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Abstract

Abstract

Keywords: Light Gauge Steel Structure, sheet metal building, fire safety,

Fire Fighting Strategies, metallographic reproduction.

1.Background

Light Gauge Steel (LGS) structures, also known as sheet metal
buildings, still account for a high percentage of building structures in
Taiwan, especially buildings with high fire load, such as furniture stores,
chemical factories and warehouse stores. LGS is also widely used for the
illegal and temporary structures. These structures are disordered, messy and
damaging to the urbanscape. Many of them lack careful structural analysis
and calculation as well as supervision during construction, which leads to
poor structural quality in steel construction.

Buildings with steel frame and sheet metal covering are inadequate in
durability and fire prevention. When the fire occurs, the high fire load
within the building and the raging fire quickly exceed the fire resistance of
the steel structure. The strength of the steel is reduced drastically, causing
injuries and fatality among the fire fighting workers. For instance, two
firefighters were killed on duty during the March 2005 fire at a furniture
store on Boai Road, Kaohsiung City. Three firefighters were injured during
a fire occurred at a sheet metal factory in Taoyuan in August 2011. In
March 2012, five residents did not escape in time and died in the fire
occurred in the sheet metal building on Minghu Road in Hsinchu. In July
2013, two fire fighters died on duty in a sheet metal factory in Taishan,
New Taipei City.

In summary, researchers should explore further by collecting more
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information from a wide scope of fields, conducting more analysis and
experiments on the theories as well as referencing the regulations and
standards from around the world. They need to determine whether the
building regulations concerning steel buildings should be reinforced to
focus on fire prevention structure, whether the building should be sprayed
with water during the fire to reduce the temperature, or change the fire

fighting strategy to avoid buildings that might collapse.

2.Research Method and Process

This study collects fire incidences that occurred at LGS structures
(sheet metal buildings) from Taiwan and around the world to determine
information including the cause, injuries and fatality. Regulations and
research studies from Taiwan and around the globe are also compared to
provide recommendations for current domestic regulations. In addition, the
study conducts metallographic analysis and tests the steel plate tensile
strength for the fire tests at 600, 700, 800, 900, 950 and 1,000 ‘C on A36,
the LGS material typically used for the sheet metal buildings. The tests
examine the metallographic microstructure on the surface of the quenched
steel and internal structural defects within the steel. The findings will help
formulate the fire safety and fighting strategies during fires occurred in
LGS buildings.

It is the hope that the findings from this study may serve as a reference
for regulatory amendments in Taiwan, which will adjust the strategies
applied toward fire fighting and fighting during this type of fire, and
prevent LGS fires and such fatal tragedy from ever happening again.
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3.Important Research Results

Examination of case studies, regulatory analysis and experiments on

metallographic reproduction of the steel plates used during the fire renders

the following key findings concerning the fire safety and fighting strategies
for LGS buildings (sheet metal buildings) :

(1

(1)

(1)

(V)

V)

LGS buildings (sheet metal buildings) have the following fire
characteristics : (1) Weak structure; (2) The fire spreads quickly; (3)
Lack of indoor fire planning; (4) The fire is strong.

When fire occurs within a sheet metal building, the high fire load
within and the fierce fire quickly exceed the thermal resistance of the
steel structure. The steel frame is likely to bend due to heat, which
destabilizes the entire building and causes collapse. There is usually
a lack of fire prevention plan within the building. Once the fire starts
and cannot be controlled quickly, the multiplier effect from the
preheating would quickly dissolve the flammable objects, causing
the fatal flashover long before the firefighters arrive, making the
fighting efforts even more difficult.

According to the post-fire steel (metal) plate test, A36 plate is
composed of 80% Ferrite (F) and 20% Pearlite (P). When the
temperature reaches 800°C, the steel turns to Austenite. After
quenching, the metallographic structure of the heated steel plate
becomes Bainite and Martinsite. If the steel is reheated at this point,
the metallographic structure remains as Martinsite.

Though the steel plate becomes Martinsite when it is heated to 800°C,
when it is cooled down naturally, it returns to be partly Pearlite,
which retains the partial toughness without brittle fracture.

The steel frame that supports the sheet metal building starts to soften

XV
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at 538°C. This type of building is typically two-story structure. When
the fire spreads to the second floor and when flashover occurs, the
fighting firefighters cannot see the fire on the second floor and thus
are unknowingly caught in danger. By the time the roof collapses, it
IS too late to escape.

(V1) In many sheet metal buildings, the steel columns on the first support
the second floor while there are no supporting structures on the
second floor except the walls, which is why the second floor ceiling
tends to collapse during fire. This is something of which all
firefighters must take precaution. If the sheet metal building is a
two-story structure or above while both the first and second floors
are burning, under the premise of no human lives are threatened, the
commander on site must understand the fire spread first and then

send the firefighters in after careful deployment.

4.Main Suggestions

Suggestion 1 : The competent authority should improve the environment
and facilities with enhanced coaching with the concept of
risk assessment.

Executive institution : County and city governments

Cooperative institution : National Fire Agency and Construction and

Planning Agency, Ministry of the Interior
Governments should conduct proactive and reactive risk assessments
on the sheet metal structures within the jurisdiction, such as factories and
warehouses, provide coaching programs that help with phased
improvements, and enhance the safety awareness of business owners.

Controlled locations that are listed for fire prevention determination,

management, organization and training to promote regional defense

XVI
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mechanism in dense regions.

City and county governments should enhance the safety evaluation
mechanism for the factories within their jurisdiction and improve building
fire prevention as well as safety and fire fighting equipment. It is
recommended that the governments form a united coaching team to
effectively control the risks and danger of fire at sheet metal buildings.
Illegal sheet metal factories, in particular, should be encouraged to install
fire fighting equipment. The fire units shall pay additional attention on
inspection, management and communication to detect and solve any fire

safety issues.

Suggestion 2 : Enhance the fire workers ability in disaster relief and
combating fire as well as improve the functions of the
facilities and equipment.

Executive institution : National Fire Agency, Ministry of the Interior

Cooperative institution : City and County Fire Departments

Safety and disaster relief education must be fully implemented.

Training must include facilities that simulate actual fire scenes with

scenarios of flashover, backdraft and combustion. Increasing training

facilities that simulate the combustion from early to mid-stages may
provide educational training for determining the fire spread, changes in
smoke layers and the control when spraying the smoke layer at the fire
scene.

In addition, the fire safety and disaster relief officers must undergo
special training to be fully capable of safety management.
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Suggestion 3 : Build command functions for major fire and utilize 3G to
provide real time disaster information.
Executive institution : County and city governments
Cooperative institution : National Fire Agency and Construction and
Planning Agency, Ministry of the Interior

Recommendations include integrating systems such as GIS, GPS, and
Google Maps (3G), security management and digital imaging;
strengthening duty officers’ ability in data collection and imaging
recognition during the fire; helping collect information concerning the fire
scene during reporting and deployment; GIS image management;
deployment strategies for staff support; grasping the dynamics of rescue
efforts from various units; contacting the military service close to the fire
scene for support.

GIS can be utilized to pinpoint the road width, building levels, width
and depth as well as the location of fire hydrants. The commander may
utilize it to estimate the length of extension water belt needed from the fire
truck to the building on fire. GIS can also calculate the longest diagonal to
determine the number of water belt to be carried by the person controlling
the nozzle, the number of nozzle, water pressure, and the street layout for
locations of water source for the replay trucks to avoid conflicts. GPS may
guide the fire trucks through the line of movement. Google Maps Street
View can provide information such as building facades, the size of
windows and parking condition. With these information, a few calculations
can be made, such as the circumference of the fire spread, the number of
water nozzles, water pressure and protection radius to build the optimal

model and strategy to prevent the fire from spreading.
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Suggestion 4 : Conduct studies that improve the fire safety and equipment
for sheet metal buildings.
Executive institution : Architecture and Building Research Institute,
Ministry of the Interior
Cooperative institution : National Fire Agency and Construction and
Planning Agency, Ministry of the Interior

By conducting site surveys that include the decoration, structure and
installation in sheet metal and factory buildings and combining the risk
recognition, analysis and coaching from all units and departments,
authorities may provide businesses with proposals that meet the regulatory
and cost concerns while improving fire safety details and schedule. The
proposals may also help businesses establish comprehensive, adequate and
safe disaster prevention environment to effective control the risks and
danger and prevent or eliminate the possibilities or consequences of

disasters.

Suggestion 5 : Amend part of the provisions in Building Code and
Regulations.
Executive institution : Construction and Planning Agency, Ministry of the
Interior

Cooperative institution : National Fire Agency and Architecture and
Building Research Institute, Ministry of the

Interior
Sheet metal buildings, which are mostly without fire prevention, are a
common form of building structure in Taiwan. They are often built with
steel or metal, which is classified as non-combustible materials under Item

28, Article 1 of Building Design and Construction of the Building Code and
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Regulations. When the steel reaches the temperature of 600°C, its percent
elongation increases dramatically, causing the partial length of beams and
columns and internal stress, which lead to collapse. The temperature may
reach 1,100°C at a typical fire scene, which is able to cause the collapse
mentioned previously. Steel or metal buildings that are not built according
to the fire prevention requirements, such collapse is very likely to happen
during fire.

Buildings such as factories and warehouses are used for production or
storage purposes and therefore have a higher fire load than regular
buildings. When the fire breaks out, it is usually stronger than it would be
in regular structures. The larger the factory, the more difficult it is for
evacuation and rescue. Additionally, sheet metal buildings often collapse
during fire, which endangers the lives and safety of the firefighters and
fighting workers. Therefore, it is necessary to reinforce the fire resistance
of factory buildings. Article 69 of Building Design and Construction of the
Building Code and Regulations excludes factory area from the gross floor
area of industrial and warehouse uses (category C). It is recommended that

such exclusion be deleted.
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