
SECTION 331615
PRESTRESSED CONCRETE WATER STORAGE TANK

THIS SECTION COVERS ELEVATED WATER STORAGE TANKS OF THE PEDESTAL TYPE AND FLUTED COLUMN TYPE.  IN THE PEDESTAL TYPE THE WATER CONTAINMENT VESSEL IS NORMALLY SPHERICAL IN SHAPE FOR STORAGE CAPACITIES OF 150,000 GALLONS OR LESS, SPHEROIDAL IN SHAPE FOR STORAGE CAPACITIES OF 200,000 GALLONS AND UP.  THE WATER CONTAINMENT VESSEL OF THE FLUTED COLUMN TYPE IS CYLINDRICAL IN SHAPE WITH A DOMED ROOF AND AN INVERTED CONICAL OR ELLIPSOIDAL BOTTOM.  NORMAL CAPACITY OF THE LATTER IS 250,000 GALLONS AND UP.

SHOW ON THE DRAWING IN GENERAL OUTLINE AND SECTIONAL PROFILE, THE TYPE OF TANK DESIRED, FOUNDATION CONFIGURATION, AND AN INDICATION OF ALL PERTINENT FEATURES.  REFER TO VARIOUS MANUFACTURERS’ CATALOGS.
PART 1   GENERAL

1.01
RELATED WORK SPECIFIED ELSEWHERE


A.
Soil Boring Data:  Document 003132.


B.
Allowances:  Section 012100.


C.
Cast-In-Place Concrete:  Section 033000.


D.
Tank Level Control System:  Section 221429.


E.
Earthwork:  Section 310000.


F.
Ductile Iron Water Pipe and Fittings:  Section 331101.


G.
Disinfection of Potable Water Lines and Tanks:  Section 331300.

SPECIFY 4000 PSI CONCRETE FOR THE TANK FOUNDATION IN THE APPROPRIATE LOCATION IN SECTION 033000 (ARTICLE 2.02).
1.02
DESCRIPTION

WRITE ALLOWANCE SECTION TO INCLUDE PAYMENT FOR SHOP AND MILL REPORTS AND A SEPARATE PAYMENT FOR FIELD INSPECTION AND REPORTS.

A.
Description of System

The tank shall consist of a cast-in-place reinforced concrete floor, a pre-cast wire-wound prestressed concrete wall with a continuous mechanically bonded steel diaphragm, and pre-cast or cast-in-place prestressed clear span concrete dome with no interior columns.

1.03
REFERENCES


A.
Comply with specification AWWA D110, Type III for the Work of this Section.  Maintain a copy of this reference standard on the job at all times.


B.
Comply with the NFPA 22 and New York State Department of Health requirements.

1.04
DESIGN REQUIREMENTS


A.
Design Of The Tank and Tank Foundation:  By the tank manufacturer.



1.
The Director reserves the right to consider tanks varying in minor respects from any specific requirements specified herein, but judged to meet the intent of this specification.



2.
The prestressed concrete tanks shall be designed and constructed in accordance with the provisions of AWWA D110 Standard for Wire Wound Circular Prestressed-Concrete Water Tanks, Type III: Precast Concrete with a Steel Diaphragm.


B.
Horizontal Prestressing shall be continuous.


C.
Capacity:  1 million gallons.


D.
Critical Dimensions:



1.
Inside Diameter: 65’-3 ½”.



2.
Design Water Depth Elevation:  1234.0 feet.

C. Finished Floor Elevation: 1194 feet.

D. Overflow Elevation: 1234.50.


E.
Dead Load:  shall be the estimated weight of all permanent imposed loads. Unit weight of concrete 150 pounds per cubic foot; steel 490 pounds per cubic foot.


F.
Live Load:  shall be the weight of all the liquid when the reservoir is filled to overflowing. Unit weight of liquid 62.4 pounds per cubic foot.


G.
Snow Load:  Shall be as required by ASCE 7-98.

H.
Total Roof Live Load:  Shall be as required by ASCE 7-98.

I.
Backfill Pressure:  earth loads shall be determined by rational methods of soil mechanics. Backfill pressure shall not be used to reduce the amount of required prestressing. Backfill material against tank wall shall be select granular fill having a lateral soil pressure no greater than 200 psf.
J.
Foundation Loads:  the tank foundation shall be proportioned so that soil pressure shall be less than the soil bearing capacity. The allowable soil bearing capacity is 6000 psf.

K.
Wind Loads: Shall be as required by ASCE 7-98.


L.
Earthquake Design:  

FOR DETERMINATION OF SEISMIC ZONE BELOW REFER TO SECTION 12 OF AWWA D100-96.


1.
Seismic Zone 1.


M.
Vent Capacity Requirements:

1.
Maximum fill rate

=
100 cfm

2.
Maximum draw down rate
=
300 cfm



N.
Overflow Design Capacity:
1.2 MGD
C. The precast, wire-wound prestressed tank wall shall be designed as a composite concrete wall with an embedded mechanically bonded steel diaphragm in combination with vertical mild steel reinforcement.

     1.
The prestressed tank wall shall be considered as a cylindrical shell with partial edge restraint.




2.
The prestressed tank wall shall be reinforced vertically by deformed steel reinforcing rods and welded wire fabric. The continuous mechanically bonded steel diaphragm can be taken as effective vertical reinforcing.




3.
The prestressed tank wall shall be of precast construction. Shotcrete or cast-in-place concrete core walls are not permitted.




4.
A suitable stress plate shall be required at all locations where prestress wires are displaced 12” or greater. The stress plate shall be designated to transfer stress across the opening.




5.
Minimum precast wall thickness shall be four inches.




6.
No reduction in ring compression or tension in the wall will be taken due to restraint at the bottom.

D.
The floor slab shall be designed as a membrane floor not less than four inches thick and shall be placed monolithically. No construction joints will be allowed unless otherwise approved by the engineer. Wall footings may be above or below floor grade, but shall be placed monolithically with the floor.

E.
The dome roof shall have a rise to span ratio within the range of 1:8 to 1:14.  Minimum dome thickness shall be four inches. The dome shall be fixed to the tank wall. Columns or interior supports will not be allowed. Dome design shall be based on elastic spherical shell analysis.

1.05
SUBMITTALS


A.
Waiver of Submittals:  The “waiver of Certain Submittal Requirements” in Section 013300 does not apply to this Section.


B.
Submittals Package:  Submit one copy of standards AWWA D110, Type III and AWWA D110-95 to the Owner’s Representative for their use and information. Submit the shop drawings, and quality control submittals (except manufacturer’s field reports) at the same time as a package. 

1.
The shop drawings, and the quality control design calculations shall bear the seal of a professional engineer licensed to practice in the State of New York.

2.
This package shall be submitted for information and review only.  Package must be submitted prior to use in the project.


C.
Shop Drawings - Include the following:

1.
Tank foundation design

2.
Tank design including but not limited to, tank dimensions, wall, floor and dome thickness, waterstop, diaphragm, and structural support.

3.
Reinforcing steel fabrication and placement.

4.
Catalog cuts of all appurtenances.

5.
Site piping, fittings and valves.

6.
Tank Level Control System.

7.
Tank Mixing System.


D.
Quality Control Submittals:

DELETE “valve pit” BELOW IF NOT REQUIRED.


1.
Design calculations for the tank and  tank foundation.



2.
Name and address of inspecting engineer or laboratory selected by the Contractor.



3.
Design proportions for all concrete and shotcrete.  Concrete strengths of trial mixes. List of admixtures to be used in the concrete and their purposes.


E.
Contract Closeout Submittals:



1.
Submit Field Inspection Reports as specified in Paragraph 3.03, at the conclusion of the Work.

1.06
QUALITY ASSURANCE


A.
Qualifications:  All tank work shall be performed by a company which specializes in the design and construction of precast, wire-wound prestressed concrete tanks using the method of circumferential prestress wire reinforcing and proven capability of meeting all the requirements of these specifications. No company is considered qualified unless it has designed and built in its own name at least 30 precast, wire-wound prestressed concrete tanks conforming to AWWA D110, Type III in the last fifteen years of equal or greater size which have been in successful service for a minimum of five years.

DELETE “valve pit” BELOW IF NOT REQUIRED.


1.
The design, fabrications, and erection of the tank, and tank foundation shall be provided by the tank manufacturer.

1.04
GUARANTEE


A.
The Contractor shall guarantee the structure against defective materials or workmanship for a period of one year from the date of completion. If any materials or workmanship prove to be defective within one year, they shall be replaced or repaired by the Contractor at the Contractor’s expense.

PART 2   PRODUCTS

2.01
MANUFACTURERS


A.
Natgun Corporation, Eleven Teal Road, Wakefield, Massachusetts, 01880,   (781) 246-1133.

2.02
CONCRETE

A.
Concrete shall conform to ACI 301.


B.
Cement shall be Portland cement Type I or Type II.


C.
Admixtures, other than air-entraining and water reducing admixtures, will not be permitted unless approved by the Engineer.


D.
Concrete for tank wall and dome construction shall have a minimum compressive strength of 4,000 psi at 28 days. All precast wall and dome concrete shall be air-entrained.


E.
Concrete for the tank floor, footings, pipe encasement, and all other work shall have a minimum compressive strength of 3,500 psi at 28 days and shall not be air-entrained.  The course and fine aggregate shall meet the requirements of ASTM C33.  Course aggregate shall be No. 467 with 100% passing the 1-1/2” sieve.  Superplasticizer and water-reducing admixtures shall be incorporated into the floor concrete.  Polypropylene fibers shall be included in the floor concrete.  Fibers shall be Microfiber by Grace, Stealth Fibers by Synthetic Industries, or equal.  Fiber lengths shall be a maximum of 3/4 inches.  The amount of polypropylene fibers added to the concrete mix shall conform to the manufacturer’s recommendations.  Any curing compound used in the concrete floor must be NSF approved. 


F.
Proportioning for concrete shall be in accordance with ACI 301.


G.
Concrete or shotcrete in contact with prestressing steel shall have a maximum water soluble chloride ion concentration of 0.06 percent by weight of cement.

2.03
REINFORCING STEEL

A.
Reinforcing steel shall be new billet steel Grade 60 meeting the requirements of ASTM A615. Welded wire fabric shall conform to ASTM A185.


B.
Reinforcing steel shall be accurately fabricated and shall be free from loose rust, scale, and contaminants which reduce bond.


C.
Reinforcing steel shall be accurately positioned on supports, spacers, hangers, or other reinforcements and shall be secured in place with wire ties or suitable clips. Rebar chair supports may be either steel or plastic.

2.04
MORTAR FILL AND NON-SHRINK GROUT

A.
Mortar fill and non-shrink grout shall have a minimum compressive strength of 4,000 psi at 28 days.

2.05
SHOTCRETE

A.
Shotcrete shall conform to ACI Standard 506, except as modified herein.


B.
The wet mix process shall be employed for shotcreting.


C.
Shotcrete used for covering prestressed wire shall consist of not more than three parts sand to one part Portland cement by weight. Additional coats of shotcrete shall consist of not more than four parts sand to one part Portland cement by weight.  Shotcrete shall have a minimum strength of 4500 psi at 28 days.

2.06
STEEL DIAPHRAGM

A.
The steel diaphragm shall conform to ASTM A366 and shall be a minimum of 26 gauge thickness. It shall be vertically ribbed with reentrant angles. The back of the channels shall be wider than the front, providing a mechanical keyway anchorage with the concrete and shotcrete encasement.


B.
The steel diaphragm shall extend to within one inch of the full height of the wall panel with no horizontal joints. Vertical joints within a wall panel shall be roll seamed or otherwise fastened in a fashion which results in a firm mechanical lock. Joints between wall panels that are not roll seamed shall be edge sealed with polysulfide or polyurethane sealant.


C.
No punctures will be permitted in the diaphragm except those required for pipe sleeves, temporary construction openings, or special appurtenances. Details of the openings shall be approved by the Engineer. All openings shall be completely edge sealed with polysulfide or polyurethane sealant.


D.
Diaphragm steel may be considered as contributing to the vertical reinforcement of the wall.

2.07
PRESTRESSING STEEL

A.
Steel for prestressing shall be cold drawn, high carbon wire meeting the requirements of ASTM A821, having a minimum ultimate tensile strength of 210,000 psi.


B.
Splices for horizontal prestressed reinforcement shall be ferrous material compatible with the reinforcement and shall develop the full strength of the wire. Wire splice and anchorage accessories shall not nick or otherwise damage the prestressing.

2.08
ELASTOMERIC MATERIALS


A.
Waterstop: 12” waterstop with centerbulb shall be polyvinyl chloride meeting the requirements of the Corps of Engineers Specification CRD-C 572. Splices shall be made in accordance with the manufacturer’s recommendations subject to the approval of the Engineer. Waterstop shall be style 713 as manufactured by Greenstreak Plastic Products Company, Inc., or equal.


B.
Bearing pads shall be natural rubber or neoprene.



1.
Natural rubber bearing pads shall contain only virgin natural polyisoprene as the raw polymer and the physical properties shall comply with ASTM D2000 Line Call-Out M 4 AA 414 A1 3.



2.
Neoprene bearing pads shall have a hardness of 40 to 50 durometer, a minimum tensile strength of 1500 psi, a minimum elongation of 500%, and a maximum compressive set of 50 percent. Pads shall meet the requirements of ASTM D2000 Line Call-Out M 2 BC 410 5 A1 4 B14 for 40 durometer material.


C.
Sponge filler shall be closed-cell neoprene or rubber conforming to ASTM D1056, Type 2, Class A, and Grade 1.  Compression deflection limited to 25 percent at 2 to 5 psi.


D.
Polysulfide or polyurethane sealant will be a two or three component elastomeric compound meeting the requirements of ASTM C920. Sealants must have permanent characteristics of bond to metal surfaces, flexibility, and resistance to extrusion due to hydrostatic pressure. Air cured sealants shall not be used.


E.
Decorative coating shall be one coat of a cementitious based damp-proofing product such as “Tamoseal” or equal, and one coat of a non-cementitious, high build, 100% acrylic resin polymer such as “Tammscoat” textured protective coating or equal.

2.09
APPURTENANCES
A.
The Contractor shall provide and install all appurtenances as shown on the drawings. Appurtenances shall include the following:



1.
Inlet-Outlet Piping



2.
Overflow Piping and Weir



3.
Roof Hatch Aluminum: Lockable, ¼” thick diamond pattern cover plate with lift handle, locking hold open arm with springs and assists, not less than 3’-6” x 3’-6”. Install hatch with a 6” concrete curb.  Acceptable manufacturer:  Halliday Series F1R4242 with options MADASZ or equal. All hardware shall be stainless steel.



4.
Roof Ventilator: Fiberglass, with Type 304 stainless steel insect 20 x 20 screen, minimum diameter 2’-0”.



5.
Interior Ladder: An aluminum ladder shall extend from the floor to the hatch. The ladder shall have a fall prevention device attached consisting of a sliding, locking mechanism and safety belt and complying with applicable OSHA standards.  The ladder shall have an aluminum safety extension capable of extending a minimum of three feet above the roof hatch, Halliday Series LIE or equal.



6.
Exterior Ladder: An aluminum ladder shall extend from 8’-0” above the final grade to the tank roof.  The ladder shall have an OSHA-approved fall prevention device consisting of a sliding, locking mechanism and safety belt.  Base of ladder shall be equipped with an anti-climb plate. The ladder shall be equipped with a safety cage.  Location as shown on the drawings.



7.
Access Manway: An elliptical 18” x 24” Type 304 stainless steel wall manway with a hinged cover.  A Type 304 stainless steel grab bar and an aluminum ladder shall be installed at the manway location. Locate access manway as shown on drawings.



8.
Tank Mixing System: The mixing system shall consist of a manifold with a set of discharge and drain valves.  The valves shall be passive with no mechanical or moving parts, requiring only differential head to operate.  Valves shall be designed so that they will not rust, corrode, warp or freeze open or shut.

a. Filling Valve: Constructed of NSF-61 approved elastomer, integral flange that can be drilled to ANSI specifications, and come with stainless steel bands to secure to manifold pipe.  The head required to open the valves shall not exceed 3 feet.  The number, size and orientation of the valves shall be as shown on the Drawings.  Acceptable Model and Manufacturer: Tideflex Series 35 Check Valve as manufactured by Red Valve Company, Inc., 700 North Bell Ave., P.O. Box 548, Carnegie, PA 15106-0548, (412) 279-0044.

b. Drain Valve: Constructed of NSF-61 approved elastomer with NSF approved epoxy coated body. The minimum differential pressure required to open the valves shall not exceed 3.5 feet at 2000 gpm drawdown rate.   The number, size and orientation of the valves shall be as shown on the Drawings.  Acceptable Model and Manufacturer: Tideflex Series 39 Check Valve as manufactured by Red Valve Company, Inc., 700 North Bell Ave., P.O. Box 548, Carnegie, PA 15106-0548, (412) 279-0044.

c. The valves shall be by the same manufacturer.

d. Install the valves where shown on the drawings and in accordance with the manufacturer’s written instructions and recommendations.

PART 3   EXECUTION

INCLUDE CLEARING, GRUBBING, AND 4-INCH THICK BED OF NO. 1 CRUSHED STONE IN SECTION 310000.  SHOW BED LIMITS AND AREA TO BE CLEARED ON THE DRAWINGS; USUALLY 15 FEET BEYOND TANK PERIMETER.
3.01
ERECTION


A.
Erect tank in accordance with AWWA  D110-95.

B.
Install all accessories and piping in accordance with the approved shop drawings.

3.02
DECORATIVE  COATINGS

A.
All exposed concrete shall be given a two-coat finish consisting of one coat of damp-proofing product such as “Tamoseal with AKKRO-7T” or equal, and one coat of “Tammscoat” or equal. Work shall be performed by workmen skilled in the application of these types of products. The manufacturer’s application instructions shall be submitted to the Engineer for approval. The Contractor shall confer with the manufacturer’s representatives regarding application techniques and shall follow the manufacturer’s instructions implicitly.


B.
The concrete surface to be coated must be clean, free of all laitance, dirt, grease, or other foreign materials. All defective surfaces shall be filled and/or repaired. Application shall be in full accordance with the manufacturer’s instructions or as amended by the Engineer.


C.
The Owner shall select the color.

3.03
FIELD QUALITY CONTROL


A.
Testing of Concrete:



1.
For concrete placed in precast panels or wall slots, a set of three cylinders shall be made for each truckload of concrete placed.  For concrete placed in the floor, dome ring, or dome slots, two sets of three cylinders for the first 50 cubic yards, and 1 set of three cylinders for every 150 cubic yards thereafter placed in the same day.  One cylinder shall be tested at seven days, one at 28 days, and one held as a spare.


2.
Slump tests on each delivery shall be made prior to placement.  Slump shall not exceed four inches unless a high range water reducer is being used.


3.
All concrete testing shall be in accordance with ASTM C-31 and C-39, at no expenses to the Owner, and shall be conducted by an independent testing agency approved by the Engineer.

B.
Testing of Shotcrete:



1.
Testing of shotcrete shall be in accordance with ACI 506, except as specified herein. One test shall be made for each of the following operations: corewall, cove, wire cover, and covercoat.  Test panels shall be made from the shotcrete as it is being placed, and shall, as nearly as possible, represent the material being applied.  The method of making a test sample shall be as follows: A frame of wire fabric (one foot square, three inches in depth) shall be secured to a plywood panel and hung or placed in the location where shotcrete is being placed.  This form shall be filled in layers simultaneously with the nearby application.  After 24 hours, the fabric and plywood backup shall be removed and the sample slab placed in a safe location at the site.


2.
The sample slab shall be moist cured in a manner identical with the regular surface application. The sample slab shall be sent to an approved testing laboratory and tested at the age of 7 days and 28 days.  Nine 3” inch cubes shall be cut from the sample slab and subjected to compression tests in accordance with current ASTM Standards.  Three cubes shall be tested at the age of 7 days, three shall be tested at the age of 28 days, and three shall be retained as spares.  Testing shall be by an independent testing laboratory, at no expense to the Owner, and approved by the Engineer.

C.
Disinfect Tank according to Section 331300, “Disinfection of Water Utility Distribution.”

D.
The Contractor shall provide their own representative to perform the one year inspection of the tank.  The inspection shall be performed 11 months after the tank has been accepted for service.  The inspection shall be performed in accordance with Section 6 of AWWA D110-95 and/or Appendices.   The Contractor shall repair areas found to be defective.

END OF SECTION
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