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Abstract Explosive spalling of concrete exposed to

fire consists in the violent expulsion of shards from the

hot surface due to the interaction between cracking

and pore pressure build-up. Fire spalling relevantly

increases the overall thermal damage of a structure

exposed to fire, thus leading to much higher costs in

the repair intervention, and in some cases it can even

jeopardize the structural stability due to loss of

reinforcement protection and reduction of the bearing

cross-sections. High-performance concrete is particu-

larly sensitive to spalling phenomenon due to inherent

material features, such as the unstable fracture beha-

viour and the low permeability (favouring high values

of pore pressure). In this context, an experimental

campaign has been carried out on high-performance

concrete (fc & 60 MPa with silico-calcareous aggre-

gate), without or with one of three different fibre types

(steel fibre, monofilament or fibrillated polypropylene

fibres). Tests were performed by means of a special

test setup developed at Politecnico diMilano, based on

slabs (800 9 800 9 100 mm) subjected to Standard

Fire at the bottom and to biaxial compressive loading

in the mid-plane, while monitoring pore pressure,

temperature and deflection. Explosive spalling was

observed in both plain concrete slabs and in one of the

two slabs with steel fibre, this casting some doubts on

the use of steel fibre alone against spalling. No

detachment was observed when polypropylene fibre

was added to the mix.
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1 Introduction

Structural behaviour can be strongly affected by fire

due to the decay of material properties at high

temperature and the introduction of indirect actions

induced by restrained thermal dilation [1]. Fortu-

nately, concrete structures generally show a satisfac-

tory behaviour in case of fire, owing to the low thermal

diffusivity. The temperature, in fact, steeply decreases

from the exposed face to the inner core, so protecting

most of the section and the reinforcing bars.

In this context, explosive spalling is particularly

detrimental, since the reduction of the section (due to

the expulsion of shards from the exposed face)

weakens the insulation capability of the concrete

cover. Fire spalling consists in the sudden separation

of concrete splinters from the hot surface due to the
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interaction between cracking and the build-up of pore

pressure in the pores [2]. In particular, fracture tests on

hot concrete under sustained pore pressure corroborate

the idea that a combination of mechanical stress and

pore pressure is generally needed for spalling [3, 4].

Generally speaking, spalling increases the overall

thermal damage, this leading to higher costs for repair.

Furthermore, when structural stability is a concern, it

should be considered that explosive spalling can

significantly speed up the decay of fire resistance

due to the reduction of the bearing cross-section and

the possible direct exposure of the rebars to the hot

gases.

The full understanding of spalling phenomenon,

and consequently its reliable prediction in the design

phase, is made particularly difficult by the interaction

of many different material and structural aspects [5].

During heating, thermal stress develops because of

the steep thermal gradients, leading to tension in the

cold core and compression in the hot layer. This latter

fosters cracking parallel to the isothermal surfaces,

locally reducing the mechanical stability. Other meso-

scale processes can favour micro-cracking, such as

strain incompatibility between matrix and aggregate

[6]. On the other hand, pore pressure is responsible for

the violent nature of spalling, because of its effects on

the stability of cracks. Pressure development in the

pores is caused by water vaporization, since vapour

escape is constrained.

The kinetic of moisture migration induced by

pressure gradients is very important in spalling

development and it is mainly related to concrete

permeability. In particular, moisture is pushed toward

the cold core, where vapour condensation can occur

due to the lower temperature [7]. In dense concrete

(such as High-Performance Concrete—HPC) even

water saturation in the pores can be attained and a

region with very low permeability may form (the

so-called moisture clog [8]). The formation of a

saturated layer brings in two main effects: (a) increase

of vapour pressure ahead moisture clog, vapour

release being prevented, and (b) increase of pressure

within moisture clog due to thermal dilation of liquid

water (namely, liquid pressure [9]). Such aspect,

together with the higher heat-sensitivity and brittle-

ness, makes HPC more sensitive to spalling than

Normal-Strength Concrete—NSC [7, 10].

Many of the studies conducted so far clearly show

that spalling phenomenon can be effectively reduced,

or even avoided at all, if polypropylene fibre is added

to the mix, typically in the range 1–2 kg/m3

(& 0.1–0.2% by volume). Polypropylene fibre, in

fact, melts at 160–170 �C producing voids and

microcracks in the cement paste [8, 11, 12]. As a

consequence, smoother moisture gradients [13] and

lower pressure peaks [3] are observed, and possible

relaxation of thermal stress is expected [11, 14].

Even though numerical models have been devel-

oped addressing fire spalling progression in concrete,

the reliable prediction of its evolution is significantly

affected by several uncertainties such as the mutual

interaction between pore pressure and concrete frac-

ture behaviour (as reported in [3, 4]), and porosity and

permeability variation with temperature. This makes

experimental investigation often necessary.

Tests aimed at assessing concrete sensitivity to

explosive spalling can be performed on different

specimen geometries under different heating and

loading conditions [15].

A first group of tests is based on (small-scale)

unloaded prismatic or cylindrical specimens

[3, 10, 13, 16–18], in which temperature and/or

pressure are monitored during the test. There are also

examples in which external loading is applied [19–21].

Another set of tests is generally focused on slabs or

prismatic specimens under different conditions of

heating and loading. In many cases heating is applied

on one face only, while external loading can be applied

via active or passive systems, in one [22–27] or two

directions [14, 21, 22].

A third level of investigations is represented by full-

scale testing. Obviously, in assessing fire spalling

sensitivity of concrete, the balance between cost and

representativeness should be pursued, since cost and

time burden increases with testing scale.

The common evidence is that (1) relevant spalling

is unlikely in small specimens when stress is caused

just by thermal gradients, (2) external compression

applied during heating increases spalling probability

[24, 26, 28], and (3) biaxial loading conditions are

more severe than uniaxial ones [28].

In order to cast some light on the effect of fibre type

in fire spalling sensitivity of HPC, an experimental

campaign has been launched at Politecnico di Milano,

in collaboration with the Global Product Innovation

Department of Italcementi S.p.A.—HeidelbergCe-

ment Group, based on unreinforced slabs subjected

to heating under biaxial loading.
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The experimental investigation is based on eight

slabs made of four concrete mixes (fc & 60 MPa,

with silico-calcareous aggregate): without fibre —

reference mix — (1), with 2 kg/m3 of monofilament

(2) or fibrillated (3) polypropylene fibre, or with

40 kg/m3 of steel fibre (4).

2 Mix design and test setup

Four concrete mixes differing only for fibre type have

been studied. Cement type CEM I - 42.5 R has been

used in combination with Ground Granulated Blast-

furnace Slag (GGBS), as shown in Table 1 (see also

[29, 30]).

Silico-calcareous aggregate with maximum size of

16 mm has been used and the water-to-cement ratio has

been designed for a target cylindrical compressive

strength at 28 days fc & 60 MPa. In addition to the

plain mix, the other three mixes contain one of the fol-

lowing fibre type: 2 kg/m3 of monofilament polypropy-

lene fibre (L = 12 mm, Øeq = 20 lm, extruded straight

fibre treatedwith a surfactant agent) designed specifically

to prevent concrete spalling [8], 2 kg/m3 of fibrillated

polypropylene fibre (L = 12 mm, Øeq = 48 lm, straight

fibre obtained by longitudinally cutting stripes) generally

used to limit early-age shrinkage [31] or 40 kg/m3of steel

fibre (L = 35 mm, Øeq = 550 lm, hooked ends). Two

slabs per mix were cast.

Spalling sensitivity has been assessed on unrein-

forced slabs (800 9 800 9 100 mm) subjected to

Standard Fire at the bottom face under biaxial

membrane compression (Fig. 1). The loading system

consists in a welded steel frame restraining 8 hydraulic

jacks (2 per side) with a total capacity of 1000 kN per

axis. The horizontal furnace is powered by an actively-

controlled propane gas torch, which is able to strictly

follow the prescribed heating curve.

During the test, pressure and temperature have been

monitored through the thickness via embedded sensors

[3] placed at the distances of 10, 20, 30, 40, 50 and

60 mm from the exposed face, while the flexural

behaviour has been monitored through 6 Linear

Voltage Displacement Transducers (LVDTs) measur-

ing the vertical displacements at the top cold face.

Heating is applied only to the central part

(600 9 600 mm) of the slab, so to keep colder the

perimeter in contact with the hydraulic jacks. The

confining effect provided by such cold rim is kept as

limited as possible by sixteen radial cuts aimed at

interrupting its mechanical continuity. Further

details on the main features of the test setup are

reported in Lo Monte and Felicetti [14].

3 Results and discussion

A total of eight specimens (two per mix) was tested.

Fire duration was set in the range 100–120 min in

absence of spalling, otherwise heating was stopped

when the slab was no more able to sustain the external

biaxial compression (34–35 min). The very similar

fire duration among the tests (in which spalling took

place) makes it possible to compare spalling sensitiv-

ity for different concretes just in terms of onset time

and final depth of spalling.

Table 1 Mix designs and

main properties of the

concrete mixes

Mix designation 70S 70S PM2 70S PF2 70S SF40

CEM I (kg/m3) 400 400 400 400

GGBS (kg/m3) 200 200 200 200

Gravel [da = 0–8 mm] (kg/m3) 860 860 860 860

Aggregate [da = 8–16 mm] (kg/m3) 699 699 699 699

Monofilament polypropylene fibre (kg/m3) – 2 – –

Fibrillated polypropylene fibre (kg/m3) – – 2 –

Steel fibre (kg/m3) – – – 40

Acrylic superplasticizer (kg/m3) 2.76 2.76 2.76 2.76

Water/binder ratio 0.36 0.36 0.36 0.36

Density (kg/m3) 2378 2380 2380 2418

Cylindrical compressive strength, fc (MPa) 62 60 61 63
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Compressive load was designed in order to instate a

constant mean compressive stress in the thickness of

10 MPa aimed at preventing the onset of tensile stress.

3.1 Observed spalling

Spalling occurred in both plain concrete slabs (first

very severe event after 19 and 34 min for slab A and B,

respectively) and only in one case for steel fibre-

reinforced concrete (first very severe event after

35 min in slab B). It is worth noting that, in all the

three cases, first spalling occurred in a very violent

way involving all the heated area. Only for slab A of

mix M70S (plain concrete), test could be continued

after the first spalling event, showing many following

minor events, each one taking place in smaller but

significant parts of the heated area (up to about 30%

[32]) till the end of heating (35 min). The final spalling

depth was comparable among the three specimens and

the spalled layer appeared rather homogeneous in the

heated area. The spalled profile was measured after the

test via laser profilometry, as described in Lo Monte

and Felicetti [14], in order to evaluate both maximum

and average depths. The moisture front was also

measured in one slab only via Ground-Penetrating

Radar technique (see [33]).

The regularity of the spalled surface is a very

interesting outcome, since it can be inferred that, in

substantially uniform heating and loading conditions,

the size of spalled splinters is not strictly related to

local mechanisms at concrete meso-scale (such as

aggregate-to-cement paste interaction). In polypropy-

lene fibre concretes, spalling did not occur and just

light scaling was observed at the end of heating.

Pictures of some specimens after testing are reported

in Fig. 2, while the results are summarized in Table 2.

In Fig. 2 spalling development is sketched on the

basis of the observation of concrete debris after

testing. In plain concrete, detachments took place

probably due to the formation of cracks triggered by

compressive thermal stress parallel to the hot face.

Pore pressure favoured the unstable propagation of

fractures, fostering the violent expulsion of delami-

nated layers (Fig. 2a). Such mechanisms were partly

constrained in steel fibre-reinforced concrete due to

the bridging effect provided by steel fibres crossing the

cracks. This bridging effect was probably sufficient in

slab A of M70S SF40, since spalling did not occur. On

Fig. 1 Concrete slab and

detail of the PT sensor.

PT pressure–temperature

sensors; LVDT displacement

transducers measuring the

deflection; RL 3 rigid legs of

the LVDT-holding frame
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the other hand, the bridging effect of steel fibre was

nullified in slab B by the formation of a ‘‘pulverized’’

band of 15–20 mm thickness, in which concrete was

disrupted in the spalling event in powder-like debris

(Fig. 2b). The thickness of this layer was assessed by

vacuum cleaning the furnace after the test, followed by

sieving and weighing of the debris. Moreover, fibres

longer than half of their length were protruding from

both the remaining slab and the coarse concrete

chunks spalled ahead the pulverized band. By cutting

and weighing the projecting filaments, an average

length of 21 mm was assessed, namely 60% of the

fibre length (while 25% would be expected in case of

pulled out randomly distributed fibre).

(a) slab M70S_A (b) slab M70S SF40_B (c) slab M70S PM2_A
Pictures of bottom heated face after testing

Scheme of fracturing process

Fig. 2 Bottom heated face of three specimens after testing and scheme of fracturing process in (a) plain, (b) steel and (c) polypropylene
fibre concrete slabs

Table 2 Summary of tests and results

Mix designation M70S M70S PM2 M70S PF2 M70S SF40

Specimen A B A B A B A B

Membrane compression (MPa) 10 10 10 10 10 5 10 10

Fire duration (min) 35 35 120 120 120 120 110 34

Spalling Yes Yes No No No No No Yes

Time of first spalling event (min) 19 35 – – – – – 34

Avg thickness of first spalled layer (mm) 10 18 – – – – – 23

Temperature at the main fracture (�C) 225 246 – – – – – 238

Avg thickness of following detachments (mm) 8 6 – – – – – –

Avg thickness of pulverized band (mm) – – – – – – – 16

Avg final spalling depth (mm) 43 42 – – – – – 39

Max final spalling depth (mm) 60 61 – – – – – 51
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It is worth noting that the average thickness of the

first spalled layer was about 10, 18 and 23 mm in slabs

M70S_A, M70S_B and M70S SF40_B, respectively.

The correspondent temperatures at the fracture plane

at the onset of the first spalling event (19, 35 and

34 min, respectively) are within a very narrow range

(225–246�C).
It should be noted that with more severe heating

rates and/or thicker specimens (in which thermal stress

is higher due to the increased flexural stiffness)

spalling can take place also at the very beginning of

the test due to the development of higher self-stress.

3.2 Temperature and pore pressure development

In Fig. 3 temperature of furnace, hot and cold faces of

the slab, and at the 6 internal measurement points (10,

20, 30, 40, 50 and 60 mm from the heated face) is

shown for three specimens, namely plain (M70S_B),

steel (M70S SF40_B) and monofilament polypropy-

lene (M70S PM2_B) fibre concrete slabs. Tempera-

ture in fibrillated polypropylene fibre concrete (M70S

PF2) is not shown, since it is very similar to

monofilament polypropylene fibre concrete (M70S

PM2). Temperature curves in M70S_B and M70S

SF40_B are reported only up to the end of heating

(about 34–35 min).

Looking at temperature development, no direct

effect of fibre can be recognized, since no particular

trend can be clearly identified by comparing the

specimens. Though this might have been expected in

case of steel fibre, given the little influence on thermal

diffusivity [34], it is also confirmed that the mass

transport enhancement allowed by polymeric fibre has

little effects on the thermal field.

Pore pressure monitoring along slab thickness is

very helpful in understanding the role played by fibre

type, especially in case of polypropylene fibre, whose

beneficial effects mainly consist in increasing concrete

permeability and consequently reducing pore

pressure.

Pressure development is reported as a function of

time in Fig. 4, where it is clear that the highest values

of peak pressure have been reached in the case of steel

fibre-reinforced concrete, even higher than in plain

concrete.

This can be probably ascribed to the stabilizing

effect of steel fibre on crack propagation and, then, on

the damage-induced permeability. Such evidence

casts some doubt on the use of steel fibre alone for

limiting spalling, since the benefits in terms of

enhanced mechanical properties may be overcome

by the higher pore pressure developed during fire

exposure.

The lowest values of pressure have been achieved

in the mix with monofilament polypropylene fibre,

while slightly higher values have been observed in the

case of fibrillated polypropylene fibre. This evidence

has been already observed in Lo Monte et al. [4] and

can be ascribed to a higher effectiveness of monofil-

ament fibre in increasing concrete permeability,

thanks to a higher dispersion in the matrix with respect

to fibrillated fibre.

Experimental pressure profiles for different values

of fire duration are plotted in Fig. 5a for the reference

mix (namely, plain concrete slab B—M70S_B) and

for monofilament polypropylene fibre concrete (slab

B, M70S PM2_B). Initially, the development of

pressure is rather similar, since polypropylene fibres

in the hygrally-active region (where significant pres-

sures develop) are not melted yet. After 20 min of

heating, when temperature in the hottest 20 mm of the

slab is higher than the melting temperature of

polypropylene (about 160–170 �C), the difference

between the two mixes becomes evident. In particular

pressure quickly rises in plain concrete at 10 mm from

the heated face, leading to relevant pressure gradients.

On the other hand, in polypropylene fibre concrete,

pressure remains limited and the gradient is far

smoother. Moreover, in this latter case the pressure

peak tends to follow the fibre melting front and then it

is significantly deeper than in plain concrete.

0 20 40 60 80 100 t [min]
0

200

400

600

800

1000

T 
[°

C]

ISO 834

furnace
10 mm

50 mm

cold

20 mm

0 mm^

60 mm

30 mm
40 mm

M70S SF40_B
M70S PM2_B
M70S_B

Fig. 3 Plots of temperature of oven, hot and cold faces, and at 6

depths for three slabs, as a function of time. (^Temperature at

0 mm was not directly measured, but analytically evaluated)
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Steel fibre-reinforced concrete behaved very sim-

ilarly to plain concrete, with pressure profiles charac-

terized by even sharper gradients. This is reasonably

caused by the lower hot permeability (with respect to

polypropylene fibre concrete), which limits vapour

release, thus forcing pressure to remain concentrated

in the hot layer.

In Fig. 5c, d, pressure is reported as a function of

temperature, for the two slabs of mix M70S PF2

(fibrillated polypropylene fibre concrete), together

with the saturation vapour pressure curve, PSV.

It is worth noting that slab B was subjected to a

biaxial membrane compression of 5 MPa, while all the

other specimens were tested with 10 MPa. Looking at

the results, it clearly appears that for growing depths,

pressure–temperature rate rises (pressure–temperature

curve are closer to the saturation vapour pressure

curve), and this trend has been observed in all the tests.

This is reasonably caused by the increase of the

distance with respect to the heated face, from which

vapour can be released. Furthermore, it can be

observed that pressure–temperature rates and pressure

peaks are higher for an external membrane

compression of 5 MPa (Fig. 5d) compared to

10 MPa (Fig. 5c), so highlighting the role of external

load.

Such result can be explained looking at the

numerical analyses reported in Lo Monte and Felicetti

[14], which aimed at simulating the experimental test

at issue. In particular, it was shown as an external

membrane compression of 5 MPa is sufficient to avoid

any tensile stress (and, consequently, any crack) in the

concrete core because of thermal strain. This means

that no significant difference is expected in terms of

permeability in the slab core, when the external

compression is increased from 5 to 10 MPa. On the

other hand, the increase of the external compression

leads to a more pronounced damage in the hot layer,

which is already compressed due to thermal stress.

This increased damage, which implies higher cracking

and permeability, fostering vapour release and pore

pressure reduction. For this reason, higher pore

pressure was reached for a confining stress of 5 MPa.

It is important to underline that, for lower values of

compressive load, the trend is expected to be the

opposite. Decreasing the external compression, in fact,
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Fig. 4 Plots of pressure at 6 depths for one slab per mix, as a function of time
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tensile stress arises in the specimen core and tensile

strength can be attained. In such case, cracking occurs

and pore pressure release takes place. This means the

maximum pressure peaks should be expected for

intermediate values of external compression.

Spalling risk and severity, however, should contin-

uously increase with the external load, due to the

higher overall damage in the hot layers, as reported in

Lo Monte and Felicetti [14] and Miah et al. [28].

3.3 Flexural behaviour

The vertical mid-span displacement is shown in

Fig. 5b for one slab per mix for the whole fire

duration. It is possible to notice that the flexural

behaviour can be divided into two stages. In the first

phase of heating, sagging deflection takes place

because of the thermal dilation of the bottom heated

face. Afterwards, when the decay of concrete stiffness

in the hot layer becomes sizable, hogging deflection

occurs due to the rise of the stiffness centre, which

translates into a negative eccentricity for the external

load (constantly applied at the mid-plane). Thus, in the

second phase, the displacement rate changes sign

(after about 25–30 min of fire duration). Obviously,

hogging deflection during heating can occur only if a

significant external load is applied.

Looking at Fig. 5b, no remarkable difference can

be observed between plain and steel fibre-reinforced

concrete, while if monofilament or fibrillated

polypropylene fibre is added, hogging deflection

occurs significantly earlier.

In particular, the maximum sagging deflection is

700–800 lm for plain and steel fibre-reinforced

concretes, while is 400–500 lm in the case of

polypropylene fibre concretes. This result implies that

polypropylene fibre leads to a more pronounced

increase of concrete deformability with temperature,

0 10 20 30 40 50 60 70 80 90z [mm]
0

1

2

3

4

5

6

7
p 

[b
ar

]
120'
90'
60'
34'
30'
20'
0'

(a) pressure profiles

z

M70S_B
M70S PM2_B

0 20 40 60 80 100 t [min]
1.0

0.5

0.0

-0.5

-1.0

ve
rti

ca
l d

isp
la

ce
m

en
t [

m
m

]

M70S PM2_B
(no spalling)

M70S_B
M70S SF40_B

spalling and test end

(b)  mid-span deflection
σapplied = 10 MPa

M70S PF2_A
(no spalling)

0 50 100 150 200 250 300 350 T [°C]
0

1

2

3

4

5

6

7

8

9

p 
[b

ar
]

(c) M70S PF2_A
σapplied = 10 MPa

60 mm
PSV

50 mm
40 mm

30 mm
20 mm

10 mm

0 50 100 150 200 250 300 350 T [°C]
0

1

2

3

4

5

6

7

8

9

p 
[b

ar
]

(d) M70S PF2_B
σapplied = 5 MPa

60 mm

PSV

40 mm

30 mm20 mm

10 mm

50 mm

Fig. 5 a Pressure profiles at different fire durations in plain

(M70S_B) and monofilament polypropylene fibre (M70S

PM2_B) concrete slabs, b vertical displacement at the midpoint

of four specimens, and c, d pressure versus temperature in

fibrillated polypropylene fibre concrete slabs M70S PF2_A and

M70S PF2_B for an applied membrane stress of 10 and 5 MPa,

respectively
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so fostering the effect of the external load (hogging

deflection).

The concretes at issue have been extensively

studied in a previous experimental campaign focused

on the compressive behaviour of concrete cylinders at

high temperature and in residual conditions, proving

that the decay of elastic modulus as a function of

temperature is just slightly influenced by the addition

of polypropylene fibre [35, 36]. This suggests that the

difference in the flexural behaviour is probably caused

by a higher transient thermal strain occurring when

polypropylene fibre is added (as observed also in [11]).

4 Conclusions

A novel experimental setup for investigating fire

spalling phenomenon in concrete has been designed at

Politecnico di Milano based on slabs heated at the

bottom, while subjected to external biaxial membrane

compression.

Taking advantage of this facility, the goal of the

presented experimental research is to study the main

effects brought in by fibre type in concrete sensitivity

to spalling. To this aim, four mixes have been

designed, consisting in High-Performance Concretes

(fc & 60 MPa, with silico-calcareous aggregate) dif-

fering only for the presence of monofilament or

fibrillated polypropylene, or steel fibres. Two slabs per

mix were cast.

Spalling occurred in both plain concrete slabs, and

in one of the two steel fibre-reinforced specimens,

while the addition of polypropylene—either monofil-

ament or fibrillated—fibre allowed to avoid any

detachment for the whole fire duration (100–120 min).

The spalling process started in all the cases with a

very violent event involving all the heated area. After

cooling, the spalled layer appeared rather homoge-

neous, corroborating the idea that, in substantially

uniform heating and loading conditions, spalling

phenomenon is not strictly related to local mecha-

nisms regarding aggregate-to-cement paste interaction

and that a more general explanation can be given

based on temperature, pressure and stress fields.

The development of the thermal field was rather

similar among the specimens. This evidence suggests

a limited role played by moisture transport phenomena

in concrete thermal behaviour. (Polypropylene fibre

concretes have higher permeability than plain concrete

due to fibre, but similar thermal diffusivity). More-

over, steel fibres are known to not significantly

influence concrete thermal conductivity.

The highest values of peak pressure were reached in

steel fibre-reinforced concrete, even higher than in

plain concrete, probably because of a more

stable crack propagation. This evidence should dis-

courage the use of steel fibre alone with the aim of

reducing spalling risk, since the induced increase in

pore pressure can even offset the advantage brought in

by the improved tensile toughness. In the case at hand,

the beneficial effect of steel fibre was nullified by the

formation of a pulverized band of concrete, which

zeroed any bridging effect of the fibres anchored in the

band.

On the other hand, far lower values of pressure have

been observed in polypropylene fibre concrete, thanks

to the increase of permeability allowed by fibre

melting. In particular monofilament polypropylene

fibre proved to be more effective than fibrillated

polypropylene fibre in reducing pore pressure.

Plain and steel fibre-reinforced concretes experi-

enced pressure profiles characterized by sharper

gradients, reasonably due to their lower permeability,

this limiting vapour release and forcing the pressure to

remain concentrated in the hot layer.

As regards the mechanical behaviour, monitoring

the out-of-plane deflection revealed as the introduc-

tion of polypropylene fibre probably leads to higher

transient thermal strain compared to plain or steel

fibre-reinforced concrete (this possibly smoothing

down thermal stress).
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