SECTION 03500
RESERVOIRS: PRESTRESSED CONCRETE (INTERNAL TENDON)
Part 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Design and installation of one prestressed concrete water reservoir.

2. The work performed under these specifications includes furnishing all materials, equipment, tools and labor necessary for the design, fabrication, erection and inspection of a precast, prestressed concrete storage reservoir with internal tendons as specified herein. The work also includes all materials, equipment, tools and labor necessary for the design, construction and inspection of a foundation for the reservoir.

3. The tank shall have a concrete floor and roof each cast in single placements, and precast horizontally and vertically prestressed wall cast in full-height sections.

4. Furnish and install inlet-outlet piping, overflow pipe and fittings, roof vents access ladders and hatches as shown on the Drawings and as specified herein.

B. Related Sections include but are not necessarily limited to:

1. Division 0 - Bidding Requirements, Contract Forms, and Conditions of the Contract.

2. Division 1 - General Requirements.

3. Section 02200 - Earthwork.

4. Section 03108 - Concrete Formwork.

5. Section 03208 - Concrete Reinforcement.

6. Section 03308 - Concrete, Materials, and Proportioning.

7. Section 03311 - Concrete Mixing, Placing, Jointing, and Curing.

8. Section 03348 - Concrete Finishing and Repair of Surface Defects.

9. Section 03350 - Concrete Testing

10. Section 15060 - Pipe and Pipe Fittings.

11. Section 15061 - Pipe and Steel.

1.2 QUALITY ASSURANCE
A. Referenced Standards:

1. American Concrete Institute (ACI):

a. 350, Building Code Requirements for Environmental Engineering Concrete Structures.

b. 318, Building Code Requirements for Structural Concrete.

c. 350.1, Tightness Testing of Environmental Engineering Concrete Structures.

d. 350.3-06 Seismic Design of Liquid-Containing Concrete Structures and Commentary.
e. 373 R, Design and Construction of Circular Prestressed Concrete Structures.
2. American Society of Civil Engineers (ASCE):

a. 7, Minimum Design Load for Buildings and Other Structures.

3. ASTM International (ASTM):

a. A123, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products.

b. A185, Standard Specification for Steel Welded Wire Fabric, Plain, for Concrete Reinforcement.

c. A227, Standard Specification for Steel Wire, Cold-Drawn for Mechanical Springs.

d. A269, Standard Specification for Seamless and Welded Austenitic Steel Tubing for General Service.

e. A276, Standard Specification for Stainless Steel Bars and Shapes.

f. A320, Standard Specification for Alloy-Steel Bolting Materials for Low-Temperature Service.

g. A366, Specification for Steel, Sheet, Carbon, Cold-Rolled, Commercial Quality.

h. A416, Specification for Steel Strand, Uncoated Seven-Wire for Prestressed Concrete.

i. A421, Specification for Uncoated Stress-Relieved Steel Wire for Prestressed Concrete.

j. A475, Specification for Zinc-Coated Steel Wire Strand.

k. A497, Standard Specification for Steel Welded Wire Reinforcement, Deformed, for Concrete.

l. A525M, Specification for General Requirements for Steel Sheet, Zinc-Coated (Galvanized) by the Hot-Dip Process.

m. A586, Specification for Zinc-Coated Parallel and Zinc-Coated Parallel and Helical Steel Wire Structural Strand.

n. A603, Specification for Zinc-Coated Structural Wire Rope.

o. A615, Standard Specification for Deformed and Plain Billet-Steel Bars for Concrete Reinforcement.

p. A648, Standard Specification for Steel Wire, Hard-Drawn for Prestressing Concrete Pipe.

q. A653, Standard Specification for Sheet Steel, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process.

r. A666, Standard Specification for Austenitic Stainless Steel Sheet, Strip, Plate and Flat Bar.

s. A722, Standard Specification for Uncoated High-Strength Steel Bar for Prestressing Concrete.

t. A821, Standard Specification for Steel Wire, Hard Drawn for Prestressing Concrete Tanks.

u. A882, Standard Specification for Filled Epoxy Coated Seven Wire Prestressing Steel Strand.
v. A1008, Standard Specification for Steel, Sheet, Cold-Rolled, Carbon, Structural, High-Strength Low-Alloy and High-Strength Low-Alloy with Improved Formability.

w. B209, Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate.

x. B241,  Standard Specification for Aluminum-Alloy Seamless Pipe and Seamless Extruded Tube.

y. C881, Standard Specification for Epoxy-Resin-Base Bonding Systems for Concrete.

z. D395, Standard Test Methods for Rubber Property - Compression Set.

aa. D412, Standard Test Methods for Vulcanized Rubber and Thermoplastic Elastomers - Tension.

ab. D1056, Standard Specification for Flexible Cellular Materials - Sponge or Expanded Rubber.
ac. D1752, Standard Specification for Preformed Sponge Rubber and Cork Expansion Joint Fillers for Concrete Paving and Structural Construction.

ad. D2000, Standard Classification System for Rubber Products in Automotive Applications.

ae. D2240, Standard Test Method for Rubber Property - Durometer Hardness.

af. D4253, Standard Test Methods for Maximum Index Density and Unit Weight of Soils Using a Vibratory Table.

ag. D4254, Test Methods for Minimum Index Density of Soils and Calculation of Relative Density.

ah. F593, Standard Specification for Stainless Steel Bolts, Hex Cap Screws, and Studs.

4. American Water Works Association (AWWA):

a. C652, Disinfection of Water Storage Facilities.

b. D115, Tendon-Prestressed Concrete Water Tanks
5. American Welding Society (AWS).

a. D1.1, Structural Welding Code, Steel.

b. D1.3, Structural Welding Code, Sheet Metal.

6. Building Code: 2003 International Building Code (IBC 03).
7. Corps' of Engineers Specifications:

a. CRD C572, Polyvinyl Waterstops.

8. Occupational, Health and Safety Administration (OSHA).

9. Post Tensioning Institute (PTI)

a. Post-Tensioned Commercial and Industrial Floors

b. Post-Tensioning Manual, Fifth Edition

c. Design of Post-Tensioned Slabs Using Unbonded Tendons

d. Specification for Unbonded Single Strand Tendons

e. Specification for Grouting of Post-Tensioned Structures

f. Field Procedures Manual for Unbonded Single Strand Tendons

g. Manual for Certification of Plants Producing Unbonded Single Strand Tendons

B. Qualifications:

1. The contractor constructing the tank:

a. Shall provide a project manager and full-time site superintendent who have been responsible for the construction of at least 3 prestressed concrete internal tendon tanks of at least 1 million gallon capacity.
b. Has skill, reliability, and financial stability to build and guarantee the tank in accordance with the Contract Documents.

c. Has constructed, in the past 5 years, in its own name, and is presently responsible for a minimum of 3 covered prestressed concrete internal tendon tanks of similar capacity or greater, which meet these Specifications and are now giving satisfactory service.

2. Professional engineer in responsible charge of engineering work:

a. Five years minimum experience in design of prestressed concrete internal tendon tanks, and shall have been responsible for the design of at least five other similarly-sized prestressed concrete internal tendon tanks in the last 4 years.
b. In responsible charge of engineering work to be done for tank design and testing.
c. Licensed to practice engineering in the state of Colorado.

3. Post-tensioning supplier/installer:

a. In consideration of the unique nature of post-tensioned concrete construction, coordination between placement of both post-tension and plain reinforcement, and the requirements for proper structure performance, the following are requirements shall be met.

1) Post-tensioning systems shall be produced by a Post-Tensioning Institute (PTI) Certified Plant.

2) The sub-contractor that supplies the post-tensioning system shall be required to superintend and place with its own personnel both the post-tensioning and plain reinforcing construction.

3) The superintendent shall be a full-time employee of the post-tensioning supplier/installer and be on the project full-time during all placing, stressing and grouting operations and shall have superintended the construction of at least five prestressed concrete tendon tanks of similar capacity or greater in the last five years which meet these Specifications.  The superintendent shall be holder of a current Certified Grouting Technician certificate from the American Segmental Bridge Institute.  The superintendent’s qualifications shall be submitted to the Owner for approval and the Owner reserves the right to have the individual replaced if experience requirements are inadequate. 

C. Certifications:

1. Drawings and design calculations for the tank to be signed by Engineer using his professional Engineer's seal for the state of Colorado.

1.3 SUBMITTALS

A. Shop Drawings:

1. See General Conditions and Special Conditions.

2. Product technical data including:

a. Manufacturer's installation instructions.

3. Mill certificates indicating ultimate and yield strength of all reinforcing bars, prestressing and post tensioning steel, and any other steel components.

B. Furnish applicable "Affidavits of Compliance" to building codes and OSHA standards and requirements of the Contract Documents.

C. Structural design calculations or analyses, sealed by Colorado registered professional engineer, for record purposes only.

D. All concrete design mixes.

E. Guarantee Document as specified in Article
1.4 RECORDS.

A. Detailed construction drawings, showing all details that shall be used in the fabrication of tank components and tank construction.

B. Operation and Maintenance Manuals:

1. See General Conditions and Special Conditions.

C. Tank surface finishes and coating materials.

D. Waterstop product information, samples, and certifications as required by Contract Documents.

1.5 WARRANTY
A. The tank supplier will warrant workmanship and materials on the complete structural portion of the tank for a 5-year period from date of Substantial Completion of the work.

1. In case leakage or other defects appear within the 5-year period, the tank constructor to promptly repair the tank at its own expense upon written notice by the Owner that such defects have been found. 

2. Leakage is defined as a stream flow of liquid appearing on the exterior of the tank, the source of which is from the inside of the tank.

a. See section 3.2, C for leak testing and acceptance criteria.

B. To satisfy the 5-year warranty, tank constructor is required to furnish the Owner with a written company warranty for additional 4-year period beginning 1 year after the date of Substantial Completion.

Part 2 - PRODUCTS

2.1 ACCEPTABLE Post-tensioning system sUPPLIERS
A. Subject to compliance with the Contract Documents, the following post-tensioning supplier/installers are acceptable:

1. VSL Inc; Hanover, MD
2. Dywidag Systems Inc.; Bolingbrook, IL
3. DuraStor Tank; Wheat Ridge, CO
B. Submit requests for substitution in accordance with Specification 01640.
2.2 MATERIALS

A. General Requirements:

1. All materials shall comply with AWWA D115, PTI, and ACI 350.

2. All post-tensioning components and systems shall be provided by a PTI-Certified Plant.

B. Concrete:

1. Wall, interior columns, and roof – 28-day compressive strength not less than 5,000 psi and shall be air entrained.

2. Floor – 28-day compressive strength not less than 4500 psi and no air entrainment.

3. Superplasticizer and water reducing admixture shall be incorporated into floor concrete.

4. Conform to Section 03311.

C. Prestress Strand for Circumferential Tendons:

1. Comply with ACI 350
2. Strand shall conform to ASTM A416, A722, or ASTM A582.
3. Where the tank surface is exposed to earth, weather, or liquid and less than 1 ½ in. of concrete cover is provided, strand shall be galvanized per the requirements ASTM A 475, Table 4, for a Class B coating.

D. Reinforcing Bars, Wire Mesh:

1. Reinforcing Bars:  ASTM A615, Grade 60.

2. Wire Mesh:  ASTM A185 or ASTM A497.

3. Conform to Section 03208.

E. Wedges
1. Each type of wedge shall meet the performance requirements of the PTI Acceptance Standards for Post-Tensioning Systems.  Wedge shall not break into separate pieces upon stressing.

2. Designed to securely anchor the strand without significantly reducing ductility of the strand or tendon.

3. Strand slip after anchoring shall not be permitted.

4. Shall prevent breaking of individual strand wires in the wedges during stressing.

5. Shall achieve dynamic fatigue and impact loading resistance without strand slippage or wire breakage.

F. Elastomeric Materials:
1. Waterstops that are polyvinyl chloride conforming to Corps of Engineers Specification CRD-C572, conforms to Section 03311.

2. Bearing pads conforming to ASTM D2240 or D2000.

3. Sponge filler conforming to ASTM D1056 or D1752.

4. Epoxy-ASTM C881 Type III, Grade I.

5. Preformed plastic adhesive waterstops shall conform to Federal Specification SS-S210A, or equivalent acceptable to the Engineer.
G. Strand for earthquake cables:

1. Galvanized or epoxy coated with a fusion-bonded, grit-impregnated coating according to ASTM A882.

2. ASTM A416, grade 250 or 270 before galvanizing, ASTM A586, A603, or A475 after galvanizing. Only hot-dipped galvanizing shall be permitted for zinc coating.

H. Floor/Vertical/Roof Prestressed Reinforcement (as required):

1. Strand: ASTM A416, grade 250 or 270.

2. Threadbar: ASTM A722, grade 150 or 160.

3. Vertical prestressed reinforcing left in ducts for more than 10 days prior to grouting shall be corrosion-protected in accordance with AWWA D115.

4. Mono-strand tendon anchorages shall be fully encapsulated for tendons in an aggressive environment per ACI 423.

I. Ducts for Bonded Tendons

1. Ducts for bonded tendons shall be manufactured from corrosion-resistant materials and shall comply with the PTI Guide Specification, “Acceptance Standards for Post-tensioning Systems.”

J. Grout Fitting

1. All grout fittings shall conform to PTI Specifications.

2. All tendons shall have grout openings at stressing anchorages.

3. Grout vents or drain holes shall be provided at all low points.

4. All grout openings or vents shall include provisions for preventing grout leakage

K. Grout Materials

1. Grout for injection grouting of bonded tendons shall conform to PTI Specifications, AWWA D115, and ACI 350.

L. Couplings

1. Couplings for bonded tendons shall not reduce the elongation of rupture below the requirements of the tendon itself.

2. May be used only where acceptable to the Engineer.

2.3 DESIGN REQUIREMENTS

A. Tank:

1. Design in conformance with ACI 350, and AWWA D115, as the following wall type.
a. Precast Concrete with internal, circumferential tendons.
2. The floor shall be constructed in single concrete placements.

3. The perimeter wall shall be horizontally and vertically prestressed and precast in full-height placements.

4. Roof may be cast-in-place without construction joints or precast prestressed members.

5. General Specifications and Criteria:

a. Liquid volume: 5.0 MGAL.

b. Inside diameter: 168 FT.

c. Finished floor elevation: 5341.5 FT MSL.

d. Low water level: 5351 FT MSL.

e. High water level: 5375 FT MSL.

f. Top of tank: 5376.5 FT MSL.

g. Vent sized for an inlet rate of 6490 gpm.

h. Vent sized for withdrawal rate of 14600 gpm.

i. 
Tank venting, pipe penetrations, access hatches, and layout and piping shall be as shown in the Contract Documents. Any proposed deviations shall be coordinated by the Contractor in accordance with the Contract Documents.

j. Provision for pipe and appurtenance supports shall be made as required. The tank contractor shall design, furnish, and install pipe supports and brackets attached to the tank. All supports on the tank interior shall be stainless steel.

k. Minimum perimeter footing thickness: 12 in.

l. Minimum membrane floor thickness: 5 in. if prestressed, 6 in. otherwise.
m. Minimum thickness of all other cast-in-place concrete elements: 8 in, or as required by ACI 350.
n. The thickness of the concrete wall shall be as required by AWWA D115, and applied loading, but shall be less than 9 in.
o. Backfill loads shall not be used in the design of the tank to counteract hydraulic loads or provide residual compression in the wall.

p. Tank analysis and design shall take into account all required openings and penetrations through tank elements.

q. Slope of floor: 1% to edge.

6. Design for earthquake resistance based on requirements for Zone 1.

7. Base design on AWWA D115 and ACI 350 load combinations, with the basis for loadings as defined herein.
a. Load combinations for prestressed or post-tensioned items shall be in accordance with AWWA D115.

b. Load combinations for non-prestressed/post-tensioned items shall be in accordance with ACI 350.

c. Snow load: See Drawing 00S 101 for definitions of snow loads.

d. Uniform live load over roof area: 100 psf. (non-reducible)
e. Soil cover over roof: see civil drawings, 36 in. minimum.

f. Equipment loads:  as indicated on the Drawings.

g. Vertical surcharge on subgrade adjacent to tank walls: 150 psf.

h. Soil unit weight: 120 pcf

i. Equivalent fluid density of backfill for tank design: 50 pcf

8. Wind loads: (during construction and prior to backfilling):

a. See Drawing 00S101 for definition of wind loads.

9. 
Design for lowest mean ambient temperature and for temperature differential required for project location.

10. Minimum Concrete Cover:

a. Top cover for membrane floors: 1 1/2 in if prestressed, 2 in. otherwise.

b. Bottom cover for membrane floors: 2 in. if prestressed, 3 in. otherwise.

c. Conventionally reinforced concrete exposed to earth, weather, or liquid in nonprestressed concrete: 2 in. and in prestressed concrete: 1 1/2 in.

d. Pre-stressed or post-tensioned concrete exposed to earth, water, or liquid: 1 1/2 in. for uncoated reinforcing, 1 in. for coated reinforcing.

e. Precast concrete: 1 1/2 in. for uncoated reinforcing, 1 in. for galvanized reinforcing per ASTM A586, Table 4, Class A Coating.

11. Foundation Design Criteria:

a. Design foundations with the centroids of superimposed loads at their actual locations.

b. Reference soils report by HP Geotech, #205 232, dated August 5, 2005
, for boring information and foundation construction and design parameters.

1) The foundation shall be an on-grade structure.  Bearing on subgrade as indicated on the Drawings.

a. Minimum reinforcement in each direction:  0.5 percent of the gross concrete area for non-prestressed membrane floors cast monolithically without construction joints.  

b. Floors or portions of the foundation with active, flexural reinforcement shall be designed and have minimum reinforcement in accordance with ACI 350.  

c. Expansion joints in the foundation shall not be permitted, except at blockouts or penetrations.
d. All joints shall incorporate waterstops and shall be watertight.  
e. See Drawings and Specification 02200 for division of earthwork responsibility between General Contractor and tank supplier.

12. Roof Design Criteria:

a. Roof design for conventionally reinforced construction shall be in accordance with ACI 350 relative serviceability (including serviceability load factors).

b. Roof design for precast prestressed, or post-tensioned construction shall be in accordance with AWWA D115.

c. Cast-in-place roofs shall be cast monolithically without construction joints.  

2.4 ACCESSORIES

A. Access Doors:

1. Materials:

a. Aluminum.

b. Stainless steel or aluminum bolts.

2. See Drawings for number, size, and location of access doors.
3. See Specification 08305 for access door details.

B. Interior Ladder:

1. Materials:

a. Type 304 stainless steel.

2. Requirements for interior ladder: Comply with OSHA and the Building Code.

3. See Specification 05505 for additional ladder details.

C. Waterstops:

1. See Section 03311 for waterstops.

2. For sliding joints, deflection data shall be submitted and summarized from the tank analysis for these locations.

3. Shear, load and deflection capabilities for the proposed waterstop shall be certified in writing by the waterstop manufacturer and shall be adequate for the movement indicated in the tank analysis.

4. Continuous waterstops shall be used at all wall/footing and roof/wall joints.  These joints shall be specifically detailed to remain watertight.

D. Silt Stops:

1. Provide removable silt stop(s) at all discharge pipes and at other locations shown.

Part 3 - EXECUTION
3.1 CONSTRUCTION

A. General:

1. All aspects of tank construction shall comply with AWWA D115 and ACI 350.

2. Locate bearing pads and hold them in proper position prior to erection of wall panels. Do not nail pads.

3. Properly secure sponge filler pads. Calk all voids around bearing pads and sponge with a non-toxic sealant to prevent mortar seepage.

4. Field-placed concrete shall be form and/or water cured until prestressing begins.

B. Floor:

1. Concrete membrane floors shall be cast monolithically without construction joints.

a. A minimum thickness of 8 in. of concrete required over all pipe encasements in concrete floor. 

b. Use fill and base materials as indicated in the Contract Documents. 

c. Reference Section 02200 for compaction.

d. Floor design shall take into account concentrated loads from the roof column supports.

2. Structural concrete floors shall be a minimum 8 in. thick.

a. Use fill and base materials as indicated in the Contract Documents. 

b. Reference Section 02200 for compaction.

c. Floor design shall take into account concentrated loads from the roof column supports.

d. Apply not less than the minimum percentage of reinforcing steel to these thickened sections and extend a minimum of 2 ft. into the adjacent floor.

3. Curing – Reference Section 03311.

4. Consolidate the floor slab so no air pockets or voids are present. 

5. Provide a troweled finish as noted in Section 03348.

C. Tolerances:

1. Out-of-plumb in total wall height: ±1/2 in.

2. Out-of-round in diameter:  ±1 in.

D. Roof:

1. Construct roof to be supported by perimeter walls and interior columns.

a. Locate and design interior columns and roof system to result in adequate strength and to limit deflections in accordance with ACI 318, ACI 350, and IBC 2003, applicable. 

b. Locate and configure construction joints to result in adequate strength and cracking serviceability. 

c. Minimum slope at top surface:  1%.

d. Design forms to resist all forces acting, including forces with respect to sloped surfaces.

2. Do not remove any portion of formwork for the roof until the concrete is of sufficient strength and tendons have been fully tensioned (as applicable).  Reference Section 03108.

3. Cure the roof in accordance with Specification 03311.

4. Give roof soffit a form finish. Give exterior roof surface a floated finish or as required by the waterproofing membrane.
5. Reference Section 03108 for formwork.

6. Reference Section 03311 for hot and cold weather concreting.

7. Install a waterproof membrane over the roof if required in the Contract Documents.

3.2 FIELD QUALITY CONTROL

A. Testing Reservoir Construction and Materials:

1. Foundation soil support: Place no concrete for floors or wall footings until subgrade is acceptable to the Soils Engineer.

2. Concrete testing: Comply with Section 03350.

B. Sterilize the completed tank using solution containing 200 ppm of chlorine following the criteria found in AWWA C652 per Section 01780.

C. Watertightness Testing:

1. Upon completion of the tank the tank supplier shall perform watertightness testing of the tank.
a. Watertightness testing shall be performed prior to backfilling and prior to application of damp-proofing to tank walls.

b. Water for watertightness testing shall be supplied by the Owner.

c. The level for watertightness testing shall be the high water level defined in Section 2.3, A.

d. The procedures and criteria for watertightness testing and acceptance shall be as defined in ACI 350.1 for tanks with a monolithically placed floor designed to be shrinkage crack free.

e. All labor and materials required for watertightness testing and evaluation, except for fill water, shall be furnished by the tank supplier.

end of section







�Change all of this for your job.


�Use your loads.


�Soil report








