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Ferrocement:  International  Revival

by Antoine E. Naaman

Synopsis:  Ferrocement and more generally laminated cement based composites are
in a state of revival worldwide.  Looking back and looking ahead, this paper focuses
on three aspects of development that are at the basis of the current revival of
ferrocement:  1) the application side, where some new limits and new daring ideas
were demonstrated;  2) the professional side, particularly the activities of the
International Ferrocement Society and the publication of the first Ferrocement
Model Code, and 3) the technical side, where high performnace fiber reinforced
polymeric (FRP) meshes are introduced either alone or in combination with fibers
or micro-fibres leading to hybrid composites with improved performance and
reduced cost.  Prospects for the near future are also discussed.

Keywords: ferrocement, fiber reinforced concrete, fiber reinforced polymeric
meshes, high performance fibers, hybrid composites, modulus of rupture,
processing, steel meshes, textile concrete, 3 D meshes.

naaman
Text Box
Naaman, A.E., "Ferrocement: International Revival"  Proceedings of ACI Symposium on Concrete: Material Science to Applications, a Tribute to S.P. Shah, ACI SP-206, P. Balaguru, A.E. Naaman, and W. Weiss, Editors, April 2002, pp. 323-340.



Na2

Antoine E. Naaman, FACI, is a professor of Civil Engineering in the Department
of Civil and Environmental Engineering at the University of Michigan, Ann Arbor.
He obtained his Ph.D. in Civil Engineering from the Massachusetts Institute of
Technology in 1972. He is an active member of ACI Committees 544, Fiber
Reinforced Concrete; 549, Ferrocement; 440, FRP Reinforcements; and joint ACI-
ASCE Committee 423, Prestressed Concrete.  His research interests include
prestressed and  partially prestressed concrete, high performance fiber reinforced
cement composites, and the integration-tailoring of new construction materials in
structural applications.

INTRODUCTION

Ferrocement was truly the first invention of reinforced concrete; the first
application of ferrocement dates from 1849 and created the real impetus for
reinforced concrete initial development around 1860 [1. 2, 9, 14, 19].   Since this
initial period, ferrocement and reinforced concrete have followed their own and
separate path of development; the rapid development of reinforced concrete stifled
that of ferrocement which underwent a relatively dormant period until about the
early1960's, time at which a more scientific inquiry of its behavior, properties and
particular characteristics was initiated.

For all practical purposes, the definition of ferrocement has changed little since
its invention [14].  The definition was clarified and adopted by ACI Committee
549 in its first State-of-the-Art Report on Ferrocement [1].  It stated that
"Ferrocement is a type of thin wall reinforced concrete commonly constructed of
hydraulic cement mortar reinforced with closely spaced layers of continuous and
relatively small size wire mesh.  The mesh may be made of metallic or other suitable
materials."  

However, at the beginning of the twenty first century, the basic definition of
ferrocement is expanding in scope.   Ferrocement is an extension of reinforced
concrete but also is now considered a member of the family of laminated
composites; it can be reinforced with steel, or non-metallic meshes such as fiber
reinforced polymeric (FRP) meshes, leading to the term "textile concrete". The
addition of fibers or micro-fibers as complementary reinforcement in the cement
matrix, to improve performance, makes ferrocement a hybrid composite.  An
extended definition accommodating the above variations is suggested in [14].

Thin reinforced concrete products or cement-based composites designed for
structural applications are possible either as ferrocement or fiber reinforced mortar.
The main difference between them is in the reinforcement.  Ferrocement uses
continuous reinforcement or meshes while discontinuous reinforcement in the form
of fibers is used in FRC composites.  At one boundary, we have ferrocement and at
the other boundary we have fiber-reinforced mortar.  The whole spectrum of
reinforcements between the two boundaries is covered by hybrid combinations,
where both continuous reinforcements or meshes and discontinuous fibers are used.

The early 1970's brought increased interest in ferrocement.  Today it can be
said that ferrocement is in a state of revival and renaissance because it has achieved
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the status of structural material on its own merit and because it has solidly
established its particular niche as the main extension of reinforced concrete in thin
products applications.

FERROCEMENT   REVIVAL:  THE  PROFESSIONAL  SIDE

Historical Milestones

The key feature of ferrocement when it was invented is that it could be used as
a water proof or impermeable container that will hold liquids and be durable (i.e.,
will not rot) in comparison to wood; so the initial applications were Lambot's boat
or canoe, large flower pots, and orange containers.   In the mid twentieth century,
with input from Nervi [19] the use of ferrocement extended into relatively larger
boats or yachts, docks, dome structures and shells.  In such applications strength
and strength to weight ratio, ductility, crack resistance (i.e. crack width limits) are
as important as impermeability and durability.

In 1972 the US National Academy of Science formed a panel to report on the
applications of ferrocement in developing countries.  Subsequently two major
events occurred:  in 1975 the American Concrete Institute formed ACI Committee
549, Ferrocement, and in 1976 the International Ferrocement Information Center
(IFIC) was established at the Asian Institute of Technology in Bangkok.   The IFIC
acts as a repository of all information related to ferrocement including research,
applications, guidelines, educational material and codes.  ACI Committee 549
produced two important documents: the State-of-the-Art Report on Ferrocement
(first published in 1982) and the Guide for Ferrocement Construction, Design and
Repair (first published in 1988) [1, 2].  These documents were disseminated and
received acceptance worldwide.  However in 1997, ACI Committee 549 changed its
name to reflect development in non-metallic reinforcements of thin reinforced
concrete products and the term "Ferrocement" was dropped from the title of the
Committee.  While this seemed unfortunate for the benefit of ferrocement, it may
have created another opportunity.  Indeed, in 1991, the International Ferrocement
Society was formed with headquarters at the Asian Institute of Technology in
Bangkok. The International Ferrocement Society (IFS) was founded in 1991 to
coordinate and to cater to the needs of practitioners, architects, engineers and
researchers on application, development, utilization and research on ferrocement.   
The IFS has essentially taken the lead in anything "ferrocement"; it organizes every
three to four years an International Symposium on Ferrocement, disseminates
knowledge through educational short courses and seminars, and has established an
number of technical committees to help respond to the most urgent needs of the
profession.   They are described next with their mission.

Committees of the International Ferrocement Society

IFS Committee on Ferrocement Model Code; IFS-10. Ever since ferrocement
was recognized as a structural material, again and again, architects, engineers, and
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practitioners all over the world have demanded a code for ferrocement.
Construction and inspection permits could not be obtained without a code of
reference.  When applying conventional reinforced concrete codes to ferrocement,
satisfying certain design criteria, such as minimum concrete cover or minimum fire
rating, was not possible.  Yet stucco has been used as cladding in housing for
decades, and houses entirely made from wood and plywood do pass the fire rating
requirements and are being built on a large scale in the US.   This contradiction can
only be explained by the fact that each material is sponsored by a user's group, a
professional society, whose main initial objective is, and has always been, a code of
practice.   Thus the IFS Committee on the Ferrocement Model Code was formed in
1995, and has completed the first code on ferrocement in existence worldwide,
Ferrocement Model Code: Building Code Recommendations for Ferrocement, IFS
10-01 [6].  The main mission of this Committee is to pursue the development,
improvement, revision, expansion, etc. of the Ferrocement Model Code and any
related matter.

IFS Committee on Education: IFS-20.  The main mission of this Committee is
to provide educational support for the dissemination of ferrocement knowledge
worldwide, that is, 1) organize seminars, short courses, and technology transfer
workshops, 2) identify local or regional needs and help prepare targeted educational
material, and 3) maintain information on resource faculty and act as a liaison with
local organizers. The Committee is to work with country representatives of the
Ferrocement International Network to identify the needs, and planning and local
organization. First on the agenda is the immediate dissemination and proper use of
the Ferrocement Model Code.

IFS Committee on Corrosion and Durability: IFS-30.  The main mission of this
Committee is to develop guidelines for the design of ferrocement to prevent
reinforcement corrosion and to improve durability under various environmental
conditions. This includes the use of stainless steel meshes and FRP reinforcements,
as well as adding anti-corrosion agents to the matrix.  

IFS Committee on Housing and Terrestrial Structure: IFS-40.  Housing is
potentially the largest application of ferrocement.  The main mission of this
committee is to identify housing alternatives where ferrocement, and laminated
cementitious composites in general, can be competitive as the primary structural
material, and to provide guidelines and recommendations on such applications.  The
Committee also evaluates applications of ferrocement as a support material in
housing, such as for water tanks, roofing elements, and sunscreens, etc.

IFS Committee on Tools and Equipment: IFS-50.  The main objectives of this
committee are: 1) to assemble a document describing the tools and light equipment
needed for the successful and cost efficient construction of ferrocement structures;
and 2) to recommend the development of new and improved tools that would help



Na5

make construction more efficient and cost effective in the future. Examples include
a pneumatic tool to tie together several layers of mesh.  

IFS Committee on Advanced Materials: IFS-60.  The main mission of this
committee is to develop and report information, and develop and maintain
guidelines for the proper use of advanced materials in ferrocement.  For instance, it
is clear today that the addition of fly ash to the mortar matrix offers a number of
short- and long-term benefits.  The committee could recommend the use of fly ash
and make sure that fly ash is available either separately or as a cement additive, or
recommend that cement manufacturers make available cement bags containing
blended cement and fly ash in the proper proportions.   Also, ferrocement can
benefit from the use of steel meshes with higher yield strength.   The committee is
examining such a variable in order to make recommendations to the mesh
manufacturers to help them develop an optimum mesh system for ferrocement.  

IFS Committee on Seismic Applications; IFS-70.  This committee has two
complementary missions: 1) provide guidelines and standards for planning,
designing, building and evaluating ferrocement structures subjected to seismic loads;
and 2) provide guidelines and standards for the use of ferrocement as a retrofit and
strengthening material to structures damaged by earthquakes.   Examples include
jacketing of RC columns to improve their ductility and shear resistance, and
cladding of masonry walls to minimize loss of human life should failure of the wall
occur.

FERROCEMENT  REVIVAL:  THE  APPLICATION  SIDE

The use of ferrocement in industrialized countries, particularly the North
America, has been minimal.  This is perhaps due to the ready availability and
relatively low cost of other competing construction materials such as wood and
plywood, which can be easily worked with unskilled labor.

There is, however, increasing evidence that even in industrialized countries,
ferrocement can be cost competitive through mechanized fabrication and the proper
choice of mesh reinforcement.  For instance, a factory produced ferrocement
element using expanded metal mesh instead of woven wire mesh, may cost two to
three times less than conventional manually produced ferrocement elements of
equivalent performance.  The increasing availability of fiber reinforced polymer
(FRP) or plastic meshes and the use of combinations of meshes and fibers, will
likely lead to further cost reductions.  

In order to be competitive in the North America, ferrocement must find
applications where other materials are not cost competitive, or where its properties
are uniquely needed, or where labor cost is not a constraint.  Examples include the
cement sheet business, applications where fire resistance is required, marine
applications, and increasingly, repair, and retrofitting work.
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Notable Applications

It is informative to review the size and type of some structures or structural
elements built with ferrocement in order to provide an idea of their scope and reach.
Following are some examples documented in Refs. 14 and 20:
1. Boats of up to 33 meters in length (China, New Zealand); boats using combined

ferrocement and reinforced concrete of up to 90 meters in China.  
2. Double cantilever V shaped roofing beams spanning 33 m and having a

thickness of only 50 mm (reported by de Hanai in Brazil).
3. Structural shell elements spanning 16 m, such as for the group of "coupolas"

built by V. Barberio, to house a fish farm in Abruzzo, Italy.
4. A 55-meter long by 15.9-m wide oil tanker to carry up to 1100 tons of fuel

(Pertaminal Fuel Oil Barge) built in Indonesia by Douglas Alexander of New
Zealand.

5. A series of domes built for the mausoleum of Queen Alia in Amman, Jordan,
the largest having a diameter of 16 m with a 10-m height as reported by
Jennings.

6. Ribbed precast ferrocement coffers (3.6 x 3.6 m and 50 mm thick) used as
permanent formwork for the reinforced concrete roof of the Schlumberger
laboratories in Cambridge, England.

7. Lining for an olympic size swimming pool in Cuba, reported by Wainshtok
Rivas.

8. Thinnest ferrocement shell built at the University of Sidney for their
ferrocement canoe (Aurora Australis); it had a thickness of about 2 mm and
used the concept of an origami folded structure.

9. A six meters span hollow cored box section bridge built for one way traffic and
light trucks weighting up to 8 tons in Mexico, reported by Fernandez.

10. A 150 m3 elevated water tank in Brazil, reported by de Hanai.

11. Prefabricated water tanks, 3.6 m in diameter and 16 m3 in capacity, developed
in Singapore by Paramasivam.

12. Sunscreen L shaped elements 5 m long and 40 mm thick also developed in
Singapore by Paramasivam and Mansur.
Some of the most daring structures using ferrocement were built by D.

Alexander in New Zealand [3].  He combined the concepts of ferrocement, fiber
reinforced concrete, and prestressing with high strength wires to build relatively
large scale oil barges and wharves at competitive cost.   In particular, he combined
the use of high tensile wires and fibers with wire mesh reinforcement to improve
crack distribution, crack width, and overall mechanical properties.  In a similar
manner, another engineer from Hong Kong and Australia, Peter Allen, built large
scale roofing elements (hangars) of up to 30 m in span, using ferrocement, high
strength steel wires, and prestressing.  He also built a 22-m long ocean racing yacht,
the Helsal, using ferrocement and post-tensioning. Helsal received several line
honors and held several records in Australia. Curved wing like external wall panels,
9 m long and 3 m wide, were built as part of the Technical Building for the Yambu
Cement Company in Saudi Arabia.  
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Fig. 1 -- Main gate of the Yambu Cement Company in
Saudi Arabia showing the ferrocement ribbon like
roof that ends wrapping around the tower like a vale
in the wind. (courtesy D. Angelotti, Studio 65, Italy.)

Fig. 2 -- Ferrocement prototype
diffuser wind turbine DAWT.
(Courtesy R. Alexander, New
Zealand.)

Fig. 3 -- Sixty-meter long semi-cylindrical ferrocement storage facility in Yougoslavia.
(Courtesy M. Milinkovic.)

A new generation of engineers and architects is discovering the benefits,
versatility, and unique characteristics of ferrocement in special applications.  A
case in point is the main gate to the Yambu Cement Company, which resembles a
piece of fabric blowing in the wind, to form the roofing structure, which finishes at
one end by a ribbon-like ferrocement that undergoes a steep rotation and becomes
the tower of the structure as if to provide a veil for it (Fig. 1).   Another recent
example reported by R. Alexander is the use of ferrocement for building a 7.3 m
diameter prototype diffuser augmented wind turbine for generating electricity from
wind (Fig. 2).  A warehouse semicylindrical structure of about sixty meters in
length was built by Milinkovic in Yougoslavia (Fig. 3).  And recently a pedestrian
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ferrocement bridge using a hollow-cored box deck was built in the United Kingdom
and reported by Nedwell. These accomplishments should be considered at the
boundaries of todayÕs ferrocement technology.  It is hoped that they will become
widely utilized in the future, while new daring frontiers will be attained.   The
reader is referred to Ref. 14 where extensive information, detailed references and
photos of most of the above-described applications can be found.   

Function Evolution of Ferrocement

The function of ferrocement in construction applications has also evolved with
time leading to increased applications and versatility.  Figure 4 illustrates the
evolution of the function of ferrocement in various structural applications.
Ferrocement can be seen as a stand-alone structural material for applications such
as boats, shells, and housing systems.  Ferrocement can also be viewed as a
support material in special applications with new structures of reinforced and
prestressed concrete such as for instance in confinement or for permanent molds.
Finally ferrocement can be seen as a repair and strengthening material particularly
in light structural applications, such as strengthening masonry walls, providing a
lining for swimming pools, and lining for sewage tunnels.

Boats; silos; 
water tanks; 

shells; housing; 

Hybrid,
 in Combination 

with RC, PC;
(New)

FERROCEMENT,
LAMINATED

CEMENT
COMPOSITES, 

and
HYBRIDS

Structural 
Material

Support 
Material

Stand-Alone 
Applications

Confinement; 
permanent 

molds; 

Repair & 
Strengthening 

Material

RC, PC, 
masonry, 

steel;
(Old)

Patching for RC, 
PC;  lining for 
steel tanks; 
tunnel lining; 
confinement; 

lining for masonry 
walls;

Fig. 4 -- Evolution of the function of ferrocement as a construction material.

FERROCEMENT   REVIVAL:  THE  TECHNICAL  SIDE

For all practical purposes, the definition of ferrocement has changed little since
its invention (see Introduction). An extended definition accommodating hybrid
combinations of reinforcements and the fineness of the mortar matrix is suggested
in [14].

The use of FRP mesh and hybrid reinforcements of meshes and fibers are two
relatively recent development that can be key for the revival of ferrocement at the
technical level.  The evolution of the reinforcement system of ferrocement is
described in Fig. 5.  It can be observed that other ideas are also being pursued, such
as the use of three-dimensional meshes, and the combination of at least two extreme
meshes taking in sandwich a fiber mat. Fortunately the various reinforcement
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systems described in Fig. 5 are not only hypothetical but also they have been tried
in various research studies and proven successful.

Ferrocement: as a layered
mesh system of steel or
FRP meshes

Ferrocement: as a hybrid
combination of mesh and
sckeletal reinforcement

Ferrocement with 3-D
reinforcement

Hybrid ferrocement with
meshes and fibers

Hybrid ferrocement with meshes and  fiber mat

3-D FIBER MAT

Fig. 5 -- Evolution of the reinforcement system in ferrocement and laminated cementitious
composites.

FRP Meshes and Hybrids

The use of FRP meshes in ferrocement (leading to what is also described as
textile concrete), seems logical in applications where corrosion and weight of the
structure are of concern, where non-magnetic properties are desired, and where the
production process can be simplified.

From a mechanical performance viewpoint, FRP meshes (or fabrics or textiles)
can be successfully used in ferrocement and other thin reinforced concrete (mortar)
applications, as observed by several researchers [4, 5, 7, 8, 10, 11, 12, 13, 15, 16,
21, 24].  An extensive analytical investigation by Parra and Naaman [21] showed
that high performance (particularly high modulus) FRP meshes can lead to bending
strengths far superior to those achieved using conventional steel meshes; moreover,
a good cracking distribution and a good ductility or energy absorption before failure
can be achieved. Similar conclusions can be drawn from experimental observations.
Typically the modulus of rupture of ferrocement plates using conventional low
yield strength steel meshes does not exceed 50-60 MPa at volume fractions of mesh
of up to 8% [14].
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Fig. 6 -- Stress-deflection response of ferrocement plates reinforced with FRP meshes a)
without fibers; and b) with fibers.

Figures 6a and 6b illustrate the bending response of ferrocement plates
reinforced reinforced with two layers of FRP meshes without and with fibers.
Figure 6a  shows that equivalent elastic bending strength close to 26 MPa was
obtained using only two layers of either carbon mesh, Kevlar mesh, or Spectra
mesh.  The total volume fraction of reinforcement was between 1.15% and 1.7%.
Increasing the number of reinforcing mesh layers in the composite does not lead to
a proportional increase in bending resistance. The use of hybrid composites where
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intermediate meshes are replaced by discontinuous fibers may offer, in some cases,
a better and cost effective solution.

Figure 7 shows that the modulus of rupture increased from 26 MPa to more
than 38 MPa when in addition to two layers of Kevlar mesh (Vr = 1.15 percent),
short discontinuous PVA fibers were added to the matrix in amounts equal to 1
percent by volume.   Similarly, the modulus of rupture increased to about 43 MPa
when 1.5% Spectra fibers by volume were added (Spectra fibers are made of a high
molecular weight polyethylene). Such strength values are sufficient for a large
proportion of applications.  The combined use of only two layers of mesh
reinforcement, placed near the extreme surfaces, with discontinuous fibers offered
an optimum combination for bending behavior and should be further explored in
future studies.  The use of fibers improved significantly the interlaminar shear
resistance of the matrix and thus allowed the extreme layer of mesh reinforcement
to contribute its full capacity to the resistance of the member.  
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Fig. 7 -- Effect of fibers on ferrocement plates with two layers of Kevlar mesh.

Other benefits of using fibers in a hybrid configuration, include increased
cracking strength, finer microcracks or shrinkage cracks, smaller crack widths under
load, and improved of the composite to be drilled through (like wood or steel)
without significant fracture and fragmentation. Figure 8 shows the effect of fiber
addition on the first cracking strength and the initial multiple cracking region for
specimens with Kevlar meshes.  It can be observed that, with the addition of fibers,
the first cracking strength is higher, and the curve is much less rugged;  that is, the
crack width and spacing are significantly smaller.
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ferrocement plates reinforced with FRP meshes.

The results of Figs. 6, 7, and 8 are surprisingly encouraging.  Moduli of rupture
close to 40 MPa are attained with less than 3% total volume fraction of
reinforcement (meshes and fibers).   Moreover, the addition of fibers leads to
improved ductility, higher first cracking strength, extensive multiple cracking,
smaller crack widths, smaller crack spacing, and improved shear resistance. Figure 8
shows the effect of fiber addition on the first cracking strength and the initial
multiple cracking region.  The curve is less rugged when fibers are added leading to
finer and well distributed cracks.

Steel Meshes and Hybrids

The benefits of hybrid compositions whereas fibers are added to the matrix to
replace the intermediate layers of mesh apply also to steel meshes.  Figure 9
illustrates this statement.   Generally it is not desirable to use a relatively heavy
mesh in ferrocement.  The requirement for a high specific surface forces the use of
relatively finer wire mesh. The main reason is to improve multiple cracking,
minimize spalling of the concrete cover, and not exceed interlaminar shear
resistance.   However, in bending, intermediate layers of mesh are significantly less
effective than the outer layers, particularly with systems that do not yield.  Thus
using a heavier mesh at the extreme surfaces may be more cost effective.  This can
be achieved provided other properties are not impaired.  

Figure 9 illustrates the effect of using fibers with two types of expanded metal
mesh.  The first mesh provides a volume fraction of 3.73% with only two layers.  
The bending resistance of the ferrocement composite increases from about 23 MPa
to about 39 MPa simply by adding 1.5% Spectra fibers to the matrix.    Note that
the same figure shows that with a heavier mesh, leading to 6.7% for two layers, the
addition of fibers does not influence as much the bending resistance; this is because
the section becomes essentially over reinforced.  However, other benefits of the
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fibers include much finer cracks and reduced spalling of the cover as described in
[25].
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Fig. 9 --  Effect of fiber addition on ferrocement plates with two layers of expanded metal
mesh.

The use of hybrid compositions with continuous (meshes) and discontinuous
(fibers) reinforcements offer numerous advantages beside cost efficiency.  The
addition of micro-fibers improves crack width and spacing, but most importantly
keeps the mortar cover from spalling under large deformation and thus preserves
the structural integrity of the composite under overload, that is, beyond service
loads up to ultimate.

Looking Ahead

We are witnessing a considerable evolution in materials and materials
technology.  At the matrix level, while the basic cement and sand components
remain the same, an increasing number of additives are becoming available.  These
additives allow for many properties to be easily obtainable, such as improved
workability, flowability, setting time, strength, bonding, high durability, and high
impermeability.  Mortar compressive strengths exceeding 100 MPa can be readily
achieved using superplasticizers and microsilica (silica fumes).  Fibers or micro
fibers can be added to the matrix to improve its intrinsic properties.

At the reinforcement level, while steel meshes and steel fibers remain the
primary reinforcing material, other materials such as carbon fiber meshes and



Na14

organic synthetic meshes (Kevlar, Spectra) offer many advantages.  Synthetic
meshes can be produced to specification and delivered to site, some at a cost
competitive with organic natural meshes (sisal, jute, and bamboo).  More recently,
three-dimensional meshes of either steel or polymeric materials (fabrics, textiles)
have become available.  Since a single three-dimensional mesh may replace several
layers of plain mesh, substantial savings in labor cost are expected.  Further savings
can be achieved when the mortar matrix is mechanically applied as in shotcreting,
extrusion, or pultrusion.  Also, given modern trends in manufacturing, it is likely
that robotics techniques will be applied to ferrocement and FRC production
eventually leading to substantial reduction in labor cost.  In the case of ferrocement,
it is also likely that small efficient pneumatic or electrical tools will be developed
for tying the armature system in an effective way.

Zig-Zag
reinf.

Sinusoidal
reinforcement

Hybrid with
3D FIBER MAT

Hybrid with
meshes and fibers

3D-Mesh

3D-Mesh

Fig. 10 -- Anticipated logical evolution of the reinforcement for cost and performance
competitive  ferrocement.

Given what we have learned so far and from the above described review, the
ideal ferrocement composite of the future is likely to be one that is described in Fig.
10.  The trade-off between cost and performance favors hybrid composites with a
fiber reinforced matrix and only two extreme layers of mesh.  The reinforcement
could be prefabricated all together in the form of two meshes taking in sandwich a
fiber mat. Improved interlaminar shear resistance, and improved construction time
can be achieved with three-dimensional meshes.   Even in this case, the addition of
fibers to the matrix will improve performance such as finer cracking, reduced
spalling and the like.
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CONCLUDING  REMARKS

Because corrosion studies have not been undertaken so far, and although good
performance can be inferred, there is need to investigate the durability and long
term stability of ferrocement and other thin reinforced concrete products using FRP
meshes.  It is very likely that hybrid ferrocement composites with high strength,
high toughness and high durability will be developed.  There is also a need to
develop FRP meshes with parameters especially optimized for such applications.
These include mechanical parameters such as strength, modulus, and ultimate
elongation; geometric parameters such as yarn diameter, yarn spacing, and specific
surface; and practical parameters such as rigidity of the mesh for handling and
placing; and thickness and width of the mesh.  In the case of steel meshes, there is
need to develop meshes with significantly higher tensile or yield strength; steel
wires used in tire cord and to make strands are readily available and can be used.  In
the case of natural meshes, such as made from sisal or jute, there is need to
ascertain the compatibility (mechanical and durability) of the mesh material with
the matrix to produce a acceptable composites.  Current thinking points toward the
use of lightweight and very ligthtweight mortar matrices (with or without fibers) to
develop successful products.
 New materials and new concepts will make ferrocement and laminated
cementitious composites increasingly competitive for particular applications such
as in cement sheets, cement boards, claddings, thin reinforced concrete products,
and housing.

However, it should be observed that the optimization of composite
performance should involve the manipulation of not only the fundamental
composite parameters (matrix and mesh parameters), but also variables related to
the production process, the rheology of the fresh mix, the properties of the
hardening composite and the final application of the material. Recent advances in
self-compacting and self-leveling matrices with and without fibers will greatly
impact the production-fabrication process of ferrocement composites.  A great deal
of research and development is needed and is justified by current market potential
worldwide.

The history of ferrocement as a modern construction material is longer than that
of reinforced concrete, prestressed concrete and steel.  Its path for the future as a
laminated cementitious composite combining advanced cement based matrices, high
performance reinforcing meshes and fibers, and new construction techniques,
promises to be as bright.  It is hoped that engineers, architects and other
professionals will increasingly discover the superb characteristics of ferrocement
and laminated and hybrid cementitious composites, and will expand their use
worldwide for the benefit of the public.
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