PRECAST & PRESTRESSED CONCRETE
INTRODUCTION TO PRECAST CONCRETE
The definition of precast concrete is the manufacture of elements or structural shapes, by the use of concrete, either plain reinforced and / or prestress whose elements require transporting to the site for final positioning.  The basic concept of precasting dated back to the nineteenth century.  After a wavering start in the thirties, followed by a total stoppage during the second world war, the development of precast concrete has been continuous.  Presently with concrete emerging as a very useful and practical construction material, a dramatic effects possible with it is presented.

The fields of application of precast concrete is enormously wide.  It can be adopted in basically every part of a construction project and can be seen even in the ordinary dwelling units whereby it has a great deal to ofer by ways of visual and technical values.  The combination of precast concrete with in situ construciton gives not only the advantages of precast construction but also provide stable concrete structures at all stages of construction.  other uses of precast concrete includes cribwall, cast in tile, precast reinforced concrete tunnel, precast reinforced concrete slabs, T-beams etc.

It can be concluded that precast concrete technique is an essential part of modern construction technology.  It has applications and future possibilities in the whole building spectrum from housing projects to bridges and watertowers, from structural units to architectural and aesthetic forms.  precast concrete is also a versatile material, not only as a structural medium in its own right, but also when used in combination with other construction techniques.

It is inevitable infact wise for an engineer to take into account the pros and cons of precast concrete over cast insitu in the design of a particular structure.  Its advantages and disadvantages are listed below.

ADVANTAGES
Precast concrete construction reduces total project time since units of components are cast and stockpiled while other phases of the project are performed thereby reducing the total required time.  Accelerated curing methods further speed up the casting of precast components.  Continuous uninterupted errection of components results in rapid formation of the structural frame eventhough precise planning and coordination of a project is required.

Quality is probably the main advantage of precast construction.  Precast concrete components are fabricated under optimum conditions of forming, fabrication and placement of reinforcement and embedded fittings.  Vibration of low slump concrete and curing is achieveable in preast concrete.

Precast concrete construction is also economical as it reduces on site labour cost.  Faster construciton leads to reduced general contractor overhead, lower interest paid on construction loan, earlier occupancy and quicker investment return with precast concrete, architects now are able to design complex shapes and intricate surface texture which are difficult or uneconomical to have cast in situ.  Precast concrete is also exceptionally resistant to weathering, abration, impact, corrosion and the general ravage of nature.  They also exibit smooth surfaces which resist moisture penetration, fungus and corrosion.  Furthermore the use of services offered by the specialist manufacturer of precast concrete allows the main contractor to take advantages of resources such as labour, land and capital of the supplier resulting in the balance of resources.

Precast concrete can easily be designed to facilitate future horizontal or vertical expansion.  Thus with the design of precast concrete buildings on a modular system, necessary additions can be made with low removal costs.  They may also be errected without falsework, maintaining uninterupted traffic movement.  Precast elements are quickly erected in buildings providing an instant platform for other trades.

DISADVANTAGES
The joints between members pose the greatest problem.  Skill is required to design and detail a joint that can be easily formed on site while at the same time providing the required strength.  A clumsy detail can impair the ultimate appearance of the structure.  Details which appear satisfactory on paper may be difficult and costly to implement on site.

If advantage of speed in construction is to be achieved the precast components need to be manufactured well in advance of the other building activities.  it means that the design and planning have to be firm at the earlier date than in the case of in situ structure. last minute changes cannot be accomodated once the precast members are cast.  A high standard of design, detailing and checking is therefore required.  Furthermore precast concrete components must be designed not only to function as part of a total structure but also for stress conditions pertaining during handling, transport and erection.  Therefore some additinal reinforcement and fittings may be required.

In order to obtain the greatest economy in precast concrete construction, a high degree of repitition is required.  It is less suitable for structures with irregular or isolated features.  And if the precast units are gigantic, large capacity cranes and handling equipment need to be obtained.

Prstressing means the intentional creation of permanent internal forces and stresses in a structure or assembly, for the purpose of improving its behaviour and strength under service conditions.

Since concrete is strong in compression and weak in tension, prestressing the steel against the concrete would put the concrete under compressive stress that could be utilized to counterbalance tensile stresses produced by external loads.

Although particularly advantageous in concrete work, prestressing may also be used in steel and timber construction.

PRINCIPLES OF PRESTRESSING
The prestress or precompression may be induced by use of steel or by means of extenal jacks.  In the latter case, sufficiently solid abutments are essentila.

[Illustrated in Fig 133]

-
For greater efficiency, it is necessory to apply the prestress in the tensile zone only.

-
By the selection of the appropriate pressure (which is kept to a minimum to economise in steel) and the point of application, the stresses in the section may be apportioned in a manner we desire.

ADVANTAGES
-
it posseses the many advantages of reinforced concrete, such as free choice of shape and size, minimal maintenance and good insulation.

-
it has better appearance and durability than reinforced concrete, because at working loads it is (or almost) crack free.

-
it utilizes materials more effecintly than reinforced concrete in which only the concrete above the neutral axis is effective.

-
it reduces principle tension caused by shear, thus enabling use of this webs similar in appearance to strucutral steel shapes.

-
it allows for shrinkage and creep at the design stage itself.

-
it employs high strength materials and therefore requires less of them for the same load, which results in lighter and more slender members (a saving in head room).

-
a prestressed concrete flexural member offers greater rigidity under working loads than a reinforced concrete member of the same deptb.


(At overload, a prestressed member develops cracks and rapidly becomes very flexible).

-
prestressing provides a means to ‘prof test’ the materials, especially the steel, which during prestressing is subjected to higher stresses than in service.

-
prestressing raises the average stress in steel during repeated loads and this action tends to minimise effects of stress variations and to prolong the life of the material.

-
prestressing improves ability for energy absorption under impact loads.

-
dead loads can be supported by prestressing tendons without diminishing the ability of the structure to support line loads.  this makes it possible for simply supported beams to have unlimited span lengths, theoretically.

DISADVANTAGES
-
the initial cost is higher than that for reinforced concrete.  This is due to the requirement of hardware (prestressing jacks, anchorages, bearing plates, more complicated formword and more labour cost to build it).

-
higher strength materials necessary are more costly, harder to make and they require closer supervision.

-
it is possible, during erection and handling as well as during stressing (if the wrong order of stressing is used) to cause hogging failure, particularly as not all permanent loads applied during 

PRE-TENSIONING
-
In this method, high-tensile steel wires are tensioned before the concrete is cast round them, and then, when the concrete has attained sufficient strength, the wires are released they inducing compressive stress in concrete.

-
As strong abutments are required between the ends, pre-tensioning is invariably applied to precast units.

-
It is usually carried out in a factory, although a forestressing bed may be set up on a site for a large contract so as to cut the factory overheads and the transport cost.


(as far as quality control is concerned, factory condition is better).

-
although pre-tensioning can be applied to individual members formed and stressed in their own moulds, the most usual method is the ‘long line’ system in which the wires are stretched within continuous m oulds between anchorages 120m or more apart.  After the concrete has hardened sufficiently the wires are released and are cut between each unit.

-
At the extreme ends, the bond between steel and concrete is not fully developed.  The wires contract considerably in their length with a consequence of loss of stress in the wires, the stress at the end being zero.

-
this contraction is accompanied by a lateral swelling which forms a cone like anchor.

-
the length over which this occurs (between 80 to 120 times the diameter is termed the transfer length and this requires shear reinfocement.

-
small diameter wires are used so that large surface area is obtained to increase the bond (between 2mm & 5mm).

-
it is essential that the wires be throughly degreased and allowed to rust slightly to increase the bond.

-
some form of curing (eg. steam curing) is normally applied to accelerate hardening.

POST TENSIONING
-
In this method the concrete is cast and permitted to harden before the steel is stressed.

-
the steel, if placed in position before concreting, is prevented from bonding with the concrete either by being sheathed with thin sheet steel or tarred paer or being coated in the bitumen.

-
alternatively, the prestressing steel can be introduced after the concrete has set by casting in duct-tubes at the appropriate positions which are extracted before the steel is inserted.

-
the cable or bar is anchored at one end of the concrete unit and stressed by jacking against the other end to which it is then also anchored.

-
mostly, the steel is subsequently grouted under pressure through holes at the ends of the unit toprotect it from corrosion and to provide bond as an additional safeguard.

PRSTRESSING SYSTEMS
1.
The Freyssinet System
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2.
The Magnel - Blatron System
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)
To be discussed in tutorial class

3.
The Gifford - Udall System
)
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4.
The Lee-McCall System

)

COMPARISON OF THE TWO METHODS
-
pre-tensioning is suitable for mass production of small units.

-
in post-tensioning there is no loss due to elastic shortening, shrinkage

-
in post-tensioning, the wires may be bent up easily

-
if the members are too small, cost of post tensioning may not be worth while

CABLE PROFILE
-
the maximum stresses due to external loads are at the point of max. bending moment.  At other points, the prestressing stresses may be excessive.  The prestressing stresses can be reduced by varying the eccentricity.

-
this can be achieved by 


(a)
using straight cables and copying the section.


(b)
by raising the centtre of a beam of constant cross-section and using straight 



cables


(c)
by curving the wires upward from their lowest point

-
as the shear force tend to be higher at the supports, it is not advisable to reduce the seciton at the supports.

-
alsom, the variaion in section along the length increases the formwork costs.

-
the curving upwards of the cable gives a vertical component which helps to resist the shear force.

-
in continuous beams, either the cable may be undualting or the memebr may be undulating.

PRECAST PRESTRESSED UNITS
-
precast units can be assembled by being placed end to end and by post-tensioning.

-
when the members are wide, or in slab form, the cables may be placed in gaps between the precast units as shown in (211B).

-
continuity over supports are provided by cab cables, curved in the case of rectangular sections, straight in the case of I-sections or by continuity bars set in-situ filling in rebates in the beam ends.
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