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Introduction to concrete

Concrete is a manmade building material that looks like
stone. The word “concrete” is derived from the Latin
concretus, meaning “to grow together.”
It can be said that the concrete is a composite material
that consists essentially of a binding medium in which are
embedded particles or fragments of aggregates

Limitations

According to the kind of binder is used, concrete can be named in
different ways. For instance, we have nonhydraulic cement concrete;
hydraulic cement concrete; asphalt concrete and polymer concrete.
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Concrete as a structural  material 

At this stage, if not specified, the term concrete usually refers to 
Portland cement concrete. For this kind of concrete, the compositions 
can be listed as follows:
Portland cement

+ water (& admixtures) → cement paste
+ fine aggregate → mortar

+ coarse aggregate →concrete

Concrete is the most widely used construction material in the world,
Limitations

Concrete is the most widely used construction material in the world,
and its popularity can be attributed to two aspects. First, concrete is
used for many different structures, such as dams, pavements, building
frames, or bridges, much more than any other construction material.
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Second, the amount of concrete used is much more than any other
material. Its worldwide production exceeds that of steel by a factor of
10 in tonnage and by more than a factor of 30 in volume.
In a concrete structure, there are two commonly used structural
materials: concrete and steel.
A structural material is a material that carries not only its self-weight,
but also the load passing from other members.

As of now, the annual world consumption of concrete has reached a
value such that if concrete were edible, every person on earth would

Limitations

value such that if concrete were edible, every person on earth would
have 2000 kg per year to “eat.” You may wonder why concrete has
become so popular.
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Advantages of concrete

(a) Economical: Concrete is the most inexpensive and the most readily
available material in the world. The cost of production of concrete is
low compared with other engineered construction materials.

(b) Ambient temperature-hardened material : Because cement is a low-
temperature bonded inorganic material and its reaction occurs at
room temperature, concrete can gain its strength at ambient
temperature. No high temperature is needed

(c) Ability to be cast: Fresh concrete is flowable like a liquid and hence
Limitations

(c) Ability to be cast: Fresh concrete is flowable like a liquid and hence
can be poured into various formworks to form different desired
shapes and sizes right on a construction site. Hence, concrete can be
cast into many different configurations.

(d) Energy efficient: Compared with steel, the energy consumption of
concrete production is low. The energy required to produce plain
concrete is only 450–750 kWh/ton and that of reinforced concrete is
800–3200 kWh/ton, while structural steel requires 8000 kWh/ton or
more to make.
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(e) Excellent resistance to water: Unlike wood (timber) and steel,
concrete can be hardened in water and can withstand the action of
water without serious deterioration, which makes concrete an ideal
material for building structures to control, store, and transport water,
such as pipelines, dams, and submarine structures.

(f) High-temperature resistance: Concrete conducts heat slowly and
is able to store considerable quantities of heat from the
environment. Moreover, the main hydrate that provides binding to
aggregates in concrete, calcium silicate hydrate (C–S–H), will not be
completely dehydrated until 910oC.

Limitations (g) Ability to consume waste: With the development of industry, more
and more by-products or waste has been generated, causing a
serious environmental pollution problem. To solve the problem,
people have to find a way to consume such wastes.

(h) Ability to work with reinforcing steel : Concrete has a similar value 
to steel for the coefficient of thermal expansion (steel 1.2 × 10−5; 
concrete 1.0–1.5 × 10−5). Concrete produces a good protection to 
steel due to existence of CH and other alkalis (this is for normal
conditions).
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(a) Quasi-brittle failure mode: The failure mode of materials can be
classified into three categories: brittle failure, quasi-brittle failure, and
ductile failure.

Limitations

(b) Low tensile strength: Concrete has different values in compression
and tension strength. Its tension strength is only about 1/10 of its
compressive strength for normal-strength concrete, or lower for
high-strength concrete.

(c) Low toughness (ductility): Toughness is usually defined as the ability 
of a material to consume energy. Toughness can be evaluated by the 
area of a load–displacement curve.
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(d) Low specific strength (strength/density ratio): For normal-strength
concrete, the specific strength is less than 20, while for steel it is
about 40.

(e) Formwork is needed: Fresh concrete is in a liquid state and needs 
formwork to hold its shape and to support its weight.

(f) Long curing time: The design index for concrete strength is the
28-day compression strength. Hence, full strength development
needs a month at ambient temperature.

Limitations (g) Working with cracks: Even for reinforced concrete structure
members, the tension side has a concrete cover to protect the
steel bars. Due to the low tensile strength, the concrete cover
cracks.
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Any question
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