
Introduction to Civil Engineering Materials

Topic Objective:

At the end of this topic students will be able to:

 Understand historical perspective of materials

 Understand materials and Types

 Understand civil engineering materials

Definition/Overview:

Materials Engineering: Materials engineering is an interdisciplinary field involving the

properties of matter and its applications to various areas of science and engineering.

Civil Engineering: Civil engineering is a professional engineering discipline that deals with the

design, construction and maintenance of the physical and natural built environment, including

works such as bridges, roads, canals, dams and buildings.

Key Points:

1. Civil Engineering

Civil engineering is a professional engineering discipline that deals with the design, construction

and maintenance of the physical and naturally built environment, including works such as

bridges, roads, canals, dams and buildings. Civil engineering is the oldest engineering discipline
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after military engineering, and it was defined to distinguish it from military engineering. It is

traditionally broken into several sub-disciplines including environmental engineering,

geotechnical engineering, structural engineering, transportation engineering, water resources

engineering, materials engineering, coastal engineering,[surveying, and construction engineering.

Civil engineering takes place on all levels: in the public sector from municipal through to federal

levels, and in the private sector from individual homeowners through to international companies.

Until modern times there was no clear distinction between civil engineering and architecture, and

the term engineer and architect were mainly geographical variations referring to the same person,

often used interchangeably. In the 18th century, the term civil engineering began to be used to

and exchange, and in the construction of ports, harbors, moles, breakwaters and lighthouses, and

in the art of distinguish it from military engineering.

2. Historic Perspective

Civil engineering is the application of physical and scientific principles, and its history is

intricately linked to advances in understanding of physics and mathematics throughout history.

Because civil engineering is a wide ranging profession, including several separate specialized

sub-disciplines, its history is linked to knowledge of structures, materials science, geology, soils,

hydrology, environment, mechanics and other fields.

Throughout ancient and medieval history most architectural design and construction was carried

out by artisans, such as stone masons and carpenters, rising to the role of master builder.

Knowledge was retained in guilds and seldom supplanted by advances. Structures, roads and

infrastructure that existed were repetitive, and increases in scale were incremental.

3. Materials and Types

Radical materials advances can drive the creation of new products or even new industries, but

stable industries also employ materials scientists to make incremental improvements and

troubleshoot issues with currently used materials. Industrial applications of materials science

include materials design, cost-benefit tradeoffs in industrial production of materials, processing
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techniques (casting, rolling, welding, ion implantation, crystal growth, thin-film deposition,

sintering, glassblowing, etc.), and analytical techniques (characterization techniques such as

electron microscopy, x-ray diffraction, calorimetry, nuclear microscopy (HEFIB), Rutherford

backscattering, neutron diffraction, etc.).

Besides material characterisation, the material scientist/engineer also deals with the extraction of

materials and their conversion into useful forms. Thus ingot casting, foundry techniques, blast

furnace extraction, and electrolytic extraction are all part of the required knowledge of a

metallurgist/engineer. Often the presence, absence or variation of minute quantities of secondary

elements and compounds in a bulk material will have a great impact on the final properties of the

materials produced, for instance, steels are classified based on 1/10th and 1/100 weight

percentages of the carbon and other alloying elements they contain. Thus, the extraction and

purification techniques employed in the extraction of iron in the blast furnace will have an

impact of the quality of steel that may be produced.

The overlap between physics and materials science has led to the offshoot field of materials

physics, which is concerned with the physical properties of materials. The approach is generally

more macroscopic and applied than in condensed matter physics. See important publications in

materials physics for more details on this field of study.

The study of metal alloys is a significant part of materials science. Of all the metallic alloys in

use today, the alloys of iron (steel, stainless steel, cast iron, tool steel, alloy steels) make up the

largest proportion both by quantity and commercial value. Iron alloyed with various proportions

of carbon gives low, mid and high carbon steels. For the steels, the hardness and tensile strength

of the steel is directly related to the amount of carbon present, with increasing carbon levels also

leading to lower ductility and toughness. The addition of silicon and graphitization will produce

cast irons (although some cast irons are made precisely with no graphitization). The addition of

chromium, nickel and molybdenum to carbon steels (more than 10%) gives us stainless steels.

Other significant metallic alloys are those of aluminium, titanium, copper and magnesium.

Copper alloys have been known for a long time (since the Bronze Age), while the alloys of the

other three metals have been relatively recently developed. Due to the chemical reactivity of
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these metals, the electrolytic extraction processes required were only developed relatively

recently. The alloys of aluminium, titanium and magnesium are also known and valued for their

high strength-to-weight ratios and, in the case of magnesium, their ability to provide

electromagnetic shielding. These materials are ideal for situations where high strength-to-weight

ratios are more important than bulk cost, such as in the aerospace industry and certain

automotive engineering applications.

Other than metals, polymers and ceramics are also an important part of materials science.

Polymers are the raw materials (the resins) used to make what we commonly call plastics.

Plastics are really the final product, created after one or more polymers or additives have been

added to a resin during processing, which is then shaped into a final form. Polymers which have

been around, and which are in current widespread use, include polyethylene, polypropylene,

PVC, polystyrene, nylons, polyesters, acrylics, polyurethanes, and polycarbonates. Plastics are

generally classified as "commodity", "specialty" and "engineering" plastics.

PVC (polyvinyl-chloride) is widely used, inexpensive, and annual production quantities are

large. It lends itself to an incredible array of applications, from artificial leather to electrical

insulation and cabling, packaging and containers. Its fabrication and processing are simple and

well-established. The versatility of PVC is due to the wide range of plasticisers and other

additives that it accepts. The term "additives" in polymer science refers to the chemicals and

compounds added to the polymer base to modify its material properties.

Polycarbonate would be normally considered an engineering plastic (other examples include

PEEK, ABS). Engineering plastics are valued for their superior strengths and other special

material properties. They are usually not used for disposable applications, unlike commodity

plastics.

Specialty plastics are materials with unique characteristics, such as ultra-high strength, electrical

conductivity, electro-fluorescence, high thermal stability, etc. It should be noted here that the

dividing line between the various types of plastics is not based on material but rather on their

properties and applications. For instance, polyethylene (PE) is a cheap, low friction polymer

commonly used to make disposable shopping bags and trash bags, and is considered a
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commodity plastic, whereas Medium-Density Polyethylene MDPE is used for underground gas

and water pipes, and another variety called Ultra-high Molecular Weight Polyethylene

UHMWPE is an engineering plastic which is used extensively as the glide rails for industrial

equipment and the low-friction socket in implanted hip joints.

Another application of material science in industry is the making of composite materials.

Composite materials are structured materials composed of two or more macroscopic phases. An

example would be steel-reinforced concrete; another can be seen in the "plastic" casings of

television sets, cell-phones and so on. These plastic casings are usually a composite material

made up of a thermoplastic matrix such as acrylonitrile-butadiene-styrene (ABS) in which

calcium carbonate chalk, talc, glass fibres or carbon fibres have been added for added strength,

bulk, or electro-static dispersion. These additions may be referred to as reinforcing fibres, or

dispersants, depending on their purpose.

Topic Objective:

At the end of this topic students will be able to:

 Understand Aggregates

 Understand types of aggregates

 Understand properties of aggregates

Definition/Overview:

Aggregate: Aggregate is the component of a composite material used to resist compressive

stress. For efficient filling, aggregate should be much smaller than the finished item, but have a

wide variety of sizes. For example, the particles of stone used to make concrete typically include

both sand and gravel.
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Key Points:

1. Aggregate

Aggregate is the component of a composite material used to resist compressive stress. For

efficient filling, aggregate should be much smaller than the finished item, but have a wide variety

of sizes. For example, the particles of stone used to make concrete typically include both sand

and gravel.

Construction aggregate, or simply "aggregate", is a broad category of coarse particulate material

used in construction, including sand, gravel, crushed stone, slag, and recycled concrete.

Aggregates are a component of composite materials such as concrete and asphalt concrete; the

aggregate serves as reinforcement to add strength to the overall composite material. Aggregates

are also used as base material under foundations, roads, and railroads. To put it another way,

aggregates are used as a stable foundation or road/rail base with predictable, uniform properties

(e.g. to help prevent differential settling under the road or building), or as a low-cost extender

that binds with more expensive cement or asphalt to form concrete.

The American Society for Testing and Materials publishes an exhaustive listing of specifications

for various construction aggregate products, which, by their individual design, are suitable for

specific construction purposes. These products include specific types of coarse and fine

aggregate designed for such uses as additives to asphalt and concrete mixes, as well as other

construction uses. State transportation departments further refine aggregate material

specifications in order to tailor aggregate use to the needs and available supply in their particular

locations.

Sources for these basic materials can be grouped into three main areas: Mining of mineral

aggregate deposits, including sand, gravel, and stone; use of waste slag from the manufacture of

iron and steel; and recycling of concrete, which is itself chiefly manufactured from mineral

aggregates. In addition, there are some (minor) materials that are used as specialty lightweight

aggregates: clay, pumice, perlite, and vermiculite.
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2. Type of Aggregate

 Crumb. Porous aggregates with more or less spheroidal shapes.

 Granular. Non-porous aggregates with shapes tending towards spheroidal.

 In angular blocks. Aggregates formed of two more or less flat faces, which when cut

form edges and these lead to vertices. In short, their shape is similar to irregular

geometrical polyhedrons. The faces of the aggregates fit well with the faces of their

adjacent aggregates.

 In sub-angular blocks. Similar to the above, but the blocks are less defined. The faces are

not as flat, the edges are blunt and there are hardly any vertices. Neither do the aggregates

fit so well in the microstructure of angular blocks.

 Prismatic. Angular blocks, like a prism, in which the vertical dimension predominates

with regard to the other two. They are normally too large to be able to observe them in a

microscope.

 Platy. Aggregates with a leafy shape, in which the vertical dimension is much shorter

than the other two.

3. Comparison to Fiber Composites

Aggregate composites tend to be much easier to fabricate, and much more predictable in their

finished properties, than fiber composites. This is because fiber orientation and continuity can

have an overwhelming effect, but can be difficult to control and assess. Fabrication aside,

aggregate materials themselves also tend to be less expensive; the most common aggregates are

found in nature and can often be used with only minimal processing.

Not all composite materials include aggregate in their design. This is because aggregate particles

tend to have about the same dimensions in every direction (that is, an aspect ratio of about one),

so that aggregate composites do not display the level of synergy that fiber composites often do.

A strong aggregate held together by a weak matrix will be weak in tension, whereas fibers can be
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less sensitive to matrix properties, especially if they are properly oriented and run the entire

length of the part (i.e., a continuous filament).

Most composites are filled with particles whose aspect ratio lies somewhere between oriented

filaments and spherical aggregates. A good compromise is chopped fiber, where the performance

of filament or cloth is traded off in favor of more aggregate-like processing techniques. Ellipsoid

and plate-shaped aggregates are also used.

4. Aggregate Properties

In most cases, the ideal finished piece would be 100% aggregate. A given application's most

desirable quality (be it high strength, low cost, high dielectric constant, or low density) is usually

most prominent in the aggregate itself; all the aggregate lacks is the ability to flow on a small

scale, and form attachments between particles. The matrix is specifically chosen to serve this

role, but its abilities should not be abused.

4.1. Aggregate Size

Experiments and mathematical models show that more of a given volume can be filled

with hard spheres if it is first filled with large spheres, then the spaces between

(interstices) are filled with smaller spheres, and the new interstices filled with still smaller

spheres as many times as possible. For this reason, control of particle size distribution can

be quite important in the choice of aggregate; appropriate simulations or experiments are

necessary to determine the optimal proportions of different-sized particles.

The upper limit to particle size depends on the amount of flow required before the

composite sets (the gravel in paving concrete can be fairly coarse, but fine sand must be

used for tile mortar), whereas the lower limit is due to the thickness of matrix material at

which its properties change (clay is not included in concrete because it would "absorb"

the matrix, preventing a strong bond to other aggregate particles). Particle size

distribution is also the subject of much study in the fields of ceramics and powder

metallurgy.

Some exceptions to this rule include:
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4.2. Toughened Composites

Toughness is a compromise between the (often contradictory) requirements of strength

and plasticity. In many cases, the aggregate will have one of these properties, and will

benefit if the matrix can add what it lacks. Perhaps the most accessible examples of this

are composites with an organic matrix and ceramic aggregate, such as asphalt concrete

("tarmac") and filled plastic (i.e., Nylon mixed with powdered glass), although most

metal matrix composites also benefit from this effect. In this case, the correct balance of

hard and soft components is necessary or the material will become either too weak or too

brittle.

4.3. Nanocomposites

Many materials properties change radically at small length scales. In the case where this

change is desirable, a certain range of aggregate size is necessary to ensure good

performance. This naturally sets a lower limit to the amount of matrix material used.

Unless some practical method is implemented to orient the particles in micro- or nano-

composites, their small size and (usually) high strength relative to the particle-matrix

bond allows any macroscopic object made from them to be treated as an aggregate

composite in many respects.

While bulk synthesis of such nanoparticles as carbon nanotubes is currently too

expensive for widespread use, some less extreme nanostructured materials can be

synthesized by traditional methods, including electrospinning and spray pyrolysis. One

important aggregate made by spray pyrolysis is glass microspheres. Often called

microballoons, they consist of a hollow shell several tens of nanometers thick and

approximately one micrometer in diameter. Casting them in a polymer matrix yields

syntactic foam, with extremely high compressive strength for its low density.Many

traditional nanocomposites escape the problem of aggregate synthesis in one of two

ways:

4.3.1. Natural Aggregates
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By far the most widely-used aggregates for nano-composites are naturally

occurring. Usually these are ceramic materials whose crystalline structure is

extremely directional, allowing it to be easily separated into flakes or fibers. The

nanotechnology touted by General Motors for automotive use is in the former

category: a fine-grained clay with a laminar structure suspended in a

thermoplastic olefin (a class which includes many common plastics like

polyethylene and polypropylene). The latter category includes fibrous asbestos

composites (popular in the mid-20th century), often with matrix materials such as

linoleum and Portland cement.

4.3.2. In-situ Aggregate Formation

Many micro-composites form their aggregate particles by a process of self-

assembly. For example, in high impact polystyrene, two immiscible phases of

polymer (including brittle polystyrene and rubbery polybutadiene) are mixed

together. Special molecules (graft copolymers) include separate portions which

are soluble in each phase, and so are only stable at the interface between them, in

the manner of a detergent. Since the number of this type of molecule determines

the interfacial area, and since spheres naturally form to minimize surface tension,

synthetic chemists can control the size of polybutediene droplets in the molten

mix, which harden to form rubbery aggregates in a hard matrix. Dispersion

strengthening is a similar example from the field of metallurgy. In glass-ceramics,

the aggregate is often chosen to have a negative coefficient of thermal expansion,

and the proportion of aggregate to matrix adjusted so that the overall expansion is

very near zero. Aggregate size can be reduced so that the material is transparent to

infrared light.

In Section 2 of this course you will cover these topics:
Concrete And Other Cementitious Materials

Masonry
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Topic Objective:

At the end of this topic students will be able to:

 Understand Cements

 Understand types of cement

 Understand cementitious materials.

 Understand uses of concrete

 Understand Portland cement

 Understand hydration

 Understand types of concrete.

Definition/Overview:

Cement: In the most general sense of the word, cement is a binder, a substance which sets and

hardens independently, and can bind other materials together. The name "cement" goes back to

the Romans who used the term "opus caementicium" to describe masonry which resembled

concrete and was made from crushed rock with burnt lime as binder.

Concrete: Concrete is a construction material composed of cement (commonly Portland cement)

as well as other cementitious materials such as fly ash and slag cement, aggregate (generally a

coarse aggregate such as gravel limestone or granite, plus a fine aggregate such as sand), water,

and chemical admixtures. The word concrete comes from the Latin word "concretus", which

means "hardened" or "hard".
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Key Points:

1. Cement

In the most general sense of the word, a cement is a binder, a substance which sets and hardens

independently, and can bind other materials together. The name "cement" goes back to the

Romans who used the term "opus caementicium" to describe masonry which resembled concrete

and was made from crushed rock with burnt lime as binder. The volcanic ash and pulverized

brick additives which were added to the burnt lime to obtain a hydraulic binder were later

referred to as cementum, cimentum, cment and cement. Cements used in construction are

characterized as hydraulic or non-hydraulic.

The most important use of cement is the production of mortar and concrete - the bonding of

natural or artificial aggregates to form a strong building material which is durable in the face of

normal environmental effects. Cement should not be confused with concrete as the term cement

explicitly refers to the dry powder substance. Upon the addition of water and/or additives the

mixture is no longer referred to as cement but concrete, regardless if aggregates have already

been added or not.

More concrete is used than any other man-made material in the world. As of 2006, about seven

billion cubic meters of concrete are made each yearmore than one cubic meter for every person

on Earth. Concrete powers a $US 35-billion industry which employs more than two million

workers in the United States alone. More than 55,000 miles of highways in America are paved

with this material. The People's Republic of China currently consumes 40% of the world's

cement/concrete production.

2. Hydraulic vs. Non-Hydraulic Cement

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

12
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Hydraulic cements are materials that set and harden after being combined with water, as a result

of chemical reactions with the mixing water, and that, after hardening, retain strength and

stability even under water. The key requirement for this strength and stability is that the hydrates

formed on immediate reaction with water be essentially insoluble in water. Most construction

cements today are hydraulic, and most of these are based on Portland cement, which is made

primarily from limestone, certain clay minerals, and gypsum in a high temperature process that

drives off carbon dioxide and chemically combines the primary ingredients into new compounds.

Non-hydraulic cements include such materials as (non-hydraulic) lime and gypsum plasters,

which must be kept dry in order to gain strength, and oxychloride cements, which have liquid

components. Lime mortars, for example, "set" only by drying out, and gain strength only very

slowly by absorption of carbon dioxide from the atmosphere to re-form calcium carbonate

through carbonatation.

Setting and hardening of hydraulic cements is caused by the formation of water-containing

compounds, which form as a result of reactions between cement components and water. The

reaction and the reaction products are referred to as hydration and hydrates or hydrate phases,

respectively. As a result of the immediate start of the reactions, a stiffening can be observed

which is initially slight but which increases with time. The point at which the stiffening reaches a

certain level is referred to as the start of setting. Further consolidation is called setting, after

which the phase of hardening begins. The compressive strength of the material then grows

steadily, over a period that ranges from a few days in the case of "ultra-rapid-hardening" cements

to several years in the case of ordinary cements.

3. Portland Cement

Cement is made by heating limestone with small quantities of other materials (such as clay) to

1450C in a kiln. The resulting hard substance, called clinker, is then ground with a small amount

of gypsum into a powder to make Ordinary Portland Cement, the most commonly used type of

cement (often referred to as OPC).

Portland cement is a basic ingredient of concrete, mortar and most non-speciality grout. The

most common use for Portland cement is in the production of concrete. Concrete is a composite

material consisting of aggregate (gravel and sand), cement, and water. As a construction
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material, concrete can be cast in almost any shape desired, and once hardened, can become a

structural (load bearing) element. Portland cement may be gray or white.

3.1. Portland Cement Blends

These are often available as inter-ground mixtures from cement manufacturers, but

similar formulations are often also mixed from the ground components at the concrete

mixing plant:

o Portland Blast furnace Cement contains up to 70% ground granulated blast

furnace slag, with the rest Portland clinker and a little gypsum. All

compositions produce high ultimate strength, but as slag content is increased,

early strength is reduced, while sulfate resistance increases and heat evolution

diminishes. Used as an economic alternative to Portland sulfate-resisting and

low-heat cements.

o Portland Flyash Cement contains up to 30% fly ash. The flyash is pozzolanic,

so that ultimate strength is maintained. Because flyash addition allows a lower

concrete water content, early strength can also be maintained. Where good

quality cheap flyash is available, this can be an economic alternative to

ordinary Portland cement.

o Portland Pozzolan Cement includes fly ash cement, since fly ash is a

pozzolan, but also includes cements made from other natural or artificial

pozzolans. In countries where volcanic ashes are available (e.g. Italy, Chile,

Mexico, the Philippines) these cements are often the most common form in

use.
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o Portland Silica Fume cement. Addition of silica fume can yield exceptionally

high strengths, and cements containing 5-20% silica fume are occasionally

produced. However, silica fume is more usually added to Portland cement at

the concrete mixer.

o Masonry Cements are used for preparing bricklaying mortars and stuccos, and

must not be used in concrete. They are usually complex proprietary

formulations containing Portland clinker and a number of other ingredients

that may include limestone, hydrated lime, air entrainers, retarders,

waterproofers and coloring agents. They are formulated to yield workable

mortars that allow rapid and consistent masonry work. Subtle variations of

Masonry cement in the US are Plastic Cements and Stucco Cements. These

are designed to produce controlled bond with masonry blocks.

o Expansive Cements contain, in addition to Portland clinker, expansive

clinkers (usually sulfoaluminate clinkers), and are designed to offset the

effects of drying shrinkage that is normally encountered with hydraulic

cements. This allows large floor slabs (up to 60 m square) to be prepared

without contraction joints.

o White blended cements may be made using white clinker and white

supplementary materials such as high-purity metakaolin.

o Colored cements are used for decorative purposes. In some standards, the

addition of pigments to produce "colored Portland cement" is allowed. In

other standards (e.g. ASTM), pigments are not allowed constituents of
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Portland cement, and colored cements are sold as "blended hydraulic

cements".

o Very finely ground cements are made from mixtures of cement with sand or

with slag or other pozzolan type minerals which are extremely finely ground.

Such cements can have the same physical characteristics as normal cement but

with 50% less cement particularly due to there increased surface area for the

chemical reaction. Even with intensive grinding they can use up to 50% less

energy to fabricate than ordinary Portland cements. EMC Cement

4. Concretes

Concrete is a construction material composed of cement (commonly Portland cement) as well as

other cementitious materials such as fly ash and slag cement, aggregate (generally a coarse

aggregate such as gravel, limestone, or granite, plus a fine aggregate such as sand), water, and

chemical admixtures. The word concrete comes from the Latin word "concretus", which means

"hardened" or "hard".

Concrete solidifies and hardens after mixing with water and placement due to a chemical process

known as hydration. The water reacts with the cement, which bonds the other components

together, eventually creating a stone-like material. Concrete is used to make pavements,

architectural structures, foundations, motorways/roads, bridges/overpasses, parking structures,

brick/block walls and footings for gates, fences and poles.

4.1. Properties

4.1.1. Strength
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Concrete has relatively high compressive strength, but significantly lower tensile

strength (about 10% of the compressive strength). As a result, without

compensating, concrete would almost always fail from tensile stresses even when

loaded in compression. The practical implication of this is that concrete elements

subjected to tensile stresses must be reinforced with materials that are strong in

tension.

Reinforced concrete is the most common form of concrete. The reinforcement is

often steel, rebar (mesh, spiral, bars and other forms). Structural fibers of various

materials are also used. Concrete can also be prestressed (reducing tensile stress)

using internal steel cables (tendons), allowing for beams or slabs with a longer

span than is practical with reinforced concrete alone. Inspection of concrete

structures can be non-destructive if carried out with equipment such as a Schmidt

hammer, which is used to estimate concrete strength.

The ultimate strength of concrete is influenced by the water-cementitious ratio

(w/cm), the design constituents, and the mixing, placement and curing methods

employed. All things being equal, concrete with a lower water-cement

(cementitious) ratio makes a stronger concrete than that with a higher ratio. The

total quantity of cementitious materials (Portland cement, slag cement, pozzolans)

can affect strength, water demand, shrinkage, abrasion resistance and density. All

concrete will crack independent of whether or not it has sufficient compressive

strength. In fact, high Portland cement content mixtures can actually crack more

readily due to increased hydration rate. As concrete transforms from its plastic

state, hydrating to a solid, the material undergoes shrinkage. Plastic shrinkage

cracks can occur soon after placement but if the evaporation rate is high they

often can actually occur during finishing operations, for example in hot weather

or a breezy day. In very high strength concrete mixtures (greater than 10,000 psi)

the crushing strength of the aggregate can be a limiting factor to the ultimate

compressive strength. In lean concretes (with a high water-cement ratio) the

crushing strength of the aggregates is not so significant.
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The internal forces in common shapes of structure, such as arches, vaults,

columns and walls are predominantly compressive forces, with floors and

pavements subjected to tensile forces. Compressive strength is widely used for

specification requirement and quality control of concrete. The engineer knows his

target tensile (flexural) requirements and will express these in terms of

compressive strength.

4.1.2. Elasticity

The modulus of elasticity of concrete is a function of the modulus of elasticity of

the aggregates and the cement matrix and their relative proportions. The modulus

of elasticity of concrete is relatively constant at low stress levels but starts

decreasing at higher stress levels as matrix cracking develops. The elastic

modulus of the hardened paste may be in the order of 10-30 GPa and aggregates

about 45 to 85 GPa. The concrete composite is then in the range of 30 to 50 GPa.

4.1.3. Expansion and Shrinkage

Concrete has a very low coefficient of thermal expansion. However, if no

provision is made for expansion, very large forces can be created, causing cracks

in parts of the structure not capable of withstanding the force or the repeated

cycles of expansion and contraction. As concrete matures it continues to shrink,

due to the ongoing reaction taking place in the material, although the rate of

shrinkage falls relatively quickly and keeps reducing over time (for all practical

purposes concrete is usually considered to not shrink due to hydration any further

after 30 years). The relative shrinkage and expansion of concrete and brickwork

require careful accommodation when the two forms of construction interface.
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Because concrete is continuously shrinking for years after it is initially placed, it

is generally accepted that under thermal loading it will never expand to its

originally placed volume.

4.1.4. Cracking

All concrete structures will crack to some extent. One of the early designers of

reinforced concrete, Robert Maillart, employed reinforced concrete in a number of

arched bridges. His first bridge was simple, using a large volume of concrete. He

then realized that much of the concrete was very cracked, and could not be a part

of the structure under compressive loads, yet the structure clearly worked. His

later designs simply removed the cracked areas, leaving slender, beautiful

concrete arches. The Salginatobel Bridge is an example of this.

Concrete cracks due to tensile stress induced by shrinkage or stresses occurring

during setting or use. Various means are used to overcome this. Fiber reinforced

concrete uses fine fibers distributed throughout the mix or larger metal or other

reinforcement elements to limit the size and extent of cracks. In many large

structures joints or concealed saw-cuts are placed in the concrete as it sets to make

the inevitable cracks occur where they can be managed and out of sight. Water

tanks and highways are examples of structures requiring crack control.

4.1.5. Shrinkage Cracking

Shrinkage cracks occur when concrete members undergo restrained volumetric

changes (shrinkage) as a result of either drying, autogenous shrinkage or thermal

effects. Restraint is provided either externally (i.e. supports, walls, and other

boundary conditions) or internally (differential drying shrinkage, reinforcement).

Once the tensile strength of the concrete is exceeded, a crack will develop. The
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number and width of shrinkage cracks that develop are influenced by the amount

of shrinkage that occurs, the amount of restraint present and the amount and

spacing of reinforcement provided.

Plastic-shrinkage cracks are immediately apparent, visible within 0 to 2 days of

placement, while drying-shrinkage cracks develop over time.

4.1.6. Tension Cracking

Concrete members may be put into tension by applied loads. This is most

common in concrete beams where a transversely applied load will put one surface

into compression and the opposite surface into tension due to induced bending.

The portion of the beam that is in tension may crack. The size and length of

cracks is dependent on the magnitude of the bending moment and the design of

the reinforcing in the beam at the point under consideration. Reinforced concrete

beams are designed to crack in tension rather than in compression. This is

achieved by providing reinforcing steel which yields before failure of the concrete

in compression occurs and allowing remediation, repair, or if necessary,

evacuation of an unsafe area.

4.1.7. Creep

Creep is the term used to describe the permanent movement or deformation of a

material in order to relieve stresses within the material. Concrete which is

subjected to long-duration forces is prone to creep. Short-duration forces (such as

wind or earthquakes) do not cause creep. Creep can sometimes reduce the amount

of cracking that occurs in a concrete structure or element, but it also must be

controlled. The amount of primary and secondary reinforcing in concrete
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structures contributes to a reduction in the amount of shrinkage, creep and

cracking.

5. Types of Concretes

Specialist applications require different types of concrete. Examples of concrete include regular

concrete, high strength concrete, high-performance concrete, self-compacting concrete,

shotcrete, pervious concrete, cellular concrete, roller-compacted concrete and asphalt concrete.

The use of recycled glass as an aggregate is popular these days because of aesthetic appeal. A

great variety of products are made from concrete. Examples include pavements, masonry, pipes

and insulating concrete.

5.1. Regular Concretes

Regular concrete is what you get when you follow the mixing instructions on a packet of

cement, using sand or an aggregate. This type of concrete can be made to have a strength

of 10MPa to 40MPa depending what it is going to be used for. 10MPa should be

sufficient for blinding, for example, but structural concrete should be 40MPa.

5.2. High Strength Concrete

High strength concrete has a compressive strength of usually more than 6000 pounds per

square inch (40 MPa). You make high strength concrete by lowering the water to cement

ratio to 0.35 or lower. Silica fume is often added to prevent the formation of free calcium

hydroxide crystals in the cement matrix, because this might reduce the strength at the

cement-aggregate bond.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

21
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



5.3. High Performance Concrete

High performance concrete is quite a new term and describes concrete that conforms to a

certain set of standards including strength. High strength concrete is also high

performance but not all high performance concrete is high strength. Some examples of

these standards include density, toughness, volume stability, a long life even in severe

environments, long term mechanical properties, compaction without segregation, ease of

placement, early age strength, permeability and heat of hydration.

5.4. Shotcrete

Shotcrete is often used against rock surfaces or vertical soil because formwork is

unnecessary. It can be used for rock support, especially when tunneling. There are two

application methods for shotcrete - dry mix or wet mix procedures. When using dry mix,

the dry mixture of aggregates and cement fill the machine and are conveyed through the

hoses with compressed air. The water necessary for hydration gets added at the nozzle.

When preparing wet mix, the mixes are made with all the water necessary for hydration

and pumped through the hoses. Compressed air is added for spraying, at the nozzle. For

both wet mix and dry mix, additives such as fiber reinforcement and accelerators may be

used.

To produce uniform, high quality concrete, it is necessary to mix your cement mixture

thoroughly. In the process of hydrating and hardening, concrete has to develop certain chemical

and physical properties. Among other qualities, low moisture permeability, mechanical strength

and chemical and volumetric stability are very important factors.

6. Concrete Testing
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Engineers usually specify the required compressive strength of concrete, which is normally given

as the 28 day compressive strength in megapascals (MPa) or pounds per square inch (psi).

Twenty eight days is a long wait to determine if desired strengths are going to be obtained, so

three-day and seven-day strengths can be useful to predict the ultimate 28-day compressive

strength of the concrete. A 25% strength gain between 7 and 28 days is often observed with

100% OPC (ordinary Portland cement) mixtures, and up to 40% strength gain can be realized

with the inclusion of pozzolans and supplementary cementitious materials (SCMs) such as fly

ash and/or slag cement. As strength gain depends on the type of mixture, its constituents, the use

of standard curing, proper testing and care of cylinders in transport, etc. it becomes imperative to

proactively rely on testing the fundamental properties of concrete in its fresh, plastic state.

Concrete is typically sampled while being placed, with testing protocols requiring that test

samples be cured under laboratory conditions (standard cured). Additional samples may be field

cured (non-standard) for the purpose of early 'stripping' strengths, that is, form removal,

evaluation of curing, etc. but the standard cured cylinders comprise acceptance criteria. Concrete

tests can measure the "plastic" (unhydrated) properties of concrete prior to, and during

placement. As these properties affect the hardened compressive strength and durability of

concrete (resistance to freeze-thaw), the properties of workability (slump/flow), temperature,

density and age are monitored to ensure the production and placement of 'quality' concrete. Tests

are performed per National/Regional methods and practices. The most used methods are ASTM

International, European Committee for Standardization and Canadian Standards Association.

Requirements for technicians performing concrete tests are normally given in the actual methods.

Structural design, material design and properties are often specified in accordance with

national/regional design codes.

Compressive-strength tests are conducted using an instrumented hydraulic ram to compress a

cylindrical or cubic sample to failure. Tensile strength tests are conducted either by three-point

bending of a prismatic beam specimen or by compression along the sides of a cylindrical

specimen.

Topic Objective:
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At the end of this topic students will be able to:

 Understand masonry and its units

 Understand Mortar, Grout, and Plaster

 Understand masonry construction

 Understand reinforced masonry

Definition/Overview:

Masonry: Masonry is the building of structures from individual units laid in and bound together

by mortar, and the term "masonry" can also refer to the units themselves.

Reinforced Masonry: A construction system where steel reinforcement is embedded in the

mortar joints of masonry or placed in holes and after filled with concrete or grout is called

reinforced masonry

Mortar: Mortar is a workable paste formed by mixture of cement, water and fine aggregate

masonry to bind construction blocks together and fill the gaps between them.

Grout: Grout is a construction material used to embed rebars in masonry walls, connect sections

of pre-cast concrete, fill voids, and seal joints
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Plaster: Plaster is a common building material for wall surfaces in a process known as lath and

plaster, whereby a series of wooden strips are covered with a semi-dry plaster and then hardened

into surface.

Key Points:

1. Masonry

Masonry is the building of structures from individual units laid in and bound together by mortar,

and the term "masonry" can also refer to the units themselves. The common materials of

masonry construction are brick, stone such as marble, granite, travertine, limestone; concrete

block, glass block, and tile. Masonry is generally a highly durable form of construction.

However, the materials used, the quality of the mortar and workmanship, and the pattern the

units are put in can strongly affect the durability of the overall masonry construction. Masonry

units, such as brick, tile, stone, glass brick or concrete block conforming to the requirements

specified in the 2006 International Building Code (IBC) Section 2103.

1.1. Applications

Masonry is commonly used for the walls of buildings, retaining walls and monuments.

Brick is the most common type of masonry and may be either weight-bearing or a veneer.

Concrete block masonry is rapidly gaining in popularity as a comparable material. Blocks

- most of which have hollow cores - offer various possibilities in masonry construction.

They generally provide great compressive strength, and are best suited to structures with

light transverse loading when the cores remain unfilled. Filling some or all of the cores

with concrete or concrete with steel reinforcement (typically "rebar") offers much greater

tensile and lateral strength to structures.

1.2. Advantages
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o The use of materials such as brick and stone can increase the thermal mass of

a building, giving increased comfort in the heat of summer and the cold of

winter and can be ideal for passive solar applications.

o Brick typically will not require painting and so can provide a structure with

reduced life-cycle costs, although sealing appropriately will reduce potential

spalling due to frost damage. Non-decorative concrete block generally is

painted or stuccoed if exposed.

o The appearance, especially when well crafted, can impart an impression of

solidity and permanence.

o Is very heat resistant and thus will provide good fire protection.

1.3. Disadvantages

o Extreme weather may cause degradation of the surface due to frost damage.

This type of damage is common with certain types of brick, though relatively

rare with concrete block. If non-concrete (clay-based) brick is to be used, care

should be taken to select bricks suitable for the climate in question.

o Masonry must be built upon a firm foundation (usually reinforced concrete) to

avoid potential settling and cracking. If expansive soils (such as adobe clay)

are present, this foundation may need to be quite elaborate and the services of

a qualified structural engineer may be required.

o The high weight increases structural requirements, especially in earthquake

prone areas.

1.4. Structural limitations

Masonry boasts an impressive compressive strength (vertical loads) but is much lower in

tensile strength (twisting or stretching) unless reinforced. The tensile strength of masonry

walls can be strengthened by thickening the wall, or by building masonry "piers" (vertical

columns or ribs) at intervals. Where practical, steel reinforcement also can be introduced
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vertically and/or horizontally to greatly increase tensile strength, though this is most

commonly done with poured walls.

2. Mortar, Grout, and Plaster

2.1. Mortar

Mortar is a workable paste formed by mixture of cement, water and fine aggregate

masonry to bind construction blocks together and fill the gaps between them. The blocks

may be stone, brick, breeze blocks (cinder blocks), etc. Mortar is a mixture of sand, a

binder such as cement or lime, and water and is applied as a paste which then sets hard.

Mortar can also be used to fix, or point masonry when the original mortar has washed

away.

2.2. Grout

Grout is a construction material used to embed rebars in masonry walls, connect sections

of pre-cast concrete, fill voids, and seal joints (like those between tiles). Grout is

generally composed of a mixture of water, cement, sand and sometimes fine gravel (if it

is being used to fill the cores of cement blocks). Sometimes color tint is applied as a thick

liquid and hardens over time, much like mortar. It is also a component of mosaics.

Although ungrouted mosaics do exist, most have grout between the tesserae. Main

varieties include: tiling grout (either cement-based or epoxy), flooring grout, resin grout,

non-shrink grout and thixotropic grout.

2.3. Plaster

Plaster was a common building material for wall surfaces in a process known as lath and

plaster, whereby a series of wooden strips are covered with a semi-dry plaster and then

hardened into surface. The plaster used in most lath-and-plaster construction was mainly

lime plaster. Lime plaster cure time is about a month. To stabilize the lime plaster during

curing, small amounts of Plaster of Paris were mixed into the putty. Because Plaster of
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Paris sets quickly, "retardants" were used to slow setting time enough to allow workers to

mix large working quantities of lime putty plaster. A modern form of this method uses

expanded metal mesh over wood or metal structures, which allows a great freedom of

design as it is adaptable to both simple and compound curves. Today this building

method has been partly replaced with drywall, also composed mostly of gypsum plaster.

In both these methods a primary advantage of the material is that it is resistant to a fire

within a room and so can assist in reducing or eliminating structural damage or

destruction provided the fire is promptly extinguished.

Plaster may also be used to create complex detailing for use in room interiors. These may

be geometric (simulating wood or stone) or naturalistic (simulating leaves, vines, and

flowers). These are also often used to simulate wood or stone detailing found in more

substantial buildings.

In Section 3 of this course you will cover these topics:
Wood And Wood Products

Bituminous Materials And Mixtures

Topic Objective:

At the end of this topic students will be able to:

 Understand woods and its types

 Understand Physical Properties of Woods

 Understand Mechanical Properties of Wood

 Understand Durability

Definition/Overview:
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Wood: Wood is hard, fibrous, lignified structural tissue produced as secondary xylem in the

stems of woody plants, notably trees but also shrubs. In a living tree it conducts water and

nutrients to the leaves and other growing tissues, and has a support function, enabling plants to

reach large sizes.

Key Points:

1. Wood

Wood is hard, fibrous, lignified structural tissue produced as secondary xylem in the stems of

woody plants, notably trees but also shrubs. In a living tree it conducts water and nutrients to the

leaves and other growing tissues, and has a support function, enabling plants to reach large sizes.

Wood may also refer to other plant materials and tissues with comparable properties.

People have used wood for millennia for many purposes, primarily as a construction material, for

making tools, weapons, furniture, packaging, artworks, paper, and as a fuel. Wood can be dated

to make inferences about when a wooden object was created and the climate at that time.

2. Grain and Structure

The typical markings, called grain, that are found on all types of natural wood are due to the

structure of the wood. Wood consists essentially of fine cellular ducts or tubes, which carry

water and dissolved minerals from the roots to the leaves, and which are thus arranged more or

less vertically within the trunk. When the wood is cut parallel to the axis of the trunk, straight-

grained lumber is usually produced. In some trees, however, the ducts are helical; that is, they

twist around the trunk as they ascend. Such trees produce cross-grained lumber, which is also

obtained from ordinary trees when the cut is not parallel to the axis of the trunk.
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Many woods have prominent annual rings. The trunk of a tree does not grow in length, except at

its tip, but does grow in width. The only portion of the trunk that is engaged in active growth is

the cambium, a thin layer entirely surrounding the trunk. In trees of the Temperate Zone, the

cambium lays down new wood during the spring and summer, and in most trees the early wood

is more porous and therefore lighter in color than the wood produced later in the season. The

trunk of a tree is thus surrounded each year by a new pair of concentric sheaths, one darker than

the other.

Although the thin layer of cambium is the only part of the trunk that is alive in the sense that it is

engaged in active growth, living cells are also interspersed among the xylem cells of the

sapwood. As the tree grows older, however, the central portion of the trunk dies completely; the

ducts become plugged with gums or resins, or merely air (see Gum). This central part of the

trunk is called heartwood. The internal changes are accompanied by changes in color typical of

the species of trees, so that the heartwood is usually darker than the sapwood.

3. Classification

Woods are classified as softwood or hardwood, depending on the tree from which they come.

Woods from broad-leaved trees are called hardwoods, and woods from coniferous trees are

called softwoods, regardless of their actual hardness. Thus many softwoods are actually harder

than some of the so-called hardwoods. The hardwoods have long, continuous ducts leading

through the trunk; the softwoods do not have such ducts, and the fluids are transported from cell

to cell. Many softwoods have resin ducts running parallel to the grain, and softwoods in general

contain considerable resin, whereas few hardwoods have any such material in the wood. Most

lumber in the United States is softwood; the hardwood is generally employed for furniture and

high-grade flooring.

Knots are areas of the trunk in which the base of a branch has become embedded in the body of

the wood. When the wood is sawed into planks, the knot becomes evident as a roughly circular

discontinuity or irregularity in the grain structure. Where the branch begins within the tree, the

rings of the knot are continuous with the grain of the wood, producing an intergrown knot;
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farther out toward the surface, the grain of the trunk has grown around the branch, producing an

encased knot.

During seasoning, when the shrinkage in a board varies with the direction of the grain, the knots

shrink at a faster rate than the remainder of the wood. An encased knot may thus fall completely

out of the plank, forming a knothole. An intergrown knot cannot fall out, but the wood around

the knot is distorted by the uneven shrinking, and the board may be weakened even more than by

the presence of a knothole. Knots are generally undesirable in lumber from the standpoint of

appearance, apart from consideration of their effect on the strength of the wood. In some cases,

however, knotty pine and similar types of lumber are desired for paneling interiors, because of

the patterns in the grain formed by the knots.

The woods appearance is one of the most important properties when the wood is being

considered for some interior use such as furniture or paneling. Certain woods, such as walnut,

have straight, parallel graining, which, when combined with dark, attractive color and great

hardness, makes them highly desirable for veneer (see also Plywood below). Irregularities of

grain may make attractive patterns, or lumber may purposely be cut from a crotch to yield wavy,

interlocking patterns. Many veneers are made by peeling a thin layer circumferentially from

around the trunk, so that the knife cuts across the annual ring marks only at considerable

distances, producing the large, irregular patterns typical of many plywoods.

4. Physical Properties

The physical properties (other than appearance) are moisture content, shrinkage, density,

permeability, and thermal and electrical properties. Moisture content is a major factor in the

processing of wood because it influences all physical and mechanical properties, and durability

and performance during use. Normal in-use moisture content of processed wood that has been

dried ranges 813%. Moisture content for wood is expressed on either a fractional or percentage

basis. Moisture content is defined as the ratio of the mass of water contained in the wood to the

mass of the same sample of dry wood.
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Shrinkage occurs when wood loses moisture below the fiber saturation point. Above that point,

wood is dimensionally stable. The amount of the shrinkage depends on its direction relative to

grain orientation and the amount of moisture lost below the fiber saturation point. Wood shrinks

significantly more in the radial and tangential directions than in the longitudinal direction. The

density of wood is determined by the amount of cell wall substance and the volume of voids

caused by the cell cavities (lumens) of the fibers. Density can vary widely across a growth or

annual ring. The percentage of earlywood and latewood in each growth ring determines the

overall density of a wood sample.

Permeability is a measure of the flow characteristics of a liquid or gas through wood as a result

of the total pressure gradient. Permeability is influenced by the anatomy of the wood cells, the

direction of flow (radial, tangential, and longitudinal), and the properties of the fluid being

measured. Permeability is also affected by the species, by whether the wood is sapwood or

heartwood, and by the chemical and physical properties of the fluid.

The primary thermal properties of wood are conductivity, specific heat, and coefficient of

thermal expansion. The conductivity of wood is determined by density, moisture content, and

direction of conduction. Thermal conductivity in the transverse directions (radial and tangential)

is approximately equal. Conductivity in the longitudinal direction is greater than in the transverse

directions. For most processing operations, the dominant heating direction is transverse. Thermal

conductivity is important to wood processing because heatingwhether for drying, curing,

pressing, or conditioningis an integral step. Specific heat of wood is dependent on moisture

content and, to less extent, on temperature. See also Specific heat.

Dry wood is an excellent insulator. By measuring wood's electrical resistance, electrical moisture

meters accurately determine the moisture content of wood in the 525% range. Two other

electrical properties of interest are the dielectric constant and the dielectric power factor for

alternating current. These dielectric properties are dependent on density, moisture content,

frequency of current, grain orientation, and temperature. The power factor is a measure of the

stored energy that is converted to heat.
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5. Mechanical Properties

The mechanical properties of wood include elastic, strength, and vibration characteristics. These

properties are dependent upon species, grain orientation, moisture content, loading rate, and size

and location of natural characteristics such as knots.

Wood is both an elastic and plastic material. Elasticity manifests itself during loading and at

moisture contents and temperatures that occur in most service uses of wood. The elastic stiffness

or modulus of elasticity of wood is dependent on grain orientation, moisture content, species,

temperature, and rate of loading. The stiffness of wood in the longitudinal (fiber) direction is

utilized in the manufacture of composite products such as oriented strand board, in which the

grain or fiber direction is controlled. See also Elasticity.

The strength of wood, like its elastic properties, is dependent upon rate of loading, species,

moisture content, orientation, temperature, size and location of natural characteristics such as

knots, and specimen size. The strength of individual wood fibers in the longitudinal direction can

be significantly greater than that of larger samples with their complex anatomy and many

defects. As with stiffness, the excellent strength characteristics of wood in the direction of the

fiber can be maximized during the manufacture of wood composites by controlling fiber

alignment.

Damping and sound velocity are two primary vibration phenomena of interest in structural

applications. Damping occurs when internal friction dissipates mechanical energy as heat. The

velocity of a sound wave through wood can be used to estimate mechanical stiffness and

strength: the higher the velocity, the higher the stiffness and strength. Like other properties of

wood, the velocity of sound along the three principal axes differs. Sound velocity in the

longitudinal direction is two to four times greater than in the transverse directions.

6. Durability
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Wood is naturally a very durable substance. If not attacked by living organisms, it will last for

hundreds or even thousands of years. Samples of wood used by the ancient Romans have been

found virtually in their original condition when a combination of circumstances protected them

against attack. The most important of the organisms attacking wood are the fungi that cause so-

called dry rot, which actually occurs only when the wood is damp. The sapwood of all trees is

susceptible to this type of decay, but the heartwood of a few species is naturally resistant to these

fungi. Walnut, redwood, cedar, mahogany, and teak are among the well-known woods that are

extremely durable. Other woods are resistant to various types of attack. Greenheart and teak are

particularly resistant to the attack of marine borers, and so are often used for underwater

construction for wharves. A number of woods are comparatively resistant to termites, including

redwood, black walnut, mahogany, and several types of cedar (see Termite). In most of these

cases, the woods are aromatic, and the resistance is probably due to the resins and similar

chemicals they contain.

Wood may be preserved by protecting it chemically against deterioration. The most important

method of treatment has long been impregnation with creosote or zinc chloride. This method is

still one of the best, although a number of newer chemicals, notably several containing copper

compounds, have been introduced for the same purpose. Wood can be protected against

weathering by suitable surface coatings, applied by brushing, spraying, or dipping. Surface

applications yield little penetration, however, and therefore do not prevent deterioration under

attack by insects, fungi, or borers.

7. Seasoning

Freshly cut wood contains considerable water, which amounts to from one-third to more than

one-half of the total weight. The drying of wood before it is processed into lumber is called

seasoning, and is done for a number of reasons. Seasoned wood is far more resistant to decay

than fresh wood; it is much lighter and therefore less expensive to ship; it has much higher

heating value, which is important if it is to be used as fuel; and, most important, wood changes in

shape during drying, and this change in shape should be completed before the wood is sawed.
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Wood may be seasoned either by air-drying or kiln-drying. Air-drying takes several months,

whereas kiln-drying takes a few days. In both cases, the wood must be carefully stacked to

prevent warping, and the rate of drying must be carefully controlled.

8. Plywood

Plywood consists of several layers, or plies, of wood thoroughly bonded to one another by glue

or synthetic resins (see Adhesive). The layers are laid with the grain in different directions,

generally perpendicular to one another, so that the resultant sheet of plywood is equally strong in

all directions. The bonded joint is at least as strong as the wood itself, and moisture-resistant

glues can be used if necessary, so that plywood is as durable as the wood of which it is made. So-

called laminated wood is a similar product, made by bonding layers of wood with the grain all

running in one direction. This procedure results in a product that, like ordinary lumber, is

extremely strong in the direction of the grain and weak in other directions.

Only the layers on the outside of the plywood need have hardness and good appearance; the

inner layers need only be strong. In some cases, only one side of the plywood is a high-grade

layer; such plywoods are used, for example, in making cabinets of which the inside will not be

visible. Fine and expensive woods, such as mahogany, satinwood, ebony, and zebrawood, are

now commonly used in the form of plywood, with a thin layer of expensive wood covering

several layers of strong but inexpensive ordinary wood such as Douglas fir. In this way, the

expense of the wood is greatly reduced, the appearance is in no way changed, and the strength

and resistance to warping is greatly increased. Plywoods made of less expensive wood have been

used to substitute for metals.

Topic Objective:

At the end of this topic students will be able to:

 Understand Tars and Pitches

 Understand Asphalts
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 Understand Asphalts uses

 Understand Concrete Asphalts

 Understand Concrete Asphalts Performance characteristics

Definition/Overview:

Tar: Tar is a viscous black liquid derived from the destructive distillation of organic matter.

Most tar is produced from coal as a byproduct of coke production, but it can also be produced

from petroleum, peat or wood.

Pitches: Pitch is the name for any of a number of highly viscous liquids which appear solid.

Pitch can be made from petroleum products or plants. Petroleum-derived pitch is also called

bitumen. Pitch produced from plants is also known as resin. Products made from plant resin are

also known as rosin.

Asphalts: Asphalt is a sticky, black and highly viscous liquid or semi-solid that is present in

most crude petroleums and in some natural deposits sometimes termed asphaltum.

Key Points:
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1. Tars

Tar is a viscous black liquid derived from the destructive distillation of organic matter. Most tar

is produced from coal as a byproduct of coke production, but it can also be produced from

petroleum, peat or wood.

1.1. Types of Tar

1.1.1. General

The word "tar" is used to describe several distinct substances. Naturally occurring

"tar pits" (e.g. the La Brea Tar Pits in Los Angeles) actually contain asphalt, not

tar, and are more accurately known as asphalt pits. Tar sand deposits contain

various mixtures of sand (or rock) with bitumen or heavy crude oil rather than tar,

as does the Tar Tunnel in Shropshire. "Rangoon tar", also known as "Burmese

Oil" or "Burmese Naphtha", is actually petroleum. "Tar" and "pitch (resin)" are

sometimes used interchangeably; however, pitch is considered more solid while

tar is more liquid.

1.1.2. Coal

In English, German and French, "tar" is a substance primarily derived from coal.

It was formerly one of the products of a gasworks. Tar made from coal or

petroleum is considered toxic and carcinogenic because of its high benzene

content, however, coal tar in low concentrations is used as a topical medicine.

Coal and petroleum tar has a pungent odor.
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1.1.3. Wood

In Northern Europe, the word "tar" refers primarily to a substance that is derived

from wood. In earlier times it was often used as a water repellent coating for

boats, ships, and roofs. It is still used as an additive in the flavoring of candy,

alcohol and other foods. Wood tar is microbicidial and has a pleasant odor.

The heating (dry distilling) of pine wood causes tar and pitch to drip away from

the wood and leave behind charcoal. Birchbark is used to make particularly fine

tar (tktti). The by-products of wood tar are turpentine and charcoal. When

deciduous tree woods are subjected to destructive distillation the products are

methanol (wood alcohol) and charcoal.

2. Pitches

Pitch is the name for any of a number of highly viscous liquids which appear solid. Pitch can be

made from petroleum products or plants. Petroleum-derived pitch is also called bitumen. Pitch

produced from plants is also known as resin. Products made from plant resin are also known as

rosin.

Tar pitch appears solid, and can be shattered with a hard impact, but it is actually fluid. Pitch

flows at room temperature, but extremely slowly. The pitch drop experiment taking place at

University of Queensland is a long-term experiment which measures the flow of a piece of pitch

over many years. For the experiment, pitch was put in a glass container with a hole in the

bottom, and allowed to slowly drip out. Since the pitch was allowed to start dripping in 1930,

only eight drops have fallen. It was calculated in the 1980s that the pitch in the experiment has a

viscosity approximately 100 billion (1011) times that of water.
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2. Asphalts

Asphalt is a sticky, black and highly viscous liquid or semi-solid that is present in most crude

petroleums and in some natural deposits sometimes termed asphaltum. It is most commonly

modeled as a colloid, with asphaltenes as the dispersed phase and maltenes as the continuous

phase (though there is some disagreement amongst chemists regarding its structure). In U.S.

terminology, asphalt (or asphalt cement) is the carefully refined residue from the distillation

process of selected crude oils. Outside North America, the product is called bitumen. The

primary use of asphalt is in road construction, where it is used as the glue or binder for the

aggregate particles. The road surfacing material is usually called 'asphalt concrete' in North

America, or simply 'asphalt' elsewhere. Within North America the apparent interchangeability of

the words 'asphalt' and 'bitumen' causes confusion outside the road construction industry despite

quite clear definitions within industry circles.

Asphalt or bitumen can sometimes be confused with tar, which is a similar black thermo-plastic

material produced by the destructive distillation of coal. During the early- and mid-twentieth

century when town gas was produced, tar was a readily available product and extensively used as

the binder for road aggregates. The addition of tar to macadam roads led to the word tarmac,

which is now used in common parlance to refer to road making materials. However, since the

1970s, when natural gas succeeded town gas, asphalt (bitumen) has completely overtaken the use

of tar in these applications.

Asphalt can be separated from the other components in crude oil (such as naphtha, gasoline and

diesel) by the process of fractional distillation, usually under vacuum conditions. A better

separation can be achieved by further processing of the heavier fractions of the crude oil in a de-

asphalting unit, which uses either propane or butane in a supercritical phase to dissolve the

lighter molecules which are then separated. Further processing is possible by "blowing" the

product: namely reacting it with oxygen. This makes the product harder and more viscous.
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Natural deposits of asphalt include lake asphalts (primarily from the Pitch Lake in Trinidad and

Tobago and Bermudez Lake in Venezuela), Gilsonite, the Dead Sea between Israel & Jordan,

and Tar Sands.

Asphalt is typically stored and transported at temperatures around 300 degrees Fahrenheit (150

C). Sometimes diesel oil or kerosene are mixed in before shipping to retain liquidity; upon

delivery, these lighter materials are separated out of the mixture. This mixture is often called

bitumen feedstock, or BFS. Some dump trucks route the hot engine exhaust through pipes in the

dump body to keep the material warm. The backs of tippers carrying asphalt, as well as some

handling equipment, are also commonly sprayed with a releasing agent before filling to aid

release. Diesel oil is sometimes used as a release agent, although it can mix with and thereby

reduce the quality of the asphalt.

2.1. Uses

2.1.1. Ancient Times

In the ancient Middle East, natural asphalt deposits were used for mortar between

bricks and stones, ship caulking, and waterproofing. The Persian word for asphalt

is mumiya, which may be related to the English word mummy. Asphalt was also

used by ancient Egyptians to embalm mummies. In the ancient Far East, natural

asphalt was slowly boiled to get rid of the higher fractions, leaving a material of

higher molecular weight which is thermoplastic and when layered on objects,

became quite hard upon cooling. Poured bitumen has also been used as a damp-

proof course in building.

2.1.2. Rolled Asphalt Concrete

The largest use of asphalt is for making asphalt concrete for road surfaces and

accounts for approximately 80% of the asphalt consumed in the United States.
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Roofing shingles account for most of the remaining asphalt consumption. Other

uses include cattle sprays, fence post treatments, and waterproofing for fabrics.

Asphalt road surface is the most widely recycled material in the US, both by gross

tonnage and by percentage. According to a report issued by the Federal Highway

Administration and the United States Environmental Protection Agency, 80% of

the asphalt from road surfaces' that is removed each year during widening and

resurfacing projects is reused as part of new roads, roadbeds, shoulders and

embankments.

2.1.3. Mastic Asphalt

Mastic asphalt is a type of asphalt which differs from dense graded asphalt

(asphalt concrete) in that it has a higher bitumen (binder) content, usually around

7-10% of the whole aggregate mix, as opposed to roller asphalt, which has only

around 5% added bitumen. Another asphalt which is fast gaining global

popularity is stone mastic asphalt (SMA). SMA's advantages over rolled asphalt is

its high anti skid qualities due to its high aggregate density and the lack of void

content (air pockets). Another advantage of SMA is its longer durability over

alternative road asphalt surfaces, but its manufacture and application, if not

controlled closely, can result in slippery road surfaces due to excess bitumen

pooling (bleeding) onto the surface.

2.1.4. Asphalt Emulsion

A number of technologies allow asphalt to be mixed at much lower temperatures.

These involve mixing the asphalt with petroleum solvents to form "cutbacks" with

reduced melting point or mixtures with water to turn the asphalt into an emulsion.
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Asphalt emulsions contain up to 70% asphalt and typically less than 1.5%

chemical additives. There are two main types of emulsions with different affinity

for aggregates, cationic and anionic. Asphalt emulsions are used in a wide variety

of applications. Chipseal involves spraying the road surface with asphalt emulsion

followed by a layer of crushed rock or gravel. Slurry Seal involves the creation of

a mixture of asphalt emulsion and fine crushed aggregate that is spread on the

surface of a road. Cold mixed asphalt can also be made from asphalt emulsion to

create pavements similar to hot-mixed asphalt, several inches in depth and asphalt

emulsions are also blended into recycled hot-mix asphalt to create low cost

pavements.

3. Asphalt Concrete

Asphalt concrete, normally known simply as asphalt, is a composite material commonly used for

construction of pavement, highways and parking lots. It consists of asphalt binder and mineral

aggregate mixed together then laid down in layers and compacted.

3.1. Performance Characteristics

Asphalt concrete has different performance characteristics in terms of surface durability,

tire wear, braking efficiency and roadway noise. The appropriate asphalt performance

characteristic is obtained by the traffic level amount in categories A,B,C,D,E, and friction

coarse (FC-5). Asphalt concrete generates less roadway noise than Portland cement

concrete surfacing, and is typically less noisy than chip seal surfaces. Tire noise effects

are amplified at higher operating speeds. The sound energy is generated through rolling

friction converting kinetic energy to sound waves. The idea that highway design could be

influenced by acoustical engineering considerations including selection of surface paving

types arose in the very early 1970s.
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n Section 4 of this course you will cover these topics:
Iron And Steel

Topic Objective:

At the end of this topic students will be able to:

 Understand Iron.

 Understand Steel

 Understand Structural Steel

Definition/Overview:

Iron: Iron is a lustrous, silvery soft metal. It is one of the few ferromagnetic elements.

Steel: Steel is an alloy consisting mostly of iron, with a carbon content between 0.2% and 2.04%

by weight, depending on grade.

Structural Steel: Structural steel is steel construction material, a profile, formed with a specific

shape or cross section and certain standards of chemical composition and strength. Structural

steel shape, size, composition, strength, storage, etc, is regulated in most industrialised countries.
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Key Points:

1. Iron

Iron is a lustrous, silvery soft metal. It is one of the few ferromagnetic elements. Iron is notable

for being the final elements produced by stellar nucleosynthesis, and are therefore the heaviest

elements which do not require a red giant or supernova for formation. Iron and nickel are

therefore the most abundant metals in metallic meteorites and in the dense-metal cores of planets

such as Earth. Iron and iron alloys are also the most common source of ferromagnetic materials

in everyday use.

1.1. Occurrence

Iron is the sixth most abundant element in the universe, formed as the final act of

nucleosynthesis by carbon burning in massive stars. While it makes up about 5% of the

Earth's crust, the earth's core is believed to consist largely of an iron-nickel alloy

constituting 35% of the mass of the Earth as a whole. Iron is consequently the most

abundant element on Earth, but only the fourth most abundant element in the Earth's

crust.[1] Most of the iron in the crust is found combined with oxygen as iron oxide

minerals such as hematite and magnetite. About 1 in 20 meteorites consist of the unique

iron-nickel minerals taenite (35-80% iron) and kamacite (90-95% iron). Although rare,

meteorites are the major form of natural metallic iron on the earth's surface.

1.2. Characteristics

Iron is a metal extracted mainly from the iron ore hematite. It oxidises readily in air and

water to form Fe2O3 and is rarely found as a free element. In order to obtain elemental

iron, oxygen and other impurities must be removed by chemical reduction. The properties

of iron can be modified by alloying it with various other metals and some non-metals,

notably carbon and silicon to form steels.

Nuclei of iron atoms have some of the highest binding energies per nucleon, surpassed

only by the nickel isotope 62Ni. The universally most abundant of the highly stable
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nuclides is, however, 56Fe. This is formed by nuclear fusion in stars. Although a further

tiny energy gain could be extracted by synthesizing 62Ni, conditions in stars are

unsuitable for this process to be favoured, and iron abundance on Earth greatly favors

iron over nickel, and also presumably in supernova element production.

Iron (as Fe2+, ferrous ion) is a necessary trace element used by almost all living

organisms. The only exceptions are several organisms that live in iron-poor environments

and have evolved to use different elements in their metabolic processes, such as

manganese instead of iron for catalysis, or hemocyanin instead of hemoglobin. Iron-

containing enzymes, usually containing heme prosthetic groups, participate in catalysis of

oxidation reactions in biology, and in transport of a number of soluble gases. See

hemoglobin, cytochrome, and catalase.

2. Steel

Steel is an alloy consisting mostly of iron, with a carbon content between 0.2% and 2.04% by

weight, depending on grade. Carbon is the most cost-effective alloying material for iron, but

various other alloying elements are used such as manganese, chromium, vanadium, and tungsten.

Carbon and other elements act as a hardening agent, preventing dislocations in the iron atom

crystal lattice from sliding past one another. Varying the amount of alloying elements and form

of their presence in the steel (solute elements, precipitated phase) controls qualities such as the

hardness, ductility and tensile strength of the resulting steel. Steel with increased carbon content

can be made harder and stronger than iron, but is also more brittle. The maximum solubility of

carbon in iron (in austenite region) is 2.14% by weight, occurring at 1149 C; higher

concentrations of carbon or lower temperatures will produce cementite. Alloys with higher

carbon content than this are known as cast iron because of their lower melting point and

castability. Steel is also to be distinguished from wrought iron containing only a very small

amount of other elements, but containing 13% by weight of slag in the form of particles

elongated in one direction, giving the iron a characteristic grain. It is more rust-resistant than

steel and welds more easily. It is common today to talk about 'the iron and steel industry' as if it

were a single entity, but historically they were separate products.

Though steel had been produced by various inefficient methods long before the Renaissance, its

use became more common after more efficient production methods were devised in the 17th
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century. With the invention of the Bessemer process in the mid-19th century, steel became a

relatively inexpensive mass-produced good. Further refinements in the process, such as basic

oxygen steelmaking, further lowered the cost of production while increasing the quality of the

metal. Today, steel is one of the most common materials in the world and is a major component

in buildings, tools, automobiles, and appliances. Modern steel is generally identified by various

grades of steel defined by various standards organizations.

2.1. Material properties

Iron, like most metals, is not usually found in the Earth's crust in an elemental state.[2]

Iron can be found in the crust only in combination with oxygen or sulfur. Typical iron-

containing minerals include Fe2O3the form of iron oxide found as the mineral hematite,

and FeS2pyrite (fool's gold). Iron is extracted from ore by removing the oxygen by

combining it with a preferred chemical partner such as carbon. This process, known as

smelting, was first applied to metals with lower melting points. Copper melts at just over

1000 C, while tin melts around 250 C. Cast ironiron alloyed with greater than 1.7%

carbonmelts at around 1370 C. All of these temperatures could be reached with ancient

methods that have been used for at least 6000 years (since the Bronze Age). Since the

oxidation rate itself increases rapidly beyond 800 C, it is important that smelting take

place in a low-oxygen environment. Unlike copper and tin, liquid iron dissolves carbon

quite readily, so that smelting results in an alloy containing too much carbon to be called

steel.

Even in the narrow range of concentrations that make up steel, mixtures of carbon and

iron can form into a number of different structures, with very different properties;

understanding these is essential to making quality steel. At room temperature, the most

stable form of iron is the body-centered cubic (BCC) structure ferrite or α-iron, a fairly

soft metallic material that can dissolve only a small concentration of carbon (no more

than 0.021 wt% at 910 C). Above 910 C ferrite undergoes a phase transition from body-

centered cubic to a face-centered cubic (FCC) structure, called austenite or γ-iron, which

is similarly soft and metallic but can dissolve considerably more carbon (as much as 2.03

wt% carbon at 1154 C). As carbon-rich austenite cools, the mixture attempts to revert to

the ferrite phase, resulting in an excess of carbon. One way for carbon to leave the
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austenite is for cementite to precipitate out of the mix, leaving behind iron that is pure

enough to take the form of ferrite, resulting in a cementite-ferrite mixture. Cementite is a

stoichiometric phase with the chemical formula of Fe3C. Cementite forms in regions of

higher carbon content while other areas revert to ferrite around it. Self-reinforcing

patterns often emerge during this process, leading to a patterned layering known as

pearlite (Fe3C:6.33Fe) due to its pearl-like appearance, or the similar but less beautiful

bainite.

Perhaps the most important polymorphic form is martensite, a chemically metastable

substance with about four to five times the strength of ferrite. A minimum of 0.4 wt% of

carbon (C:50Fe) is needed to form martensite. When austenite is quenched to form

martensite, the carbon is "frozen" in place when the cell structure changes from FCC to

BCC. The carbon atoms are much too large to fit in the interstitial vacancies and thus

distort the cell structure into a body-centered tetragonal (BCT) structure. Martensite and

austenite have an identical chemical composition. As such, it requires extremely little

thermal activation energy to form.

The heat treatment process for most steels involves heating the alloy until austenite

forms, then quenching the hot metal in water or oil, cooling it so rapidly that the

transformation to ferrite or pearlite does not have time to take place. The transformation

into martensite, by contrast, occurs almost immediately, due to a lower activation energy.

Martensite has a lower density than austenite, so that transformation between them results

in a change of volume. In this case, expansion occurs. Internal stresses from this

expansion generally take the form of compression on the crystals of martensite and

tension on the remaining ferrite, with a fair amount of shear on both constituents. If

quenching is done improperly, these internal stresses can cause a part to shatter as it

cools; at the very least, they cause internal work hardening and other microscopic

imperfections. It is common for quench cracks to form when water quenched, although

they may not always be visible.

At this point, if the carbon content is high enough to produce a significant concentration

of martensite, the result is an extremely hard but very brittle material. Often, steel

undergoes further heat treatment at a lower temperature to destroy some of the martensite

(by allowing enough time for cementite etc. to form) and help settle the internal stresses
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and defects. This softens the steel, producing a more ductile and fracture-resistant metal.

Because time is so critical to the end result, this process is known as tempering, which

forms tempered steel.

Other materials are often added to the iron/carbon mixture to tailor the resulting

properties. Nickel and manganese in steel add to its tensile strength and make austenite

more chemically stable, chromium increases hardness and melting temperature, and

vanadium also increases hardness while reducing the effects of metal fatigue. Large

amounts of chromium and nickel (often 18% and 8%, respectively) are added to stainless

steel so that a hard oxide forms on the metal surface to inhibit corrosion. Tungsten

interferes with the formation of cementite, allowing martensite to form with slower

quench rates, resulting in high speed steel. On the other hand sulfur, nitrogen, and

phosphorus make steel more brittle, so these commonly found elements must be removed

from the ore during processing.

When iron is smelted from its ore by commercial processes, it contains more carbon than

is desirable. To become steel, it must be melted and reprocessed to remove the correct

amount of carbon, at which point other elements can be added. Once this liquid is cast

into ingots, it usually must be "worked" at high temperature to remove any cracks or

poorly mixed regions from the solidification process, and to produce shapes such as plate,

sheet, wire, etc. It is then heat-treated to produce a desirable crystal structure, and often

"cold worked" to produce the final shape. In modern steel making these processes are

often combined, with ore going in one end of the assembly line and finished steel coming

out the other. These can be streamlined by a deft control of the interaction between work

hardening and tempering.

3. Structural Steel

Structural steel is steel construction material, a profile, formed with a specific shape or cross

section and certain standards of chemical composition and strength. Structural steel shape, size,

composition, strength, storage, etc, is regulated in most industrialized countries.

Structural steel members, such as I-beams, have large moments of inertia, which allow them to

be very stiff in respect to their cross-sectional area.
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In Section 5 of this course you will cover these topics:
Plastics And Soils

Topic Objective:

At the end of this topic students will be able to:

 Understand Plastics

 Understand uses of plastics

 Understand soils

 Understand strength property of soils

 Understand properties of soils

Definition/Overview:

Plastics: Plastic is the general common term for a wide range of synthetic or semisynthetic

organic solid materials suitable for the manufacture of industrial products. Plastics are typically

polymers of high molecular weight, and may contain other substances to improve performance

and/or reduce costs.

Soils: Soil is the naturally occurring, unconsolidated or loose covering of broken rock particles

and decaying organic matter on the surface of the Earth, capable of supporting life.
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Key Points:

1. Plastics

Plastics, materials made up of large, organic (carbon-containing) molecules that can be formed

into a variety of products. The molecules that compose plastics are long carbon chains that give

plastics many of their useful properties. In general, materials that are made up of long, chainlike

molecules are called polymers. The word plastic is derived from the words plasticus (Latin for

capable of molding) and plastikos (Greek to mold, or fit for molding). Plastics can be made hard

as stone, strong as steel, transparent as glass, light as wood, and elastic as rubber. Plastics are

also lightweight, waterproof, chemical resistant, and produced in almost any color. More than 50

families of plastics have been produced, and new types are currently under development.

Like metals, plastics come in a variety of grades. For instance, nylons are plastics that are

separated by different properties, costs, and the manufacturing processes used to produce them.

Also like metals, some plastics can be alloyed, or blended, to combine the advantages possessed

by several different plastics. For example, some types of impact-resistant (shatterproof) plastics

and heat-resistant plastics are made by blending different plastics together.

Plastics are moldable, synthetic (chemically-fabricated) materials derived mostly from fossil

fuels, such as oil, coal, or natural gas. The raw forms of other materials, such as glass, metals,

and clay, are also moldable. The key difference between these materials and plastics is that

plastics consist of long molecules that give plastics many of their unique properties, while glass,

metals, and clay consist of short molecules.

1.1. Uses of Plastics

Plastics are indispensable to our modern way of life. Many people sleep on pillows and

mattresses filled with a type of plasticeither cellular polyurethane or polyester. At night,

people sleep under blankets and bedspreads made of acrylic plastics, and in the morning,

they step out of bed onto polyester and nylon carpets. The cars we drive, the computers

we use, the utensils we cook with, the recreational equipment we play with, and the

houses and buildings we live and work in all include important plastic components. The

average car contains almost 136 kg (almost 300 lb) of plasticsnearly 12 percent of the

vehicles overall weight. Telephones, textiles, compact discs, paints, plumbing fixtures,
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boats, and furniture are other domestic products made of plastics. In 1979 the volume of

plastics produced in the United States surpassed the volume of domestically produced

steel.

Plastics are used extensively by many key industries, including the automobile,

aerospace, construction, packaging, and electrical industries. The aerospace industry uses

plastics to make strategic military parts for missiles, rockets, and aircraft. Plastics are also

used in specialized fields, such as the health industry, to make medical instruments,

dental fillings, optical lenses, and biocompatible joints.

1.2. General Properties of Plastics

Plastics possess a wide variety of useful properties and are relatively inexpensive to

produce. They are lighter than many materials of comparable strength, and unlike metals

and wood, plastics do not rust or rot. Most plastics can be produced in any color. They

can also be manufactured as clear as glass, translucent (transmitting small amounts of

light), or opaque (impenetrable to light).

Plastics have a lower density than that of metals, so plastics are lighter. Most plastics

vary in density from 0.9 to 2.2 g/cm3 (0.45 to 1.5 oz/cu in), compared to steels density of

7.85 g/cm3 (5.29 oz/cu in). Plastic can also be reinforced with glass and other fibers to

form incredibly strong materials. For example, nylon reinforced with glass can have a

tensile strength (resistance of a material to being elongated or pulled apart) of up to 165

Mega Pascal (24,000 psi).

Plastics have some disadvantages. When burned, some plastics produce poisonous fumes.

Although certain plastics are specifically designed to withstand temperatures as high as

288 C (550 F), in general plastics are not used when high heat resistance is needed.

Because of their molecular stability, plastics do not easily break down into simpler

components. As a result, disposal of plastics creates a solid waste problem (see Plastics

and the Environment below).

1.3. Chemistry of Plastics

Plastics consist of very long molecules each composed of carbon atoms linked into

chains. One type of plastic, known as polyethylene, is composed of extremely long

molecules that each contain over 200,000 carbon atoms. These long, chainlike molecules
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give plastics unique properties and distinguish plastics from materials, such as metals,

that have short, crystalline molecular structures.

Although some plastics are made from plant oils, the majority are made from fossil fuels.

Fossil fuels contain hydrocarbons (compounds containing hydrogen and carbon), which

provide the building blocks for long polymer molecules. These small building blocks,

called monomers, link together to form long carbon chains called polymers. The process

of forming these long molecules from hydrocarbons is known as polymerization. The

molecules typically form viscous, sticky substances known as resins, which are used to

make plastic products.

Ethylene, for example, is a gaseous hydrocarbon. When it is subjected to heat, pressure,

and certain catalysts (substances used to enable faster chemical reactions), the ethylene

molecules join together into long, repeating carbon chains. These joined molecules form

a plastic resin known as polyethylene.

Joining identical monomers to make carbon chains is called addition polymerization,

because the process is similar to stringing many identical beads on a string. Plastics made

by addition polymerization include polyethylene, polypropylene, polyvinyl chloride, and

polystyrene. Joining two or more different monomers of varying lengths is known as

condensation polymerization, because water or other by-products are eliminated as the

polymer forms. Condensation polymers include nylon (polyamide), polyester, and

polyurethane.

The properties of a plastic are determined by the length of the plastics molecules and the

specific monomer present. For example, elastomers are plastics composed of long, tightly

twisted molecules. These coiled molecules allow the plastic to stretch and recoil like a

spring. Rubber bands and flexible silicone caulking are examples of elastomers.

The carbon backbone of polymer molecules often bonds with smaller side chains

consisting of other elements, including chlorine, fluorine, nitrogen, and silicon. These

side chains give plastics some distinguishing characteristics. For example, when chlorine

atoms substitute for hydrogen atoms along the carbon chain, the result is polyvinyl

chloride, one of the most versatile and widely used plastics in the world. The addition of

chlorine makes this plastic harder and more heat resistant.
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Different plastics have advantages and disadvantages associated with the unique

chemistry of each plastic. For example, longer polymer molecules become more

entangled (like spaghetti noodles), which gives plastics containing these longer polymers

high tensile strength and high impact resistance. However, plastics made from longer

molecules are more difficult to mold.

1.4. Important Types of Plastics

A wide variety of both thermoplastics and thermosetting plastics are manufactured. These

plastics have a spectrum of properties that are derived from their chemical compositions.

As a result, manufactured plastics can be used in applications ranging from contact lenses

to jet body components.

1.4.1. Thermoplastics

Thermoplastic materials are in high demand because they can be repeatedly

softened and remolded. The most commonly manufactured thermoplastics are

presented in this section in order of decreasing volume of production.

1.4.2. Thermosetting Materials

Because thermosetting plastics cure, or cross-link, after being heated, these

plastics can be made into durable and heat-resistant materials. The most

commonly manufactured thermosetting plastics are presented below in order of

decreasing volume of production.

2. Soils

Soil, the loose material that covers the land surfaces of Earth and supports the growth of plants.

In general, soil is an unconsolidated, or loose, combination of inorganic and organic materials.

The inorganic components of soil are principally the products of rocks and minerals that have

been gradually broken down by weather, chemical action, and other natural processes. The

organic materials are composed of debris from plants and from the decomposition of the many

tiny life forms that inhabit the soil.
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Soils vary widely from place to place. Many factors determine the chemical composition and

physical structure of the soil at any given location. The different kinds of rocks, minerals, and

other geologic materials from which the soil originally formed play a role. The kinds of plants or

other vegetation that grow in the soil are also important. Topographythat is, whether the terrain is

steep, flat, or some combinationis another factor. In some cases, human activity such as farming

or building has caused disruption. Soils also differ in color, texture, chemical makeup, and the

kinds of plants they can support.

Soil actually constitutes a living system, combining with air, water, and sunlight to sustain plant

life. The essential process of photosynthesis, in which plants convert sunlight into energy,

depends on exchanges that take place within the soil. Plants, in turn, serve as a vital part of the

food chain for living things, including humans. Without soil there would be no vegetationno

crops for food, no forests, flowers, or grasslands. To a great extent, life on Earth depends on soil.

The study of different soil types and their properties is called soil science or pedology. Soil

science plays a key role in agriculture, helping farmers to select and support the crops on their

land and to maintain fertile, healthy ground for planting. Understanding soil is also important in

engineering and construction. Soil engineers carry out detailed analysis of the soil prior to

building roads, houses, industrial and retail complexes, and other structures.

Soil takes a great deal of time to developthousands or even millions of years. As such, it is

effectively a nonrenewable resource. Yet even now, in many areas of the world, soil is under

siege. Deforestation, over-development, and pollution from humanmade chemicals are just a few

of the consequences of human activity and carelessness. As the human population grows, its

demand for food from crops increases, making soil conservation crucial.

2.1. Composition of Soils

Soils comprise a mixture of inorganic and organic components: minerals, air, water, and

plant and animal material. Mineral and organic particles generally compose roughly 50

percent of a soil's volume. The other 50 percent consists of poresopen areas of various

shapes and sizes. Networks of pores hold water within the soil and also provide a means

of water transport. Oxygen and other gases move through pore spaces in soil. Pores also

serve as passageways for small animals and provide room for the growth of plant roots.
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2.1.1. Inorganic Material

The mineral component of soil is made up of an arrangement of particles that are

less than 2.0 mm (0.08in) in diameter. Soil scientists divide soil particles, also

known as soil separates, into three main size groups: sand, silt, and clay.

According to the classification scheme used by the United States Department of

Agriculture (USDA), the size designations are: sand, 0.05 to 2.00 mm (0.002 to

0.08 in); silt 0.002 to 0.05 mm (0.00008 to 0.002 in); and clay, less than 0.002

mm (0.00008 in). Depending upon the rock materials from which they were

derived, these assorted mineral particles ultimately release the chemicals on

which plants depend for survival, such as potassium, calcium, magnesium,

phosphorus, sulfur, iron, and manganese.

2.1.2. Organic Material

Organic materials constitute another essential component of soils. Some of this

material comes from the residue of plantsfor example, the remains of plant roots

deep within the soil, or materials that fall on the ground, such as leaves on a forest

floor. These materials become part of a cycle of decomposition and decay, a cycle

that provides important nutrients to the soil. In general, soil fertility depends on a

high content of organic materials.

Even a small area of soil holds a universe of living things, ranging in size from

the fairly large to the microscopic: earthworms, mites, millipedes, centipedes,

grubs, termites, lice, springtails, and more. And even a gram of soil might contain

as many as a billion microbesbacteria and fungi too small to be seen with the

naked eye. All these living things form a complex chain: Larger creatures eat

organic debris and excrete waste into the soil, predators consume living prey, and

microbes feed on the bodies of dead animals. Bacteria and fungi, in particular,

digest the complex organic compounds that make up living matter and reduce

them to simpler compounds that plants can use for food. A typical example of

bacterial action is the formation of ammonia from animal and vegetable proteins.

Other bacteria oxidize the ammonia to form nitrogen compounds called nitrites,

and still other bacteria act on the nitrites to form nitrates, another type of nitrogen
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compound that can be used by plants. Some types of bacteria are able to fix, or

extract, nitrogen directly from the air and make it available in the soil.

Ultimately, the decay of plant and animal material results in the formation of a

dark-colored organic matter known as humus. Humus, unlike plant residues, is

generally resistant to further decomposition.

2.2. Soil Characteristics

Scientists can learn a lot about a soils composition and origin by examining various

features of the soil. Color, texture, aggregation, porosity, ion content, and pH are all

important soil characteristics.

2.2.1. Color

Soils come in a wide range of colorsshades of brown, red, orange, yellow, gray,

and even blue or green. Color alone does not affect a soil, but it is often a reliable

indicator of other soil properties. In the surface soil horizons, a dark color usually

indicates the presence of organic matter. Soils with significant organic material

content appear dark brown or black. The most common soil hues are in the red-to-

yellow range, getting their color from iron oxide minerals coating soil particles.

Red iron oxides dominate highly weathered soils. Soils frequently saturated by

water appear gray, blue, or green because the minerals that give them the red and

yellow colors have been leached away.

2.2.2. Texture

A soils texture depends on its content of the three main mineral components of the

soil: sand, silt, and clay. Texture is the relative percentage of each particle size in

a soil. Texture differences can affect many other physical and chemical properties

and are therefore important in measures such as soil productivity. Soils with

predominantly large particles tend to drain quickly and have lower fertility. Very

fine-textured soils may be poorly drained, tend to become waterlogged, and are

therefore not well-suited for agriculture. Soils with a medium texture and a
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relatively even proportion of all particle sizes are most versatile. A combination

of 10 to 20 percent clay, along with sand and silt in roughly equal amounts, and a

good quantity of organic materials, is considered an ideal mixture for productive

soil.

2.2.3. Aggregation

Individual soil particles tend to be bound together into larger units referred to as

aggregates or soil peds. Aggregation occurs as a result of complex chemical

forces acting on small soil components or when organisms and organic matter in

soil act as glue binding particles together.

Soil aggregates form soil structure, defined by the shape, size, and strength of the

aggregates. There are three main soil shapes: platelike, in which the aggregates

are flat and mostly horizontal; prismlike, meaning greater in vertical than in

horizontal dimension; and blocklike, roughly equal in horizontal and vertical

dimensions and either angular or rounded. Soil peds range in size from very

fineless than 1 mm (0.04 in)to very coarsegreater than 10 mm (0.4 in). The

measure of strength or grade refers to the stability of the structural unit and is

ranked as weak, moderate, or strong. Very young or sandy soils may have no

discernible structure.

2.2.4. Porosity

The part of the soil that is not solid is made up of pores of various sizes and

shapessometimes small and separate, sometimes consisting of continuous tubes.

Soil scientists refer to the size, number, and arrangement of these pores as the

soil's porosity. Porosity greatly affects water movement and gas exchange. Well-

aggregated soils have numerous pores, which are important for organisms that

live in the soil and require water and oxygen to survive. The transport of nutrients

and contaminants will also be affected by soil structure and porosity.

2.2.5. Ion Content

Soils also have key chemical characteristics. The surfaces of certain soil particles,

particularly the clays, hold groupings of atoms known as ions. These ions carry a

negative charge. Like magnets, these negative ions (called anions) attract positive
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ions (called cations). Cations, including those from calcium, magnesium, and

potassium, then become attached to the soil particles, in a process known as

cation exchange. The chemical reactions in cation exchange make it possible for

calcium and the other elements to be changed into water-soluble forms that plants

can use for food. Therefore, a soil's cation exchange capacity is an important

measure of its fertility.

2.3. Soil Classification

As yet there is no worldwide, unified classification scheme for soil. Since the birth of the

modern discipline of soil science roughly 100 years ago, scientists in different countries

have used many systems to organize the various types of soils into groups. For much of

the 20th century in the United States, for example, soil scientists at the USDA used a

classification scheme patterned after an earlier Russian method. This system recognized

some three dozen Great Soil Groups.

In 1975 a new classification scheme known as soil taxonomy was published in the United

States and is now used by the USDA. Unlike earlier systems, which organized soils

according to various soil formation factors, the new system emphasizes characteristics

that can be precisely measured, including diagnostic horizons (which give clues to soil

formation), soil moisture, and soil temperature. In a manner similar to the kingdom,

phylum, class, order, family, genus, species system used to classify living things, the

USDA soil taxonomy employs six categories. From the general to the more specific, its

categories are order, suborder, great group, subgroup, family, and series. This system has

classified more than 17,000 types of soil in the United States.

The top level of the system consists of 12 orders: alfisols, andisols, aridisols, entisols,

gelisols, histosols, inceptisols, mollisols, oxisols, spodosols, ultisols, and vertisols. Each

term employs a Latin or Greek word root to describe a range of soil characteristics.

Mollisols, for example (from the Latin mollis, for soft) are soils with thick, dark surface

horizons that have a high proportion of organic matter. Such soils can be found in the

midwestern United States stretching up into Canada and in portions of northwestern

North America. Regions in New England and the eastern portion of Canada, meanwhile,

contain spodosols (from the Greek spodos, meaning wood ash), which are characterized
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by a light-colored, grayish topsoil and subsoil accumulation of aluminum, organic matter,

and iron. Soil scientists classify soils in many of the southern United States as ultisols

(from the Latin for last), heavily weathered soils with high concentrations of aluminum.

In the southwest, meanwhile, aridisols (from the Latin aridus, for dry), featuring little

organic matter, are found, as their name implies, in arid lands with little plant growth.

The suborder and great group names of the soil taxonomy provide increasing levels of

detail. The suborder aqualf, for example, combines aqu from the Latin aqua, for water,

and alf from alfisol to describe wet soils. Using assorted roots and combining them in

different ways, scientists describe soils in a highly specialized and specific language.

Aeric fragiaqualfs, for example, are wet, well-developed soils with aerated surface layers

and restrictive subsoils.
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