

POST-TENSIONED CONCRETE I-GIRDERS
9/2/04

1.0  Description.  This work shall consist of post tensioning pre-cast concrete I-Girders by furnishing, placing, tensioning of prestressing steel and furnishing and installing of any appurtenant items necessary for the particular prestressing system to be used, including but not limited to anchorage assemblies, prestressing steel and grout for pressure grouting ducts in accordance with details shown on the plans, Sec’s 705 and 1029 and this special provision.

2.0  Materials.

2.1  Prestressing Steel.  All prestressing steel shall be protected against physical damage and rust or other results of corrosion at all times from manufacturing to grouting.  Prestressing steel that has sustained physical damage at any time will be rejected.  Light surface rust will not a cause for rejection.

2.1.1  Prestressing steel shall be packaged in containers or other shipping forms for the protection of the steel against physical damage and corrosion during shipping and storage.  A corrosion inhibitor that prevents rust or other results of corrosion shall be placed in the package container, shipping form or when approved by the engineer, may be applied directly to the steel.  The corrosion inhibitor shall have no deleterious effect on the steel, concrete or bond strength of steel to concrete.  Packaging containers or shipping forms damaged from any cause shall be immediately replaced or restored to original condition.  

2.1.2  The contractor may elect to use a corrosion inhibitor carrier type packaging material, the material shall in accordance with the Federal Specification MIL-P-3420.  The package container or shipping form shall be clearly marked with a statement that the package contains high-strength prestressing steel, the care to be used in handling and the type, kind and amount of corrosion inhibitor used, including the date when placed, safety orders and instructions for use.  The contractor shall submit the following for the corrosion inhibitor when ordered by the engineer.

(a)  A sample, a list of chemicals and their proportions and instructions for use.

(b)  Evidence that the prestressing steel will be protected from rust and other results of corrosion.

(c)  Furnish certification that all the components are in accordance with this specification.

2.1.3  When the acceptable prestressing steel for post-tensioning is installed in ducts and stressing and grouting are completed within 10 days after the installation of the prestressing steel, rust that may form during said 10 days will not be cause for rejection of the steel.  Prestressing steel installed, tensioned and grouted in this manner, all within 10 days, will not require the use of a corrosion inhibitor in the duct following installation of the prestressing steel.  Prestressing steel installed but not grouted within 10 days shall be subject to corrosion protection and rejection because of rust.  No welds or grounds for welding equipment shall be made on the forms or steel in the member after prestressing steel has been installed.

2.2  I-Girder Ducts.  Duct enclosures for prestressing steel shall be rigid galvanized ferrous metal and mortar-tight.  All ducts or anchorage assemblies shall be provided with pipes or other suitable connections for the injection of grout after prestressing.  Ducts for prestressing steel shall be accurately placed at the locations as shown on the plans and securely fastened in place to prevent movement.  After installation in the forms, the ends of ducts shall at all times be covered as necessary to prevent the entry of water or debris.

2.2.1  All ducts shall be vented at the high points of each span.  Vents shall be 0.5 inch (13 mm) minimum diameter pipe.  Connections to ducts shall be made with metallic structural fasteners.  The vents shall be mortar tight, taped as necessary, and shall provide means for injection of grout through the vents and for sealing the vents.  Ends of vents shall be set at least one inch (25 mm) below the roadway surface.

2.2.2  All ducts shall be provided with drains at the low point in each span to keep the ducts free of water to avoid damage due to freezing.  Drains shall be 0.5 inch (13 mm) minimum diameter galvanized pipe, inside threaded and with removable galvanized plug at outlet end.  Connections to ducts shall be made with metallic structural fasteners.  The drains shall be mortar tight taped as necessary and provide means of drainage prior to grouting.  Ends of drains and drain plug shall be set 1/8 inch (3 mm) above the bottom concrete surface.  Drain plug shall be installed just before grouting.

2.2.3  All details and location of the vents and drains shall be shown on the shop drawings.  Rigid ducts may be fabricated with either welded or interlocked seams.  Galvanizing of the welded seam will not be required.  Rigid ducts shall have sufficient strength to maintain their correct alignment during placing of concrete.  Joints between sections of rigid duct shall be positive metallic connections that do not result in angle changes at the joints.  Waterproof tape shall be used at the connections.

2.3  Mortar.  Mortar for grouting tendons shall be in accordance with Sec 1029 except that an approved expansive admixture shall be added.

2.3.1  Portland cement used for grouting shall be Type II, fresh and free of lumps, other indication of hydration or pack-set.

2.3.2  The water used in the grout shall be potable, clean and free of substances known to be harmful to Portland cement or prestressing steel.

2.3.3  The admixture used shall impart the properties of low water content, good flowability, minimum bleed and expansion.  Its formulation shall contain no chemicals in quantities that may have a harmful effect on the prestressing steel or cement.  The admixture shall not contain chloride ions in excess of 0.5 percent by weight of admixture, florides, sulphites and nitrates.

2.4  Shop Drawings.  The shop drawings shall be in accordance with Sec 1029.  The shop drawings for prestressing and post tensioning shall be submitted to Bridge for approval.  When prestressing systems have been previously tested and approved for similar projects by an agency acceptable to the engineer, complete tendon samples need not be furnished provided there is no change in the materials, design or details previously approved.  The release of any material by the engineer shall not preclude subsequent rejection if the material is damaged in transit or later damaged or found to be defective.

2.5  Testing.  Sampling and testing shall be accordance with ASTM A 416.

2.5.1  Samples from each manufactured reel of prestressing steel strand shall be furnished for testing.  A certification shall be submitted to the engineer stating the manufacturer's minimum guaranteed ultimate tensile strength of the sample furnished.

2.5.2  All materials for testing shall be furnished by the contractor at the contractor’s expense.  The contractor shall have no claim for additional compensation in the event the contractor’s work is delayed awaiting approval of the materials furnished for testing.

2.5.3  All strand from each manufactured reel to be shipped to the site shall be assigned an individual lot number and shall be tagged in such a manner that each lot can be accurately identified at the job site.  Each lot of anchorage assemblies to be installed at the site shall be likewise identified.  All unidentified prestressing steel or anchorage assemblies received at the site will be rejected.

2.5.4  The following sample of materials and tendons, selected by the engineer from the prestressing steel at the plant or job site, shall be furnished by the contractor to the engineer well in advance of anticipated use.

(a)  Two 5-foot (1.5 m) long samples of each size strand shall be furnished for each reel.

(b)  One completely fabricated prestressing tendon 10 feet (3.05 m) in length for each size of tendon shall be furnished, including anchorage assemblies.  Testing of these tendons shall be performed by the contractor in the presence of the engineer or by an independent testing laboratory with certification of the results.  Costs of such testing shall be borne totally by the contractor.

3.0  Construction Requirements.

3.1  Prestressing Methods.  Prestressing shall be performed by post-tensioning methods.  The contractor shall submit to the engineer for review complete details of the method, materials and equipment proposed to use in the prestressing operations, including any additions or rearrangement of reinforcing steel as shown on the plans.  Such details shall outline the method and sequence of stressing and shall include complete specifications and details of the prestressing steel and anchoring devices, working stresses, anchoring stresses and all other data pertaining to the prestressing operation, including pressure grouting materials and equipment.  The contractor shall not cast any member to be prestressed before review and approval of the shop drawings.

3.2  Anchorages and Distribution.  

3.2.1  All post-tensioned prestressing steel shall be secured at the ends by means of approved permanent type anchoring devices.  All anchorage devices for post-tensioning shall be capable of holding the prestressing steel at a load producing a stress of not less than 95 percent of the guaranteed ultimate tensile strength of the prestressing steel.  The load from the anchoring device shall be distributed to the concrete by means of approved devices that will effectively distribute the load to the concrete.  Such approved devices shall be in accordance with the following requirements.

(a)  The final unit compressive stress on the concrete directly underneath the plate assembly shall not exceed 3000 psi (20.6 MPa).

(b)  Bending stresses in the plates or assemblies induced by the pull of the prestressing shall not exceed the yield point of the material or cause visible distortion in the anchorage plate when 100 percent of the ultimate load is applied as determined by the engineer.

(c)  The contractor shall provide certified test results to verify required capabilities for the prestressing system, anchorage devices, anchor blocks, bearing plates, etc. to be utilized.  Such tests shall have been performed with identical materials and under similar conditions to this application.

3.2.2  Should the contractor elect to furnish anchoring devices of a type which are sufficiently large and that are used in conjunction with a steel grillage embedded in the concrete that effectively distributes the compressive stresses to the concrete, the steel distribution plates or assemblies may be omitted.

3.2.3  Where the end of a post-tensioned assembly will not be covered by concrete, the anchoring devices shall be recessed so that the ends of the prestressing steel and all parts of the anchoring devices shall be at least 2 inches (50 mm) inside the end surface of the members, unless a greater embedment is shown on the plans.  Following post-tensioning, the recesses shall be filled with grout and finished flush.  Expansive mortar for grout shall be in accordance with Sec 1066.

3.3  Prestressing.  All prestressing steel shall be tensioned by means of hydraulic jacks so that the force in the prestressing steel shall not be less than the value shown on the plans.  Each jack used to stress tendons shall be equipped with a pressure gage for determining the jacking stress.  The pressure gage shall have a dial at least 6 inches (150 mm) in diameter and each jacks gage shall be calibrated as a unit with the cylinder extension in the approximate final jacking force location and shall be accompanied by a certified calibration chart.  Each jack shall be capable of slow release of the stress to allow relaxation from overstress to the proper seating force.

3.3.1  The tensioning shall be so conducted that tension being applied and the elongation of the prestressing steel may be measured at all times.  A record shall be kept of gage pressures and elongations.  If inconsistencies of greater than 5 percent between the measured elongation and the jack gage reading occur, the jack gage shall immediately be recalibrated.

3.3.2  Prestressing tendons shall be tensioned by jacking at each end of the tendon.  Such jacking of both ends need not be done simultaneously.

3.4  Bonding and Grouting.  The grouting equipment shall include a mixer capable of continuous mechanical mixing that will produce a grout free of lumps and undispersed cement.  The equipment shall be able to pump the mixed grout in a manner that will be in accordance with all provisions of these special provisions.  Accessory equipment that provides accurate solid and liquid measurement shall be provided to batch all materials.

3.4.1  The pump shall be positive displacement type and be able to produce an outlet pressure of at least 150 psig (1.03 MPa-gage).  The pump shall have seals adequate to prevent introduction of oil, air or other foreign substance into the grout, and to prevent loss of grout or water.  A pressure gage having a full scale reading of no greater than 300 psi (2.1 MPa) shall be placed at some point in the grout line between pump outlet and the duct inlet.

3.4.2  The grouting equipment shall contain a screen having clear openings of 1/8 inch (3 mm) maximum size to screen the grout prior to its introduction into the grout pump.  If a grout with a thixotropic additive is used, a screen opening of 3/16 inch (5 mm) will be satisfactory.  This screen shall be easily accessible for inspection and cleaning.  The grouting equipment shall utilize gravity feed to the pump inlet from a hopper attached to and directly over it.  The hopper must be kept at least partially full of grout at all times during the pumping operation to prevent air from being drawn into the post-tensioning duct.  Under normal conditions, the grouting equipment shall be capable of continuously grouting the largest tendon on the project in no more than 20 minutes.

3.4.3  Water shall be added to the mixer first, followed by Portland cement and admixture, or as required by the admixture manufacturer.  Mixing shall be of such duration as to obtain a uniform thoroughly blended grout, without excessive temperature increase or loss of expansive properties of the admixture.  The grout shall be continuously agitated until grout is pumped.  Water shall not be added to increase grout flow ability that has been decreased by delayed use of the grout.

3.4.4  Proportions of materials shall be based on tests made on the grout before grouting is begun or may be selected based on prior documented experience with similar materials and equipment and under comparable field conditions in weather, temperature, etc.  The water content shall be the minimum necessary for proper placement and shall not exceed a water-cement ratio of 0.45.

3.4.5  The pump ability of the grout will be determined in accordance with USACE Method CRD C79 by the engineer.  The efflux time of the grout sample immediately after the mixing shall not be less than 11 seconds.  The flow cone test does not apply to grout that incorporates a thixotropic additive.

3.4.6  The temperature of the concrete shall be 35°F (1°C) or higher from the time of grouting until job cured cylinders of grout reach a minimum compressive strength of 800 psi (5.5 MPa).  The temperature of the grout shall not be above 90°F (32°C), during mixing or pumping.  If necessary, the mixture water shall be cooled.

3.4.7  Standby flushing equipment capable of developing a pumping pressure of 250 psi (1.72 MPa) and of sufficient capacity to flush out any partially grouted ducts shall be provided.

3.4.8  All ducts shall be clean and free of deleterious materials that would impair bonding of the grout or interfere with grouting procedures.  Each duct shall be thoroughly blown out with oil and water free air immediately prior to grouting.  Flushing of tendon immediately prior to grouting will be optional with the contractor.  If the contractor elects to flush, all water used for flushing ducts shall contain either quick lime, calcium oxide, or slaked lime, calcium hydroxide, in the amount of 0.1 lbs/gal (12 g/L).  All drains shall be opened during flushing and remain open for a sufficient time after flushing to insure that all free moisture has been drained from all ducts.

3.4.9  All grout and high point vent openings shall be open when grouting starts.  Grout shall be allowed to flow from the first vent after the inlet pipe until any residual flushing water or entrapped air has been removed, at which time the vent shall be capped or otherwise closed.  Remaining vents shall be closed in sequence in the same manner.

3.4.10  The pumping pressure at the tendon inlet shall not exceed 250 psig (1.72 MPa-gage).  If the actual grouting pressure exceeds the maximum recommended pumping pressure, grout may be injected at any vent that has been, or is ready to be, capped as long as one-way flow of grout is maintained.  If this procedure is used, then the vent that is to be used for injection shall be fitted with a positive shut-off.  When one-way flow of grout cannot be maintained as outlined above, the grout shall be immediately flushed out of the duct with water.

3.4.11  Grout shall be pumped through the duct and continuously wasted at the outlet until no visible slugs of water or air are ejected and the efflux time of grout is not less than the injected grout.  The outlet pipe shall then be closed and the pumping pressure held momentarily. The valve at the inlet shall then be closed while maintaining this pressure.

3.4.12  The surfaces of concrete against which concrete encasement over anchorage assemblies is to be placed shall be abrasive blast cleaned and clean aggregate exposed after grouting of the ducts has been completed.

4.0  Method of Measurements.  No measurement will be made.

5.0  Basis of Payment.  Payment for the above described work, including all material, equipment, labor and any other incidental work necessary to post-tension the precast I-Girders, will be considered completely cover by the contract lump sum price for “Post Tensioning System”.  Payment for ducts will be considered completely cover by the contract unit price for the precast I-Girders.


