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Hoover Dam
An example of cyclopic concrete



Concrete History.

- 1824, Aspdin patented Por tland Cement, named after  the Por tland limestone;
- 1850s, reinforced concrete invented;
- 1920s, pre-stressed concrete invented.

Selecting a Building’s Structure:

1) Who are involved? - the Owner or , the Developer ,
- the Architect,
- the Structural Engineer (the most impor tant!),
- the MEP Engineer , and the
- the Contractor .

2) Major  factors involved:
a) Cost
b) Typical bay sizes
c) Expected lateral loads from wind and seismic
d) Desired design flexibility
e) Story heights (different for  office versus residential, etc)
f) Durability
g) Aesthetics and exter ior  details.



Concrete

Concrete is an imitation of nature’s sedimentary
rocks: conglomerates and breccias. Portland
cement is made from finely ground and baked
limestones and dolomites. When water is added,
the paste becomes a rock-like material. Its
ingredients are,
1) Portland cement;
2) Course aggregate: usually occupies about 

75% of the entire volume, and is the most 
important factor in the structural strength of 
the concrete. It must be clean, chemically 
stable and properly graded though sieves so 
that the different size particles interlock 
together. Their maximum size must fit 
between reinforcing bars, and so they are 
selected to be < than ¾ of the distance 
between bars.

3) Fine aggregate, mostly sand and silica fume.
4) Water, clean and essentially potable.
5) Admixtures (optional) for workability, etc.



Properties of Concrete.

Concrete is very versatile (will form to any shape), pliable when mixed, strong, durable, will
not rust (such as steel) or rot (such as wood), does not need to be coated and resists fire.

Concrete is made from Portland Cement, which is a generic term for a manufactured stone 
that is a fine gray powder. When water is added, a chemical reaction takes place, and the 
cement acts like a “glue” or binder, that ties the mass of coarse and fine aggregates together. 
The chemical reaction is called “curing” , and is essentially a hydration.

The different types of cement are:
Type I - Normal (used for most applications);
Type II and V - Moderate and high sulfate resistance, for corrosive environments;
Type III - High early strength;
Type IV - Low heat of hydration;
Type 1A, IIA, IIIA - Air entrained cements.

Cement uses are,
Site-cast concrete, most commonly seen as building sites;
Concrete block units (CMU), used for walls;
Pre-cast concrete products, built in specialty manufacturing plants, and
Mortars, used for masonry, water-proofing finishes, etc.



Type I  - Normal



Type I  - Normal



Type I I I  - High Ear ly Strength



Type IV - Low Heat of Hydration



Aggregates.

Aggregates constitute about 75% of the volume of 
concrete. They are selected because they are strong, 
resistant the freeze-thaw cycle and are chemically stable. 
They are chosen to be well graded.

There are some projects that must have less weight; these 
use a light-weight aggregate, which substitute for the sand 
and the crushed stone. These materials are only 80% of 
the weight of common concretes. The stone used is often 
from shales. There are also some non-structural light-
weight concretes, that only weigh 20 - 25% of regular 
concrete. They are used as insulating material under roofs.
These are specialty materials that tend to cost much more 
than regular concrete.

Air-entraining is the process of introducing microscopic 
air bubbles into the concrete, usually 2-8% of its volume.
This produces an improved workability and increased 
resistance to the freeze-thaw cycle. They are commonly 
used for pavements and other exposed concretes.



Admixtures: used to alter the properties of concrete.

1) Air-entraining admixtures (described previously);
2) Water-reducing admixtures are used to reduce the amount of water needed. Water reduces 
the strength of the concrete. Very little water is needed to attain complete hydration.
3) High range water-reducers, commonly called super-plasticizers, perform the same function 
as the water-reducing agents. Water is usually added by the contractor to improve the 
workability of the concrete. However, that extra water reduces the strength of the concrete. A 
super-plasticizer improves the workability without adding water.
4) Accelerating and retarding admixtures are used when concrete has to be cast during very 
cold or very hot weather.
5) Fly ash is a very fine powder, essentially the waste product of thermal plants, that is added 
to concrete in order to fill in the tiny spots left below the fine sand particles. Fly ash thereby 
decreases the permeability of a concrete, increases its strength, reduces the need for water 
and improves the pumpability.
6) Workability agents.
7) Fibrous admixtures are short fibers of glass, steel or polypropylene that micro-reinforce a 
concrete against shrinkage cracking.
8) Coloring agents are used for architectural needs.



The qualities desired of a concrete depend on its intended use:

- For structural elements: strength and stiffness;
- For floor slabs: smoothnessand abrasion resistance;
- For exterior paving: smoothness, abrasion resistance and weather resistance;
- For water tanks and dams: water-tightness.

Concrete’s compressive strength.

Concrete is specified by its 28-day 
compressive strength, in pounds of 
compressive strength per square inch 
(psi). Structural engineers use ksi (kips 
per square inch). This strength is 
primarily determined by the water-
cement ratio and other influencing 
factors, such as admixtures, aggregate 
selection and gradation.

Commonly used concrete strengths for 
small projects is 3 ksi to 5 ksi. High-rise 
buildings may specify as high as +22 ksi.



A por table concrete batch plant.



Transit mix truck (Ready-mix truck)



A sample is collected. The slump cone is filled.

The cone is removed and the 
concrete is allowed to ‘slump’ .

The slump is measured.



Test cylinders are filled with samples of the concrete mix.



Test cylinders are left to cure.



Concrete strength test.

Typical allowable (design) strength.

Mater ial Tension Compression

Wood 700 psi 1,100 psi

Br ick 0  psi 250 psi

Steel 22,000 psi             22,000 psi

Concrete         0 psi      3,000 to +22,000 psi



The placement of concrete.

Concrete is not a liquid, but rather, an unstable mixture that will segregate if handled 
improperly. Concrete is deposited in formworks directly from the truck, through buckets or 
pumps. The mix may be vibrated to consolidate the mix. Then finishes are applied, like 
finishing its surface for a sidewalk or a stamped driveway, etc.

Concrete being 
placed in 1929. Note 
the buggy that brings 
the concrete from an 
on-site concrete 
mixing machine.



Concrete placement today, is directly in-place from the truck.



Buckets are used for  sites away from the truck.



Tower crane and bucket.



Pumps can now reach 150 m high.



Concrete placement with a conveyor  belt.





Concrete Segregation.

Segregation takes place because the heavy aggregates in the mix separate and settle. The 
results are a non-uniform mix with reduced strength and weaker surfaces. The most 
common causes are,

1) Excessive vibration of the mix; holding the vibrators too long at the same spot;
2) Dropping the concrete from excessive heights; the mix hits the reinforcing and 

splashes out; 
3) Trying to move the concrete horizontally using a vibrator; this is commonly seen 

when casting a wall.



Concrete “honeycombing”





Segregation at the bottom of the pour  
(also note the trash at the bottom of the wall)



Excessive reinforcing makes placement and consolidation difficult.



This “ cold joint” due to the first lift hardening prior to the placement of the second lift.



The curing of concrete.

Concrete must be kept moist. The 
moisture is needed for hydration 
and the development of strength.

If the concrete is permitted to dry 
out, it loses strength. As long as 
moisture is present the concrete 
continues to hydrate. Loss of 
hydration is especially easy in 
large flat surfaces.

The common methods of keeping 
the concrete moist is to protect the 
“ top” surface (the bottom and 
sides are usually protected by the 
formwork). The top can be 
sprayed with water, curing 
compounds or covered by tarps.



Spraying a curing compound on the surface of a fresh concrete.



Curing in extreme temperatures.

1) Hot Weather.

Hot weather will cause premature drying of the concrete. Due to this accelerated curing 
the surface dries out and the concrete becomes weaker and the surface shows wearing 
defects. 

One solution is to replace some of the water with ice in the mix. Another solution is to 
start early in the morning (before dawn) or after sunset.

2) Cold Weather.

During cold weather, hydration proceeds much slower and there is the risk of the water 
freezing in the mix. Contractors will use blankets (for cover) and temporary heating 
devices.



Protecting the underside of a slab during cold weather.



The top of the slab is being protected during cold weather.



Concrete Formwork.

Formwork is a temporary structure that will provide the shapes and supports the wet 
concrete. It is in essence, a negative of the final concrete shape. It is designed to support the 
concrete and the steel reinforcing, plus the construction loading without excessive 
deflection. Forms must also be easily stripped once the concrete is cured. The quality of the 
finished concrete surface is a function of the quality of the form material and its structural 
strength (including the form ties and the framing spacing).



Round column forms and bracing.







Reinforcing steel for concrete.

Concrete only has a tensile strength of about 10% of its compressive strength. Therefore, to 
use it in structures, concrete needs steel to provide the tensile strength.

Reinforcing steel is fortunately an ideal match for concrete, because they have similar 
coefficients of thermal expansion. That is, both steel and concrete expand and contract by 
about the same amount under thermal loads. This helps preserve their bond to each other; 
the adhesion is very good between them. They also have chemical compatibility, so that 
they do not react with each other, and the concrete helps protect the steel from corrosion. 

Steel is placed where the concrete would be in tension. Therefore, in a simple beam, steel is 
placed at the bottom; in a cantilever beam, the tension occurs at the top, and the same is 
true for a multi-span beam at the supports.

The reinforcing bar sizes are the number of the 1/8th of an inch. For example, a ½” diameter 
bar is 4/8” or a number 4 bar. The most common bars are eleven: 3, 4, 5, 6, 7, 8, 9, 10, 11, 
14, 18. They are shipped in 60 foot lengths.

The Grades of steel refer to their strengths, and are commonly Grade 40, 50 and 60. These 
refer to their tensile strength in ksi (kips per square inch). The new Grade 75 steel 
practically costs the same as a Grade 60, but its advantages arenot helped by Codes.



Reinforcing steel markings





Reinforcing is suppor ted by chairs or  bolsters to 
proper ly position the steel.



Post-tensioning strands.





Special coatings are applied to steel, such as galvanizing or epoxy coating (green bar above) 
to protect against the exposure to salts in sea water.



Reinforcing steel manufacture.

Reinforcing steel bars are manufactured to ASTM Standards, by hot-rolling, similar to 
rolled sections discussed in an earlier lecture. Most of reinforcing is produced in small local 
mills from scrap steel. The classic round cross-section has surface ribs for better bonding 
with the concrete. Bars come in standard lengths of 60 feet.

Welded Wire Fabric (WWF).

WWF is a type of steel reinforcing made of a grid of “wires” spaced from 2 to 12 inches 
apart. They are specified by the wire gauge and the spacing. Their typical use is for 
horizontal surfaces, such as elevated slabs and slabs-on-grade. They provide an economical 
solution to laying out regular bars.



Welded wire mesh



Wall reinforcing being secured with wire ties



Lapped
Mechanical ties.

Cadweld

Grouted sleeve

Threaded 
connector

Flanged Coupler

Clamping/alignment sleeve



Spiral reinforcement for  a br idge pier ’s foundations.



Notice the mechanical ties (sleeves) for the longitudinal bars.



A grouted sleeve tie



Reinforcing a simple 
concrete beam.

The location of the forces will 
bend the beam and place the 
bottom in tension and the top 
in compression.

The purpose of the hooks seen 
to the right towards each end is 
to transfer the shear forces 
away from the ends, and thus 
prevent cracking.





Reinforcing stirrups.





Reinforcing a continuous concrete beam.

Most beams are not simple span beams, but rather extend over many columns. Therefore, the 
location of the tension forces changes many times, from mid-span between columns to at the 
top of the beam at the columns.



Reinforcing slabs.

Slabs can be modeled as “broad” beams 
supported by columns, beams, walls, or a 
combination of all them.

These slabs will act as one-way slabs 
(top figure) with steel going only one 
way.

Two-way slabs are supported by four 
beams (middle figure), and the steel 
spans in both directions.

A flat plate is also a two-way slab, 
without beams, and is reinforced in both 
axial directions.



Reinforcing concrete columns.

The vertical rebars carry compressive and 
tension loads. They are typical for multi-
story structures.

The horizontal ties are wrapped around the 
vertical bars to prevent buckling from 
heavy vertical loads. They can be circular 
or rectangular.





Preparing the vertical steel for a shear wall.





Offset for splicing the next
floor rebars.



In conventionally reinforced concrete:

Part of the member in compression and part of the member in tension. Over half of the 
concrete member is not carrying any load.  The concrete is only holding the reinforcing in                 
position and providing protective cover.



In pre-stressing, all the concrete of the beam is in compression” (which takes advantage of 
concrete’s compressive strength of the entire member). The beam thus has an increase in the 
load carrying capacity, an increase in its span length, or a reduction of the beam’s size.







Post-tensioning cables delivered to the site.



The plastic-sheathing is to prevent bonding of the 
steel to the concrete (note the grease lubrication).



Strands are draped to be positioned in “ tension” area of slab.



Slab and beam post-tensioning.



Post-tensioning used in conjunction with conventional reinforcing.



Strands can be ‘bundled’ or distributed.



Strand jacking points at the slab edge.



Hydraulic jacking to stress the strands.



Elongated strands after stressing.



A snapped strand.



A spliced strand.



Large conduits for the PT strands.


