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This report provides an overview of the history, formulation, 
construction, and applications of ferrocement. The focus of this 
report is to create an awareness in engineers, architects, and poten-
tial end-users of the characteristics and capabilities of ferrocement.

Keywords: compressive strength; construction materials; crack width; 
ferrocement; fibers; flexural strength; mechanical properties; reinforced 
concrete; welded wire reinforcement.
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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction
Ferrocement is a form of reinforced concrete that differs 

from conventional reinforced or prestressed concrete 
primarily by the manner in which the reinforcing elements 
are dispersed and arranged. It consists of closely spaced, 
multiple layers of mesh or fine rods completely embedded 
in cementitious mortar. A composite material is formed that 
behaves differently from conventional reinforced concrete 
in strength, deformation, and potential applications, and 
thus is classified as a separate and distinct material. It can 
be formed into thin panels or sections, mostly less than 1 
in. (25 mm) thick, with only a thin mortar cover over the 
outermost layers of reinforcement. Unlike conventional 
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concrete, ferrocement reinforcement can be assembled into 
its final desired shape and the mortar plastered directly in 
place without the use of a form.

The term “ferrocement” implies the combination of a 
ferrous reinforcement embedded in a cementitious matrix, 
yet there are characteristics of ferrocement that can be 
achieved with reinforcement other than steel meshes or rods. 
The use of nonmetallic mesh is being explored by several 
researchers around the world (Brameshuber 2015). Such 
meshes include woven alkali-resistant glass; organic woven 
fabrics such as polypropylene; and organic natural fabrics 
made with jute, burlap, or bamboo fibers. Therefore, the 
term “ferrocement” currently includes material other than 
steel as reinforcement.

The definition for ferrocement has developed over the 
years to reflect advances in technology and practice. IFS 
10-01 describes it as:

… a type of reinforced concrete commonly 
constructed of hydraulic cement mortar reinforced 
with closely spaced layers of relatively small 
wire diameter mesh. The mesh may be made of 
metallic or other suitable materials. The fineness of 
the mortar mixture and its composition should be 
compatible with the opening and tightness of the 
reinforcing system it is meant to encapsulate. The 
matrix may contain discontinuous fibers.

1.2—Scope
This report includes the history, development, and appli-

cations of ferrocement together with composition and 
construction. Appendix A of this report provides several case 
studies of ferrocement applications.

CHAPTER 2—DEFINITIONS
ACI provides a comprehensive list of definitions through 

an online resource, “ACI Concrete Terminology.”

CHAPTER 3—HISTORY
The origins of ferrocement can be traced to the work of 

Jean Louis Lambot who, in 1855, filed a patent for a material 
he called ferciment (Naaman 2000), which he claimed could 
replace wood in construction. He made numerous items, 
including two boats, one of which can be seen in Fig. 3a. 
Other contemporary researchers were looking at reinforcing 
of cement-based matrix with metallic reinforcement. Due 
to the difficulties in producing suitable wire reinforcement, 
the larger bars became popular and reinforced concrete was 
produced as we know it today.

Ferrocement, however, had a niche following and became 
a popular method for constructing boats, as shown in Fig. 3b.

Following the Second World War, Italian architect and 
engineer Pier Luigi Nervi developed the material for both 
marine and terrestrial applications with considerable success, 
as seen in Fig. 3c of his yacht, “Nanelle” (Huxtable 1960). 
Figure 3d shows an early warehouse and Fig. 3e shows the 
Turin Exhibition Hall roof. Further development moved to 

New Zealand where there was a thriving boat building and 
pontoon industry.

In 1972, the National Academy of Sciences, through its 
Board on Science and Technology for International Devel-
opment, established the Ad Hoc Panel on the Utilization 
of Ferrocement in Developing Countries. The report of the 
panel (National Academy of Sciences 1973) stimulated 
interest in non-marine applications of this versatile material.

This led directly to the founding of the International Ferroce-
ment Information Center (IFIC) at the Asian Institute of Tech-
nology, Bangkok, Thailand, in October 1976. In collabora-
tion with the New Zealand Ferro Cement Marine Association 
(NZFCMA), the IFIC started publishing a quarterly journal, 
The Journal of Ferrocement. The IFIC developed outreach 
and training programs, and hosted the Second (Austriaco 
et al. 1985) and Eighth (Nimityongskul 2006) International 
Symposia. Unfortunately, through lack of funding, IFIC 
ceased production of the publication in 2006, and following 
intensive flooding in 2011, most of the remaining archive has 
been destroyed. A significant body of work, however, has 
been gathered from enthusiasts around the world and is held at 
the University of Manchester in the United Kingdom, where 
an electronic archive is being created.

Fig. 3a—Lambot’s boat.

Fig. 3b—Early boat.
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Academic interest in ferrocement started to increase in the 
1960s and 1970s with the work of Professor Surendra Shah 
and his team at the University of Chicago. Team member 
Antoine Naaman became a world leader and proponent for 
the material, and was instrumental in promoting research 
across the globe from his base at the University of Michigan 
in Ann Arbor, MI.

ACI Committee 549, “Thin Reinforced Cementitious Prod-
ucts and Ferrocement,” was organized in 1974 and given the 
mission to study and report on the engineering properties, 
construction practices, and practical applications of ferroce-
ment, and to develop guidelines for ferrocement construction.

The first international meeting on ferrocement was held 
during the 1978 ACI Convention in Toronto, ON, Canada. 
From this came SP-61. RILEM organized a Conference in 
Bergamo, Italy, in 1981 (ISMES 1981), but by the time the 
Second International Symposium on Ferrocement was held 
in Bangkok, Thailand, in 1985 (Austriaco et al. 1985), both 
the U.S. and European streams had come together. Subse-
quent symposia have been held in Delhi, India (Kaushik and 
Gupta 1988); Havana, Cuba (Rivas 1991; Rivas et al. 2012); 
Manchester, UK (Nedwell and Swamy 1994); Ann Arbor, MI 
(Naaman 1998); Singapore (Mansur and Ong 2001); Bangkok, 
Thailand (Nimityongskul 2006); Bali, Indonesia (Djausal et 
al. 2009); and Aachen, Germany (Brameshuber 2015).

The International Ferrocement Society (IFS) was formed 
in 1991, and in 2001 produced the “Ferrocement Model 

Code” (IFS 10-01), which provided engineers with a docu-
ment on which to base their ferrocement design.

In 1999, the “Ferrocement Education Network” was 
founded as an internet-based discussion group: www.ferro-
cement.net. It is an independent venture mainly aimed at 
practitioners and enthusiasts.

Books on ferrocement had previously been mainly self-
help manuals (Abercrombie 1977), boat books (Greenfield 
1978), or foreign language publications (de Hanai 1992). 
Naaman (2000) produced Ferrocement and Laminated 
Cementitious Composites, which has become the textbook 
of choice around the world.

CHAPTER 4—COMPOSITION AND 
CONSTRUCTION

4.1—Basic matrix components
Basic components for the matrix are sand, cementitious 

material, and water. The sand type could vary depending 
on whether the matrix is to be hand- or machine-applied, 
although usually it is a manufactured sand passing a No. 
8 (2.36 mm) sieve. Cementitious material may be of any 
recognized grade, although ordinary portland cement is the 
most widely used. Water should be of potable quality. The 
most popular sand-to-cementitious materials ratio is 2:1 by 
weight with the range extending between 3:2 and 3:1. The 

Fig. 3c—Nervi’s yacht “Nanelle.”

Fig. 3d—Nervi Bologna tobacco store.

Fig. 3e—Nervi Turin Exhibition Hall.
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water-cementitious materials ratio (w/cm) is between 0.35 
and 0.6, the lower only being achievable with admixtures.

Developments with additives and admixtures over the 
years have reduced the porosity and increased the strength 
of the matrix. Supplementary materials such as silica fume, 
fly ash, and slag cement help densify the matrix, and use of 
high-range water-reducing admixtures has allowed strengths 
up to 11,000 psi (75 MPa) to be regularly achieved. Air 
entrainment agents, which are sometimes included in the 
cement, improve cohesion and provide resistance to cycles 
of freezing and thawing. Care should be taken, however, to 
compensate for the reduction in strength that will follow—
5.5 percent reduction in strength for each 1 percent air 
(Teychenne et al. 1988). The most recent development has 
been in self-consolidating matrixes; however, these are only 
suitable for horizontal molded applications.

4.2—Reinforcements
4.2.1 Skeletal steel—If an armature is used, it is usually 

made of 0.25 to 0.375 in. (6 to 10 mm) diameter plain or 
ribbed steel bars, though bamboo or other natural products 
have been used in developing countries (Mansur and Aziz 
1983; Nimityongskul and Chembi 1989; Hashim 2006).

4.2.2 Mesh—Finely divided mesh is the main reinforce-
ment in ferrocement and what provides its unique proper-
ties. The mesh may be made of steel, other metals, or be 
nonmetallic in nature. Nonmetallic meshes can include 
woven or laid scrim alkali-resistant (AR) glass fiber fabrics, 
organic fiber woven fabrics such as polypropylene, or 
woven or knitted aramid fibers (Brameshuber 2015). Tradi-
tionally, the mesh was either square woven or welded mild 
steel, expanded metal lath, or hexagonal (avian) mesh. The 
various mesh types from different suppliers have different 
strengths and moduli. This can greatly affect the ultimate 
behavior and can affect the way the material cracks. Figures 
4.2.2a through 4.2.2d show examples of different meshes.

4.2.3 Fibers—Fibers can be used in conjunction with mesh 
to reduce the number of layers of mesh; however, because of 
their random distribution, for a given volume fraction, rein-
forcing efficacy is lower than it is for pure mesh construc-
tion. Refer to ACI 544.1R for more detailed information on 
fiber reinforcement. Steel and AR glass fibers can be used 
for strength and crack control, while polypropylene fibers 
are usually used for crack control or to improve fire protec-
tion. Recent developments have been made with mineral 
fibers such as basalt (Borhan 2011).

4.2.4 Admixtures and additives—All admixtures and addi-
tives that are available for use with cement are equally appli-
cable in ferrocement (ACI 212.3R; ACI 232.2R; ACI 233R; 
ACI 234R).

4.3—Manufacturing techniques
There are several techniques available for forming ferro-

cement that depend on the size and complexity of the shape 
and operator skills. For some larger projects, a combination 
of techniques might be required.

The objective of all construction methods is to thoroughly 
encapsulate a layered mesh system with a plastic portland-

cement matrix. This is satisfied to varying degrees, depending 
on the specific application, by using four principal molding 
systems: 1) armature; 2) closed-mold; 3) integral-mold; and 
4) open-mold. Within these four generic ferrocement molding 
systems, mortar can be applied by a variety of production 
techniques, including direct plastering (Fig. 4.3a) and shot-
creting (Fig. 4.3b). Variations of these basic systems can be 
engineered to incorporate factory production techniques such 
as flat-bed vibrocasting and vacuum extraction.

Fig. 4.2.2a—Types of reinforcing mesh commonly used for 
ferrocement (courtesy of R. B. Williamson).

Fig. 4.2.2b—Samples of hexagonal and welded wire mesh.

Fig. 4.2.2c—Samples of woven wire mesh.
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Of the possible machine-assisted procedures, the use of 
dry-mix shotcrete is not recommended due to the difficulty 
of achieving a uniform matrix impregnation when rebound 
materials and mesh layers are present. Wet-mix shotcrete, 
with air added to the mixture only at the nozzle to create the 
spray, is the preferred shotcrete method. This system is suit-
able for all types of ferrocement where mortar volumes justify 
the setup of needed machinery. An injection system where 
mortar is pumped to the center of a circular flat plate has been 
successfully used on large projects, as shown in Appendix A.

Each of the generic fabrication systems listed previously 
will be discussed separately in the following. Note that 
cautions and recommendations applicable to one system 
can also apply to another; this will depend on the applica-
tion type. All systems have been successfully used in the 
construction of ferrocement structures.

In most ferrocement fabrication, the mesh sheets should be 
staggered or the ends lap-spliced at least two mesh openings 
to ensure continuity of the mesh. Alternating the direction of 
the principal axis of successive mesh layers by 90 degrees to 
achieve continuity and isotropy may also be desirable.

4.3.1 Armature system—The armature system is a frame-
work of tied reinforcing bars (skeletal steel) to which layers 
of reinforcing mesh are attached on each side. Mortar is then 
applied from one side and forced through the mesh layers 
toward the other side, as shown in Fig. 4.3a.

The skeletal steel can assume any shape. The diameter of 
the steel bars depends on the structure size. Skeletal steel 
is cut to specified lengths, bent to the proper profile and 
tied, or welded in proper sequence. Sufficient embedment 
lengths should be provided to ensure continuity. For bar 
sizes commonly used in ferrocement—0.25 to 0.375 in. (6 to 
10 mm)—lap lengths from 9 to 12 in. (230 to 300 mm) are 

Fig.4.2.2d—Sample of expanded metal lath.

Fig. 4.3a—A typical ferrocement section showing direct 
plastering (courtesy of R. B. Williamson).

Fig. 4.3b—Mortar being applied to wire mesh by shotcreting 
to form a shell (courtesy of A. E. Naaman).
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usually sufficient. The required number of layers of mesh are 
tied to each side of the skeletal steel frame.

One main advantage of an armature is that no additional 
form material is required other than what is needed to 
support the armature. Good mesh infiltration is achieved if 
the mortar is pushed through the mesh so that in the event 
repairs are required; they can be done from both sides with 
those areas requiring attention visible.

There are also, however, significant disadvantages to this 
system. The tying and bracing required to produce a frame-
work that is stable under the pressures of plastering and subse-
quent weight of mortar is time-consuming. Two or more layers 
of mesh could be required on each side of the framework. This 
can make penetration of the mesh by the mortar incomplete, 
especially if only one side is accessible. Reduced performance 
associated with embedment of reinforcement creates a central 
section of mortar and steel that adds to the weight without 
contributing to structural integrity. If too few bars or rods are 
used, and if these are not tied at enough intersections, bulging 
may occur due to plastering pressures or simply the weight 
of the mortar. Often the weight of the framework and fresh 
mortar can cause enough local and general distortion from 
the desired geometry that substantial shoring is required to 
prevent bulging, which could result in thick, under-reinforced 
mesh sections that later crack and spall. There is also an 
opportunity for galvanic corrosion between zinc-coated mesh 
and steel armature.

4.3.2 Mold systems—The mortar is applied from one side 
through several layers of mesh or mesh and rod combinations 
that have been stapled or otherwise held in position against 
the surface of a closed, solid-faced mold such as a male or 
female mold. The mold could remain as a permanent part 
of the finished ferrocement structure. If the mold needs to 
be removed, treatment with release agents might be needed. 
The use of the closed-mold system tends to eliminate the use 
of rods or bars, thus permitting an essentially all-mesh rein-
forcement. An alternative is an open mold, where the mold 
surface is a clear sheet supported by an open wooden lattice 
that allows visual inspection during mortar application.

The main advantages of these systems are that the molds 
are reusable and provide sufficient support for movement 
during curing. This method is especially well-suited for the 
patented layup method of mortar application, where mesh 
is placed in the mortar rather than the mortar placed in the 
mesh. This is often referred to as laminating.

Large and costly molds, however, are not economical for 
one-time applications. Depending on the mold material, it may 
be difficult to keep the mesh together and close to the mold. If 
using a closed mold when plastering onto and through mesh 
reinforcement, internal voids and incomplete penetration of 
the mesh cannot be detected. The use of open molds alleviates 
this, although additional finishing may be required.

The method of laying successive mesh layers in a bed of 
fresh mortar is facilitated by spray application of mortar 
layers, which provides excellent mesh encapsulation. To 
assure that mesh layers do not pop out against the closed 
mold, a thin mortar cover layer is placed and allowed to set, 
but not dry out, prior to application of a second mortar layer 

approximately 1/8 in. (3 mm) thick and the first mesh layer, 
which is pushed into the wet mortar. Subsequent layers are 
built up in a similar manner. A closed-mold system is used, 
which is ideal for factory production.

4.3.3 Integral-mold system—An integral mold is first 
constructed by application of mortar from one or two sides 
onto a semi-rigid framework made with a minimum number 
of mesh layers. After mortar sets, this forms a rigid but low-
quality ferrocement mold onto which further application of 
reinforcing mesh and mortar are applied on both sides. Alter-
nately, the integral mold may be formed using rigid insulation 
materials such as polystyrene or polyurethane as the core.

The integral-mold system refers to any mold system that 
is left inside the ferrocement, or in which the mold is left 
permanently in contact with the ferrocement, such as to 
obtain an interior or exterior finish, or to core-type construc-
tion systems in which ferrocement layers are applied to each 
side of a core material. The core may be rigid foam insula-
tion or, in the case of closed molds, may consist of either a 
ferrocement or near-ferrocement material. The term “near” 
refers to precast products having a minimum number of 
layers of reinforcement, perhaps only two, and using light-
weight or low-quality mortar to produce a rigid core.

This method provides excellent rigidity and insulating 
properties when an insulating core is used, although it is 
understood that some countries may not allow the use of 
polystyrene for such applications.

This method may require special details for shear connec-
tion between rigid ferrocement layers, especially across 
insulating cores.

The integral mold method is ideal for field operations. The 
possible variations are unlimited, provided adequate atten-
tion is paid to structural detailing requirements that assure 
the completed system will function as a composite.

CHAPTER 5—FERROCEMENT APPLICATIONS

5.1—Overview
There are many uses for ferrocement, ranging from rela-

tively simple tanks for water (Fig. 5.1a) and grain storage to 
marine application structures.

It was not until the 1940s and 50s that engineers took ferro-
cement and used it both as a material in its own right and 
as permanent formwork to reinforced concrete (Huxtable 
1960). Beginning with boats to prove its strength, it was later 
used in structures such as the Turin Exhibition Center and 
Flaminio Stadium (Huxtable 1960).

A significant development of ferrocement took place 
in New Zealand in the 1970s when research was being 
conducted with fiber and prestressing wire in the shelling of 
hulls and production of pontoons (Alexander 1980). These 
techniques were developed in the production of a diffuser for 
a horizontal axis wind turbine (Alexander 2004).

In the United States, a technique of laminating ferrocement 
was engineered and used for the roof structure of the de Menil 
museum in Houston, TX (Pemberton 1994). The process was 
also used in the production of pontoons and its application to 
the field of permanent formwork is being considered.
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