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Summary

This paper presents the results of an experimengaly carried out at high temperatures on two
industrial Ultra High Performance Fibre Reinforc@dncrete (UHPFRC) containing polypropylene
fibres: Ductaf-AF and BSP-"fire". Hot and residual compression tests withdl avithout preload
were carried out from 90°C to 700°C. We present @lielution of the stress/strain curves, the
compressive strength and the modulus of elastwithh temperature. Moreover, we observed an
unusual thermal dilatation of concrete, i.e. nonnotonic. Several fire resistance tests on large
scale elements (slabs, columns and beams) andesnsgimples are presented. Applied fire
scenarios were ISO 834 and Modified Hydrocarbowesirin most cases no spalling was observed.
Comparison with results obtained on reference UHPK®Rhout polypropylene fibres shows the
effectiveness of these fibres for these materidithese geometries in reducing the spalling risk.

Keywords: Ultra High Performance Concrete, high temperatomechanical behaviour,
compressive strength, modulus of elasticity, théstrain, fire resistance, ISO curve,
Modified HydroCarbon Curve, Spalling, Polypropyldit@es

1. Introduction

Sudden exposure to high temperatures strongly mesdifie behaviour of concrete. To increase the
level of safety for concrete structures in the éveinfire, design calculations have to take the
dependence of the thermo-mechanical properties testiperature into account. Furthermore, a lot
of researches have shown that concrete could grasesk of thermal instability with fast rise in
temperatures. This phenomenon is commonly calledlisg. Moreover, high strength concretes
seem to have an increased susceptibility to tlsigmlity [1]. Nowadays, big scale fire tests aith s
the most reliable way to predict the risk of spejli

Fire resistance is determined both by the choicenaterials used and by the structure's design. It
has been shown that original UHPFRC as Def and BSP present high risk of spalling. To
address this issue, manufacturers have then deklepecial formulas, DucfaAF and BSP-
“fire” consisting in a hybrid mixture of steel figs and polypropylene fibres [2, 3].

Several researches based overall on experimentdmibn modelling have been already done and
published on both materials [2, 4, 5, 6, 7, 8, Hjese researches include study on thermal and
mechanical properties at high temperature anddgestance tests on large scale elements.
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This paper aims to present, compare and analyzthegmechanical properties and fire resistance
behaviour (ISO and Modified Hydrocarbon curveshpoth materials in order to better understand
the high temperature behaviour of UHPFRC.

2. Concrete mixes and main properties

Tested materials are derived from the original fiolem Ducta?-FM and BSP by incorporating
polypropylene fibres to resist to severe thermétisations as 1ISO, HC, HCM, RWS fires. These
formulas are called Ducf&lAF and BSP-"fire".

We present in table 1 the mechanical charactesisfithe 2 UHPFRC.

BSI®-"fire" compressive strengths were determined dimdsical samples of dimensions 110 x 220
mm and 104 x 300 mm and on cubic samples of 1000xx1100 mm. The modulus of elasticity
was only determined on the cylindrical samples [iicta-FM properties were determined on
cylindrical samples of dimensions 70 x 140 mm [2¢at treatments shall be described later in the
paper.

Table 1 BSi-"fire" and Ductaf-AF mechanical characteristics

BS®-"fire" Ductal®-AF
Without heat With heat treatment Without heat
treatment treatment
Mean compressive 148 — 164.5 200 160
strength (MPa)
Mean modulus of 50 -55 50 45

elasticity (GPa)

3. Experimental program

Table 2 summarizes the experimental program predemt this paper. Tests procedures and
experimental settings will be presented in the paxagraph.

Table 2 Experimental program presented in this pape

BSI®-"fire" Ductal®-AF
Mechanical properties
Compressive strength No heat treatment Heaesd
Modulus of elasticity No heat treatment Heaatmeent
Thermal strain No heat treatment Heat treatment
Fire resistance tests HCM curve ISO 834 curve
Cubes and cylinders Slabs, columns and beams

Heat treatment/No treatment Heat treatment/No treatment
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4. Tests procedure and experimental settings
4.1. Mechanical properties
4.1.1Tests on BSi-"fire"

Compression tests at high temperature have begactaut on 12 cylindrical samples of @10.4 cm
x 30 cm, stored at 20°C and 50%HR.

Tests are inspired by the RILEM recommendationg. [T@e testing apparatus is composed of a
cylindrical electric furnace which can contain agrical samples of 104 mm x 600 mm (Fig. 1).
The heating is ensured by 3 radiant rings laidabomhg the longitudinal axis of the furnace. These
rings are controlled independently by means ofe3rttocouples (type K) in order to reduce as well
as possible the heat gradient inside the furnalee.unit is controlled electronically, which makes i
possible to fix the heating rate of the samples.

The longitudinal strains of the sample are deteeaiithanks to an extensometer equipped with
three LVDT sensors.

Fig. 1 — Hot mechanical tests apparatus used fststen BSi-"fire"

Samples were heated at a rate of 1°C/min untiféHewing temperatures: 90°C, 150°C, 300°C,
450°C and 600°C. Once the test temperature reashethles were maintained at this temperature
during one hour (2 hours for 90°C) in order to mesa good homogeneity of the thermal field in the
sample. During the heating phase, the thermahstfaihe samples was measured.

At the end of the stabilization stage of tempemattine samples were compressed until rupture by
the plates of the press. We deduced from thesg tleststress/strain curves and the compressive
strength of material according to the temperature.

From the curves presented in Fig. 3, we calculétedmodulus of elasticity of material at the

different temperatures. We defined the modulusladteity as the ratio between the stress and the
strain of the sample, for a load corresponding(® 3f the hot compressive strength. It is to note
that this ratio can only be considered as an "aamodulus of elasticity because the mechanical
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behaviour of the concrete at high temperature isetastic linear and preloads have not been
applied previously to the compressive tests.

4.1.2 Tests on DuUct3+AF

These experiments are part of the European HITE@feqi. Cylindrical samples were cured.
Their dimensions were 60 mm x 180 mm. Samples \Wweeded at a rate of 2°C/min upt to the
following temperatures: 100°C, 200°C, 300°C, 400%00°C, 600°C and 700°C. Once the test
temperature were reached, samples were maintaindtisatemperature for one hour. From
experiments done on Ductal\F, the influence of preload and of cooling phasethe compressive
strength can be observed. Four tests conditions hagn compared. Half of the samples have been
subjected to a preload during the heating phase. prkload corresponds to 20 % of the room
temperature strength. The rest of the samples bage tested without preload as the tests carried
out on the BSi-"fire". In the same way, half of the samples hheen tested at hot temperature and
the other half after cooling. More details on expental conditions are given in [2, 4].

Tests conditions for the 2 series of tests are samsed in table 2.

Table 2 Mechanical tests conditions

BSI®-"fire" Ductal®-AF
Cylinders size (mm) 104 x 300 60 x 180
Hating rate (°C/min) 1 2
Tests temperatures (°C) 90, 150, 300, 450 and 600 00, 200, 300, 400, 500, 600
and 700
With/without preload Without With (20 %) and withiou
Hot/residual Hot Hot and residual
Plateau duration 1 h(2h at 90 °C 2h) 1h

4.2. 1SO and Modified Hydrocarbon Curves Fire tests
4.2.11S0 Curve Fire tests on DuctahF

Slabs, columns and beams were submitted to an BICfig&. The tests were performed at CSTB
laboratory [11] and at VTT laboratory [12].

The I1ISO 834 fire temperature-time relationship &ired by the equation (1). It reaches the
temperatures of 600, 800 and 1000°C respectivédy &f 24 and 90 minutes (Fig. 2).

T =345 . log(8t+1) + 20 (1)

T: temperature in °C.
t: time in min.
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Fig. 2 1ISO 834 and HCM curves and global view efdlas-burners furnace

Tests on slabs

Two slabs 400 x 300 x 25 nirmade with Duct&-AF were tested at CSTB laboratory. One was
heat treated at 90°C for 48 hours with steam. Ttheroone was not thermal treated. The 2 side
lateral surfaces of each slab were thermally irtedla

Two other slabs made with DudtdFM (metallic fibres) and Duct®3FO (organic fibres) but
without polypropylene fibres were tested in the sgrariod. They were both heat treated. One was
200 x 200 x 900 mm and the other one 300 x 3000xn@th.

Tests on columns

Four columns made with DucfaAF (with polypropylene fibres) were tested. Twdurons were
200 x 200 x 900 mm and 300 x 300 x 700 mm. Oneronlof each size was heat treated at 90°C
for 48 hours with steam. The other one was nonthétreated. The tests were performed at CSTB
laboratory.

The columns do not include any reinforcement. Eactumn was instrumented with 21
thermocouples. The extremities are protected apghigh temperatures using rock wool.

Two other columns made with DudtaFO with organic fibres but without polypropyleniéres
were tested in the same period. They were boththested. One was 200 x 200 x 900 mm and the
other one 300 x 300 x 700 mm. As for the slabsjltesletermined on these two other columns are
presented in this paper in order to show the obthnesults on the influence of the polypropylene
fibres on this UHPFRC.

Tests on beams

Three prestressed beams were fabricated. The lexigtne beams was 6.15 m. The transversal
section has an I-shaped form. The height of thestrarsal section was 24 cm and the width of the
flanges was 15 cm. The beams were prestressedlriich tendons positioned at the lower part.
The initial force in each tendon was 18.1 tons.

The first beam was heat treated at 90°C for 48 waiith steam. It was tested unloaded under 1SO
fire in CSTB laboratory.

The two other beams were tested in VTT laboratohe second was tested loaded under ISO fire.
The third one was tested at room temperature &ri@te the ultimate capacity.

For the second beam, two jacks located 1.5 m froenlktearing points each applied a 25 kN
downward force. The maximum bending moment was Mank This value includes the applied
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load (37.5 kKN.m) and the moment generated by themte own weight. The breaking strain
measured at room temperature was 89 kN.m: the rgadite applied during the fire test was
therefore 47%. During the test, the top of the beas protected, and the other faces were exposed
to ISO fire conditions.

4.2.2 Modified HydroCarbon Curve Fire tests on BSfire"

Preliminary Modified HydroCarbon curve (HCM) test®re applied on small samples in a gas-
burners furnace of the CSTB. This furnace, of disi@ms 3 m x 4 m x 2 m, makes it possible to
reproduce the HCM curve of rise in temperaturesThermal scenario, fixed by the equation (2),
reaches the temperature of 1000°C in only 2 min{iRes 2).

T =1280(-032% °*" -067%>")+20 2)

Eight cylindrical samples of @11 cm x 22 cm andcliBic samples of 10x10x10 émwere tested.
Half of each type of samples were placed in a tagivelope just after the demoulding and stored at
20°C. The other half samples were stored at 2045886HR and subjected to a heat treatment.

The heat treatment is divided in three stagegsadtage of rise in temperature of 20°C until 80°C
at a heating rate of 20°C/h, a second stage oftaaimt 80°C during 48h and finally a natural
cooling until 20°C. During these three stages Hrapes are maintained in a wet envelope in order
to avoid their natural desiccation with 20°C. Aetbnd of cooling the samples are stored again at
20°C and 50%HR. The pre-heating aims to accele¢natenaturation of the concrete. Fire tests on
the dried and wet samples allowed us to studyiteebehaviour of concrete structure in different
conditions of humidity.

The 20 samples were divided in two identical seead each one was exposed to a Modified
HydroCarbon Curve during 180 min fire (HCM180), kvian 8 days interval. This measure was
adopted in order to check the repeatability ofrdeailts.

5. Results and discussion
5.1. Mechanical properties
5.1.1.Stress strain curves

Examples of measured stress strain curves are givdfig 3. Results correspond to the hot
compression tests carried out on the 104 x 300 r&ifi-Hire" cylinders. Two samples were tested

at each temperature. The figure shows the cunessepting the evolution of the strains according to
the stress applied to the sample for the variompé&zatures.

We can observe a weak dispersion of the results. sttength of material at 20°C is about 150
MPa, which is a main property of the UHPFRC. We céserve that the rigidity of material
decreases with the rise in temperature. Howevet5@tC, the material is as rigid as at 90°C. In
addition, we note that the strain reached at repgpows with the rise in temperature. This can be
explained by additional induced strain by cracksitlg. These cracks are generated during the
heating phase because of the thermal incompatisiltetween the cement paste and the aggregates.
From these curves are deduced the compressivegstrédmaximum stress) and the apparent
modulus of elasticity (slope of the initial straigbart of the curves). Evolution of strength and
modulus of elasticity with temperature will be ayzad on the next paragraph.
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Fig. 3 Stress/strain curves for the different terapg&res determined on B%Ifire" at hot
temperature without preload.

5.1.2Compressive strength

Evolutions of the relative compressive strengttsustemperature for the 2 UHPFRC are presented
in Fig 4. Relative compressive strength is defiaedhe ratio between the value obtained at the test
temperature and the initial value (20°C).

We first focus on results obtained at hot tempeeawithout preload on the 2 UHPFRC (hot — 0
%). Strength determined on BSifire" presents a 15% decrease at 90°C. Betwe&C %hd
300°C, compressive strength does not decrease raseéns even a light increase of about 5%.
From 300°C, compressive strength decreases irearlimay with the rise in temperature. At 600°C,
the material lost half (50%) of its initial compsage strength. When comparing the obtained results
on DuctaP-AF and BSP-"fire" at hot temperature without preload, one mesnsider that tests
procedures are slightly different (tests tempemtsamples size ...). Obtained results on the 2
UHPFRC are however relatively close. It is to nibiat, in the case of DucfaAF no values have
been determined between 100 and 500°C. It wouldnberesting to determine the strength
evolution between these two temperatures.

The evolution of strength with temperature can bengared with what is observed on High
Performance Concrete (HPC). Results obtained byesamthors, as for example by Castillo and
Durrani [13] and Hager and Pimienta [14], allowptopose a division of the evolution of strength
into three main phases. The compressive strengtioméretes decreases during the first stage of
heating, reaching a local minimum at a temperabfir@round 100°C. This first phase was related
by different authors to the presence of water [THjring the second stage, between about 100-
300°C, the strength is partially restored. This banexplained by the migration of water from the
material. The lower water permeability of UHPFRQulcbexplain its delayed strength increase.
This is in accordance with observation done onitaence of decreasing water on cement (W/C)
ratio [14, 16]. Further heating causes a continuoussi-linear strength decrease. This can be
mainly explained by the generated cracks becausheothermal incompatibilities between the
cement paste and the aggregates.

Lea et Stradling have predicted since 1922 theteaxie of a relaxing phenomena allowing to
explain the non cracking of ordinary concrete atgerature as low as 100 °C. It is only 40 years
later that transient thermal creep was experimgnediserved [17, 18]. It is interesting to mention
that more recently it was found, on the base oésd\experiments on one side [18] and modelling
on the other side [20, 21], that relaxing phenomtéaa takes place in cement paste should mainly
be effective at temperatures lower than around @0@t higher temperatures the large thermal
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strains measured under load and increasing tenypernat mainly considered to be due to cracking.
Even if these observations have been made on oydicencrete and HPC, they are in good
agreement with the measured evolution of strengtB®I*-"fire" and DuctaP-AF: low variation of
strength between 20 and 300-500°C and quasi loheezrease of strength at higher temperatures.
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Fig. 4 — Evolution of relative strength as a fupatiof temperature

Fig. 4 allows comparing the results to code 2 \@lue spite of their ultra high initial strength,
measured curves on the 2 UHPFRC are in good acuoedaith the values defined by the standard
for 3 HPC classes. They are located between theesalefined for a class 1 concrete (C 55/67, C
60/75) and a class 2 concrete (C 70/85, C 80/98) tlne temperature of 300°C. Beyond 300°C,
determined values are even slightly higher.

From experiments done on Du&dF, influence of preload and of cooling phase & t
compressive strength can be observed. Residualgsteare, for all temperatures, higher than the
ones determined at hot temperature., This resulifih was observed on HPC by Phan and Carino
[22] and Hager and Pimienta [14] at temperaturegetadhan 200 — 300 °C but it does not at higher
temperature. Indeed, these authors have foundsthetigths determined at hot temperature are
lower than residual strengths below 200-300 °CsTasult is in agreement with what was obtained
on DuctaP-AF and this lower compressive strength determihathg hot test can be related to the
influence of the hot water mentioned above. At bigtemperatures however, these authors have
found that HPC residual relative strength becomeset. This can be explained by the additional
dama%e during the cooling phase. As mentioned abthie behaviour was not observed on
Ductal”-AF.

Compressive strengths determined after preloachguhe heating phase at 500 and 700°C are
slightly lower than the ones determined withoutlgad. It is to note that in a wider range of
temperature an opposite result was found by sewitiors on ordinary concrete [23] and HPC
[22]. The increase of strength due to the prelomdgenerally considered to be due to the
densification of the cement matrix during the hematphase. The opposite result obtained on
Ductal®-AF could not be explained. At temperature loweantts00°C, the too small number of
points does not allow to conclude.
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5.1.3Modulus of elasticity

Evolutions of the relative modulus of elasticitystes temperature for the 2 UHPFRC are presented
in Fig. 5. As written above, the calculated modukiconsidered to be "apparent” modulus of
elasticity.

120
—8—BS| (hot - 0 %)
100 - —A"A_. \ - __-A‘ = 0= Ductal (hot - 20%)
.. A== N = /= Ductal (residual - 20%)
T Y. ——EC2-Class 1 (C 55/67, C 60/75)
< 80 R A
> & ———EC2-Class 2 (C 70/85, C 80/95)
— ~
8 ) N N EC2 - Class 3 (C 90/105)
o i
xS 60
N
L
~~
£ 40
Ll
20 -
0 T T T \ ---------------- T T
0 200 400 600 800 1000 1200

Temperature (T)

Fig. 5 Evolution of relative modulus of Elasticé#ty a function of temperature

As for compressive strength, we first focus on ltssobtained at hot temperature without preload.
The modulus of elasticity of BSI'fire" decreases in a relatively linear way withetrise in
temperature. At 20°C, the modulus of elasticitalimut 50 GPa and reaches at 600°C the value of
10 GPa, which represents a loss of rigidity of makef about 80%. We also notice that in spite of
the ultra high strength of the material, the losggidity with temperature is less important thiiwe

loss defined by the equations given by Eurocoder BfHPC classes. It is interesting to note that
experiments made on 3 calcareous aggregate comatdfering only by their W/C ratio have
shown that evolution of the relative modulus ofsétaty seems to be independent of the W/C ratio
[14]. Indeed, no significant differences betweersththree concretes were observed.

In Fig 5, experiments carried out on DualF correspond to the ones done with a preloadat h
temperature and after cooling.

Modulus of elasticity determined at hot temperatwvigh a 20% preload are, for all the
temperatures, higher than the ones determined of'Bg" without preload.

Concerning the effect of the cooling phase, innailar way than for compressive strength, residual
modulus of elasticity are for all temperatures kigthan those determined at hot values. As for
compressive strength, these results at temperafighsr than 200 — 300 °C do not fit with what
was observed on HPC by Hager and Pimienta [14]s&tauthors have found that modulus of
elasticity determined at hot temperatures are Iavan residual values below 200-300 °C. This
result is in agreement with what was obtained owct&®+AF. At higher temperatures, however,
HPC residual relative modulus of elasticity hasrbieeind to become lower.
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5.1.4Thermal strain

Evolutions of the thermal strain versus temperatoir¢he 2 UHPFRC are presented in Fig. 6. They
are compared to the curves given by Eurocode 2cforcretes with limestone and siliceous
aggregates.

Curve obtained on Ducf®AF is in good agreement with those given by Eudec@. Up to
temperatures of about 500°C, extension was esHgniizear, representing nothing more than
thermal expansion. The slope in this segment was0£2°C which corresponds to the thermal
expansion coefficient. The extension curves therigdd' as a direct result of the quartz's highly
expansive alpha/beta transformation (at 573°C)is Ito note that the trend of the presented
experimental curve presented in Fig. 6 was confirimga second measurement campaign [2]. This
trend is very different to the one observed fordtteer UHPFRC.

During the heating phase before each compressircaeried out on BSH"fire" samples, thermal
strain was measured. The 9 determined curves wameclose [7]. Curve given in Fig. 6 is the
calculated mean value.
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Fig. 6 Thermal strain as a function of temperature

BSI®-"fire" first expands in a relatively linear way tiin190°C. Beyond this temperature, the

material behaviour brutally changes and the coacsétinks until 275°C before expanding again
between 275°C and 390°C. At last, the material Wiela changes once again and the concrete
shrinks until the temperature of 600°C.

This behaviour is in good accordance with therrtrairs determined on Ducf&lAF and defined by
the standards until the temperature of 190°C. Béybis temperature, the measured thermal strain
strongly deviates from these values. BSfire" is much more stable. This property could be
favourable to the integrity of a structure subjddte fire. Indeed, the zone exposed to the firé wil
induce smaller strains to the rest of the structure

In the following paragraph we propose an explamatm this original result based on the high
cement paste content of UHPFRC. However, we coatderplain why this particular behaviour
was observed on B3!'fire" and not on Duct&+AF. Thermal strain of a concrete is a combination
of the thermal strain of the cement paste and tjgeegates. Most of the aggregates continuously
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expand with temperature. In an opposite way cerpastes first expand to reach a maximum at
about 150 — 200°C and then shrinks due to its dr@gnd dehydration [24, 25, 16]. Below this
temperature range, thermal strain of a concretebeanlustrated by a competition between the
expansion of the aggregates and the shrinkageeot¢ment paste. In most of the concretes, the
expansion of the aggregates is predominant andhtliestrain is similar to what is proposed in the
normative documents. The observed shrinkage oB8I&-"fire" above 190°C could be explained
by its much more important volume of cement pastapare to ordinary concrete. This important
volume of paste should lead to a predominance @fcément paste shrinkage on the aggregates
expansion. The expansion observed on®BSie" between 275°C and 390°C has not been
explained. Further study on thermal propertiesurémggregates should provide answers.

5.2. 1SO and Modified HydroCarbon Curves Fire tests
5.2.1. ISO Curve Fire tests carried out on DUttAF
Unloaded slabs test

The 2 slabs made with DuctahF remained intact until the end of the test aft82 minutes
exposure. No spalling was observed (Fig 7).

The non exposed surface of the heat treated 25hiokness slab reached 140°C after 11 min 30.
Some small cracks appeared after 43 min. One laodigil crack already existing before the test
has developed. After cooling, the surface appeatettned.

The non exposed surface of the non heat treatbdetehed 140°C after 13 min. After cooling, the
surface presented a pink coloration. The fibresveg@parent and brown.

On the 2 other slabs made with Du&&M (metallic fibres) and Duct&3FO (organic fibres) but
without polypropylene fibres, spalling was obsenatl started after 8 min. Phenomenon was
during part of the test violent.

This result shows the effectiveness of adding polyplene fibres for this material and this
geometry in reducing the spalling risk.

Fig. 7 Exposed surface of the 4 tested slabs; fedtiio right: Ductaf-AF heat treated, Duct&t
AF not heat treated, DuctalFO and Ductaf-FM

Unloaded column test

The columns remained intact until the end of ths &dter 132 minutes exposure. No spalling was
observed on the heat-treated columns (Fig. 8).hSlgpalling was observed in places on the
untreated columns. After cooling, the vertical aods were crazed and fibres near the surface were
blackened.

11
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The edges remained well-defined. A few minor edgeks were visible.

The 2 other columns made Du&&O with organic fibres but without polypropyleribrés were
completely destroyed and fell down.

This result shows again the effectiveness of adgwigpropylene fibres for this material and this
geometry in reducing the spalling risk.
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Fig. 8 The 6 columns made with Ductal® after ISOWeU-ire tests; the picture clearly shows that
no spalling or slight spalling was observed on twdumns made with Ductal® -AF, the 2 other
columns made with Ductal®-FO were completely degsitoand fell down

Tests on unloaded beam

The first beam tested unloaded remained intacutirout the test (Fig. 9). No significant material
loss was observed during the 134 min hours testtidmr. It was only observed a slight spalling in
the centre on the bottom surface after 5 min. A f@rizontal and vertical cracks appear between
18 and 46 min. There were visible on the surfater aboling.

Tests on loaded beam

The test on the loaded beam lasted 36 minutesrighehand side picture of Fig. 9 shows the state

of the beam after the test, during which a bendailgre occurred. No spalling was observed. The

failure was caused by the pre-stressing cablesrdwk was straight and the upper part of the beam
was undamaged.

Figure 9. Beams made with Ductal® -AF after ISO W&uFire tests; on the left, unloaded beam, on
the right loaded beam
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5.2.2. Modified Hydrocarbon Curve Fire tests carried ontBSF-"fire"

On Fig. 10, we present the visual aspect of onth@fsamples tested with HCM180 fire. Visual
observations of the samples after HCM180 testgylihia following remarks.

All the samples surfaces present a very marked troaouration (Fig. 10). This colouration
appears at a temperature near 950°C,

None of the samples that were pre-heated in oveadcelerated maturation showed any effect of
spalling,

Some local fractures appear on certain 28 days leamyhich were stored in water,

A great majority of steel fibres disappeared fréva surface of the samples leaving only the print of
their volume (Fig. 10).

"':alHH'Iil Il HII‘\H“.“

i 2 3 4

. s,
Fig. 10 On the left, global view of a sample af€®M test. On the right, zoom on the sample
surface

To try to understand the origin of the surface
colouration, which closely looks like corrosion, a

cylinder was sawn vertically (Fig. 11). We could

observe that this colouration appears only at the
sample surface, that the steel fibres had
disappeared on a depth from approximately
20mm and that on this same layer the concrete
had a similar porous morphology as a volcanic
rock.

Beyond this superficial layer, the concrete keeps
a dense structure and fibres are always present. It
should be noted that the colouration of fibres is

Fig. 11 View of half Olf a vertically saWnhere undoubtedly the fact of sawing under water.
sample
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All the samples were weighed before and after itteetést. This reveals that on average, an 11x22
cm cylinder with accelerated maturation loses 9.16%s mass during HCM180 fire. After the
period of maturation, this cylinder had alreadyt I€5% of its mass. Those stored in water lost on
average 10.7% of their mass after HCM180 test.

6. Conclusions

Mechanical tests results present a weak disperstmmpressive strengths determined at hot
temperature without preload on the 2 UHPFRC awively close. In spite of their ultra high initial
strength, compressive strength and modulus ofielgsare in good accordance with the values
defined by the Eurocode 2 for HPC. Influence of¢beling phase seems to be different than what
was observed on HPC at temperatures higher tharBQ0TC. Results obtained on Duéta\F
show that residual compressive strength and modifletasticity remain higher than hot values in
the higher range of temperature.

Contrary to Duct&l-AF and traditional concretes, the free thermalistdetermined on BS{"fire"
is non monotonous and presents sudden changesavibar according to the temperature. This
property could be favourable to the integrity aftaucture subjected to fire.

Several large scale fire resistance tests resalig fbeen presented. ISO 834 curve have been
applied to slabs, columns and beams made by Bual In most cases no spalling was observed.
Only slight spalling was observed in places onuhigeated columns.

Some tests have been carried out on Diictatmulas without polypropylene fibres. Important
spalling was then observed.

Preliminary Modified HydroCarbon curve (HCM) testere applied on small cylinders and cubes
made by BSi-"fire". Again, no spalling was observed. The sagspitored in water presented some
local fractures. Analyzing the samples exposed 8)@°C, have shown that fibres close to the
surface melt and steel migrate to the surface aodrbe corroded inducing a very marked brown
colouration.

All the results have then shown the effectivendsasdding polypropylene fibres for these material
and these geometries in reducing the spalling risk.
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