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Abstract

The use of self-compacting concrete in structural members has become increasingly prevalent in various construction applications.
However, these structures are susceptible to one of the most hazardous disasters, which is the fire. This paper presents a numerical
investigation of the fire resistance performance of self-compacting reinforced concrete (SCC) beams, as well as a parametric study to
assess the impact of hybrid fibres and fire insulation on enhancing their performance under fire conditions. The study is conducted
by developing a 3D finite element (FE) model using ANSYS software, where temperatures are applied according to the 1SO834
standard fire. Geometric and material nonlinearities are considered in the evaluation of the behaviour of beams under fire conditions.
The developed FE model is validated by comparing the predicted results with those of the experimental tests in literature. The fire
resistance performance of SCC beams was compared with that of normal strength concrete (NSC) beams. The parametric study is
conducted using three types of fire insulation, namely Tyfo WR-AFP, CAFCO 300, and Carboline Type-5MD. The results showed that
SCC beam has lower fire resistance performance than the NSC beam. However, the incorporation of hybrid fibres allows a 17%
improvement in the fire resistance of SCC beams. The use of fire insulations has increased the fire resistance time of SCC beams,
and more particularly Carboline Type-5MD insulation with an increase of 28%. The combined use of hybrid fibres and fire insulation
improved the fire resistance of SCC beams by 43%.
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1 Introduction

Self-compacting concrete (SCC) is a significant advance- improve SCC's resistance to environmental hazards when
ment in concrete technology. Since it was introduced used in structural members of buildings [7]. However, fire
in 1988, SCC has been widely used for the construction of remains one of the harshest environmental conditions to

high-rise and industrial buildings [1]. Indeed, it is a suit- which these buildings may be exposed.

able solution since it flows under its own weight and fills
the moulds without any vibration or compaction even in
the presence of congested reinforcements [2, 3]. However,
obtaining ideal workability may result in significant brit-
tleness and ease of production of shrinkage cracks [4].
The literature review shows that adding fibres in SCC can
effectively improve the mechanical properties, and more
particularly the tensile strength [5]. It is an appropriate
solution to the problem of brittleness and crack propa-
gation, where researchers confirmed the positive syn-
ergistic effect between fibre reinforcement technology
and self-compacting technology [6]. These additives can

Fire causes a significant deterioration of the mechanical
properties of concrete and reinforcing bars, resulting in a sig-
nificant decrease in the stiffness and bearing capacity rein-
forced concrete (RC) members of buildings. It may cause
a substantial loss of serviceability that may lead to struc-
tural collapse, constituting a threat to lives and property [8].
Several studies have been conducted, by researchers, on the
behaviour of structural steel members [9—11] or RC mem-
bers [12, 13] under fire conditions. Dwaikat and Kodur [14]
experimentally investigated the behaviour of RC beam under
fire conditions, showing that high strength concrete beams
have a lower resistance and greater degrees of spalling than
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normal strength concrete (NSC). The fire resistance is sig-
nificantly influenced by concrete permeability, type of fire
exposure, load level and restraint conditions [14].

Yermak et al. [15] have shown that the addition of poly-
propylene and/or steel fibres reduces the fire damage to
structural concrete members. Hou et al. [16] tested the fire
resistance of four hybrid fibre reinforced reactive pow-
der concrete beams protected by fire insulation. They con-
cluded that the use of hybrid fibres (2% steel fibres and 0.2%
PP fibres) and fire insulation at the same time is an effective
method of preventing fire failure. They also show that the
fire insulation can greatly improve the fire resistance perfor-
mance of RC beams. Banerji et al. [17] showed, from their
experimental study that ultra-high performance RC beams
with polypropylene fibres exhibit better performance under
fire scenarios with distinct cooling phase. The addition of
0.2% polypropylene fibers to ultra-high performance RC
beams significantly enhances their fire resistance. The study
that was conducted by Jin et al. [18] concluded that the addi-
tion of steel fibres to RC beams with volume fraction of
0.1% and 2% has a negligible influence on the temperature
distribution. They also showed that steel fibres could reduce
the spalling of concrete when heated to 400 °C.

Given the high cost of experimental studies and their
time-consuming, and the study of many influencing factors,
some researchers leaned towards numerical studies whose
results are comparable with those of experiments. Even for
the structural design of RC structures, the use of non-lin-
ear finite element (FE) model is starting to be employed
in the scientific community and industry standards [19].
Kodur et al. [20] have shown that FE analysis of the residual
capacity of reinforced concrete beams exposed to fire gives
more realistic predictions than those predicted from simpli-
fied sectional analysis. Hou et al. [21] developed a 3D model
and found that NSC beams have better fire resistance than
reactive powder concrete beams. Alyaa et al. [22] investi-
gated the structural behaviour of hybrid fibre-reinforced
reactive powder concrete beams under service load and fire
exposure, composed of hybrid fibres and have concluded
that adding hybrid fibres would considerably improve the
residual stiffness of fire-damaged beams. Ilango et al. [23]
carried out a numerical simulation of the behaviour of con-
crete beams reinforced with carbon fibre reinforced polymer
bars containing polypropylene fibres at high temperatures.
They have found that the addition of polypropylene fibres
to the concrete increases the fire resistance by 10 minutes.
Al-Thairy et al. [24] studied the response of lightweight
RC beams under elevated temperatures. They showed that
after exposing the RC beam to a temperature of 800 °C,

the reduction in the ultimate load capacities of lightweight
RC beam is less than that of the normal weight RC beam.
Ren et al. [25] developed a FE model to predict the fire resis-
tance of hybrid fibre reinforced reactive powder concrete
beams by proposing an equation of the design parameters
commonly used for fire safety design.

Some researchers also recommended the use of fire insu-
lation in structural elements to provide better protection for
concrete and steel reinforcement [26, 27]. Some studies have
shown that spray applied fire resistive material (SFRM) are
among the best insulators owing to their advantages such
as cost-effectiveness, ease of application and lightness [28].
Ren et al. [29] studied the behaviour of insulated RC beams
and concluded that thermal conductivity, thickness, and set-
ting mode of fire insulation are among the properties that
strongly affect their fire resistance, while density and spe-
cific heat have little effect on their fire resistance.

The behaviour of SCC at elevated temperatures has
only been addressed in a few studies, where the sam-
ples were limited to test specimens with small sizes.
Fares et al. [30] carried out an experimental study to com-
pare the performance of SCC with NSC when exposed to
high temperatures, and they observed that severe spalling
occurs in SCC specimens, while no spalling was observed
in NSC specimens. Tao et al. [31] conducted an experi-
mental study to evaluate the effect of high temperatures on
the compressive strength of both SCC and high-strength
concrete. They concluded that the compressive strength
grade has a significant effect on the reduction factor of
mechanical properties. Bamonte et al. [32] investigated
the behaviour of NSC and SCC under high temperatures.
They showed that normal strength SCC tends to behave
similarly to NSC, whereas high-strength SCC is more sen-
sitive to high temperatures than NSC. The study of the
behaviour of small beams in SCC and NSC, carried out by
Anand et al. [33], showed that when the grade of concrete
increases, the percentage reduction in ultimate load also
increases, and that beams modelled with SCC and forced
cooling exhibit poorer performance than other beams.

However, in order to use self-compacting concrete
(SCC) in structural members and to reach a specific level
of fire resistance, it is necessary to define requirements
related to geometry, loading, and boundary conditions.

1.1 Objectives

Therefore, recognizing the need for further research, this
paper presents a comprehensive numerical study to inves-
tigate the fire resistance performance of SCC beams.
Additionally, a parametric study is conducted to assess the



effect of incorporating hybrid fibres and using fire insula-
tion in enhancing the performance of these beams under fire
conditions. The study is conducted by developing a 3D FE
model using ANSYS software [34] where temperatures are
applied according to the ISO834 standard fire. A sequentially
coupled thermo-mechanical geometrically non-linear analy-
sis is undertaken, in which all material properties vary with
temperature and stresses or strains. In this case, the thermal
model is first run, and later the temperature fields are imposed
in the Gauss points of the structural model, as an imposed
static strain, that varies in time. The numerical model will
be validated initially with a previous experimental cam-
paign [35], in which a NSC is subjected to [SO834 fire curve.

1.2 Research significance

According to the authors best knowledge, the structural
criteria and guidelines for SCC during fire design analy-
sis are not known in the scientific community, and most
studies are related to experimental campaigns for limited
geometries, loads, and types of fire protection. The use of
extensive numerical thermo-mechanical models to para-
metrically study the efficiency of SCC during a fire event
is, at the moment, almost null.

2 Case of study

The case study involves seven beams with the same dimen-
sions and boundary conditions, each with a cross-section
of (120 x 200) mm? and a total length of 2000 mm. These
beams are reinforced with two 10 mm diameter bars for
tensile reinforcement, two 8 mm diameter bars for com-
pressive reinforcement, and shear reinforcement in 6 mm
diameter stirrups spaced 100 mm apart, Fig. 1. The first
beam is made of NSC, while the other six are made of
SCC. One of the SCC beams without fire insulation and
hybrid fibres is used as a reference, while the remaining
five beams are treated with different fire insulations, such
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Fig. 1 Dimensions, reinforcement, loading, and boundary conditions
details of the studied beams, a) Elevation, b) Section A-A'

as Tyfo WR-AFP, CAFCO 300, and Carboline Type-5MD,
including one containing hybrid fibres and Carboline Type-
SMD fire insulation. The designations and characteristics of
all the studied beams are detailed in Table 1. The beams are
subjected to combined thermal and mechanical loads. The
thermal load is applied to three longitudinal sides accord-
ing to the ISO834 standard fire model, as well as a constant
mechanical load set at 35% of the load bearing capacity.
The use of fire insulation is only at the bottom of the studied
beams, with a 3 mm thickness, as shown in Fig. 2.

Table 1 Designations and details of studied beams

Elastic . Tensile Thermal . .

Concrete . . Compressive .. Specific heat Density

Beam tvoe Fire insulation modulus strength (MPa) strength conductivity (U/kg K) (ke/m?)

yp (GPa) & (MPa) (W/mK) & &
B 1 NSC without 30.22 46.52 2.39 133 900 2350
B 2 scc without 40.88 60 5.5 3.03 1029.78 3000
B 3 HFRSCC without 41.24 80.31 6.29 3.03 1029.78 3000
B 4 scc Tyfo WR-AFP 40.88 60 5.5 3.03 1029.78 3000
B 5 scc CAFCO 300 40.88 60 5.5 3.03 1029.78 3000
B 6 scc Carboline Type- 40.88 60 5.5 3.03 1029.78 3000
- SMD

B 7 HFRsce  Carboline Type- 41.24 80.31 6.29 3.03 1029.78 3000

SMD
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Fig. 2 Fire Insulation placement in SCC Beams

3 Numerical simulation and material models

The case study explained in the previous section was simu-
lated by ANSY'S software [34]. The sequential thermal-me-
chanical coupling technique is utilized which begins with
thermal analysis by subjecting the beams to a time-varying
thermal load according to the standard ISO 834 fire and the
thermal contours are recorded at each time step. These ther-
mal contours are then utilized after switching from thermal
to structural analysis as both a variable load beside apply-
ing constant mechanical load. In the development of 3D FE
model taking into account the following assumptions:

* The mechanical properties of concrete and steel
reinforcement at different temperatures are consid-
ered isotropic and homogeneous.

» Spalling is neglected in this study because the com-
pressive strength of SCC and NSC is less than 70 MPa
and SCCH contains polypropylene fibres [36].

* A full bond is assumed between the concrete and the
steel reinforcement and the total stress in the rein-
forcement is similar to that in the concrete [36].

3.1 Finite element models

Five FE are used to evaluate the thermal and structural
analysis of the studied beams. For the thermal analy-
sis, LINK33 is to simulate the reinforcement bars and
SOLID70, for the concrete and fire insulation. LINK33
is a uniaxial element that consists of two nodes with one
degree of freedom and temperature assigned to each
node [34]. SOLID70, having 3-D thermal conduction
capabilities, is composed of eight nodes, each with a single
degree of freedom for temperature [34]. For the structural
analysis, LINK180, SOLID65 and SOLIDI185 have been
chosen to simulate reinforcement bars, concrete and rigid
plates, respectively. The rigid plates were used at both
ends to prevent localized concentrations of tensile stresses

in concrete resulting from the localized effects of concen-
trated loading. LINK180 is a 3D bar having a uniaxial
tension-compression with two nodes and three degrees of
freedom at each node [34]. SOLID®6S5 is capable of simu-
lating both cracking in tension and crushing in compres-
sion, defined by its eight nodes and three degrees of free-
dom at each node [34]. This element incorporates open
and close crack shear transfer coefficients, with the val-
ues for this simulation set at 0.4 and 0.8, respectively [39].
Additionally, the simulation considers a tensile crack fac-
tor (TCF) of 0.6 [40], which is a crucial parameter directly
influences the fracture energy of concrete. SOLIDI8S are
defined by eight nodes and three degrees of freedom at
each node [34], and eight Gauss points for full integration.

3.2 Material properties models

In this section, the material properties of all materials used in
the numerical models are presented, including the non-linear
parameters that may lead to cracking and yielding of the con-
crete and steel respectively. For the concrete, the multilinear
isotropic hardening plasticity (MISO) present in the ANSYS
material library was used. For the steel, multilinear isotro-
pic based on Von Mises formulation was applied. The MISO
model in ANSYS Mechanical APDL is a rate-independent
plasticity model characterized by a Von Mises yield criterion,
an associative flow rule, and isotropic hardening. It is evident
from the existing literature that numerous studies have inves-
tigated the efficacy of employing the MISO model in mate-
rials modeling [41, 42]. Notably, the selection of the MISO
model for this study was informed by previous research
demonstrating its validity in simulating RC beams [39, 43].

3.2.1 Concrete
The main concrete properties used for the mechanical
analysis are presented in Table 1, but these are for ambi-
ent temperature. For this numerical analysis all thermal and
mechanical properties of NSC will be affected by tempera-
tures according to the variation proposed in Eurocode 2 Part
1-2[37]. For the concrete ANSY'S uses standard tensile frac-
ture energy values, by indirectly referencing the variable a
tensile crack factor (TCF) of 0.6 [40]. With Regard to SCC,
the relationships proposed by Khaliq and Kodur [38] con-
cerning the variation of thermal conductivity, specific heat
and thermal elongation as a function of temperature, whose
curves are shown in Fig. 3, were adopted in our simulations.
Its density was taken according to Eurocode 2 part 1-2 [37].
The variation of mechanical properties with temperature of
the NSC was adopted according to Eurocode 2 Part 1-2 [37],
and the stress-strain curves are depicted in Fig. 4(a).
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Fig. 3 Variation of thermal properties of concrete as a function of
temperature [37, 38] a) thermal conductivity, b) specific heat, and

¢) thermal strain

The constitutive laws of SCC proposed by Aslani and
Samali [44], taking into account the reduction factors of
mechanical properties as a function of temperature suggested
by Khaliq and Kodur [38], were used by adopting the stress-
strain curves of SCC at different temperatures, Fig. 4(b).
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Fig. 4 Stress-strain curves at different temperatures
of a) NSC [37], b) SCC and ¢) HFRSCC
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3.2.2 Steel reinforcement

The evolution of thermal properties, such as thermal conduc-
tivity, specific heat, and thermal strain as a function of tem-
perature, is shown in Fig. 5 where adopted from Eurocode 2
Part 1-2 [37]. The density of steel is assumed to be 7850 kg/
m?, also derived from Eurocode 2 Part 1-2 [37]. The mechan-
ical properties of steel as a function of temperature are used
in this study in accordance with Eurocode 2 Part 1-2 [37]
and their stress-strain curves are shown in Fig. 6.

3.2.3 Hybrid fibres

The addition of hybrid fibres to SCC has a negligible effect
on the variation of thermal properties with temperature [38]
and therefore was neglected in this study. The stress-strain
properties of SCC with addition of hybrid fibres at differ-
ent temperatures are evaluated using Aslani and Nejadi [45]
constitutive laws, considering the impact of hybrid fibres on
compressive and tensile strength through the suggested rela-
tionships by Xu et al [46, 47]. including the reduction factor
of mechanical properties proposed by Khaliq and Kodur [38].
The details of characteristics of polypropylene and steel
fibres used in simulations are represented in Table 2, and the
stress-strain curves of HFRSCC are illustrated in Fig. 4(c).
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3.2.4 Fire insulation

The Spray Applied Fire Resistive Materials (SFRM) system
is a passive fire protection method used to enhance the fire
resistance of structural elements such as beams, columns,
and ceilings. SFRM involves spraying a specialized material
onto surfaces to provide thermal insulation and protection
against fire. Kodur and Shakya [48] suggested relationships
for the variation of thermal properties as a function of tem-
perature of fire insulation by SFRM of the three types and
their curve was given in Fig. 7, were used in this study.

3.3 Mesh and boundary condition

Temperature-induced reduction in material properties
leads to many convergence problems in fire resistance
analysis due to significant changes in stiffness. Such a
decrease can led to the global stiffness matrix becoming
ill conditioned, which can result in a non-convergence at
a given time step. The time step is refined with smaller
time increments to aid convergence, when the analysis
does not converge after a specified number of iterations
due to a combination of material and geometric non-lin-
earity. A mesh size of 20 mm for concrete, steel reinforce-
ments and fire insulation is chosen to be the optimum for
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achieving convergence and efficacy as shown in Fig. 8.
Also, it was later demonstrated in Section 5, that these
element dimensions and chosen geometries presented no
mesh dependency. To simplify the mesh generation, an
equivalent square area was used for the steel reinforce-
ment, therefore allowing a full node connection between
the concrete, the longitudinal rebars, and the stirrups.
The heat due the fire is applied according to the ISO 834
fire model and transferred to the beam surfaces in the three

(®)

©

Fig. 8 Finite element meshing for a) concrete, b) rebar and c)

fire insulation



1 262 Zitouni et al.
Period. Polytech. Civ. Eng., 68(4), pp. 1255-1267, 2024

longitudinal sides by convection and radiation taking the
film coefficient equal to 25 W/m?, the surface emissivity of
the member equal to 0.7, the Boltzmann constant equal to
5.67 x 107 W / m?K4, and the emissivity of the fire equal
to 1. The unexposed side is subjected to the room tempera-
ture of 20 °C a film coefficient of 9 W/m?2. The thermal
boundary conditions (convection and radiation) are shown
in Fig. 9. The pinned and roller supports are positioned
at the bottom of the rigid plate, specifically at the middle
nodes. Mechanical loads are applied to the top of the rigid
plate at all the center nodes, as shown in Fig. 10.

3.4 Type of analysis

Due to the non-linear material and geometrical non-linear
analysis, it is necessary to use a predictor-corrector method-
ology, in which the iterative Newton-Raphson method was
applied for the mechanical model using force control. For the
thermal model, since all material thermal parameters are tem-
perature-dependent, a Newton-Raphson method is also used.

4 Failure criteria

When designing the fire resistance of the researched beams,
the failure criteria must be applied to the structural analy-
sis of the relevant collapse limit states. The failure of the

Room Temperature (20°C) —

Convection + Radiation __
(ISO834 standard fire)

Fig. 9 Thermal boundary conditions

Fig. 10 Location of loading and supports in beam

beams occurs when they are unable to sustain the applied
loading during fire conditions, and this happens when the
midspan displacement increases quickly. Under high tem-
peratures due to the fire, an increase in the mid-deflection of
the beams occurs due to the degradation in the strength and
stiffness properties of concrete and reinforcing steel. This
type of analysis is only possible to perform using non-linear
models, therefore the need of using the thermos-mechani-
cal FE models. For a more realistic assessment of failure,
deflection limit state is used to evaluate failure during fire
exposure, and this one occurs under the deflection limit state
when the maximum deflection in the beam exceeds L/20 at
any fire exposure time as specified in British Standard (BS)
code [49], where L = span length of the beam, in mm.

5 Model validation

To validate the results of the developed FE model, they
were compared against experimental test data. The beam
BRSI tested by Rafi et al. [50], was specifically chosen for
the model validation, due to an accurate assessment of the
mechanical FE model results. Fig. 11 presents a compari-
son between the measured and predicted results. In order
to inquirer there was no mesh dependency [51], the size of
the FE was changed from 40 mm to 20 mm. Notably, con-
vergence was achieved when using meshes with size ele-
ment below 20 mm, resulting in outcomes closely mirror-
ing those of the experimental tests.

Similarly, the beam BESS20-1 examined by Rafi et al.
[35] was selected to verify the accuracy of thermal and
thermomechanical results predicted by the FE model and
Fig. 12. illustrates this comparison. From Fig. 12 (a), it is
can be observed a favourable agreement between the mea-
sured and predicted results in except small difference can
be attributed to the neglected some factors such as the bond

45
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3 20 - =& --F.E Model 35
3 s F.E Model 30
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Fig. 11 Comparison between the predicted FE model results with
varying mesh sizes and measured test results: Load vs. deflection
behaviour at ambient temperature of BRS1 beam



between the reinforcement steel and the concrete as well
as moisture content. Regarding the structural response
Fig. 12 (b), it can be observed that the predicted mid-
span deflection closely matches that measured during the
test until 50 minutes, and then progresses slightly faster
to reach the same beam failure time and deformation.
However, when considering the beam failure time, there
is a clear agreement between the predicted results from the
FE model and the measured results. These findings under-
score the precision of the developed FE model in accurately
forecasting the fire resistance performance of RC beams.
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Fig. 12 Comparison between the predicted and measured results:
Temperature vs. defection of BESS20-1 beam, a) thermal response and

b) structural response
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It is also important to point, that the limit L/20 for fail-
ure described in Section 4, which for the reference span is
around 87.5 mm, is also verified in this model, therefore,
also validating it with an analytical prediction.

6 Results and discussion:

6.1 Fire resistance performance of SCC beams

To conduct a comprehensive investigation into the fire
resistance performance of SCC beams, a comparison was
made between beam made of SCC and NSC. The evolu-
tion of the mid-span deflection of the two beams B 2 in
SCC and B_1 in NSC, during fire conditions, is shown in
Fig. 13. It can be observed that the mid-span deflection
of the B_2 beam progresses more rapidly than that of the
B-1 beam. The fire resistance time limit of the B_2 beam
is 72 minutes, which is 8% less than that of B 1 beam.
This difference may be due to the rapid deterioration of
the mechanical properties of SCC compared to NSC at ele-
vated temperatures owing its higher thermal conductivity,
leading to faster heat transfer in both the reinforcement
and the concrete, as shown in Fig. 14. This leads to a more
rapid decrease in the strength and stiffness of SCC beams.
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Fig. 13 Mid-span deflection evolution of NSC and SCC beam under
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6.2 Effect of hybrid fibres

The results of the study revealed that the addition of hybrid
fibres has a very significant impact on the fire resistance per-
formance of SCC beams studied. Fig. 15 shows that the mid-
span deflection of B_3 beam with hybrid fibres progresses
more slowly compared to the B_2 beam without fibres, with
an improvement in fire resistance of 17% and a time limit of
84 minutes. This is due to the combined effect on the SCC,
where the polypropylene fibres slow the deterioration of
strength and elastic modulus at elevated temperatures, while
steel fibers enhance tensile stress at various temperature lev-
els, Fig. 16. illustrates the distribution of deformation in the
bars of tensile reinforcement for both beams (B_2 and B_3)
at 72 minutes (the failure time of B_2). This figure reveals
that the bars of tensile reinforcement in the B_3 beam expe-
rienced significantly less deformation. This observation sug-
gests that HFRSCC demonstrated greater resistance to ten-
sile stress compared to SCC.

6.3 Effect of fire insulation
The effect of fire insulation on the fire resistance perfor-
mance of SCC beams was assessed comparing different
insulated and non-insulated beams, as shown in Fig. 17.

The beams with fire insulation showed a slower progres-
sion of deflection at mid-span and a longer fire resistance
duration. This behaviour is attributed to the low thermal
conductivity of the insulation, which reduces heating rates
at the beam surface, as depicted in Fig. 18. Consequently,
the temperature penetration across the beams cross-sec-
tion decreases thus effectively decelerating the deteriora-
tion of strength and stiffness in the insulated beams.

The beam B_6, which employed Carboline Type-5MD
fire insulation, exhibited a fire resistance time of 92 min-
utes and both beams B_4 and B_5 with Tyfo WR-AFP and
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Fig. 15 Effect of hybrid Fibres on mid-span deflection of SCC Beams
under fire conditions

.055175 .11009 .165005
27718 .082633 .137548 .192463

.219921

.260E-03
.0 .247378

(@

—
.258E-03 004945 .009632 .014319 019005
.002602 .007289 .011975 016662 .021349

(b)
Fig. 16 Strain distribution in the tensile reinforcement bars of a) B_2
and b) B_3 at 72 minutes

120
- = =B 2
100 I~ ———B_4 : ! l
~~ '
g 80 F B_S I s I
: X B
.g 60 B 7 (/A
% 40 ///I /
i /7
A 7 ¢ »
7 &
20 | RIS
-——22Z
IGEI/"
0 1 1 1 1 1

0 20 40 60 80 100 120
Time (min)
Fig. 17 Effect of fire insulation on mid-span deflection of SCC beams

under fire conditions

CAFCO 300 fire insulations, respectively achieved a fire
resistance time of 82 minutes. This difference in fire resis-
tance time between beams is due to the low thermal con-
ductivity of insulations, as shown in Fig. 7.
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Fig. 18 Temperature evolution as function of time in the bottom of
studied beams

The use of fire insulation Carboline Type-5MD on SCC
beams improves their fire resistance by 28%. The B_7 beam
achieved the longest fire resistance time of 103 minutes,
which was 43% longer than the B_2 beam, benefiting from
the combined effect of hybrid fibres and fire insulation.

7 Conclusion

Based on the results of the numerical investigation on the
fire resistance performance of self-compacting concrete
beams and the assessment of the effect of adding hybrid
fibres and fire insulation to enhance their performance, the
following conclusions were drawn:

* The actual validation for both thermal and ther-
momechanical produced results which confronted
experimental data and FE model predictions and have
shown close agreement, with slight discrepancies
attributed to neglected factors as bond between rein-
forcement steel and concrete, and moisture content.

* The comparison of fire resistance performance
between SCC beams and NSC beams revealed that
SCC beams exhibited faster mid-span deflection pro-
gression during fire exposure. The fire resistance time
of SCC beam was 8% lower than that of NSC beam.
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