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Abstract

Ferro cement is a composite material composed of cement, sand, and layers of mesh reinforcement. It
bears similarities to reinforced cement concrete (RCC), yet differs significantly in its structural
application and construction techniques. Ferro cement is particularly effective in building thin-walled
structures and is commonly used for repair works due to its flexibility and durability. Despite its
potential, fibrocement has not been widely adopted across the country, primarily due to the lack of
standardized design guidelines and codebooks. As a result, it remains an underutilized and developing
material in civil engineering. However, it has demonstrated promise as a cost-effective and reliable
method for strengthening concrete structures in various industrial applications. Ferro cement
components are often employed as wall panels, partition units, and fire-resistant structural elements.
This paper presents a review of past research and current experimental studies, highlighting the key
features, structural properties, and innovative construction techniques associated with Ferro cement. The
study emphasizes the importance of Ferro cement in applications such as thin walls, swimming pools,
and water tanks, aiming to overcome existing challenges in its construction methodology and expand its
use in modern engineering.

Keywords: Ferro cement, reinforced cement concrete (RCC), plain cement concrete (PCC), thin-walled
structures, mesh reinforcement.

1. Introduction

Ferro cement was developed in 1848 by the European inventor Joseph Louis Lambot. It is closely
related to reinforced cement concrete (RCC) but differs in that it uses multiple layers of fine wire mesh
uniformly distributed throughout a cement mortar matrix. Compared to plain cement concrete (PCC),
ferrocement exhibits improved strength, ductility, and crack resistance. PCC, on the other hand, tends to
have lower mechanical properties and may develop small cracks even under stable conditions due to
volumetric changes during curing. In contrast to RCC elements, ferrocement components are
significantly thinner, typically ranging from 10 to 25 mm. This thinness leads to a reduction in the
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overall dead load of the structure. Moreover, the use of ferrocement enhances engineering properties
such as tensile strength, flexural strength, ductility, and impact resistance, while also allowing for more
advanced fabrication techniques.

Despite its advantages, ferrocement saw limited adoption in the 19th century due to challenges in
material availability and the lack of efficient manufacturing methods for fine wire mesh. Additionally,
although ferrocement uses more steel per unit volume than conventional RCC, the performance benefits
often outweigh this drawback. Unfortunately, the potential of ferrocement has been largely overlooked,
and its application in structural engineering remains underutilized.

Materials Used in Ferrocement

The primary materials used in ferrocement include:

a) Cement Mortar Mix

This forms the matrix of the composite and constitutes approximately 95% of the total volume. The
mortar typically consists of a mixture of cement and fine sand, with the sand occupying about 60% to
75% of the total volume of the mortar. Plasticizers and various admixtures may also be added to enhance
workability and performance.

b) Skeleton Steel

Skeleton steel provides the structural framework of the ferrocement. Steel rods with diameters ranging
from 3 mm to 8 mm are commonly used, arranged either as tied rods or in the form of welded wire
fabric. It's crucial that the reinforcement is clean—free from dirt, rust, or other contaminants—to ensure
proper bonding with the mortar.

c) Steel Mesh Reinforcement / Fiber Reinforced Polymeric Meshes

These meshes are typically made of galvanized steel wires with diameters ranging from 0.5 mm to 1.5
mm. They are spaced at intervals of 6 mm to 20 mm center-to-center. The mesh acts as the secondary
reinforcement, improving crack resistance and load distribution.

d) Cement-Sand Mortar in Ferro-Cement Composition

Cement-sand mortar acts as the matrix in Ferro-cement, binding the reinforcement and providing
compressive strength.

2. Literature Review

This standardized codal provisions have been established for determining the shear strength of
ferrocement elements through empirical observations. As a result, empirical formulas originally
developed for Reinforced Cement Concrete (RCC) have been extended for use in ferrocement. Various
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studies have compared experimental results with analytically derived values based on ACI and IS code
provisions for ferrocement design [1].

One study investigates the behavior of ferrocement structures during earthquakes. Earthquakes often
cause significant loss of life and damage to buildings. To address this, the study focuses on designing
cost-effective, seismically resistant buildings using ferrocement due to its lightweight nature. The
reduced mass helps minimize damage, and the analysis is carried out using earthquake loads, with
structural performance evaluated using ETABS software.

Another study is based on experimental investigations to determine the ultimate strength of ferrocement
blocks measuring 700 mm x 200 mm x 15 mm. The strength was compared using PVC-coated and
galvanized iron (Gl) steel mesh, with varying numbers of mesh layers (two or more). The mortar used
was made with Ordinary Portland Cement (OPC), sand, and water in a cement-to-sand ratio of 1:2 and a
water-cement ratio of 0.4, as per IS 10432:2009. The strength was evaluated by applying load at four
different points, observing load-deflection behavior and crack patterns. The results show that increasing
the number of mesh layers significantly improves tensile strength.

Further research focuses on the application of ferrocement in deep beams. Currently, ferrocement is used
in bridge decks, slabs, prefabricated structures, and other structural components. Globally, especially in
parts of Asia, there is growing interest and research in using ferrocement in such structural applications,
particularly in deep beams with centrally applied loads.

Another paper discusses the current scenario of using ferrocement in construction and repair works.
Ferrocement, being a thin composite, is especially suitable for repair applications. This paper elaborates
on construction techniques, material properties, mortar placement in mesh, and its use in water tanks,
towers, roofs, and shell structures. Ferrocement is also used for repairing reinforced concrete structures.
The addition of fibres to the mortar helps reduce cracking. Ferrocement elements typically have a
thickness of 10 to 25 mm, do not use coarse aggregates, and can be cast without requiring highly skilled
labour.

3. MECHANISMS OF FERROCEMENT

Ferrocement is primarily composed of cement, sand, admixtures, and wire mesh. Compared to
conventional Reinforced Cement Concrete (RCC) structures, ferrocement utilizes significantly less steel
reinforcement. However, in specific scenarios, the use of both reinforcing bars and wire mesh may be
increased based on the structural requirements. The amount and type of wire mesh used depend on the
size, shape, and load conditions of the structure.

1. Mortar Mix

The choice of cement is based on the intended application. Common types include Ordinary Portland
Cement (OPC), Pozzolana Portland Cement (PPC), Rapid Hardening Cement, and Quick Setting
Cement. The typical cement-to-sand ratio varies from 1:2 to 1:2.5 by weight, and the water-cement ratio
is generally maintained at around 0.4. This mix ensures adequate workability and strength for
ferrocement applications.
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2. Wire Mesh

Wire mesh acts as the primary reinforcement in ferrocement and plays a crucial role in resisting tensile
forces. The surface area and volume of reinforcement are significantly higher in ferrocement compared
to conventional RCC due to the close spacing and multiple layers of mesh. Various types of meshes are
used, including:

Woven wire mesh
Hexagonal wire mesh
Expanded metal mesh

These meshes are selected based on design requirements and are embedded within the mortar to form a
high-performance composite.

4. TYPES OF WIRE MESH

Many varieties of meshes ar on the market nearly in each country within the world. necessary
reinforcing parameters are usually employed in characterizing ferrocement and are outlined as Volume
fraction of reinforcement; it's the full volume of reinforcement per unit volume of ferrocement.

1. Hexagonal or Chicken Wire Mesh

This mesh is quickly procurable in greatest states and it's famed to be the most affordable and best to
handle. The mesh is made-up from cold drawn wire that is usually plain-woven into polygonal shape
patterns. Special patterns might embody polygonal shape mesh with longitudinal wires. [4]

2.Fiber Mesh as a Modern Alternative:

Fiber mesh is an advanced reinforcement material composed of synthetic or natural fibers. These meshes
are typically made from materials such as polypropylene, fiberglass, carbon fibers, or natural fibers like
jute or coir. Replacing steel mesh with fiber mesh offers numerous advantages, making it a promising
alternative in Ferro-cement construction.

5. PROPERTIES OF FERROCEMENT

Ferrocement is a type of a concrete haring large amount of smaller diameter wire meshes are required,
these wires are metal wire and typically alternative type of appropriate material is used sand, cement,
mortar combine and quantity of reinforcing material decide the strength of ferrocement.

A. Fundamental of ferro cement

1) Cement

2) Fire Aggregate

3) Water

4) Admixture

5) Mortar Mix

6) Reinforcing mesh
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7) Skeletal steel
8) Coating

A. Fundamentals of Ferrocement

1. Cement

Acts as the primary binding material, typically Ordinary Portland Cement (OPC) is used for its strength
and durability.

2. Fine Aggregate
Sand is used as the fine aggregate, ensuring it is clean, well-graded, and free from impurities to enhance
bonding with cement.

3. Water
Clean and potable water is essential for mixing and curing. It initiates the hydration process and affects
the workability and strength of the mortar.

4. Admixture
Chemical additives are included to improve specific properties such as workability, setting time, water
resistance, or durability.

5. Mortar Mix
A homogeneous blend of cement, fine aggregate, water, and sometimes admixtures. It forms the matrix
that holds the reinforcement and transfers stresses.

6. Reinforcing Mesh
Welded or woven mesh made of galvanized iron or stainless steel wire provides tensile strength and
controls cracking. Multiple layers may be used based on design requirements.

7. Skeletal Steel
A framework of larger diameter rods or bars that supports the mesh and provides shape and rigidity to
the ferrocement structure.

8. Coatin

Protectivg coatings (e.g., waterproofing or anti-corrosive layers) are applied to enhance durability,
especially in aggressive environments.

B. Process of ferro cement construction

C. Advantages of Ferrocement

1. Cost-Efficient

2. Versatile Shape Formation
3. Durability and Environmental Resistance
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4. Reduced Formwork Requirement
5. Lower Dead Load

6. Ease of Repair

7. Flexible for Modifications

D. Disadvantages of Ferrocement

1. Low Shear Strength — Ferrocement lacks adequate resistance to shear forces compared to
conventional reinforced concrete.

2. Low Ductility — It tends to fail suddenly without significant deformation, making it less suitable for
seismic applications.

3. High Labor Requirement — Construction is labor-intensive due to the need for manual placement and
binding of mesh.

4. Corrosion Risk — Inadequate cover can lead to corrosion of the wire mesh, compromising durability

5. Difficult to Fasten — Attaching bolts, screws, nails, or welding elements to ferrocement is challenging
due to its mesh structure and brittleness.

E. Applications of Ferrocement

1. Floating Marine Structures — Ideal for boats, pontoons, and other water-based platforms.

2. Secondary Roofing Slabs — Used as lightweight, cost-effective roof structures.

3. Water Tanks — Common in rural or remote areas for potable water storage.

4. Silos — Suitable for agricultural storage structures.

5. Structural Components — Used in the construction of hollow columns, walls, beams, and various
architectural elements.

6. Conclusion

. Ferrocement emerges as an innovative construction material due to the easy availability of its
components and simple construction techniques. Its versatility makes it particularly suitable for housing,
as well as water and food storage structures.

. Additionally, ferrocement proves to be an effective material for repairing damaged RCC
(Reinforced Cement Concrete) components, enhancing their structural performance. The effectiveness of
ferrocement largely depends on the properties of the reinforcing mesh, highlighting the need to define an
optimal range of mesh characteristics for various applications.

o Given its unique features, ferrocement stands out as a promising alternative to traditional RCC,
both for new construction and repair work in the future.
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