
Concrete

Concrete is a stone-like building material made by mixing cement, sand (fine 
aggregate), gravel (coarse aggregate) with water and allowing it to harden. 

Once hardened, concrete, if worked properly, is durable, watertight, and 
extremely strong in compression. Its fluid-like state prior to hardening allows for 

ease of workability and a vast variety of possible forms. Quality control is 
essential not only in the choice and proportion of its separate ingredients, but in 

its handling and placement.



History
• Concrete dates to the 3rd century B.C. when 

the Romans used an early form of concrete 
as a substitute to post and beam stone 
construction. The earliest version of concrete 
incorporated lime, broken stones, and sand. 
Later on, broken terra cotta roof tiles were 
added. Eventually, with the discovery of a 
much stronger native natural cement called 
pozzolana, a volcanic ash, the Romans were 
able to build large domed and vaulted 
structures.

• In 1824, Joseph Aspdin, an Englishman, 
patented Portland Cement – the essential 
ingredient in modern concrete. This 
manufactured product was cheap, strong, 
uniform and readily available. In 1867, a 
French gardener named F. Joseph Monier
patented a system for producing reinforced 
concrete and in the late 1920’s, a French 
engineer named Freyssinet developed the 
scientific basis for prestressed concrete.



Concrete Applications

• Domes, Vaults, Thin 
Shell Structures, 
Columns, Beams, 
Slabs, Footings, 
Foundations



Material Advantages
• Can be used almost anywhere since the ingredients are readily available.

• Requires a minimum of highly skilled labor to mix and place which means it is 
a relatively economical material.

• As a material, concrete is as strong as natural stone. It is durable and 
resistant to the elements.

• It is an extremely flexible building material, capable of taking on virtually any 
shape.



Concrete – The Basic Recipe

• Ingredients:
– Portland Cement
– Fine Aggregate
– Coarse Aggregate
– Water

• Directions:
– Add ingredients together.
– Place in container of desired shape and form.
– Allow mixture to set.
– Remove container. 
– Decorate as desired.
– Allow mixture 28 days to reach full strength.



Ingredients
• Portland Cement :

– Manufactured from lime, silica, iron oxide and alumina. 

– In its dry state, Portland Cement is a very fine powder. When mixed with 
water, a paste is formed. As the paste begins to set, the cement loses its 
plasticity. 

– The initial set occurs within an hour and the final set takes about ten hours. 
The cement, however, continues to harden and reaches its full strength after 
28 days. Portland cement is the paste used to bind the fine aggregate with 
the coarse aggregate. 

• The various types of Portland Cement used in building construction:
• Type I Standard General all-purpose use
• Type II Modified Slow setting and less heat
• Type III High Early Strength Quick setting and early strength
• Type IV Low Heat Very slow setting with little heat
• Type V Sulfate Resisting Alkaline water/soils resistant



Ingredients
• Aggregate – chemically inert ingredients in 

concrete held together by Portland cement. 
They affect the quality of the concrete, reduce 
shrinkage of the concrete, and for economic 
purposes, serve as filler. 

• All aggregates are classified by size: fine 
aggregate is ¼” or less in diameter, while 
coarse aggregate varies in size from ¼” to 1 
½’ in diameter. 

• Aggregate must be hard, durable, and clean. 
Any material coating can negatively affect the 
concrete mix. 

• The proper proportion of fine to coarse 
aggregate results in each aggregate being 
coated with cement and being forever bonded 
to the adjacent particles.



Ingredients
• Fine Aggregate :

– Consists of sand or another suitable fine material. 
– Fills the spaces between the coarse aggregate. 
– Fine particles are necessary to allow for good workability and 

smooth surfaces when hardened. 
– An excess of “fines” requires an increase in the amount of 

cement, increasing cost and overall shrinkage of the mix.

• Coarse Aggregate :
– Consists of crushed stone or gravel larger than fine aggregate, 

but small enough to fit comfortably between reinforcement bars. 
– Should be hard and durable as opposed to soft and flaky. 
– Because more cement is required for smaller aggregate, the size 

of the coarse aggregate has an impact on the cost of the 
concrete, but larger aggregate is more difficult to work with, and 
may be more expensive to handle. The choice of gravel or 
crushed stone has an impact on strength and workability. 

– The maximum aggregate size should be less than 1/3 the 
thickness of concrete slabs, or ¾ of the minimum space between 
reinforcing bars.

• Water :
– Should be clean, free of from oil, alkali, and acid. In general, it 

should be drinkable.



Additional Optional Ingredients
• Lightweight Aggregates – used to produce Structural Lightweight Concrete which can weigh 

60% less than normal aggregate concrete. Other lightweight aggregates are used to produce 
Insulating Concretes.

• Special Portland Cements – made to meet different physical and chemical requirements for 
specific purposes. Some of these include: white portland cement, high early strength cement, 
sulfate resisting cement, air entraining cement, low heat cement, etc. 

• Admixtures –chemicals added to the concrete mix to alter the normal properties of the mix in a 
variety of ways. These include (but are not limited to) the following:

– Retarders – delays the time it takes for the concrete mix to stiffen and meet full strength.

– Accelerators – increases the speed with which the concrete sets and meets full strength.

– Water Reducing Admixtures – permits lower water content and improves workability.

– Waterproofing agents – decreases concrete permeability.

– Workability agents – improves workability of the mix.

– Air Entraining Agents – Air entrained concrete can be achieved using either an admixture or air entraining 
portland cement. Air entrained admixtures produce many microscopic stable air bubbles in concrete. 
These bubbles will improve the workability and durability of concrete and produce a hardened concrete 
that is resistant to severe frost action. Because of the presence of bubbles, air entrained concrete requires 
less water than non-air entrained concrete. However, it must be noted that this type of concrete is 
somewhat weaker in compression. It should therefore be used only where freeze thaw cycles occur. 

• In addition to the above, there are also surface application agents that can be added to the 
concrete including hardeners, pigments, special aggregates, sealers, and abrasives.



Proportions
• The proportioned ingredients in concrete are referred to as the mix. The proportions of the mix has an 

effect on workability, consistency, finishability, strength, durability, water tightness, wear resistance and 
cost.

• For small relatively uncontrolled concrete work, the mix is normally described in terms of volume using 
the proportion X:Y:Z, where X represents the cement, Y represents the sand (or small aggregate) and 
Z represents the large aggregate.

• Water-Cement Ratio – the ratio by weight of water to Portland Cement. For example, a water-cement 
ratio of 0.40 could be thought of as 0.40 pounds of water for each pound of cement.

– Maximum strength is obtained by mixing exactly the amount of water to complete hydration, but this mix would be 
far too dry to work with. Only a relatively small amount of water is required to complete the hydration process –
about 3 ½ gallons for every 94 lb sack of portland cement. This would translate to a water cement ratio of 0.31, 
however for purposes of workability, the water cement ratio is normally maintained between 0.35 and 0.80.

– A proper proportion of water to cement is essential. If too much water is added to the mix, the Portland Cement 
paste will become diluted, weak and porous when hardened. If too little water is added, the resulting mixture will 
be difficult to work with. In general, strength, durability, water tightness, wear resistance, and freeze thaw 
resistance are directly related to the water cement ratio. As a general rule, concrete strength decreases as extra 
water is added for workability. In addition, excess water may also produce laitance – a chalky surface deposit of 
low strength that must be removed before any new concrete is poured.

• Aggregate and Paste Proportions – The ideal ratio of paste to aggregate results in a concrete that 
provides the required strength, durability and abrasion resistance. Of equal importance is the 
workability of the mix. Mixtures with low Portland Cement content are difficult to finish properly. 
Mixtures with too much Portland Cement result in increased shrinkage during drying.

• The terms “stiff mix” and “fluid mix” apply to the amount of aggregate in the total mixture. A stiff mix is 
one which has more aggregate. Stiff mixes are generally less expensive than fluid mixes but are more 
difficult to work. More fluid mixes are required for thin forms or forms with a great deal of reinforcement.



Mixing
• Concrete must be mixed thoroughly to create a uniform 

appearance where all elements are evenly distributed. 
There are generally three ways concrete may be mixed:

• On site mixing – For small jobs only due to the length of 
time required and the imprecision of the mix.

• Ready-mixed concrete – Mixed completely in a central 
mixing plant and brought to the site in a revolving 
chamber. Must be placed within 1 ½ hours after the 
water has been added.

• Transit-mixed concrete – Ingredients are mixed 
completely in a truck mixer. The dry ingredients are 
picked up from a central plant and placed in a mixing 
truck equipped with a water tank. The mixer revolves the 
dry ingredients on the way to the site and once there, the 
water is added and mixed in.



Reinforcement
• Concrete resists compressive loads but is very weak in 

resisting tensile forces. Reinforcement is usually added 
creating Reinforced Concrete. 

• Reinforcement is classified as either structural 
reinforcement or temperature reinforcement:

– Structural Reinforcement: 
• Resists tension, shear and compression forces. 
• Consists mainly of steel bars that are either plain or deformed.

Deformations improve the bond between the steel and 
concrete. 

• Bar designations are related to their diameter in the proportion
of 1:1/8. In other words, a #3 bar has a diameter of 3/8” while 
a #4 bar has a diameter of 4/8”. 

• Reinforcing bars are specified by their ASTM designation and 
their grade. The grade refers to the yield strength. The most 
common designation for rebars used in construction is ASTM 
A615 Grade 60.

– Temperature Reinforcement: 
• Holds cracks together occurring from drying shrinkage and 

temperature variation. 
• Composed primarily of welded wire fabric. Designations for 

welded wire fabric indicate the size and spacing of the wires 
along with the thickness of each wire. For example, WWF 6 x 
6 – W2.9 x W2.9 refers to wires that are 6” apart in each 
direction, with a cross section of 0.029 sq. Inches.



Reinforcement

• All steel reinforcement must be clean, accurately 
placed, and sufficiently covered with concrete as 
follows:

• Footings – 3” between steel and bottom of footing

• Retaining walls – 2” minimum concrete cover

• Beams and Columns – 1 ½” minimum concrete 
cover

• Slabs – ¾” minimum concrete cover

• In cases where concrete structures are exposed to 
corrosive elements, the reinforcing bars may be 
epoxy coated or galvanized. 



Reinforced Beam



Formwork
• Formwork is the mold into which concrete is placed 

before it hardens. Formwork must be strong and 
stable to withstand the weight and pressure of fluid 
concrete. Forms are made of wood, metal and 
plastic. 

• Formwork can be divided into two types:
– Temporary forms are usually reuseable and made of 

wood, metal, or plastics. Wooden parts of forms in 
contact with the concrete is often high grade lumber 
or plastic overlayed plywood. 

– Permanent forms are usually of corrugated metal, and 
remain in place once the concrete has hardened.

• With temporary formwork, the shape, texture and 
material inconsistencies will be mirrored in the 
finished product, so the formwork material must be 
chosen carefully. Additionally, form ties - the metal 
devices used to prevent concrete formwork from 
spreading – should be located appropriately not 
only for structural reasons, but for appearance 
when they will be visible.

• Formwork is expensive, which is why it is most 
often designed to be reused. When possible, 
formwork is omitted, as in the case where footings 
or grade beams are poured directly on the earth. 



Placing Concrete
• In hardening, transporting and placing concrete, it is essential to avoid separation of 

aggregate from the cement, and of water from the other ingredients. The following 
precautions should always be taken when placing concrete:

– Forms should be tightly constructed, clean, treated with a release agent, and moistened.

– Reinforcement should be clean, free of dirt and rust and placed in the proper location.

– Concrete must not be allowed to dry out too rapidly (which can happen in excessive heat) or to 
freeze.

– Concrete should never be placed on frozen subgrade or where there is standing water.

– Concrete should not be placed in very large quantities, but in layers of uniform thickness.

– Concrete should NEVER be dropped from great heights as this will cause separation. Vertical 
drops should be limited to four feet.

– When new concrete is placed on hardened concrete, the surface of the hardened concrete 
should be moistened and prepared using sandblasting, water jets, or other means to provide a 
watertight joint.

– Concrete should be deposited as close as possible to its final location, as moving it will 
segregate the mix.

– Concrete should be compacted or consolidated by hand after placement to eliminate trapped air 
bubbles. This can be done with mechanical vibrators either outside the formwork or immersed in 
the concrete. Excessive vibration, however, will also segregate the mix.



Lightweight Concrete
• There are two types of lightweight concrete:

– Structural Lightweight Concrete – Uses lightweight 
aggregate such as shale or clay, which allows a 
weight reduction to 90 -115 pcf (vs. 150 pcf for normal 
concrete). Other differences from standard concrete 
include:

• Deflections are greater
• Drying shrinkage is greater
• Thermal insulation properties are better
• Cost is greater

– Insulating Lightweight Concrete – Used primarily as 
insulation in roof construction, it has a weight of 15-90 
pounds per cubic foot. Made with aggregates of 
expanded material such as perlite or vermiculite. 
Some mixtures made without sand, which creates 
voids. Insulating lightweight concrete has a relatively 
low compressive strength.



Concrete Tests
• Slump Test: used as a rough measure to determine the 

consistency and workability of a selected mix proportion in its 
liquid form. 

– The test is made just before the batch is placed in its form. A slump 
cone having an open top and bottom is placed on a flat surface and 
filled with concrete. The cone is then lifted vertically and a 
measurement is taken between the top of the cone and the top of the 
“slumped” concrete. 

– Typical acceptable slump for concrete is two to six inches. If it is less 
than two, the mix is too stiff, and if it is more than six, the mix is too 
wet. 

– After the slump is taken, the slumped cone is tapped  to give an
indication of the workability.

• Compression Test: used to determine if a concrete has the 
specified compressive strength. 

– A compressive test specimen is made by placing concrete of a given 
batch into a watertight cylinder 6 inches in diameter and 12 inches 
high. 

– It is then subjected to compressive force at 7 days and at 28 days to 
determine the rate of strength gain of the concrete. 

– If the specimens fail the tests, a test core must be taken from the 
suspect field concrete. If this specimen fails, the concrete must be 
removed and replaced.

• Kelly Ball Test: measures a concrete’s workability. A 30 pound 
six inch diameter hemisphere is dropped from a standard height 
onto the surface of fresh concrete. The penetration of the 
hemisphere is then measured.

• Impact Hammer Test – In this test, the rebound of a spring-
loaded plunger is measured after it strikes a smooth concrete 
surface giving an approximate indication of concrete strength. 
This is not a substitute for the cylinder test. 



Concrete Joints
• Most concrete will crack due to movement and volume changes. Proper 

concrete jointing helps to eliminate some cracking and encourage cracking in 
acceptable locations. Types of joints include: control joints, construction 
joints, isolation and separation joints, and building expansion joints. 

– Control Joints – After placement, excess mixing water is lost in evaporation and
hydration, and the concrete will shrink slightly and crack. Control joints provide a 
location in the slab where the slab is encouraged to crack. This is accomplished by 
providing a weakened section in the slab either via a saw cut or keyed joint.

– Construction Joints – used in large construction work, where it is not possible to 
handle, place, and finish a large area all at once. In such cases, construction joints 
are provided to allow the new pour to adhere to the older surface. To do so, the 
older surface should be roughened, cleaned and wetted. In many cases, 
reinforcement extends through the joint to help join the new and old surfaces. 
Because of their inherent weakness, construction joints are normally placed at 
locations of minimum shear. Additionally, they are often keyed to provide additional 
shear strength. 

– Isolation and Separation Joints – required where adjacent surfaces are required to 
move independently of each other as in the case of a column passing through a 
slab to an isolated footing. Such joints are usually formed by installing a 1/8” thick 
asphalt-impregnated fiber sheet.

– Building Expansion Joints – allow for entire building expansion and so, pass 
through the structural elements and finishes. In slabs and walls, where water 
infiltration is possible, expansion joints include waterstops placed in the concrete. 
Expansion joints are required in buildings over 200 feet long, at joints of building 
wings, and at additions to existing buildings.



Curing
• Curing is the stage of concrete construction when the concrete is setting. 

Without properly curing concrete, the resulting structure may be weakened, 
permeable, and easily worn. The following conditions should be maintained 
during the curing process:

– Concrete must be kept moist to prevent evaporation of the water required for 
hydration – a point evidenced by the fact that concrete hardens under water just as 
well as in the air. This may be accomplished in of the following ways: 

• by leaving the forms in place, 
• by using a wet covering of moist sand, burlap or straw, 
• by covering the surface with a membrane or curing compound that prevents evaporation.

– The correct temperature must be maintained. The most favorable temperature of 
curing concrete is between 50 and 70 degrees F. Concrete will not cure properly in 
very cold weather or in very hot weather. In cold weather, the concrete should be 
insulated, and in some cases, heated. The hydration process produces a great 
deal of heat, and this must be taken into account, particularly in hot weather when 
the curing concrete should be kept cool with cold water. In both cases, the 
concrete mix should include water and aggregate of an appropriate temperature to 
offset the negative effects of the environment. This may mean using chilled water 
in hot conditions or hot water in cold conditions.

– Wind and sun tend to dry out concrete, so temporary windbreaks or shading may 
need to be employed.

– Sufficient time must be allowed for curing. This varies from 5 to 14 days depending 
on the climate and the concrete mix.



Prestressed Concrete
• Prestressed Concrete is concrete subjected to internal compression 

stress prior to receiving external loads. Internal compression stress 
is achieved by tightly securing stretched high-strength steel 
reinforcement in the concrete. 

– Whereas a non-prestressed concrete beam would normally experience 
tension at the underside of the beam, a prestressed concrete beam, due 
to its initial compression stress, experiences no tension. 

– Prestressing results in a more efficient and economical use of material. 
Members can be longer, use less material and carry more weight. 
Because prestressed members experience little tension, tension cracks 
are prevented – an advantage in structures exposed to the weather. 
Additionally, this concrete has greater shear strength. 

– Disadvantages include: more materials, higher cost of construction, and 
more quality control.

• There are two processes for prestressing concrete:
– Pretensioning –steel wires are stretched between tensioning jacks before 

the concrete is poured. Once the concrete is poured, set and reached its 
desired strength, the wires, which have been bound to the concrete, are 
cut. Some loss of tension occurs due to creep, shrinkage, slip and 
friction.

– Posttensioning –concrete is poured with a hollow sleeve for the tension 
steel preventing bond between the concrete and reinforcement The steel 
is tensioned by jacks at the ends of the beams that compress the
concrete, then locked into place by special anchors and grouted. There is 
normally less loss of tension in posttensioned concrete than there is in 
pretensioned. In all prestressed concrete, the concrete and steel used is 
required to have greater strength than in conventional reinforced 
concrete. Concrete generally needs to be 5000 psi or greater and the 
reinforcement strands – called tendons – are specially designed twisted 
steel cables or high-strength rods.



Tilt-Up Construction
• Tilt-up Construction: 

– Walls cast in a horizontal 
position and then lifted to 
vertical position. 

– Special casting platforms 
may be used, although 
casting on the slab-on-
grade is most common. 

– Tilt-up panels are usually 5 
to 8 inch thick reinforced 
slabs. They may be load or 
non-load bearing.

– Adjacent panels may be 
bolted or welded together



Lift Slab Construction

• Lift slab construction:
– Floor slabs cast one on top of 

the next with a bond breaking 
membrane between them.

– Slabs hoisted one at a time 
up to finished position. 

– Advantages:
• reduces formwork 
• shortens construction time.
• mechanical, electrical, and 

plumbing piping may be 
preinstalled.

• works well with posttentioned
slabs



Slip Forming and Jump Forming
• Slip and Jump Forming:

– Typically a closed perimeter 
form with circular or 
rectangular cross section.

– Formwork is supported off 
previously-placed concrete. 

– Formwork is lifted as a 
complete unit using hydraulic 
jacks.

– Advantages:
• Reduces formwork 
• Shortens construction time.



Slab on Grade

• Slab on Grade:

– Soil drainage and bearing capacity 
must be determined.

– To minimize moisture under the slab:
• Compacted gravel base
• Moisture barrier
• Perimeter and/or interior drains

– Typically reinforced with Weld Wire 
Mesh. Reinforcing Bars added for 
larger slabs subject to higher Live 
Loads, and where soil bearing is low.

– Care must be taken to reduce 
cracking:

• Proper mix, placement, curing
• Internal and perimeter control joints

– Advantages:
• Reduces formwork 
• Stable, long-lasting 



Concrete Spans - Continuity

• Continuous Frames – Vertical 
and Horizontal Systems 
integrated:

– Bending in Horizontal or Vertical 
Systems will translate moments 
inducing combined positive and 
negative moments.

– This combined action stiffens the 
overall structure

– Concrete Spans typically classified 
as One-way or Two-way systems.

• Two-way systems more efficient in 
resisting bending and deflection.



Concrete Spanning Systems



Concrete Spanning Systems

P. Luigi Nervi



Example - Sitecast Concrete
Kimbell Art Museum, Louis I. Kahn
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Example - Sitecast Concrete
Kimbell Art Museum, Louis I. Kahn



Example – Combined Precast and 
Sitecast Concrete

Exhibition Hall, P. Luigi Nervi



Example – Combined Precast and 
Sitecast Concrete

P. Luigi Nervi



Finishing
• Concrete may be finished in several ways depending on its location, the materials used, 

and the desired visual effect. Standard finishing includes the following steps:

– Bleeding: Bleeding is the result of the heavier materials dropping towards the bottom and water 
being displaced to the surface. It is essential that all placement and surface leveling take place 
before bleeding.

– Screeding: Screeding is the act of moving a straight edge back and forth across the surface of the 
concrete to create a flat surface.

– Leveling: Leveling is done to bring the concrete surface to true grade. The purpose is to level raised 
spots and fill depressions left after screeding. 

– Edging: Edging is done after all bleed water has left the surface. It consists of rounding the edges to 
prevent chipping.

– Jointing: Jointing is the adding of premolded inserts to prevent cracking due to expansion and 
contraction.

– Floating: Floating is completed after the above steps with the intention of further embedding the 
coarse aggregate and flattening the surface to remove marks left by edging and leveling.

– Troweling: Troweling is the process of creating a smooth hard surface using a hand held trowel. 
This is usually done when a slab is to be exposed or when it is to receive a thin finish surface.

– Broom Finish: A broom finish is a finish created by running a broom over the concrete in uniform 
lines after the surface has been troweled. This is usually done for exterior exposed surfaces.



Finishes
• Finishes:

– Cast-in:
• Form Liners
• Regular Form
• Board Forms

– Mechanical:
• Hammering
• Grinding

– Chemical:
• Acid-etch
• Sealers
• Wax
• Stain/Paints


