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Fire or high temperature is a serious issue to ultra-high-strength concrete (UHSC).
Strength reduction of UHPCs may amount to as high as 80 percent after exposure to
800°C. A sum of four UHSC mixes was synthesized and evaluated in this study after
getting exposed to extreme temperatures that reach 1000<C. Steel and polypropylene
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UHPCs, fibers, temperature effect, mechanical (P_P) flbe_rs were used in thl_s experiment. A total _of four mixes were made of UHSC
properties P without fibres as a control mix (UHSC-0), UHSC with 2% steel fibres (UHSC-S), UHSC

with 2% PP fibres (UHSC-P) and UHSC with 1% steel fibres + 1% PP fibres (UHSC-
SP). Workability, direct tensile strength, compressive strength, and splitting tensile
strength were examined. Particularly, emphasis was devoted to explosive spalling since
UHPCs are typically of compact structure and hence more prone to explosive spalling
than other concretes. It was determined that the mixture UHSC-SP had high fire
resistance. Following exposure to 1000°C, this mixture preserved a residual compressive
strength of 36 MPa, splitting tensile strength of 1.62 MPa and direct tensile strength of
0.8 MPa. On the other hand, UHSC-P also had good fire resistance while UHSC-0 and
UHSC-S experienced explosive spalling after heating above 200°C. The incorporation
of steel fibers in UHSC-S and UHSC-SP mixtures reveals higher tensile and compressive
strength findings at different elevated temperatures as compared to UHSC-0 and UHSC-
P. In addition, the result of direct tensile strength appears to be lower than splitting tensile
strength at different raised temperatures.

1. INTRODUCTION

UHSC is a cementitious composite material with a higher
percentage of discontinuous internal fiber reinforcement, an
optimal granular elements gradation and a water-to-
cementitious material ratio of below 0.25. The tensile and
compressive strengths of UHPC are high, whereas the
permeability is minimal [1]. Many nations are concerned about
the premature and early deterioration of reinforced concrete
structures, as it may impose a direct financial strain on future
economies and endanger public safety. In order to manage this
issue to a minimum while maintaining the structural adequacy
and core functions of these fortified concrete structures, the
extent and frequency of repair interventions must be restricted
to the minimum level [2].

Many concrete structures that are subject to strong loads and
changes in temperature, such as dams, retaining walls, and
others, need types of strong concrete that have better
specifications than ordinary concrete. ultra-high-strength
concrete will be very suitable for these types of constructions
[3-5].

There are three types of ultra-high-strength concrete: (1)
reactive powder concrete (RPC), (2) ultra-high-performance
concrete (UHPC), and (3) self-compacted reactive powder
concrete (SCRPC). Nonetheless, the link between UHPC and
NSC must be evaluated before UHSC may be widely utilised
as a repair material. The bond must have sufficient strength to
withstand stress caused by mechanical loading or thermal
impacts while also providing long-term performance. Based
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on these factors, this study discusses the research of the
durability of the interface between ultra-high-performance
concrete toppings and variable surface textured normal
strength concrete substrates under a range of stress states and
changing freeze-thaw regimes. The experiments conducted to
assess the bond strength between an overlay material and a
concrete substrate are classified into three categories based on
the stress documented: A combination of shear and
compression stresses, tension and pure shear [6, 7].

The development of ultra-high-strength concrete is driven
by the demand for high-strength construction materials
(UHSC). According to Chinese standards [8], ultra-high-
strength concrete is defined as concrete with a strength greater
than 100 MPa. As stated by another study, UHSC refers to
concrete with a compressive strength higher than 100 MPa [9].
UHSC is distinguished by its high cement and silica fume
content, as well as its low water/binder ratio. To achieve
superior mechanical and durability features, aggregate grading
and high-temperature curing should be improved. For the time
being, UHSC is deemed as a promising material for precast
and prestressed concrete members. Thus, nuclear and
industrial waste storage facilities can be built with these
materials [10].

In the recent period, the use of UHSC has become essential
to improve structures characteristics. in this type of concrete,
the pozzolanic materials are a major part of its components.
Often industrial and agro residual wastes are used as a partial
replacement for cement and the concrete so produced is
referred to as blended cement concrete. Rice husk ash, palm
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oil fuel ash, and sugarcane bagasse ash are the most frequent
agricultural wastes utilized as pozzolans. Due to the
pozzolanic reaction with the calcium hydroxide formed during
cement primary hydration, the inclusion of these has a positive
impact on the mechanical and durability properties of concrete
[11-14].

The main research program’s goals are to: first, produce
UHSC with high fire resistance using locally available
materials, and second, investigate the tensile and compressive
behavior of UHSC at various elevated temperatures.

2. MATERIALS

Ordinary Portland cement, silica fume, sand, and gravel
were employed as ultra-high-strength concrete (UHSC)
constituent materials in this study. Moreover, a
superplasticizer was used to verify that the UHSC was
workable. Finally, to maximize the mixture’s packing density,

these constituent elements’ proportions were carefully
modified.

2.1 Cement

In this research, the Tasluja type’s ordinary Portland cement
(OPC) was utilized, which met the standards of EN 197-
1:2011 [15]. The binder in UHSC is cement paste, which
reacts with mineral components and holds together the
aggregate (micron fine, fine) to form a solid mass. Therefore,
the quantity and quality of UHSC’s ingredients determine its
properties. As cement has the largest unit cost and is the most
active component of UHSC, its choice and careful application
are critical for achieving the most cost-effective balance of
attributes in the UHSC combination. The reason for choosing
Tasluja cement is that various tests reveal that Tasluja cement
has better concrete strength than other types available in the
market. Tasluja cement is seen in Figure 1, where its chemical
parameters are recorded in Table 1.

Figure 1. Tasluja cement

Table 1. Mineral compositions of Tasluja cement

Compositions OPC (%) Compositions OPC (%)
SiO» 20.59 Loss of Ignition 0.8
AlLOs 5.92 Insoluble Residue 1.75
Fe20s 3.29 C3S 64.68
CaO 64.16 C2S 232
MgO 2.20 C3A 5.15
SOs 2.21 C3AF 9.97
Free Lime 0.76

2.2 Silica fume

As illustrated in Figure 2, grey densified silica fume type
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(MegaAdd MS) was utilized, which had a specific gravity of
2.40, a bulk density of 600 kg/m®, and oversize particles
retained on a 45-micron filter. When high-purity quartz is
reduced with coke and wood chips or coal in an electric arc
furnace to manufacture ferrosilicon alloys or silicon metal,
silica fume is produced as a byproduct.

The amount of amorphous silicon dioxide in the silica fume
which condenses from the furnace gases is extremely high, and
it is made up of very fine spherical particles. Silica fume, also
called micro silica, is the ferrosilicon and silicon alloy
industries’ byproduct, and it contains about 90% amorphous
silicon dioxide. Because of the materials’ pozzolanic potential,
they have been successfully used as an additive in concrete
production. Due to its high pozzolanic reactivity, micro silica
was initially used as a cement substitute. However, as more
data from the laboratory and field became available, the
material began to be used as a supplementary cementitious
component, providing improved performance in both fresh
and hardened stages.

Figure 2. Grey densified silica fume
2.3 Aggregate

Fine and coarse aggregate from Basrah Quarries has been
employed in this research. Zubair provided the fine aggregate
in Figure 3 with a maximum size of 1.18 mm. The
characteristics of course and fine aggregate employed in this
investigation are shown in Table 2. Sieve analysis of fine
aggregate was done according to BS 882: 199 2 as presented
in Figure 4. The proportions of the different sizes of particles
making up the aggregate are found by sieving and are known
as the 'grading' of the aggregate: the grading is given in terms
of the percentage by mass passing the various sieves. The
grading and compare it with IQS [16] (Table 3).

Table 2. Properties of course and fine aggregate

Materials Specific gravity Absorption
(g/cm3)
Fine Aggregate 2.64 1.5%
Table 3. Sieve analysis
Sieve size Returned (%) 1QS Zone 111
10(mm) 0 100
4.75(mm) 2 90-100
2.36(mm) 13 85-100
1.18(mm) 20 75-100
600(um) 20 60-79
300(um) 24 12-40
150(um) 18 0-10
pan 3 ----




Figure 3. Zubair sand
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Figure 4. Sieve analysis
2.4 Water

The main considerations on the quality of mixing water are
connected to performance in both fresh and hardened states. In
this experiment, we used water with a PH of roughly 7 (R.O
water) so that the mix design is not affected by the high or low
value of PH. In the manufacture of concrete, the quality of the
water is critical. Impurities in the water can impact the
cement’s ability to set, as well as the strength and longevity of
the concrete.

2.5 Superplasticizer

Figure 5. Sika Visco Crete Hi-Tech 1316 (superplasticizer)

Figure 5 shows the superplasticizer utilized in this
investigation, Sika ViscoCrete Hi-Tech 1316. Sika ViscoCrete
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is a polymer-based on modified polycarboxylates that has a
specific gravity of 1.123 at 25°C. The application of a
superplasticizer improves the combinations’ workability. The
extremely high levels of water reduction feasible allow for
significant strength gains. All varieties of regular Portland
cement, as well as alternative materials such as PFA, GGBEFS,
and silica fume, can be used with Sika ViscoCrete Hi-Tech
1316.

3. MIX PROPORTIONS

A wide range of combination compositions could be used to
make ultra-high-strength concrete. The UHSC mix is
primarily a series of estimates, calculations, and tests/trials to
obtain reasonably excellent concrete qualities such as the
amount of superplasticizer and water/binder ratio in order to
achieve acceptable concrete workability. The range of cement
concentration in the production of UHSC varies between 800
and 1000 kg/m® in order to generate UHSC having a
compressive strength between 100 and 180 MPa [17]. The
ideal ratio of silica fume to cement is found to be between 20%
and 30% [18]. It is best to use fine aggregate having 2.66
specific gravity [19]. The water-to-binder (W/B) ratio was
lowered to 0.14-0.18 [20]. The dosage of superplasticizer
varies between 3.0% and 4.90% by mass of binder [21]. The
matrix’s composition was optimized using these ranges. In
experimental batches, the qualities of various basic elements’
combinations (sand, cement, superplasticizer and water) were
contrasted. The most promising fundamental component
combination has been chosen.

UHSC mix used in this research has a binder content of
1120 kg/m3, silica fume ratio of 17%, water/binder ratio of
0.20, sand with a maximum size of 0.6mm, and
superplasticizer dosage of 3% by mass of binder in addition to
different percent of steel and polypropylene fiber. Four mixes
of UHSC were used in this study, UHSC-0 (without steel and
PP fiber), UHSC-S (with 2% steel fiber), UHSC-P (with 2%
PP fiber), and UHSC-SP (with 1% steel fiber + 1% PP fiber).
Table 4 shows the UHSC mix proportions employed in this

investigation.
Here:

e  UHSC-0: Ultra High strength concrete with 0% steel
fiber and 0%PP fiber

e UHSC-S: Ultra High strength concrete with 2% steel
fiber and 0%PP fiber

e  UHSC-P: Ultra High strength concrete with 0% steel
fiber and 2%PP fiber

e UHSC-SP: Ultra High strength concrete with 1%
steel fiber and 1%PP fiber

Table 4. Mix proportions of UHSC & NC employed in the
current research

Materials (kg/m¥) UHSC- UHSC- UHSC- UHSC-
0 S P SpP
Cement 930.1 930.1 930.1 930.1
Silica fume 193.7 193.7 193.7 193.7
Sand 903 903 903 903
Gravel
Water 201.6 201.6 201.6 201.6
Superplasticizer 329 329 329 329
Steel Fiber 151 77
PP Fiber 19.1 8.7




4. SAMPLES PREPARATION

Mixing of UHSC was done using a cement mortar type
mixer as shown in Figure 6 as below steps:

Figure 6. Cement mortar mixer

For each mixture, 15 cubes (50x50x50) mm for
compressive strength test and 12 cylinders (100dia.x200) for
splitting tensile test, and 15 dumbbell shape spacemen for
direct tensile strength were prepared. After casting in the
appropriate molds, all specimens were kept in a humid
atmosphere for 24 hours before being demolded. Following
demolding, at room temperature (27°C), the specimens were
cured in water until they were needed for testing (see Figures
7 and 8). All the sizes of samples are meeting the ASTM C109
/ C109M [22].
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Figure 8. (a) Three gang SOmm cube mould with UHSC
sample, (b) Splitting tensile test specimen

5. FINDINGS AND DISCUSSIONS
5.1 Workability of fresh concrete

The flow of hydraulic cement mortar test was conducted
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relying on ASTM C 1437 to ensure the mix was flowable when
cast into the joint. UHSC mix was devised to have flow in the
favorable 180—220 mm range (see Figure 9) [23, 24].

(a) (b)

Figure 9. Flow of hydraulic cement mortar test for UHSC

As presented in Figure 10, the test showed that the inclusion
of the steel and polypropylene fiber decreases the workability
of the UHSC when compared with UHSC-0 (without fiber)
with slump flow values of 091, 081, 061 and 071 mm for
UHSC-0, UHSC-S, UHSC-P, and UHSC-SP, respectively. In
addition, it is clear from the result that UHSC-P has lower
workability than UHSC-S. The decline in workability could be
due to the fact that the amount of fiber in a mix has an impact
on consistency and slump. The fiber’s surface area is an aspect
to consider here. The fibers should also be coated with mortar
(cement and sand). The impact on workability will be larger if
the mortar fraction is inadequate. More fibers necessitate the
use of more mortar. Almost all studies on the interfacial
microstructure of SFRC up to this point have been conducted
after a pull-out test [18, 25-27]. By studying the remaining
hydrated cement paste or mortar on the surface of steel fiber
following a pull-out test, they were able to determine the bond
characteristic of fiber reinforced concrete. SEM pictures of the
microstructure of the fiber surface and the hydrated cement
matrix are shown in Figures 11a, b. The steel fiber side surface
has been covered with heavily hydrated cement matrix, as
shown in the figures. It was also discovered that the cement
matrix or mortar adhered to the steel fiber surface. This case
demonstrated that the steel fiber surface and the hydrated
cement matrix have a strong connection. Figure 12 shows a
SEM image of the top shattered surface of SFRC. It's also
obvious that a dense matrix formed surrounding the steel-fiber.
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Figure 10. Flow of hydraulic cement mortar values for
UHSC mixes
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Figure 11. Microstructure of SFRC by SEM, magnification:
(a) 100 Im; (b) 50 Im (1: steel fiber side surface, 2: hydrated
cement matrix)

Figure 12. Microstructure of SFRC by SEM, magnification:
100 Im; (1: steel fiber top surface, 2: hydrated cement matrix

5.2 Compressive strength

A cube specimen with the size of 50 x 50 x 50 mm were
tested for compressive strength for UHSC mixes comprising
UHSC-0, UHSC-S, UHSC-P, and UHSC-SP. The specimens
were tested at 3, 7, and 28 days after curing in water,
accordingly. The UHSC mixtures’ compressive strength is
shown in Figure 13 and Table 5. UHSC-0 had the least
compressive strength of 78 MPa after three days, whereas
UHSC-S had the most compressive strength of 143.2 MPa
after 28 days. Thus, steel fiber and polypropylene fiber
addition have a substantial impact on the strength and UHSC
mixes’ strength development characteristics in comparison to
the control mix having only OPC, as shown by the overall
findings. Meanwhile, the findings demonstrate that UHSC
with steel fiber has the most compressive strength compared
to the UHSC with polypropylene fibers and control mix.
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Figure 13. Influence of steel and polypropylene fibers on
compressive strength development of UHSC

Table 5. Compressive strength values for UHSC mixes
Compressive strength (MPa)

Age(days) UHSC-0 UHSC-S UHSC-P_ UHSC-SP

3 78.00 117.57 85.72 99.84
7 86.36 130.18 94.91 110.55
28 95.00 143.20 104.40 121.60

5.2.1 The elevated temperature’s effect on the compressive
strength of UHSC mixes

The specimens without PP fibers were only investigated at
200°C and room temperature due to serious explosive spalling
when heated above 400°C. However, at 200°C, it can be
shown that the compressive strength of all four mixes
improved when compared to room temperature. The
explanation for this might be that the UHPC specimen’s tight
structure prevented high-pressure moisture from escaping,
resulting in an “internal autoclaving”, enclosed high-
temperature or high-pressure curing environment [28].
Furthermore, because active SiO; is present from silica fume,
this curing environment significantly increased both
pozzolanic reactions and cement hydration, producing more
C-SH gel. As a result, the C-S-H gel was converted into
tobermorite and xonotlite, resulting in a more compact internal
structure of the specimen with increased compressive strength.

As observed under room and 200°C temperatures, the
UHSC-S had much greater toughness and ductility compared
to the other concrete. The explanation for this is that at room
temperature, the UHSC-S reinforced with steel fibers
exhibited a relatively high compressive strength. At room
temperature, UHSC-P displays ductile damage, but the
damage was brittle at temperatures of 200, 400, and 600°C. It
was because the PP fibers made the UHSC-P more ductile at
room temperature. When heated to 200°C or higher, however,
the melted PP fibers caused the concrete’s ductility to
deteriorate.

In comparison to UHSC-P, UHSC-SP has greater
compressive strength at all temperatures. Figure 14 and Table
6 show the connections between temperature and compressive
strength for the four concretes. The compressive strength of
UHSC-SP and UHSC-P increased as the target temperature
raised from 27°C to 400°C. As pozzolanic reactions persisted
under the high-pressure and high-temperature environment,
more C-S-H gel was created and converted into xonotlite and
bermorite for UHSC-SP and UHSC-P from 200°C to 400°C.
Furthermore, the bound water’s evaporation compacted and
hardened the cement paste. PP fibers also melted entirely at
this point, considerably reducing vapour pressure. All of this
helped to improve the compressive strength of the UHSCP and



UHSC-SP. In comparison, from 400°C - 800°C, the strength
of both concretes decreased. Because a significant amount of
C-S-H was converted to C3S and C2S, and SiO; was converted
to Si»0», the paste’s porosity increased. At 800°C, the C-SH
was entirely decomposed, while the CaCO; just began to
decompose, resulting in reduced internal structure
compactness and a large number of small cracks on the
specimen’s surfaces. Moreover, at this phase, the mismatching
volume expansion between the aggregate and cement paste
also had a significant influence in lowering the concrete’s
mechanical performance. The strength of UHSC-SP and
UHSC-P remained about the same temperature from 800°C to
1000°C.
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Figure 14. At 28 days’ edge, elevated temperature’s impact
on compressive strength of UHSC mixes

Table 6. Compressive strength values for UHSC mixes at the

edge of 28 days
Compressive Strength (MPa)
Temperature UHSC UHSC UHSC UHSC
(°C) -0 -S -P -SP
27°C 95 143.2 104 121.6
200°C 98 148 107 125.2
400°C - - 84.8 127.6
600°C - - 70.8 91.2
800°C - - 46 52.8
1000°C - - 30 36

5.3 Splitting tensile strength

Figure 15 and Table 7 show the UHSC mixes’ split tensile
strength at increased temperatures and room temperature.
Compared to UHSC at 27°C, the split tensile strength of
UHSC at 200°C rises significantly. When all UHSC specimens
were subjected to 200°C, an increase in split tensile strength
was seen.

The formation of secondary hydrated and conversion of
residual unhydrated cement grains that hydrated drastically
forming a secondary hydrated gel with the active participation
of silica fume at this temperature is responsible for the
substantial improvement in UHSC strength for all fiber
dosages. As seen in Figure 16, the increase in strength could
be attributable to a bonding effect between the matrix and the
fiber. UHSC-0 and UHSC-S erupted owing to a lack of
capillary activities at 400°C, as seen in Figure 17. In
comparison, the tensile strength of UHSC-P decreased
because of a melted channels’ dense network formed by the
evaporation of fibers at high temperatures, which accumulate
in a single place and lead to cracks. This causes the UHSCP
specimen to fail abruptly under tensile loading.
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The UHSC-SP, on the other hand, has high strength at
400°C because of the autoclave effect and the production of
stronger and shorter siloxane elements, which produces a

strong improvement in the range of temperatures of 250-
350°C.
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Figure 15. The influence of elevated temperature on splitting
tensile strength of UHSC mixes at the edge of 28days

At 600°C, 800°C and 1000°C, all UHSC mixes undergo a
reduction in tensile strength. The quarzitic material’s phase
change causes the maximum reduction in tensile strength at
800°C. The tetrahedral chains of quartz molecules extend and
reorient as the temperature rises, resulting in a considerable
increase in volume, which in turn leads to radial cracking
around the particle’s perimeter in a heated specimen.

=
=]

—t

9
g s ./.
e 7
=
s ~+=UHSC-0
¥ 5
g X ~E-yHSC-S
-~
7 UHSC-P
z
: 2 ~E=UHSC-SP
£ 1
a

0

27°C  200°C 400°C 600°C 800°C 1000°C

Temperature ( °C)

Figure 16. The impact of elevated temperature on the direct
tensile strength of UHSC mixes at the edge of 28 days
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Table 7. Splitting tensile strength values for UHSC mixes at

the edge of 28days
Compressive Strength (MPa)
Temperature UHSC UHSC UHSC UHSC
©C) -0 -S -pP -SP
27°C 4 11.59 7.64 10.66
200°C 423 12.8 8.85 11.73
400°C - - 7.32 14.55
600°C - - 2.76 6.81
800°C - - 1.85 2.87
1000°C - - 1.18 1.62

5.4 Direct tensile test

The direct tensile strength results of UHSC mixes at room
temperature and elevated temperatures are displayed in Figure
18 and Table 8. It is clear from the result that there is a big gap
between the direct tensile strength of UHSC contain steel fiber
and the other mixes of UHSC without steel fiber, which shows
that the steel fibers’ inclusion increases the direct tensile

strength much higher as compared to the inclusion of PP fibers.

Table 8. Direct tensile strength values for UHSC mixes at
the edge of 28 days

Compressive Strength (MPa)

Temperature UHSC UHSC UHSC UHSC

©0) -0 -S -p -SP

270C 1.1 7.25 2.35 59
200°C 1.35 8.62 2.68 6.62
400°C - - 2.04 8.4
600°C - - 0.94 3.57
800°C - - 0.66 1.43
1000°C - - 0.27 0.8

Figure 18. UHSC color change at elevated temperatures

The direct tensile strength of UHSC at 200°C significantly
increases as opposed to UHSC at 27°C. When all UHSC
specimens were subjected to 200°C, the split tensile strength
rose. The formation of secondary hydrated and transformation
of residual unhydrated cement grains that drastically hydrated
forming a secondary hydrated gel with the active participation
of silica fume at this temperature is responsible for the
substantial improvement in the strength of UHSC for all fiber
dosages. As seen in Figure 13, the increase in strength could
be attributable to a bonding effect between the matrix and the
fiber. UHSC-0 and UHSC-S erupted at 400°C due to a lack of
capillary actions. In contrast, the tensile strength of UHSC-P
diminishes due to a dense network of melted channels formed
by the fibers’ evaporation at elevated temperatures, which
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accumulate at one place, leading to cracks. This causes the
UHSCP specimen to fail abruptly under direct tensile loading.
Under elevated temperatures, Figure 18 illustrates the color
difference between the UHSC mixtures.

5.5 Mass loss

Gas escape from heated UHPCs and water evaporation is
referred to as mass loss in this study. Figure 19 depicts the
relationship between the temperature and mass loss for all of
the mixtures. Under 200°C, all mixtures showed a negligible
mass loss, showing that the UHPC specimens had a very
compact structure that prevented vapour from escaping.

Due to the serious explosion, data for UHSC-0 and UHSC-
S, as well as concretes, were not collected over 200°C. Both
the UHSC-0 and the UHSC-S specimens underwent 0.35%
and 0.98% mass loss, respectively, when heated to 200°C.
These results demonstrate that steel fiber had a small effect on
mass loss of UHPCs exposed to increased temperatures below
200°C. Between 200°C and 400°C, the mass loss of the other
two mixtures comprising PP and steel fibers risen sharply. The
reason for this was that the PP fibers melting at 165°C created
an escaping channels’ network for the vapour. In contrast, the
majority of the vapour originated from bound and capillary
water between 200°C and 400°C. At temperatures ranging
from 360 to 400°C, PP might degrade into several volatiles,
for instance, Propylene and Pentane, contributing to the mass
loss. The mass loss raised marginally as the temperature raised
from 400°C to 1,000°C, peaking at about 12%.
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Figure 19. Mass loss under different elevated temperatures

6. CONCLUSIONS

This study reports the experimental results on the
production of UHSC with compressive strength greater than
100 MPa under a normal curing regime and investigate the
bond behavior between normal concrete (NC) substrate and
UHSC as the repair material by employing the splitting and
slant shear tests to calculate the bond strength in indirect
tension and shear, respectively. The following conclusions are
drawn:

e Vapour pressure played a crucial role in UHSC
explosive spalling. Thus, although PP fiber was an
efficient additive for controlling explosive spalling, it
did not fully eradicate it.

e PP volatilization and water evaporation caused the
majority of the mass loss in the UHSC-P and UHSC-
SP mixtures between 200°C and 400°C.

e Successful production of UHSC-P and UHSC-SP



mixtures with effective fire-resistance properties was
achieved. In addition, they retained 70% of their
original compressive strength after being subjected to
1000°C, which is significantly higher than existing
concretes.

e Direct tensile, compressive and splitting tensile

strengths have shown an increase in strength of
UHSC-SP up to 400°C, while they have shown an
increase in strength of UHSC-P up to 200°C.

e The inclusion of steel fibers in UHSC-S and UHSC-

SP mixtures records higher tensile and compressive
strength results at different elevated temperatures as
compared to UHSC-0 and UHSC-P.

e The result of direct tensile strength appears to be

lower than splitting tensile strength at different
elevated temperatures.

e  UHSC-SP behaves as brittle material above 400°C,

while UHSC-P behaves as brittle material above
200°C.
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