro 80

T... (mil'

Fig. 10-1 Slab Temperature

700

100

800

200

..0

Fig.1l-4 Displacement

/0 '-'--'-'-'---"-50 f-+--+---+-_. -. 1----·::11-rl
].20

-30 0-11

-40 --o-u~

-so b-Uf---50-/0
T.... (..,.,,)

100

800

e500

5400

!300

200 ,
100

I

Fig.H-I Displacement

/0 ,,-,--,--n""--,-,-,

501~~II!!III!
50

":: ~ ~

" t-.

~.:l, -
0-18

-50 I-+-+--f-·f--+-r-:- ~=~~
~o O~1

-/0 L..L.....L....l_.L....J....J==::J
T_(.... )

a2-9-2

1--2-11-3
-;::.!-9-4

F*il
I--:=:=~
l:,..!."~

/1"~, -.- y

~

F*il
1--I>----2-6-z
__ 2_6_3

~-~,--I--

l---- l---- II: ~

-~~
....

Fig.9-9 Column Thmperature

Fig.9-3 Column Thmperature

o
o 10 W 30 W ~ ~ ro ~

r .... (m;,)

Fig.9-S Column Thmperature

o
o 10 W 30 .fO ~ 00 ro ~

r .... (mn)

o
o 10 W 30 ~ 50 00 ro ~

r ... (mn)

100

600

800

100

2lIO

100

200

800

700

700

2lIO

100

600

800

Fig.S-13 Girder Temperature

: f--+--"+'-f-f--+"--jl~~t;~-i-
800 l--+-+-if-+--t1::::: 1-30-4

IL-~O-I

eo 10 80

§}l <>-2-2-2
----2-2-3

L"-'::'-'

II ......
Ar;-...;;:~

If,u
.J~"

Fig.9·1) Column Temperature

536

o
o 10 ro ~ w 50 00 ro w

1... (,,,;,,)

Fig.9-B Column Temperature

o I-/""".I....~~=-..L....L~
o 10 20

o
o 10 W 30 ~ ~ w ro w

Tme(mr.j

Fig.9-2 Column Temperature

100

'00

100

100

100

100

200

700

800

...

10 20 30 .fO 50 60 70 80
r.... {IIW1)

Fig.8-12 Girder Temperature

100 f--rt.t.~f-+-+-+-j--1

2lIO f--+-+~~+-+-+-"'lll!!lll

100

100 f--+-+--j'~+-+-I

.. "" f--+-+-+-j--#jl-+-+---1
1400 f-j--+-+---JIGl

J300 f-+-+-+~-j~A".-I--4

{L_l............ 2~J-1

---'-1-2
__ 1~14'

L~~

~........
~;I' -....lie'

§ill11-- 2
-
4
-
Z

--2-4-3

--,..-!.=4-4

rl
-_. - -

JrrFIlII Ilr..
lAI ~

~"
-- I---

-
~

,-_.

.... .. .•.

§ill1---2- 1- 2
__ 2_1_3

L::';:::.!:1-4

, .....
l.~ --.

...oiiII
,..

..r:-r-"

Fig.9-7 Column Thmperature

o
o 10 W 30 ~ 50 60 ro ~

TII'IW(mr.)

Fig. 9-1 Column Temperature

o
o 10 W 30 ~ 50 ~ W ~

r",,(min)

o
o 10 W ~ ~ ~ H ro ~

'nMtmn)

Fig.9-4 Column Thmperature

100

100

2lIO

200

600

800

100

200

'00

800

100

700

100

800

800

r



538 539

BANG-LEE CHANG. CHUN·CHING CHEN Ind CHINO YUAN LIN
Department of Construction Englneerong

National Taiwan University of SCience end TechnolOgy
43. Section 4, Keelung Road
Taipei. Taiwan 106. R.O.C.

Experimental Study on Motorcycle. Fire in the
Arcade of the Building

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/cm2
•

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 modem complex-use building (Taipei, 1996). [I]

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 fluxcs 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. (I JThus data of motorcycles

fire in the arcade of building, such as flame hcight, radilnt·hclt flux and tcmperature were

useful for the assessment of fire hazards.
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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. . '
3) The degree of structural deformation is 114·113 of the critical deformatIOn but the stram

enters the plastic region. . . .
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 III the future.
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