

STRUCTURE FRAMES. CONSTRUCTION SYSTEMS

[bookmark: _GoBack]This text is an introduction to general construction systems for structure frames. In this course (level 4) you will mainly focus on housing and small building construction. The construction systems you will use will be timber and masonry. Notwithstanding, this text includes other construction systems, which you will learn more in detail next year.

Portal frames
A portal frame is a continuous, rigid frame where all joints are rigid. The connections between the columns and the rafters are designed to be moment-resistant. Due to these rigid joints, some of the bending moments in the rafters are transferred to the columns, but the size of the rafters can be reduced due to the reduction of the maximum bending moment, normally in the middle of the span. It also helps to increase the span, what makes it a very efficient construction technique for wide spans.
[image: http://www.ab.deakin.edu.au/online/vgallery/2004/srt251/team30/images/slide1.jpg]
Figure 1
Generally, portal frames are usually used for single-storey buildings with a low pitch, but they can also be used for low-rise buildings with several floors. They can be made of steel or steel-reinforced precast concrete. Laminated wood can also be used.

Steel portalframes
[image: http://shedblog.com.au/wp-content/uploads/2011/06/ranbuild-deluxe-shed-example-portal-diagram.jpg]
Figure 2. (http://shedblog.com.au)

Precast-concrete portal frames

[image: ]
Figure 3. (John Greville)

Portal-framed buildings
A portal frame building comprises a series of transverse frames braced longitudinally. The primary steelwork consists of columns and rafters, which form portal frames, and bracing. The end frame (gable frame) can be either a portal frame or a braced arrangement of columns and rafters.
The light gauge secondary steelwork consists of side rails for walls and purlins for the roof. The secondary steelwork supports the building envelope, but also plays an important role in restraining the primary steelwork.
The roof and wall cladding separate the enclosed space from the external environment as well as providing thermal and acoustic insulation. The structural role of the cladding is to transfer loads to secondary steelwork and also to restrain the flange of the purlin or rail to which it is attached.
[image: Portal-1.jpg]
Figure 4. (http://www.steelconstruction.info)

Joints

Rigid joints transmit bending moments from one element to another. But we can also design joints that only transmit axial and/or shear efforts. 
One common example is pin (or hinge) joints. Pin joints provide single-axis rotation function. In this case, bending moments disappear in the perpendicular plane to the revolute.
[image: http://d2vlcm61l7u1fs.cloudfront.net/media%2F5f1%2F5f170d88-93db-409d-8c27-ef99bc3d84a2%2FphpmxyDvL.png]
Figure 5. (http://www.chegg.com)
Spherical (or ball) joints cancel bending moments in any direction. So, the components joined only transmit axial loads parallel to the component axis.
[image: http://www.maplesoft.com/products/thirdparty/dynaflexpro/downloads/usermanual/images/v13%20Building%20System%20Models_24.gif]
Figure 6. (http://www.maplesoft.com)
This way, we can study different situations with portal frames and structures, and apply the best solution depending on the height, span and section of every component. For example, the transfer of stress from the beam to the column in rigid frames, together with the effect of moment at the foundation connection can have some trouble if the span and the height are big. When the height exceed 4 metres and the span is more than 15 metres, the introduction of a pin joint at the base connection should be considered. 
[image: ]
Figure 7. Typical base hinges (John Greville)
[image: ]
Figure 8. Typical hinge details for pcc portal frames (John Greville)
Roof systems

The roof is the horizontal envelope of the building. Its shape can be very varied from pitched to flat surfaces, including combined solutions. One main problem is weight. As soon as we can build lighter roofs, the structure to support it will be also reduced and, therefore, we will be able to save resources and money. The most common solutions are portal frames and lattice trusses.
Lattice trusses
A truss is a structure that consists of different members organized so that the assemblage as a whole behaves as a single object. The force in this structural component is only applied to two points. Trusses typically comprise five or more triangular units constructed with straight members whose ends are connected at joints referred to as nodes. External forces and reactions to those forces are considered to act only at the nodes and result in forces in the members which are either tensile or compressive. For straight members, moments are explicitly excluded because, and only because, all the joints in a truss are treated as revolutes.
A planar truss is one where all the members and nodes lie within a two dimensional plane, while a space truss has members and nodes extending into three dimensions. The top beams in a truss are called top (upper) chords and are typically in compression, the bottom beams are called bottom chords and are typically in tension, the interior beams are called webs, and the areas inside the webs are called panels. 
[image: http://img.tfd.com/architecture/f1019-03.png]
Figure 9. 
The objective of this internal bracing is to join this structure to work as a whole and to avoid/reduce deformation of the members.
Figure 10. 

Since hot rolled mild steel sections were first produced in the 1870’s, lattice steel roof trusses have been the most commonly used structures for medium and long span roofs. The great advantage of trusses is that they can reduce the weight of the structure and increase the span considerably. It also contributes to the reduction of the number of columns. These trusses are spaced from 3.0 to 7.5 metres, supported on steel columns or load bearing brick walls. The roof cladding is held to purlins that lay perpendicularly over these trusses. The spacing of purlins is determined by the roof covering. 
One of the disadvantages of a lattice steel truss roof is that the enclosed roof cannot be used for any purpose other than the support of lighting and other services, and this space has also to be heated, with the subsequent increase of energy consumption.
Shapes
There are two main groups of trusses:
· Pitched truss or common truss
· Parallel chord truss or flat truss
The difference between them is obviously whether they are pitched or not. 
Depending on the shape of the truss, it can be named in different ways:
[image: http://www.roymech.co.uk/images/Truss_1.gif]
Figure 11. (http://www.roymech.co.uk)
Other patented shapes that we can identify:
Pratt Truss
The Pratt truss was invented in 1844 by Thomas and Caleb Pratt. A Pratt truss includes vertical members and diagonals that slope down towards the center. The interior diagonals are under tension under balanced loading and vertical elements under compression. It can be subdivided, creating Y- and K-shaped patterns. This truss is practical for use with spans up to 75 metres and was a common configuration for railroad bridges as truss bridges moved from wood to metal. 
[image: https://upload.wikimedia.org/wikipedia/commons/b/b5/Pratt_truss.PNG]
Howe Truss
The relatively rare Howe truss, patented in 1840 by Massachusetts millwright William Howe, includes vertical members and diagonals that slope up towards the center, the opposite of the Pratt truss. In contrast to the Pratt truss, the diagonal web members are in compression and the vertical web members are in tension.
[image: https://upload.wikimedia.org/wikipedia/commons/e/e1/Howe_truss.PNG]
Warren Truss
The Warren truss was patented in 1848 by its designers James Warren and Willoughby Theobald Monzani, and consists of longitudinal members joined only by angled cross-members, forming alternately inverted equilateral triangle-shaped spaces along its length, ensuring that no individual strut, beam, or tie is subject to bending or torsional straining forces, but only to tension or compression. Loads on the diagonals alternate between compression and tension (approaching the centre), with no vertical elements, while elements near the centre must support both tension and compression in response to live loads. This configuration combines strength with economy of materials and can therefore be relatively light. 
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/0/0f/Warren_truss.svg/908px-Warren_truss.svg.png]
Brown Truss
This type of truss is particularly suited for timber structures that use iron rods as tension members.
[image: https://upload.wikimedia.org/wikipedia/commons/7/72/BrownTrussDiagram.png]
Bowstring Truss
The bowstring arch through truss bridge was patented in 1841 by Squire Whipple. A bowstring truss has diagonal load-bearing members. These diagonals result in a structure that more closely matches a  Pratt truss than a true arch. 
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/2/23/Bowstring-truss.svg/762px-Bowstring-truss.svg.png]
Lenticular truss
It was patented in 1878 by William Douglas. A lenticular truss bridge includes a lens-shape truss, with trusses between an upper arch that curves up and then down to end points, and a lower arch that curves down and then up to meet at the same end points. 
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/a/ae/Lenticular-truss.svg/1093px-Lenticular-truss.svg.png]
Truss construction
Truss construction require large spaces. If the truss is not built on site, transport can be an issue due to the large size it can achieve. Sometimes they are built split and joined on site.
Timber components can be lapped and helped with bolts and/or steel plates. We can increase the contact surface and even make key shapes to improve these joints. 
Toothed plates are used to bolt a number of identical trusses together. This reduce the connector load and members act collectively to reduce buckling. Nails are difficult to be used with steel plates as they need to perforate it. In that case, bolts are a good solution. They should be enough to support the shear force induced. By the components working in different directions.
The following figures provide an overview to traditional carpentry joints.

Figure 12. (https://www.woodsolutions.com.au)
The struts working to tension can be substituted by steel tie rods or cable.
The use of steel helps increase the span to cover. The joints are mainly solved with plates, to which the members are welded or bolted. Other times, when the cross section of steel is enough, the steel members can be welded or bolted together directly. 
[image: ]
Figure 13. (John Greville)
[image: ]
Figure 14. (John Greville).
Another possibility is to build this type of roof frame with light section aluminium alloy members. It avoids any corrosion problems as it happens with steel and reduce weight substantially. However, the cost of an aluminium roof frame is twice as much as a similar steel one.
The connection of pre-cast concrete members is clumsy and it is not economic to design and use a concrete lattice roof frame.

Combination of trusses
Manufacturing processes require large floor areas unobstructed with columns as far as possible. In that case, probably it will not be satisfactory to support the feet of every pair of trusses. So, to reduce the number of internal columns, it is usual practice to fix a steel valley beam between the columns to give intermediate support to trusses.
[image: ]
Figure 15. (John Greville)
If fewer internal columns are required, deep sections would result with a corresponding increase in unused roof space. To secure the least number of internal columns without an increase in the height of the building, cantilever lattice steel truss roofs are used. Because of the great depth of the lattice girders, spans of 30-60 metres (that is parallel to the ridge) are practical.
[image: ]
Figure 16. (John Greville).
One of the most commonly used methods of roofing large factories is with the multispan symmetrical or north light lattice truss roofs, the span of each truss being 12 – 15 metres.
North light trusses are traditionally used for short spans in industrial workshop-type buildings. They allow maximum benefit to be gained from natural lighting by the use of glazing on the steeper pitch which generally faces north or north-east to reduce solar gain. On the steeper sloping portion of the truss, it is typical to have a truss running perpendicular to the plane of the North Light truss, to provide large column-free spaces.
The use of north lights to increase natural daylighting can reduce the operational carbon emissions of buildings although their impact should be explored using dynamic thermal modelling. Although north lights reduce the requirement for artificial lighting and can reduce the risk of overheating, by increasing the volume of the building they can also increase the demand for space heating.

[image: ]
Figure 17. (John Greville).
Similar to this is the saw-tooth truss. In this case, the flat truss is running perpendicular to the plane of the saw-tooth truss by the vertical face.

[image: http://www.elegantstructurals.com/images/sawtooth_img2.jpg]
Figure 18. (www.elegantstructurals.com).

space frames
Space frames (or space structures) are a common feature in modern building construction; they are often found in large roof spans in modernist commercial and industrial buildings.
It is a truss-like, lightweight rigid structure constructed from interlocking struts in a geometric pattern. A space frame is strong because of the inherent rigidity of the triangle. As it happens to trusses, bending moments are transmitted as tension and compression loads along the length of each strut.
Space frames are typically designed using a rigidity matrix. If the joints are rigid enough, the angular deflections can be neglected, simplifying the calculations. 
The simplest form of space frame is a horizontal slab of interlocking square pyramids and tetrahedra built from aluminium or tubular steel struts. In many ways this looks like the horizontal jib of a tower crane repeated many times to make it wider. A stronger form is composed of interlocking tetrahedra in which all the struts have unit length. More complex variations change the lengths of the struts to curve the overall structure or may incorporate other geometrical shapes.
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/f/fd/Articulacion_malla.svg/225px-Articulacion_malla.svg.png]COMPRESSION
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Figure 19. 
This structures can take various forms (flat, barrel vault, dome or other free possibilities) and the grid can be formed by different layers. Sometimes, the definition of space trusses and purlins can solve this roof without a grid.
[image: http://archicad-talk.graphisoft.com/files/thumbs/t_spaceframe1_530.jpg]
Figure 20. Space truss. 

[image: Flat Multi-Layer Grid]
[image: http://www.setareh.arch.vt.edu/safas/fdmtl_imgs/spatial_structure_4.png]
Figure 21. Flat multi-layer grid on the left. Double-layer braced barrel vaults on the right. (http://www.setareh.arch.vt.edu)
Bracing
Bracing helps structure make a right distribution of loads and absorb specific loads that, otherwise, could produce the complete structure failure. They are based in the construction of diagonal members forming a truss-like, what increases stiffness.
We can use bracing for different purposes. According to the construction to build, we can establish the following:
· Bracing for multi-storey buildings
· Bracing systems for bridges

Multi-storey buildings
In a multi-storey building, the beams and columns are generally arranged in an orthogonal pattern in both elevation and on plan. In a braced frame building, the resistance to horizontal forces is provided by two orthogonal bracing systems:
· Vertical bracing. Bracing in vertical planes (between lines of columns). It provides load paths to transfer horizontal forces to ground level and provide lateral stability.
· Horizontal bracing. At each floor level, bracing in a horizontal plane, generally provided by floor plate action. It provides a load path to transfer the horizontal forces (mainly from the perimeter columns, due to wind) to the planes of vertical bracing.
Vertical bracing
In a braced multi-storey building , the planes of vertical bracing are usually provided by single or crossed diagonal bracing between two lines of columns.
The vertical bracing must be designed to resist the forces due to the following:
· Wind loads
· Equivalent horizontal forces, representing the effect of initial imperfections
· Second order effects due to sway (if the frame is sensitive to second order effects).
Where possible, bracing members inclined at approximately 45° are recommended. This provides an efficient system with relatively modest member forces compared to other arrangements, and means that the connection details where the bracing meets the beam/column junctions are compact. Narrow bracing systems with steeply inclined internal members will increase the sway sensitivity of the structure. Wide bracing systems will result in more stable structures.
As a minimum, three vertical planes of bracing are needed, to provide resistance in both directions in plan and to provide resistance to torsion about a vertical axis. In practice, more than three are usually provided. It is preferable to locate bracing at or near the extremities of the structure, in order to resist any torsional effects. 
[image: C6fig1.png]
Figure 22. (http://www.steelconstruction.info)

Where the sets of bracing are identical or similar, it is enough to assume that the horizontal forces are shared equally between the bracing systems in the orthogonal direction under consideration.
[image: C6fig3.png]
Figure 23. (http://www.steelconstruction.info)
Horizontal bracing
A horizontal bracing system is needed at each floor level, to transfer horizontal forces (chiefly the forces transferred from the perimeter columns) to the planes of vertical bracing that provide resistance to horizontal forces.

There are two types of horizontal bracing system that are used in multi-storey braced frames:
· Diaphragms
· Discrete triangulated bracing.

Usually, the floor system will be sufficient to act as a diaphragm without the need for additional steel bracing. At roof level, bracing, often known as a wind girder, may be required to carry the horizontal forces at the top of the columns, if there is no diaphragm. 
[image: C6fig5.png]
Figure 24. (http://www.steelconstruction.info)

Floor construction
The floor is defined by the horizontal surface in which we can develop the different activities of the building. It must be designed to absorb all loads over it. In addition, other considerations are the following:
· Simplicity and familiarity in construction
· Speed of construction
· Service integration
· Need for adaptable space (possibility of large spans)
· Daylighting requirements (for example an office)
· Aesthetics
· Acoustics
· Fire resistance
· Thermal mass
· Floor stiffness
· Deconstruction
· Cost
Slabs
The option of a slab construction is quite often used. The slab can be designed to work in one or two directions.
· One way slab. The load is carried only in one direction, and supported on two sides.
· Two way slab. The load is carried in two directions, and supported on four sides.
[image: https://classconnection.s3.amazonaws.com/111/flashcards/445111/jpg/one_way_slab1322341450216.jpg][image: https://classconnection.s3.amazonaws.com/111/flashcards/445111/jpg/two_way1318723135042.jpg]
Figure 26
The loads are transmitted by the slab to the columns or walls. This slab, therefore, should be designed for this purpose. The main efforts to absorb are bending moments and shear force.
Bending moments
Bending moments are distributed according to the loads to support. They are related to the combination of compressive and tension efforts in the slab cross section. In simple structures, we can guess partially the shape of the bending-moment law just with the deformation of the slab.
The reinforcement is developed in longitudinal rebars that absorb tension mainly. If compression cannot be absorbed by concrete, then additional reinforcement is also needed.

COMPRESSION


TENSION



Shear force
The largest shear force is over the head of the columns. It must be studied and reinforced if needed. The failure surface is a diagonal from the head of the column to the upper surface of the slab. The solution for reinforcement must tie this two parts. So, the best solution is to put reinforcement perpendicular to this surface. The common solution used is with the use of links, increasing the number of them in this area.
[image: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcQtcvedonTWzCbL1adFfxgMe4vm6RI4rW1-jeBCwRAyn0y5UGUnMg][image: Resultado de imagen de SHEAR FORCE SLAB]




Figure 27


[image: ]
Figure 28. (University of Alicante)
Slabs are mainly built with concrete according to different systems:
· reinforced concrete;
· precast concrete; 
· on profiled steel decking.
Slabs with reinforced concrete
They can be one-way or two-way slabs. The main characteristic is the use of reinforced steel to absorb loads and efforts. This concrete should cover completely this steel so as not to get corroded. Sometimes, additional precast joists are included.
The most common systems we can find are as follows:
Beam and slab
This is a one-way slab which transmits loads to beams in two opposite extremes. This slab can be solid with concrete or can introduce joists and other lightening components, such as filler blocks (made of clay, concrete or other lighter materials such as polystyrene). These joists can also be precast or made on site. Sometimes, the formwork can help shape the joists and reduce concrete volume between them. The upper side of the slab is reinforced with a steel electro-welded mesh. Finally, concrete is poured.
[image: ]
Figure 29. (University of Alicante)
[image: ]
Figure 30. (University of Alicante)
Flat slab
This is a two-way slab which transmits loads to the four extremes. These slabs are solid or formed by ribs in two directions. The nearest area around columns can be strengthen with thicker sections (drop panels and/or capitals) and inner reinforcement to absorb shear forces.
[image: http://image.slidesharecdn.com/designoftwowayslab-131224121829-phpapp02/95/design-of-two-way-slab-3-638.jpg?cb=1387909157]
Figure 31
Ribbed and waffle slabs provide a lighter and stiffer slab than an equivalent flat slab, reducing the extent of foundations. They provide a very good form where slab vibration is an issue, such as laboratories and hospitals.
Ribbed slabs are made up of wide band beams running between columns with equal depth narrow ribs spanning the orthogonal direction. A thick top slab completes the system.
[image: http://2.bp.blogspot.com/-9pL7j24Ntes/Uw-FkwiRC8I/AAAAAAAACv0/cgjzDfgrFuc/s1600/two.png]
Figure 32
Waffle slabs tend to be deeper than the equivalent ribbed slab. Waffle slabs have a thin topping slab and narrow ribs spanning in both directions between column heads or band beams. The column heads or band beams are the same depth as the ribs.
[image: http://2.bp.blogspot.com/-9pL7j24Ntes/Uw-FkwiRC8I/AAAAAAAACv0/cgjzDfgrFuc/s1600/two.png]
Figure 33
[image: http://1.bp.blogspot.com/-5Hus0JI1xCw/T4kvK3DEaQI/AAAAAAAAAFg/Lb8McWh55pg/s1600/text.h6.gif]
Figure 34
Slabs with precast concrete
Precast concrete components are cast in a factory environment to be put on site after that. Accuracy in design is a requirement, as it is based on an industrial production. As a result, better quality products can be obtained and the time duration of works on site are reduced substantially. 
Precast reinforced concrete slabs include:
• Lattice girder slabs
• Biaxial voided slabs
• Solid concrete units
Lattice girder slabs
Lattice girder slabs act as permanent formwork and as precast soffits for robust, high capacity composite floor slabs. They are cast with most, if not all, of the bottom reinforcement required; the top reinforcement is fixed in situ. The units are typically 50mm to 100mm thick and 1200mm or 2400mm wide.
[image: http://www.concrete.org.uk/images/fingertips/310.jpg]
Figure 35. (www.concrete.org.uk)
They are generally propped during construction and until the in situ concrete has gained sufficient strength.
﻿Typically spans of up to about 8m can be achieved (for an imposed loading of 5kN/mm2) with an overall depth of 300mm.
A recent development has been the use of spherical plastic void formers fixed to the lattice girder slab. The resulting composite slab, being voided, has a reduced self-weight and hence increased spans can be achieved.
Biaxial voided slabs
Voided biaxial slabs (VBS) are a resource efficient design for concrete slabs by incorporating voids which significantly reduce overall materials use. Typical systems use hollow plastic spheres placed in a precise modular grid; these can be fixed in place using only reinforcement mesh. Solid concrete above and below the voids ensures greater strength at the points of highest stress. Semi precast systems offer faster, straightforward construction.
[image: http://www.building.co.uk/pictures/800x400fitpad%5b150%5d/5/2/7/1514527_balls.jpg]
Figure 36. (www.building.co.uk)
VBS systems offer excellent freedom in architectural design, by allowing a variety of building shapes, large spans and with few supporting points. As a result they allow the construction of flexible and easily changeable buildings. The light, strong slabs can also allow materials savings throughout the building structure, including in beams, columns and foundations.
Solid concrete units
They are pre-cast concrete planks for slabs, usually pre-stressed to increase strength and span to cover. Shapes can be very different depending on the design. Spans can be increased considerably with these systems.
[image: http://eu.lib.kmutt.ac.th/elearning/Courseware/ARC261/images/chapterPics/chapter7pic07.jpg]
Figure 37. 

Slabs of concrete on profiled steel decking
Composite steel deck floors consist of a profiled steel deck with a concrete topping. Included in the concrete is some light welded mesh reinforcement which acts to control cracking, to resist longitudinal shear and, in the case of fire, to act as tensile reinforcement. Indentations in the profiled deck allow the concrete and steel to bond and share load. Composite action between the supporting beams and the concrete is created by welding shear studs through the deck onto the top flange of the beam.
[image: http://www.steelconstruction.info/images/b/b3/Components_of_steel_deck_floor.png]
Figure 38. (www.steelconstruction.info)
Spans of up to 4.5 m can be achieved using trapezoidal decking (80 mm deep). Some so-called deep decking profiles also exist (over 200 mm deep), that can span 6 m or so without propping during construction.
Fibre reinforcement consists of short fibres made from steel, polypropylene or a combination of both, which are mixed into the concrete prior to placement. Under controlled circumstances, fibres may be substituted for the mesh (fabric) reinforcement. Use of fibre reinforcement results in a three dimensional reinforced concrete composite slab. The performance of fibre reinforcement is verified empirically, specifically for fire resistance and for longitudinal shear transfer.
A composite slab with profiled steel decking has proved over the years to be one of the simpler, faster, lighter, and economical constructions in steel-framed building systems. The system is well accepted by the construction industry due to the many advantages over other types of floor systems
Beam systems
Beams can be made of concrete (on site or precast) or steel. Timber is not very often used for large spans (except as laminated wood).

Prestressed concrete
Prestressed concrete is a method for overcoming concrete's natural weakness in tension. It can be used to produce beams, floors or bridges with a longer span than is practical with ordinary reinforced concrete. 
Traditional reinforced concrete is based on the use of steel reinforcement bars, rebars, inside poured concrete. This rebars are not tensioned originally, and they get stressed when loads are applied to this member. On the other hand, prestressed concrete uses prestressing tendons (generally of high tensile steel cable or rods) which provide a clamping load before use. This load produces a compressive stress that balances the later tensile stress that the concrete compression member would experience due to a bending load. 
[image: http://civilengineersforum.com/wp-content/uploads/2013/09/ase1.gif?6411e3]
Figure 45. (civilengineersforum.com).
The construction possibilities of prestressed concrete are as vast as those of ordinary reinforced concrete. Typical applications of prestressing in building and construction are:
· Structural components for integration with ordinary reinforced concrete construction, e.g. floor slabs, columns, beams.
· Structural components for bridges.
· Water tanks and reservoirs where water tightness (i.e. the absence of cracks) is of paramount importance. 
· Construction components e.g. piles, wall panels, frames, window mullions, power poles, fence posts, etc.
· The construction of relatively slender structural frames.
· Major bridges and other structures.

Prestressing can be accomplished in three ways: pre-tensioned concrete, and bonded or unbonded post-tensioned concrete.
Pre-tensioned concrete
Prestressed, pre-tensioned, tendons are tensioned by a jack without any concrete.  Then, concrete is poured and allowed to set and bond. After that the ends are cut and the tension is released and transferred to the concrete as compression by static friction. Tension subsequently imposed on the concrete is transferred directly to the tendons.
[image: [​IMG]]
Figure 46. (www.crazyengineers.com)
Pre-tensioning requires strong, stable anchoring points between which the tendons are to be stretched. Thus, most pre-tensioned concrete elements are prefabricated and transported to the construction site, which may limit their size. Pre-tensioned elements may be incorporated into beams,balconies, lintels, floor slabs or piles. An innovative bridge design pre-stressing is the stressed ribbon bridge.
Bonded post-tensioned concrete
Bonded post-tensioned concrete is the descriptive term for a method of applying compression after pouring concrete and during the curing process (in situ). The concrete is cast around a plastic, steel or aluminium curved duct, to follow the area where otherwise tension would occur in the concrete element.
A set of tendons are introduced into the duct and the concrete is poured. Once the concrete has hardened, the tendons are tensioned by hydraulic jacks that react (push) against the concrete member itself.
When the tendons have stretched sufficiently, according to the design specifications, they are wedged in position and maintain tension after the jacks are removed, transferring pressure to the concrete. The duct is then grouted to protect the tendons from corrosion.
[image: http://i53.tinypic.com/2zr1735.jpg]
Figure 47. (www.crazyengineers.com)

Post-tensioning is commonly used in the construction of various bridges, both after concrete is cured after support by falsework and by the assembly of prefabricated sections, as in the segmental bridge.
Among the advantages of this system are:
· Large reduction in traditional reinforcement requirements as tendons cannot destress in accidents.
· Tendons can be easily "woven" allowing a more efficient design approach.
· Higher ultimate strength due to bond generated between the strand and concrete.
· No long term issues with maintaining the integrity of the anchor/dead end.
Unbonded post-tensioned concrete
Unbonded post-tensioned concrete differs from bonded post-tensioning by providing each individual cable permanent freedom of movement relative to the concrete. To achieve this, each individual tendon is coated with a grease (generally lithium based) and covered by a plastic sheathing formed in an extrusion process. The transfer of tension to the concrete is achieved by the steel cable acting against steel anchors embedded in the perimeter of the slab. The main disadvantage over bonded post-tensioning is the fact that a cable can destress itself and burst out of the slab if damaged (such as during repair on the slab). 
The advantages of this system are:
· The ability to individually adjust cables based on poor field conditions (For example: shifting a group of 4 cables around an opening by placing 2 on each side).
· The procedure of post-stress grouting is eliminated.
· The ability to de-stress the tendons before attempting repair work. 
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