CS-UT-31


CONSTRUCTION SPECIFICATION
CS-UT-31  CONCRETE FOR MINOR STRUCTURES
1
SCOPE
The work shall consist of furnishing, forming, placing, finishing, and curing Portland cement concrete for structures.  The structures shall be constructed at the location and to the line and grades as shown in the plan.

2
MATERIALS
Portland Cement: Portland cement shall conform to the requirements of ASTM C150 for the specified types of cement.  Type I, II or III Portland cement shall be used, unless another type is specified on the drawings.  
Concrete Aggregates: The coarse and fine aggregate shall conform to the durability and gradation requirements of ASTM C33.  The maximum size of the aggregate shall be 1 inch unless otherwise stated on the drawings.

Admixtures: Air-entraining admixtures shall conform to the requirements of ASTM C260.  Water-reducing and/or set-retarding admixtures shall conform to ASTM C494 Types A, B, D, F or G.  Plasticizing or plasticizing and retarding admixtures shall conform to ASTM C494, Types F or G, or C1017 as applicable.
Fly Ash: Class F fly ash meeting ASTM C618 may be used in the concrete mix to replace cement.  

Reinforcing Steel: Steel bars for concrete reinforcement shall be Grade 60 new, unfinished, deformed billet-steel bars conforming to ASTM A615/A615M.  Welded steel wire fabric reinforcement shall conform to the requirements of ASTM A185.  Welded deformed steel wire fabric for concrete reinforcement shall conform to the requirements of ASTM A497.  

Waterstop: Waterstops shall be of the non-metallic type and fabricated of vinyl chloride polymer (PVC) with the following requirements: Specific gravity shall be a maximum of 1.4, tensile strength shall be a minimum of 1,400 psi, ultimate elongation of the web shall be a minimum of 280 percent (flanges shall be a minimum of 200 percent).  Waterstop shall be tested and meet the following ASTMs: D792, D638, or D395.  Hydrophilic type waterstops shall have a minimum tensile strength of 350 psi, Elongation of 600%, Tear resistance of 50 lbs/in and specific gravity of 1.3.  Hydrophilic waterstops shall meet ASTM D412, D624 and D792
Concrete Curing Compound: Curing compound refers to a liquid membrane-forming compound suitable for spraying on concrete surfaces to retard the loss of water during the concrete curing process.  Curing compound shall meet the requirements of either ASTM C309 or C1315.  If type 1 is specified, a fugitive dye shall be used.
Joint Sealant: Joint Sealant shall be of high performance polyurethane sealant with permanent elasticity, conforming to ASTM C920, Type S, Grade NS, Class 25, Use I.  Sealant shall have as a minimum movement capability of (35% and tensile strength of 300 psi.
3
CONRETE MIX DESIGN

Concrete mixes shall be composed of Portland cement, fine and coarse aggregates and clean water.  Portland cement Type III and IIIA may be used upon request and acceptance by the technical representative, based on a need for early concrete strength to facilitate construction.  Maximum size of the course aggregate shall not exceed 1 inch.  Fly ash may be used as a partial substitution for Portland cement in an amount of no more than 25 percent (by weight) of the cement in the concrete mix.  
The compressive strength of the concrete mix shall be a minimum of 4,500 psi at 28 days.  The water cement ratio shall be no greater than 0.45 by weight, unless noted otherwise on construction drawings.
An air-entraining admixture shall be used when concrete is placed in an environmentally exposed area; concrete shall have air entrainment of 5 to 7 percent (by volume) of the concrete at the time of placement.  

Use of calcium chloride or antifreeze compounds is not permitted in any concrete mix.
Fiber mesh may be used as a secondary reinforcement to increase resistance to cracking.  Fibers shall be added to the concrete mix at a minimum rate of 1.5 pounds per cubic yard of concrete and a maximum of 15 pounds per cubic yard.  Fiber mesh material shall be 100 percent virgin polypropylene fibrillated fibers containing no olefin materials and conform to ASTM C1116 and C1399.  The individual fibers shall have a graded length of ½ inch to ¾ inch and incorporated into the concrete mix per manufacturers recommendations.  
The slump shall be 2 to 5 inches except when superplasticizer is used in the concrete mix. When superplasticizer is used, the slump shall not exceed 8 inches following addition and mixing. Additional superplasticizer shall not be added to the concrete mix after discharge of the concrete at the job site has commenced
Ten days prior to the concrete is placed, the contractor shall provide to the technical representative, a statement of the materials and mix proportions (including any admixtures needed) intended for use. The statement shall include evidence satisfactory to the technical representative that the materials and proportions will produce concrete conforming to strength and mix requirements. The identified materials and proportions constitute the "job mix." After a job mix has been approved, neither the source, character, or grading of the aggregates nor the type or brand of cement or admixture shall be changed without prior notice to the technical representative. If such changes are necessary, no concrete containing new or altered material shall be placed until the technical representative has approved a revised job mix.

4 STEEL REINFORCEMENT 

The reinforcement shall be the size, grade and overlap length as shown on the drawings and shall be based on ACI 350-06, Sections 12.2.2 and 12.15, using the appropriate factors for a Class B splice.  Reinforcing steel shall be free from rust, oil grease, paint or other deleterious matter.  Welded wire fabric shall overlap the larger of 6 inches or two mesh spacings.  Installation of reinforcing into fresh concrete is not permitted.  Welding of reinforcing steel is not permitted.  
All reinforcing shall be supported and securely fastened in-place to prevent movement during placement of the concrete.  Vertical reinforcement shall be supported by either plastic chairs or epoxy coated steel wire.  Horizontal reinforcement shall be supported by concrete blocks having strength equal to or greater that the 28-day compressive strength of the concrete being placed. 
Maintain the following concrete coverage for concrete reinforcing:

	Unformed surface in contact with earth
	3”

	Formed surfaces in contact with earth
	2”

	Formed surfaces exposed to outside weather
	2”

	Slabs and walls not exposed to weather
	1-½”

	Clear distances between bars
	2”


When specified on the construction drawings, determinate on complexity of reinforcing layout and plan, the contractor shall provided to the technical representative a construction plan detailing size, location, dimensions, bend angles, minimum overlap, embedment length and quantity of reinforcing steel to be placed (rebar schedule).  The contractor shall provide the rebar schedule to the technical representative 10 days prior to placement for approval.
5
FORMS
Concrete forms shall have sufficient strength and rigidity to hold the concrete to withstand the necessary pressure, tamping and vibration without deflecting from the prescribed lines.  They shall be mortar-tight and constructed so that they can be removed without hammering or prying against the concrete.  Form surfaces shall be smooth and free from holes, dents, sags, or other irregularities.  Forms shall be coated with a non-staining form release agent prior to being set into place.  All form work shall remain in place a minimum of 24 hours after placement of concrete.  The contractor shall be responsible for the construction, design, placement and removal of all formwork.  All shoring during placement of concrete is the sole responsibility of the contractor. 
All form ties shall permit their removal to a depth of 1 inch below the surface of the concrete without injury to the concrete and shall not be used without use of cones.  Form ties that break off at the surface of the concrete shall not be permitted.  Cone holes shall be filled with a non-shrink concrete grout immediately after form removal
Items to be embedded in concrete shall be positioned accurately and anchored firmly.

6
WATERSTOPS

Waterstops shall be of the size, dimension and location shown on the drawings and shall be held firmly in the correct position as the concrete is placed. Joints shall be cemented, welded, or vulcanized as recommended by the manufacturer. Joints shall be watertight and have a minimum of that specified above.  Intersecting waterstop joints shall be prefabricated and supplied by the same manufacturer providing the waterstop.

7
CONSTRUCTION JOINTS
Construction joints shall be made at locations shown on the drawings and of the type specified by the technical representative.  
Surfaces of construction joints shall be cleansed of all unsatisfactory concrete, laitance, coatings, stains, or debris by washing and scrubbing with a wire brush or wire broom and kept moist for at least one hour prior to placement of new concrete.

In addition, the top surfaces of walls and columns shall be immediately and carefully protected from any condition that might adversely affect curing of concrete.

Expansion and contraction joints shall be made only at locations shown on the drawings.  Exposed edges on these joints shall be carefully tooled, chamfered and free of mortar and concrete spillage.

Preformed expansion joint filler shall be held firmly in the correct position as the concrete is placed and shall be left exposed for its full length with clean and true edges.
8
SAFETY

The contractor is responsible for compliance with all state and local laws, ordinances, codes, and/or regulations applicable, including OSHA Part 1910 and 1926, to the project.  The technical representative will document any safety violations witnessed.

The contractor shall develop and implement safety protocols that comply with OSHA Part 1910 and 1926.   As a minimum the procedures will include: catwalks and railings for work performed in excess of 4 feet above the ground (ladders may be used as work platforms only when use of small hand tools or handling of light material is involved), protective cones for all vertically exposed rebar, and construction equipment (including concrete delivery trucks) shall be equipped with reverse alarms.  If a concrete bucket is used, no person shall either ride or at any time be directly underneath a bucket in transport.

9
PLACEMENT
Contractor shall notify the technical representative 24 hours prior to the placement of concrete to inspect the reinforcing steel, forms, subgrade, preparation for curing and vibrating equipment.  Concrete shall not be placed until the subgrade, forms, and steel reinforcement have been inspected and approved.  

Prior to placement of concrete, the forms, reinforcing steel, and subgrade shall be free of chips, sawdust, debris, water, ice, snow, extraneous oil, mortar, rust or other harmful substances and/or coatings.  Rock surfaces shall be cleaned by wire brushing, wet sand-blasting, air water jets or other means satisfactory to the technical representative.  Earth surfaces shall be firm and damp before placing concrete.  Placement of concrete on mud, dried earth, uncompacted fill or frozen subgrade will not be permitted.
No additional water shall be added to the concrete at time of placement to increase slump and workability of concrete, unless water has been removed prior to mixing of the concrete (trim water).  In that event, water may be added to the volume levels which had been removed, such that the total water of concrete mix placed is equal to the approved mix proportions.

The maximum length of time between introduction of the cement to the aggregates and placement of the concrete in the forms shall not exceed 1-1/2 hours for concrete temperatures below 85o F or 45 minutes for concrete temperatures above 85oF.
Mobile concrete mixers or volumetric batching and continuous mixing at the construction site is permitted.  The batching and mixing equipment shall conform to the requirements of ASTM C685 and shall be demonstrated before placement of concrete by tests with the job mix to produce concrete meeting the specified proportioning and uniformity requirements.
Concrete shall be consolidated by either hand spading and tamping or mechanical vibration to ensure smooth and dense concrete along form surfaces, in corners, and around embedded items.  The use of vibrators to transport concrete in the forms is not permitted.  Vibration shall not be applied directly to the reinforcement steel, forms, or to concrete that has begun to set.

Successive layers shall be placed at a fast enough rate to prevent the formation of “cold joints”.  If a successive layer cannot be placed in a timely manner, a standard type construction joint shall be used between layers.

Concrete shall be placed in horizontal lifts not greater than 20 inches.  Concrete shall not be dropped more than 5 feet vertically, or 12 feet vertically for a superplasticized concrete mix. An elephant trunk, chute, or similar means shall be used when applicable to minimize the vertical drop.
The depositing of concrete shall be regulated so that concrete may be consolidated with a minimum of lateral movement, segregation, laitance, or honey-combing.  Hoppers and chutes shall be used as necessary to prevent segregation and the splashing to mortar on the forms and reinforcing steel above the placing level.  Temporary stays and braces can be removed when no longer needed.
Vibration is required at all joints that contain waterstops.


10 DELIVERY TICKETS

The contractor shall obtain from the supplier a delivery ticket for each load of concrete before unloading at the site.  A copy of the delivery ticket for each truckload of ready mix concrete shall be available for review by the technical representative.  The following minimum information shall be included on each load ticket:

A. Name of concrete supplier and batch plant

B. Name of purchaser and job location

C. Date of delivery

D. Truck Number

E. Amount of concrete delivered

F. Time loaded or time of first mixing of cement and aggregates

G. Mixing water in the load as free water, including any water trimmed

H. Type and amount of cement

I. Type and amount of admixtures

J. Weights of fine and coarse aggregate

K. Percent moisture content or weight of free water contained in the aggregate.

The contractor or inspector shall also include the following additional information on the load ticket:

A. Water added by the receiver of the concrete

B. Time the concrete arrived at the site

C. Time the concrete was completely unloaded.

11
FINISHING OF UNFORMEZD SURFACES AND CURING
All flat work surfaces shall be true and even, and shall be free from open or rough spaces, depressions, or projections.  All flatwork shall be screeded to grade and then bull-floated.  Vibratory screeding may be used in lieu of bull-floating.  

Sloped slabs shall be worked to a uniform grade, maintaining the specified thickness, and finished in a manner to insure dense concrete.  All sloped surfaces shall be true and even, and shall be free from open or rough spaces, depressions, or projections.
Excessive floating or troweling while the concrete is soft shall not be permitted.  The addition of dry cement or water to the surface of the screened concrete shall not be permitted.

Concrete edges shall be chamfered 3/4 inch or finished with molding tools.

Concrete shall be cured for a period of at least 7 days after it is placed.  Exposed concrete surfaces shall be kept continually wet during the entire curing period or until curing compound is applied.

Curing compound shall be thoroughly mixed immediately before applying, and shall be applied at a uniform rate recommended by the manufacturer, as a minimum.  It shall form a uniform, continuous, adherent film over the entire surface.

Curing compound shall not be applied to surfaces requiring bond with concrete remaining to be placed, construction joints, reinforcing steel, and embedded items.  These areas shall be wet cured.

Concrete surfaces subjected to heavy rainfall, running water and/or other moisture damage within 3 hours after curing compound has been applied shall receive a second application.

12
FINISHING FORMED SURFACES AND CURING
Concrete edges shall be chamfered 3/4 inch or finished with molding tools.

Concrete shall be cured for a period of at least 7 days after it is placed.

Forms shall not be removed without approval of the technician representative.  Removal of forms shall be done in such a way as to prevent damage to the concrete and in a way that will allow the concrete to take the stresses due to its own weight uniformly and gradually.
Wall forms and forms for joints with waterstops shall not be removed for 24 hours after the concrete is placed.  Other forms may be removed when the concrete is sufficiently cured so that the concrete will not be damaged.  When forms are removed prior to the 7 day curing period the concrete surfaces shall be kept continually wet during the entire curing period or until curing compound is applied
Age of stripped concrete shall be at least 7 days before any load is applied other than the weight of forms, scaffolds and succeeding lifts.

The following shall be done immediately after removal of forms.

a.
Removal of all fins and other surface irregularities which affect appearance or 
function.

b.
Removal of all form bolts and ties to the depth of their cone.

c. 
All cavities, holes and honey-combing shall be thoroughly cleaned, wetted and filled with dry pack mortar.  The area to be patched shall be kept damp prior to patching.

d.
The patching mortar shall be compacted to form a dense, well-bonded unit that is free from shrinkage cracks.

e.
All patched areas shall be cured as specified in Section 11.

13
REMOVAL OR REPAIR
Concrete that is honeycombed, damaged, frozen or otherwise defective shall be removed or repaired immediately upon discovery, at the contractor’s expense.  The technical representative shall be notified of any damaged concrete.  The contractor shall submit to the technical representative a removal/repair plan prior to performing any repair work for concurrence.
All patching repairs shall be made using a non-shrink grout material and installed per the approved plan.  When proprietary patching material is proposed in the plan, the manufacturer's data sheets and written recommendations shall be included in the plan. 

Repair material or replacement concrete shall have properties, color, and texture similar to and compatible with the concrete being repaired or replaced. Repair or replacement concrete work shall be performed only when the technical representative is present.

Curing of repaired or replaced concrete shall be started immediately after finish work is completed or as specified by the manufacturer of proprietary compounds.

14
SPECIAL PROVIONS FOR CONCRETING IN HOT/COLD WEATHER
Hot Weather:  For this specification, hot weather is defined as any combination of high ambient temperature, (generally above 80ºF), low relative humidity, and wind velocity tending to impair the quality of fresh or hardened concrete or otherwise resulting in abnormal properties.

The temperature of the concrete shall be less than 90ºF during mixing, conveying and placement.

Special provisions shall be made to immediately protect and cure the concrete due to rapid drying conditions.  Concrete surfaces exposed to the air shall be kept continuously wet for the first 24 hours of the curing period or until curing compound is applied.  
In extreme conditions, it may be necessary to (1) restrict placement to late afternoon, or night, (2) restrict the depth of layers to assure coverage of the previous layer while it will still respond readily to vibration, (3) suspend placement until conditions improve. 
Cold Weather: For this specification, cold weather is defined as when the daily minimum ambient air temperature at the site is less than 40oF.
The temperature of the concrete at the time of placement shall not to be less than 50ºF, nor more than 90oF.  Heated water of 140ºF or less may be used when cement is added to the mix.

Prior to placement of concrete, all ice, snow and frost shall be completely removed from all surfaces to be in contact with the concrete.

The use of antifreeze or accelerator compounds is not allowed.

The concrete shall be protected for a minimum of three days following placement with insulated blankets or heated enclosures.  Combustion heaters shall have exhaust flue vented out of the concrete protection enclosure and shall not be permitted to dry the concrete.
Concrete shall maintain a uniform temperature throughout its entire dimension to minimize thermal expansion/contraction cracks.

In both hot and cold weather concreting, the contractor shall furnish to the technical representative, a record of daily maximum and minimum ambient air and concrete surface temperatures during the curing period.

15 MEASUREMENT AND PAYMENT

Concrete is measured to the neat lines or pay limits as shown on the drawings, and the volume of concrete is computed to the nearest 0.1 cubic yard.  No deduction in volume is made for chamfers, edges, or any void that is less than 5 cubic feet in volume.
Payment for each item of concrete is made at the contract unit price for that item.  The payment for concrete will constitute full compensation for completion of the concrete work, including furnishing and placing reinforcing steel, furnishing and handling concrete, joint fillers, waterstops, metal plates, dowels or dowel assembles, and metal plates, but not including other items listed for payment elsewhere in the contract.
16
ITEMS OF WORK AND CONSTRUCTION DETAILS
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