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a b s t r a c t
After almost 70 years of experience in the ﬁber–cement production in Brazil, Saint-Gobain Brasilit started
the non-asbestos production using polyvinyl alcohol (PVA) ﬁber technology in 2002.
Due to PVA costs and availability problems, efforts were done to develop a local high toughness polypropylene (PP) ﬁber, with improved frictional interface and better dispersion and afﬁnity to Portland
Cement matrix.
In the last 5 years, more than 1.6 million tons of asbestos-free corrugated and ﬂat sheets have been produced and commercialized representing about 200 million square meters.
This paper reviews the alternative ﬁbers for replacing asbestos and the reinforcing model in cement
based products. It also presents the Brasilit high toughness polypropylene ﬁbers properties, its manufacturing process and its mechanical performance and improved impact resistance behavior comparing to
ﬁber–cement products available in the Brazilian market.
Ó 2009 Elsevier Ltd. All rights reserved.

1. Introduction
Fiber–cement asbestos based products had been widely used in
the world due to their versatility as corrugated and ﬂat rooﬁng
materials, cladding panels and water containers presented in large
number of building and agriculture applications. In the early of
1980’s asbestos based materials started to be replaced by alternative non-asbestos materials.
Actually around the world there are two production routes of
non-asbestos materials using Hatschek technology:
 Steam cured products reinforced by cellulose ﬁbers (autoclaved
products), mainly for external cladding and internal partitioning
and ceiling.
 Air cured products reinforced by alkali-resistant synthetic ﬁbers
combined reﬁned cellulose ﬁbers, usually for corrugated sheets.
Examples of synthetic materials are polyvinylalcohol ﬁbers
(PVA), alkali-resistance glass ﬁbers (AR-glass), polyacrylonitrile ﬁbers (PAN) and, more recently, polypropylene ﬁbers (PP).
Among these ﬁbers, high toughness PVA ﬁbers were the ﬁrst to
be used on large scale and industrial bases, considering its intrinsic
* Corresponding author. Tel.: +55 11 2246 7040; fax: +55 11 2246 7046.
E-mail addresses: sergio.ikai@saint-gobain.com (S. Ikai), ricardo.reichert@saintgobain.com (J.R. Reichert), alexandre.vasconcellos@saint-gobain.com (A.V. Rodrigues), valdir.zampieri@saint-gobain.com (V.A. Zampieri).
0950-0618/$ - see front matter Ó 2009 Elsevier Ltd. All rights reserved.
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properties: high tensile strength, high modulus, and low elongation, high durability in alkaline matrix, hydrophilic behavior, good
dispersion in water, and good bonding with cement paste. The
costs of PVA ﬁbers had, however, limited its use in Brazil.
On the other hand, polypropylene (PP) resin is relatively less
expensive and worldwide available, used in a large number of
applications ranging from food packing to chirurgical masks. It
can be processed by traditional melt spinning technologies and it
is chemically inert and resistant to cement paste. To be used as a
cheaper substitute for asbestos, PP ﬁbers needed to have changed
its original hydrophobic character, improve its toughness, dispersion in water and interfacial bonding to Portland cement.
After intense studies, it was developed and started the production of high toughness PP ﬁber for asbestos replacement in 2003.
After three years, with this successful technology, it was already
produced and commercialized more than 1.6 million tons of asbestos-free corrugated and ﬂat panels representing about 200 million
of square meters.

2. Fiber–cement Hatschek technology
The original process for ﬁber–cement manufacturing was developed by Ludwig Hatschek at the end of 19th Century based on the
paper industry which process has received the inventor’s name.
Since then, Hatschek process has been subjected to constant
improvements to achieve high output and better performance
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without affecting its basic principle: ﬁltering a dilute suspension of
cement on a rotating cylinder sieve.
The thin layer obtained by ﬁltration is transferred and accumulated in cylindrical presses, until the desired thickness. Later the
green sheet is cut and conformed as a corrugated sheet or ﬂat panel
(see Fig. 1).
Even today, this process is widely used: almost 85% of ﬁber–cement products sold in the World are produced by Hatschek process. On the other hand, composition has experienced new
developments by incorporating mineral and synthetic ﬁbers,
chemical additives and cements with new characteristics.

In addition to long-term durability, compatibility to Portland
cement matrix, process ability, availability and cost, alternative ﬁbers for reinforcement must have high mechanical properties. High
toughness, high modulus and reduced elongation at rupture are
considered key attributes.
The graph at Fig. 2 shows the mechanical characteristics of
some commercial alternative ﬁbers for reinforcement and their
main determinant factors. It was conﬁrmed that high toughness
PVA modulus presents values around 15 MPa for the evaluation
range differently than values stated by some producers [7,8,13].
Fig. 3 shows the position of the new developed high toughness
PP ﬁber in reference to other alternative ﬁbers for reinforcement.

3. Fiber reinforcement modelings
5. Development of non-asbestos technology
As presented in Lhoneux et al. [10], modeling for reinforcement
of ﬁber–cement composites covers several factors classiﬁed in
groups such as ﬁber and matrix properties, interaction of ﬁber–matrix parameters and ﬁber volume fraction.
In addition to those parameters, modeling also discuss on geometric factors related to ﬂexural stresses in inclined ﬁbers
[9,13,16].
In order to obtain better results on the existing synthetic ﬁber
for reinforcement apart from all those parameters, frictional bond
is key factor to study which can be modiﬁed by improving geometric factors (diameter/length ratio) and bonding interaction of ﬁber–
matrix.
4. Alternative synthetic ﬁbers
Following the worldwide tendency for replacing asbestos, manufactures started to look for new alternatives for ﬁber reinforcement which comply with Hatschek machines and provides good
performance and high functional durability products.

In 1997, a research project for replacement of asbestos was deﬁned starting from sourcing of alternatives raw materials to project and installation of machines for the new process. A cellulose
reﬁning plant was also included. This process has ended by the
conversion of all industrial plants for non-asbestos technology.
Table 1 presents the main steps carried out for the non-asbestos
technology adoption.
6. Improvement on interfacial surface of high toughness PP
After converting all production lines to run with non-asbestos
technology in 2002 and facing high cost to import PVA ﬁbers, it
was decided to develop a new alternative ﬁber for reinforcement.
At that time, polypropylene has presented as good alternative resin which is produced worldwide in addition to the fact of being
chemically inert. In Brazil, the actual production capacity is about
1.6 Mton/year and is foresee to increase by 20% by the year of
2010.

Fig. 1. General view of Hatschek machine, pressing roll, cutting system and corrugating process.
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Fig. 2. Characteristics of commercial alternative ﬁbers available in the market. (Note: Pinus = Cellulose; PAN = polyacrylontrile; Com PP = conventional polypropylene;
PA = polyamides; LT-PVA = low toughness polyvinyl alcohol; HT-PVA = high toughness polyvinyl alcohol; CemFIL = alkali-resistancy glass ﬁber.) Modulus was determined
considering the range of elongation curve between 0% and 5%,Graph units were obtained by dividing the represented property by the respective material speciﬁc density [7].

Fig. 3. New Brasiﬁl PP ﬁber in comparison to commercial alternative ﬁbers (from [7]).

Table 1
Main facts of non-asbestos conversion lines at Brasilit.
Period

Event

1997–1998

Reorganization of the Brasilit Research and Development Center
First trials at Brasilit-Belem/PA plant testing different materials such as: waste paper, virgin cellulose, acrylic and polyamide ﬁbers and alkali-resistant glass
ﬁbers (Cem-ﬁl Vetrotex)
Studies on increasing long-term durability of Cem-ﬁl in cement matrix using metakaolin
Acquisition from SIL-Societá Italiana de Lastre the PVA/silica fume technology for corrugated sheets
Adjustments of SIL technology to Brazilian sources of raw materials and process parameter
Conversion of ﬁrst production line for non-asbestos at Brasilit Belém/PA plant to produce PVA products. PVA ﬁbers imported from Japan and China
Launch of non-asbestos PVA based products in the Brazilian market
Completed conversion of all four Brasilit Plant (seven production lines)
Decision taken for installing a PP ﬁber plant in Brazil. Research and development together with R and D team of CRM – Centre de Recherche de Matériaux of
Saint-Gobain/France
Start up of polypropylene ﬁber plant at Jacarei/SP
Development of non-asbestos air-cured ﬂat panels PP reinforced (new product not autoclaved without grounded silica – patented by Saint-Gobain)
Conversion production from PVA to PP-reinforced products
End of the industrial joint-venture Eterbras agreement
Agreement for PP technology transference to Everest Company/India
Development of anti-crack PP ﬁber for concrete reinforcement in US market by Vetrotex Reinforcement
Achievement of good quality and productivity levels with PP ﬁbers. Further decrease PP products cost is still the major aim (PVA/asbestos 40% higher; PP/
asbestos 15–20% higher).

1998–1999
1999–2000
2001
2002

2003
2003–2004
2005–2006
Present
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Some studies mention that poor bonding of ordinary PP ﬁbers,
even those with relatively high toughness values, are due to their
low surface energy (‘‘hydrophobic character”) and their low roughness [11].
For this reason, a development study was established to improve the chemical interfacial bonding of PP ﬁber. The large inﬂuence of the surface treatment on the strength and toughness of the
ﬁber–cement composites are evidenced by pull-out tests carried
out at Saint-Gobain Recherche Center.
More than 25 different versions of PP ﬁbers were investigated.
Specimens were cut in ﬂat parts of wave sides of industrial corrugated sheets and notches were made for controlling the pull-out
tests (Fig. 4). Tensile testing was performed using the assumption
that test pieces have 20 wt% of moisture, 80% of ﬁbers are aligned
to the force direction and the extensometer assimilates the elongation of ﬁbers. We also made the assumption that after complete ﬁssure, the all effort is transferred to ﬁbers only. Tensile strength in a
single ﬁber was calculated based on ﬁber volume fraction of the
composition.
In Fig. 4 presents ‘‘pull-out” testing results for commercial PP
and PVA ﬁbers in comparison to ﬁrst and last generation of surface
treated PP developed by Saint-Gobain at CRM-Centre de Recherche
de Matériaux/France.
The interfacial frictional bonding increased from 0.22 MPa in
the ﬁrst non-treated PP ﬁbers to approximately 0.7 MPa in the last
generation surface treated PP ﬁbers produced by Brasilit. Those results are in accordance with the values presented in the literature
[11], ranging from 0.22 to non-treated PP ﬁbers to 0.7–1.5 MPa
after adding functional groups able to chemically improve the
binding with cement (coating and copolymers) and/or increasing
the roughness of the surface of the ﬁbers with ﬁllers or coatings.
7. Production process of new PP ﬁber
This new PP ﬁber plant was specially designed to produce high
toughness PP yarns able to be applied in replacement of asbestos in
Portland cement matrix.
The production process starts from the extrusion of PP resin specially developed to achieve high toughness in thin monoﬁlaments.
Geometry, spinning holes and cooling rates were considered in the
conception of spinning melting heads to obtain ﬁlaments with high
toughness within narrow dispersion of properties.

To explore the maximum of each property, the process for the
new PP ﬁber was designed in two steps: spinning/bobbin and
drawing/cut stages. Figs. 5 and 6 illustrate those two stages.
In Table 2 is presented the characteristics of ﬁlaments after each
stage of the process.
8. Comparison between asbestos, PVA and the new high
toughness PP ﬁbers
The main properties of the new high toughness PP ﬁber developed in comparison with asbestos chrysotile and commercial
PVA ﬁber are presented in Table 3.
Fig. 7 presents micrographs of asbestos showing a large amount
of ﬁlaments of varying size occurring as natural mineral.
Fig. 8 presents micrographs of commercial PVA ﬁbers having an
average of 14 lm of diameter and 6 mm length.
Fig. 9 presents micrographs of the new high toughness PP ﬁber
which has 12 lm diameter and 10 mm length.
9. Mechanical behavior of corrugated sheets with the new high
toughness PP, PVA and asbestos
Commercial asbestos and PVA ﬁber cement P7 corrugated
sheets are produced on Hatschek machine using, respectively,
8 wt% and 2.3 wt% ﬁber for reinforcement. When using these PP ﬁbers, the ﬁber content is reduced to 1.8 wt% as consequence of density and geometry factors to keep similar volume fraction of ﬁbers.
The deformation curves of the breaking load test performed on
ﬁber cement corrugated sheets according to ISO standard 9933,
demonstrate an interesting behavior brought by the high toughness PP ﬁber – see Fig. 10. The quality and quantity of the spin
agent used for the surface treatment of the ﬁbers during the spinning and drawing production stages, allow a controlled adhesion to
the cementitious matrix. After the pick of maximum load, the energy is absorbed for debonding the PP ﬁbers out the matrix. With
PVA or asbestos, the bonding is too high and ﬁbers break, limiting
the amount of energy absorbed.
By integrating the area below the curve the total energy which
can be dissipated during an impact is calculated (see Fig. 11). As a
consequence, ﬁber–cement products with high toughness PP have
a better handling and less breakage during transportation when
compared with asbestos or PVA.

Fig. 4. Testing procedure diagram and comparison between commercial PP and PVA to surface treated PP’s ﬁber developed by Saint Gobain–CRM/Brasilit (from [12]).
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Fig. 5. Spinning and bobbin stage.

Fig. 6. Drawing/spin ﬁnishing/cutting stage.

Table 2
General characteristics of ﬁlaments after each stage of the process.
Characteristics

After spinning

After drawing (typical values)

Young’s modulus at 0–5% (GPa)
Dry tenacity (MPa)
Diameter (micron)
Elongation at rupture (%)
Fiber length (mm)
Production capacity (ton/year)

–
150
27
520
–
–

6
850
10–12
21
6, 10, 12 and 18
9500

Note: Other ﬁber lengths are available under request.

10. Impact resistance test
The practical consequence of the higher energy absorption of PP
ﬁber cement corrugated sheets can be clearly observed during a

600 J impact resistance test shown in Figs. 12 and 13 (test in accordance to [15]).
As it is shown in this test, a non-asbestos corrugated sheet with
safety requirements could be improved using these new high
toughness PP ﬁbers. Products made with asbestos or PVA fail in
this test. This performance does not change after the accelerated
ageing tests made in accordance to [6].
Fig. 14 presents a comparison between PP-reinforced and asbestos products at impact resistance testing (test in accordance to
[15]). At early ages when the matrix is still hardening IMOR has
a maximum due to plastic deformation. A drop on IMOR curve of
PP composite was observed with the evolution of the hydration
process followed by a new increase related to the strengthening
of the matrix value. On the other hand, asbestos composite has
higher toughness under load but poor IMOR strength. Even after
dropping in IMOR, PP-reinforced product has higher values comparing to asbestos products.
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Table 3
Properties of polymeric reinforcement PP ﬁber developed by Saint Gobain in comparison with asbestos and commercial polymeric PVA reinforcement ﬁber.

Fig. 7. Micrographs of asbestos (magniﬁcation of 100 and 200).

Fig. 8. Micrographs of commercial PVA (magniﬁcation of 100 and 200).

Fig. 9. Micrographs of PP Brasiﬁl (magniﬁcation of 100 and 200).

11. PP reinforced ﬁber–cement products
Actually, all corrugated sheets and ﬁtting products for rooﬁng
are made with PP ﬁber in accordance with [6] and Brazilian stan-

dard and the most common products are P3, P6 and P7 proﬁles
as presented in Table 4.
Table 5 presents the speciﬁcation for non-asbestos corrugated
sheets in reference to proﬁles according to [14].
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Fig. 10. Comparison of three-point bending curves of corrugated panels with high toughness PP, PVA and asbestos after conditioning at room temperature [3]. In parentheses,
the calculated total energy to break (in joules).

Fig. 11. Example representative of relative breaking load under wet condition and the IMOR-energy to break of PP and asbestos corrugated sheets in reference to PVA.

Fig. 12. Impact resistance test (600 J) of corrugated sheet P7-6 mm using high toughness PP ﬁbers.

178

S. Ikai et al. / Construction and Building Materials 24 (2010) 171–180

Fig. 13. Impact resistance test (600 J) of asbestos corrugated sheet P7-6 mm.

Fig. 14. PP-reinforced and asbestos composites: comparison of IMOR behavior at early ages.

Table 6 presents the most common dimensions of non-asbestos
corrugated sheets available in the Brazilian market.
12. Ageing tests performed on PP products
Corrugated ﬁber–cement products using this new high toughness PP comply with all other requirements stated in NBR 15210
which is equivalent to [6] standards concerning water permeability
resistance, heat/rain resistance, etc. and including accelerated age-

ing tests. Freeze/thawing resistance is not required for Brazilian
climate.
Table 7 shows the data of accelerated ageing tests performed on
corrugated sheets in accordance to above standards. Those ageing
tests refer to warm water and immersion/dry cycles. L is required
to be higher than 0.7. Besides the standard procedures, Brasilit
monitors the behavior of some natural exposed rooﬁng.
These results of ageing tests comply with information published
in a recent work [11] which has performed ageing tests and natural

Table 4
Geometric properties of Brasilit PP products.
Proﬁle
1
2
3
4
5
6

P3
P6
P7

Height of corrugation (mm)

Corrugation pitch (mm)

Thickness (mm)

Classiﬁcation ISO/NBR

24
39
39
51
51
51

75
150
150
177
177
177

4
4
5
5
6
8

A1
B3
B4
C6
C7
C8

Table 5
Minimum saturated breaking load per meter width (N/m) according to category and class from [14].
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Table 6
Dimensions of Brasilit products.
Proﬁle

Product dimensions
Thickness (mm)

Width (mm)

4
4
5
5
6
8

500
500
500
920/1100
920/1100
920/1100

Length (mm)
1220

P3
P6
P7

U
U
U
U
U
U

1530

U
U
U

1830

U
U
U
U
U

2130

2440

3050

3660

U
U

U
U
U
U
U
U

U
U

U
U

U
U
U

Table 7
Data from ageing tests performed on PP corrugated sheets.

Warm water 60 °C  56 days
Immersion and heat 60°C  50 cycles

L

Reference standard

1.02 ± 0.07
1.15 ± 0.10

[6,14] – part 2
[3]

For each lot tested, L is deﬁned as: L = (M2 0.58s2)/(M1 + 0.58s1).
Where, M1 and s1 are, respectively, the average and standard deviation of load of
rupture of reference lot at 95% of conﬁdence level.
M2 and s2 are, respectively, the average and standard deviation of load of rupture
after immersion in warm water or immersion and heat tests.

Table 8
Properties of ﬂat panels.
Characteristics

Typical values

Dry density
Water absorption
Hydro movement (saturated to oven dry at 100 °C)
Thermal conductivity
Fire resistance
Equilibrium ﬂexural strength
Equilibrium transversal strength
Equilibrium longitudinal strength
Equilibrium average strength (B3 ISO Class)
Elasticity modulus – average (equilibrium)
Saturated ﬂexural strength
Saturated transversal strength
Saturated longitudinal strength
Saturated average strength (A3 ISO Class)
Elasticity modulus – average (saturated)

1.45 g/cc3
max. 30%
2.5 ± 0.2 mm/m
0.35 W/m K
Incombustible

Fig. 15. Example of application of non-asbestos ﬁber–cement ﬂat sheets and
corrugated roofs.

17 MPa
8 MPa
12 MPa
7 GPa

Table 10
Estimate area for Brasilit non-asbestos production for the period 2001–2005.
Type of reinforcement ﬁber

Production in kton

Production in million of m2

11 MPa
5 MPa
8 MPa
6 GPa

PVA – period of 2001–2003
PP – period of 2003–2005
Total

643
1.012
1.655

75
119
194

Note: Estimate from 2001 to 2005 considering density = 1.45 g/cc; waving coefﬁcient = 1.18, weight/m2 = 8.55 kg.

Table 9
Non-asbestos ﬂat sheet product presentation.
Dimensions
Thickness
(mm)

Weight
(kg)

Weight
per m2
(kg)

Recommended applications

1.20

24.4
29.4
36.7

10.2

Light division walls, sidings, air
conditioning ducts,
weatherboards, etc.

2.00
2.40
3.00

1.20

32.6
39.2
49.0

13.6

Internal and external wall in
dry and wet areas, ordinary
wall or basement cladding, etc.

2.00
2.40
3.00

1.20

40.8
49.0
61.2

17.0

Dry and wet areas, indoor and
outdoor. Perfect for external
ﬁnishing in steel or wood
framing systems, thermoacoustic insulation

Width
(m)

Length
(m)

6

2.00
2.40
3.00

8

10

weathering in Europe and Latin America where PP ﬁbers were evaluated after 1000 cycles wetting/drying in a CO2 rich environment.
It is believed that accelerated ageing tests in CO2 rich environment results in better correlation to natural weathering which

Fig. 16. Percentage of cracking reduction using high toughness PP ﬁber, according
to ICC ES standard [4].

leads to changes in mechanical properties associated to matrix carbonation [1,2,11].
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In Brazil, since 2002 non-asbestos product based on PVA technology is being commercialized and, from 2003 based on PP technology as well. These products have shown outstanding
performance under different environment conditions either in
new applications or in substitution to asbestos products.

ment. With the replacement of asbestos, ﬂat sheets for panel
cladding are a real opportunity for the building market boosted
by the steel frame building system.

13. Air cured PP ﬂat panels

The authors acknowledge Saint-Gobain do Brasil – Brasilit Division for all the support given which made us successful in the
development of this work.

Flat panels with PP ﬁbers are produced in accordance to [5]
requirements and are classiﬁed as A3/B3 category (see Tables 8
and 9).
Differences in longitudinal (L) and transversal (T) strengths are
caused by ﬁber alignment in the Hatschek process. Longer ﬁbers
are prompted to align more than shorter ones, however, machine
set up can be used to control L/T ratio.
Fig. 15 shows an example of non-asbestos ﬂat sheet and corrugated roofs application in a building system.
In Table 10 is presented the estimative ﬁgures for both ﬂat
sheets and corrugated sheets produced and commercialized in Brazil up to 2006.
14. Other applications
This new high toughness PP ﬁber can also be used in application
for cement reinforcement matrix to reduce plastic shrinkage on
concretes according to [4] testing procedure. Fig. 16 presents the
cracking reduction according to its dosage in the concrete.
15. Conclusions
Since 2002 all the production lines have been converted to nonasbestos products and has produced by the year of 2006, about
1.6 million ton, representing around 200 million square meters of
rooﬁng material.
The use of this new high toughness polypropylene ﬁber technology for ﬁber–cement products is a real alternative. This technology is already developed and adopted in all production lines. As
recognition of that, a recent technology transfer agreement has
been signed between Brasilit and Everest Industries, a ﬁber-cement
producer in India.
In Brazil, although government has not achieved a consensus on
the ban issue of asbestos, the market for non-asbestos products has
shown gradual evolution every year.
Continuous improvements are on the way to increase the number of applications such as anti-crack and composite reinforce-
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