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Abstract

The technological development of civil construction sector has led to the exploration of industrialized building systems. One of this system
is the structural Light Steel Framing (LSF), which consists in cold formed steel frames juxtaposed with drywall enclosure of different
materials, such as cement boards, wood boards and plasterboards. Despite of the advantages of this system, there is still a concern about
their fire safety. Therefore, this paper aimed to verify the fire resistance of LSF systems with two types of plasterboard, one composed of
standard plasterboard (common) and the other one by fire-resistant plasterboards. The samples were tested according to the [1]. It was
evaluated integrity, thermal insulation and structural stability of each solution. The results presented the system with fire-resistant
plasterboards more secure when compared to the standard plasterboard (common). In both cases, the sample’s failure occurred due to the
loss of integrity in the panels' joints.

Keywords: Fire resistance; light steel frame; fire-resistant plasterboard.

Comparacion de la resistencia al fuego de dos sistemas de paredes
estructurales en Light Steel Framing

Resumen

El desarrollo de la construccion civil ha llevado a sistemas de construccion industrializados. Uno de estos es el Light Steel Framing (LSF),
marcos de acero conformados en frio yuxtapuestos con cerramiento de paneles de tableros de cemento, madera o placas de yeso. Todavia
hay una preocupacion acerca de su seguridad contra incendios. Este estudio objetivo verificar la resistencia al fuego de los sistemas de LSF
con dos tipos de placas de yeso, uno compuesto por placas estandar y el otro con yeso resistentes al fuego. Las muestras fueron analizadas
através de la curva de fuego [1]. Durante las pruebas, se evalu6 la integridad, aislamiento térmico y estabilidad estructural de cada solucion.
Los resultados presentaron el sistema con placas de yeso resistentes al fuego mas seguro que la placa de yeso estandar. En ambos casos, el
fracaso fue debido a la pérdida de integridad de las articulaciones de los paneles.

Palabras clave: Resistencia al fuego; light steel frame; placas de yeso resistentes al fuego.

1. Introduction of these alternatives must be analyzed and tested to evaluate

its use as a building system [3,4], since its use is growing in

The growth of construction market in industrialized
countries has increased the use of innovative construction
systems into residential buildings. Buildings with reduced
costs and more efficient construction process is a real need in
the industry. In order to fulfill this purpose the sector is
heading industrial processes [2]. However, the performance

the world [2]. Every system must meet the minimum
performance requirements for its use, such as those
prescribed by the standards [5,6].

The [5] and [6] have a mainly qualitative approach and it
is based on the minimum requirements of (a) sustainability,
(b) housing and (c) safety of the building and its systems
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[4,7]. Among the safety requirements there is the fire
resistance of structural systems. In the event of a fire, a
structural system should not compromise the evacuation of
users, nor the integrity of the surrounding buildings and the
work of rescue teams [8]. The minimum fire resistance time
of these systems is a function of time, occupation and use of
the building. However, the Light Steel Framing (LSF)
systems present a short resistance period of time when
exposed to a fire situation [9]. In some cases, these systems
do not meet the minimum safety conditions [10].

LSF is one of the structural systems not specified by fire
design standards. It is a building system structured with cold
shaped galvanized steel frames coated with treated boards, which
together form partition systems able to withstand the design
actions. Depending on the slenderness of these frames, these
systems may have a structural function. Since it is an
industrialized and dry construction system, the LSF has great
execution speed and material’s rationalization [3], and promotes
a foundation relief due to its low total weight. On the other hand,
there is still a gap on testing and employability research studies,
despite of the increase in its use in the market [11]. It was noted
that there is still hesitation about its actual performance as
building system [12], as their behavior in a fire situation and its
effective applicability in this condition [11].

Recognized as a lightweight construction system, it is
characterized by its low fire resistance, which can be
improved by the use of special materials. The behavior of this
type of system is connected to several parameters, especially
on its configuration and/or type of panel, geometric aspect
and the load rate applied [13], which makes harder to
understand their actual behavior in a fire situation. The
deduction of this set of factors emphasizes the need of
carrying out fire resistance experimental studies and the
knowledge of their behavior during a fire [11].

The fire resistance evaluation of a structural wall system
is standardized by the [14-17]. These standards generally
states that three conditions must be meet: (a) integrity, (b)
thermal insulation, and (c) structural stability. During the
tests, the furnace shall conform to a standardized rise of
temperature, such as [1]. This curve is a well-accepted
simulation of the fire curve in a building to carry out this type
of analysis, since a real fire curve is influenced by several
factors, such as fuel load, ventilated area, etc. [18]

In order to determine the performance of structural LSF
systems in a fire situation, this paper aimed to analyze and
compare two structural walls of this system, both with the same
thickness and layering, but with different types of plasterboard:
standard (common) boards and the known as fire-resistant
boards. Following the standard prescriptions, the walls have been
tested in full scale, with dimensions of 315x300cm exposed to
the action of high temperatures from a standardized and
calibrated vertical furnace, which conforms to the temperature
curve defined by [1]. The study was divided into four stages: (1st)
introduction; (2nd) experimental program; (3rd) results and
discussion; and (4th) conclusion.

2. Experimental program

Fig. 1 presents the layers that compose the studied
system.

Steel Frame

Cement board

INTERMAL SIDE i ——
4" \\Vood particleboards

Glass wool

Wood board

~._ Plasterboards

EXTERNAL SIDE
§00mm

Figure 1. System layers characterization.
Source: The authors.

The materials used in the composition of samples are
following detailed.

2.1. Materials
2.1.1. Steel frames

The cold shaped metal frames (tensed C shape) have
height of 90mm and width of 40mm with thickness of 12mm,
produced with galvanized steel. The steel has a yield stress of
600MPa. The steel frames received a surface treatment of
zinc and aluminum, which ensures a high corrosion
resistance.

2.1.2. Wood particleboars

The wood particleboards are structural panels of oriented
strand board (OSB) wood type comprising thin strips and
oriented perpendicularly to each other in several layers,
which increases its rigidity and strength. These strips are
attached with a resin applied under high temperature and
pressure, phenolic type. The boards have thicknesses of
11.1mm and density 650.00kg/m3.

2.1.3. Cement boards

The cement boards are used to protect the wall system
(external area of the building) and are made from a mixture
based on cement and synthetic fibers. The boards have
thicknesses of 10.0mm and density of 1.20g/cmga.

2.1.4. Plasterboards

The plasterboards have a density of 1.45g/cmz?, are non-
combustible and have flexural strength of 9MPa. Two types
of plasterboards were used. The board named Standard,
which is ideal to use only in dry environments is made of
natural gypsum. The other board, named “fire resistant", is
produced from natural gypsum with the addition of natural
fibers and admixtures to improve its resistance to fire.
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2.1.5. Glass wool

The glass wool is used for a better thermal and acoustic
insulation and has a thermal resistance of 1.52m2.°C/W,
density 40.00kg/m3 and a thickness of 50.0mm.

2.2. Specimens

The samples have 315cm of width, 300cm of height and
13.5cm of thickness. The steel frames used in the assembly
of this system were spaced every 60cm, with a thickness of
90.0mm. The arrangement of the frames was chosen
according to the ultimate bending moment resistance of the
internal wall system (plaster and wood boards), assuming a
safety factor of 1.4.

The sample labeled "A" is a wall with OSB composite
board, 11.1mm thick, applied both internally and externally.
This board has a bracing structural function of the boards.
The plasterboard used was the standard type, with 12.5mm
thick, applied over the OSB board. In the external surface,
also on the OSB board, a cement board with thickness of
10mm was installed. Sample "B" was composed of the same
materials than sample “A”, except the plasterboard, which
was the fire resistant type, 12.5mm thick.

Table 1 gives a breakdown of the constituent layers of
these samples. Fig. 2 shows the steps of mounting and the
appearance of the finished sample. Fig. 2a stands out the
installation of the steel frames (rigid frame), Fig. 2b details
OSB boards application on halfway up to the plasterboard,
and Fig. 2c is the finished sample coupled to the vertical
furnace.

2.3. Vertical furnace

The vertical furnace is heated by four liquefied petroleum
gas burners, controlled by differential pressure as the
examined area. The burners are installed at the furnace
sidewalls (two per wall) and are calibrated to increase the
temperature according to the heating curve established by [1]

The temperature development is monitored during the test by
two thermocouples installed inside the furnace. In the event of a
deviation, a correction of the flame intensity produced is
performed automatically. The temperature of sample’s external

Table 1.
Details of test samples
Sample Cutting Composition
External - Cement board — 10mm;
I

- OSB board — 11.1mm;
- Steel fram — 90x40x12mm;
- Glass wool — 50mm;
- OSB board — 11.1mm;
- Standard (ST) plasterboard
—12.5mm

Internal

1

L B00mm |

External |
B [ [
} 600 mm :

Internal
Source: The authors.

- Cement board — 10mm;
- OSB board — 11.1mm;
- Steel fram — 90x40x12mm:;
- Glass wool — 50mm;
RE - OSB board — 11.1mm;
- Fire-resistant (RF)
plasterboard — 12.5mm

]
(@) (b) (©)
Figure 2. Sample-mounting sequence: (a) board with steel frames, (b) system
enclosure (c) sample coupled to the furnace
Source: The authors.

Table 2.
List of the equioment used in tests
Description Model Calibration
. Resolution 0,01 °C
Vertical furnace GFT 03276 FG Thermal capacity 1200°
Thermographic A325 FLIR
camera
Laser tape GLM 80 Bosch

Professional

Source: The authors.

Figure 3. Numbering of internal
thermocouples
Source: The authors.

Figure 4. Numbering of external
thermocouples
Source: The authors.

surface is measured by five thermocouples, also installed
within the furnace. The temperature of sample’s exposed
surface is the average of the temperature measured by
thermocouples arranged symmetrically on the furnace inner
region, in number equal to five, with one for each 1.5m? of
exposed surface. Temperatures are measured with an
accuracy of £1.5%.

2.4. Instrumentation
Table 2 presents the equipment used during the tests.

The internal (face of the sample exposed to fire) and
external thermocouples (face of the sample not exposed to
fire) are type K with diameters of 4 mm and 2 mm,
respectively. Fig. 3 and Fig. 4 illustrate the positions of the
thermocouples.
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2.5. Evaluation criteria

For the analysis of both systems, it was evaluated the
parameters of integrity, thermal insulation and structural
stability, as defined [14-17] to check the fire resistance of
structural walls.

The analysis of the thermal insulation is made by the
thermocouples measurements in the surface not exposed to
fire of the sample. In order to be thermal insulated, the
maximum rise of temperature must be less or equal to 180°C
in each thermocouple or 140°C on the average of all the
thermocouples, whichever occurs first, adding the initial
temperature of the trials [14,16,17].

The cracks found in the samples during the test are not
allowed to release hot gases through its openings. The
integrity is verified with a dry cotton wool pad positioned on
the crack for 10 seconds, which can not inflame during the
exposure, as defines [14-16]. Cracks that have not caused the
inflammation of cotton wool pad were disregarded in this
study, as it does not compromise the integrity parameter. To
assist the identification of the cracks during the tests, a
thermographic camera was used on the surface not exposed
to fire.

The structural stability was verified by the horizontal
deformations developed during the test, which was measured
using a laser tape pointed to the center of the not exposed
surface. The system was subjected to the action of a
uniformly distributed load of 15kN/m, simulating a slab
action load. According [14], the fire resistance time of the
sample corresponds to 80% of the time period in which the
element was charged and subjected to the test. Regarding the
overall deformation of the load-bearing wall system, the
standard states that it can not be excessive, admitting a
maximum deformation of 1/30 of the span.

3. Results and discussion
3.1. Thermal insulation

The temperatures recorded in the sample "A" and Sample
"B" are presented in Fig. 5 and Fig. 6, respectively.

Manifestations occurring during the test are presented
Table 3.
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Figure 5. Specimen ‘A’ external surface temperature — Standard (ST)
plasterboard.
Source: The authors.
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Figure 6. Specimen ‘B’ external surface temperature — Fire Resistant (FR)
plasterboard.
Source: The authors.

The ambient temperature at the test beginning was 24.5°C
and in turn the test limit is 164.5°C for the average
temperature of five external thermocouple and 204.5°C for
each thermocouple (thermal insulation).

The sample “A” test lasted 51.5 minutes, whereas the sample
“B” lasted 62.0 minutes when the tests were finished. However,
the average temperature of the five external thermocouple has not
reached 164.5°C in both cases, or any individual thermocouple
temperature reached 204.5°C. Therefore, the sample with fire
resistant plasterboard had test duration 10.5 minutes, or 20.3%,
higher than the sample with standard plasterboards.

According to the pictures and temperature graphs presented
on Table 3, the samples had a similar behavior up to 40 minutes
of test. The wall using the standard plasterboards (sample “A”)
had initially a heat concentration at the joints, being later
distributed throughout the system’s surface. The same occurred
with the sample with fire resistant plasterboards (sample 'B’),
which, however, presented a better performance for 10.5 minutes
when compared to sample “A”.

In both cases, it was noted that the metal bolts are the first
elements to present an abrupt heating. It was evident that its
protection, or substitution by insulating material, can
contribute to the thermal insulation of wall systems using
plasterboards. The bolts and joints might be considered a
weak point of this kind of system.

3.2. Integrity

After 45 minutes from the beginning of the test, it was
noticed a vertical crack between two cement boards
(external) on sample “A” (Fig. 7). At the same moment, the
cotton wool pad test was performed. With the crack
propagation, the test was repeated at 51.5 minutes and, at this
occasion, the hot gases expelled caused the cotton wool pad
inflammation, characterizing the system’s loss of integrity.

In the test of sample “B”, vertical cracks were identified
between boards (at the joints) 50.0 minutes after the beginning of
the test (Fig. 8). However, trhough the cotton wool pad test the
sample still maintains its integrity. After 62 minutes of testing,
the action of the hot gases produced by this opening has passed
to compromise system’s integrity and the test was finished.
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Table 3.
Temperature evolution at the unexposed spicemen’s surface
Sample ‘A’ Sample ‘B’
0 minutes Comments 0 minutes Comment

s
The

The

heating heating
program program
starts with starts with
temperatur temperatur
e of the e of the
external external
surface at surface at
24.5°C. 24.5°C.
15 minutes Comments 15 minutes Comment

S

Highlighte Y Marked
d the bolts heating of

heating. the bolts,
Note the with
temperatur remarkable
e on the temperatur
center-left erisein
area of the the joints
sample. between
boards.
30 minutes Comments 30 minutes Comment

S

External " g External
average average

temperatur temp. is
eis 33.8°C 30.1°C.
and the Thereis a
maximum heat in the
registered upper
is 38.5°C region of
the sample.
45 minutes Comments 45 minutes Comment

S

internal . The

furnace external
temp. is average
885.5°C temp. is
and the 37.4°C.
average Heat
temp. of distribution
external sample’s
average tis surface.

50.0°C.

51,5 minutes Comments 62 minutes Comment

S

End of the : End of the
heating - . heating

program program
due the due the
cracking cracking
followed followed
by by
detachmen detachment
t between between
boards, boards,
loss of loss of
integrity. integrity.

Source: The authors.

Note that the joints have proved to be the weakest point
of the system, independently from the type of plasterboard
used. For this reason, it is emphasized the importance of

(a) (b)
Figure 7. Loss of integrity moment of (a) sample “A” and (b) sample “B”.
Source: The authors.
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Figure 8. Deformation versus time.
Source: The authors.

ensuring the fire resistance properties in all components
of the system, not only at the plasterboards, as well as its
joints.

3.3. Structural stability

Fig. 8 presents the evolution of measured deformations
during both tests.

Since the exposed span length was 2500.0mm, the
deformation limit is 83.3mm. For both samples, the
deformation was very similar up to 30.0 minutes of test and
less than 10.0mm. From the 30.0 minutes, sample “A”
presented higher total deformation, leading to a loss
structural stability. However, the deformations did not
compromise the use of both samples, even though sample
“A” reached 80.0mm at 50.0 minutes of testing.

4. Conclusion

It was concluded that the samples with fire-resistant
plasterboard type presented a better fire performance when
compared to the standard plasterboard type for all the
analyzed parameters: thermal insulation, integrity and
structural ~ stability. The sample with fire-resistant
plasterboards had test duration of 10.5 minutes longer than
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the standard type, or 20.3% higher than the sample with
standard plasterboards, presenting the efficiency of using this
type of material. From the 30.0 minutes, sample “A”
presented higher total deformation, probably due to the
higher increase of temperature on the external surface,
leading to a loss structural stability. After 45 minutes from
the beginning of the test, it was noticed a vertical crack
between two cement boards on sample “A”, instead sample
“B”, 50 minutes. In both cases, the joints between panels and
bolts were critical in their behavior during the fire exposure,
being responsible for the loss of integrity due the passage of
gases. Therefore, attention should be taken to the thermal
protection of these elements in order to promote a greater fire
safety of structural LSF systems.
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