DIVISION 32 - EXTERIOR IMPROVEMENTS
Section 32 13 13 - Portland Cement Concrete Paving


READ THIS FIRST

This Project Spec Document may need additional modifications to suit your project. It is recommended that you proofread each section, paying attention to any “Notes” boxes such as this one--you should remove these “Notes” sections as you go. Also, do a search for all bracket characters “ [ ] “ as they are used to show you areas containing options or project specific details (you can use Microsoft Word’s Find feature {Ctrl-F} to jump to an open bracket “ [ “ character quickly). Again, these bracket characters should be removed.

It is important that every paragraph be numbered to allow for easy referencing. If you use the document’s built in styles and formatting your outline should be fine (turn on the formatting toolbar by going to View > Toolbars > Formatting). Most paragraphs will use the style “Numbered Material” and can be promoted (Shift) or demoted (Shift-Tab).

You should not have to manually enter extra spaces, carriage returns or outline characters such as A, B, C, or 1.01, 1.02; the formatting will do this for you. The entire document is 11 pt. Arial. If you paste items in, you may need to reapply the “Numbered Material” format.
PART 1   GENERAL

1.1 SUMMARY OF WORK

A. The extent and location of “Portland Cement Concrete Paving” Work is shown in the Contract Documents.
1.2 GOVERNING CODES, STANDARDS, AND REFERENCES

A. AASHTO M254 Specification for Corrosion Resistant Coated Dowel Bars

B. AASHTO M284 Specification for Epoxy Coated Reinforcing Bars

C. AASHTO T26 Quality of Water To Be Used in Concrete

D. ASTM A184 Specification for Fabricated Deformed Steel Bar Mats for Concrete Reinforcement

E. ASTM A615 Specification for Deformed and Plain Billet-Steel Bars for Concrete Reinforcement
F. ASTM A617 Specification for Axle-Steel Deformed and Plain bars for Concrete Reinforcement
G. ASTM A704 Standard Specification for Welded Steel Plain Bar or Rod Mats for Concrete Reinforcement
H. ASTM C31 Practices for Making and Curing Concrete Test Specimens in the Field

I. ASTM C33 Standard Specification for Concrete Aggregates

J. ASTM C39 Test Method for Compressive Strength of Cylindrical Concrete Specimens

K. ASTM C78 Test Method for Flexural Strength of Concrete (Using Simple Beam with Third-Point Loading)

L. ASTM C94 Specification for Ready-Mixed Concrete

M. ASTM C131 Test Method for Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine

N. ASTM C138 Standard Test Method for Density (Unit Weight), Yield and Air Content (Gravimetric) of Concrete

O. ASTM C143 Standard Test Method for Slump of Portland Cement Concrete

P. ASTM C150 Specification for Portland Cement

Q. ASTM C171 Specification for Sheet Materials for Curing Concrete

R. ASTM C172 Method of Sampling Freshly Mixed Concrete

S. ASTM C173 Standard Test Method for Air Content of Freshly Mixed Concrete by the Volumetric Method

T. ASTM C174 Test Method for Measuring Length of Drilled Concrete Cores

U. ASTM C231 Standard Test Method for Air Content of Freshly Mixed Concrete by the Pressure Method

V. ASTM C260 Specification for Air-Entraining Admixtures for Concrete

W. ASTM C309 Specification for Liquid Membrane-Forming Compounds for Curing Concrete

X. ASTM C311 Standard Test Method for Sampling and Testing Fly Ash or Natural Pozzolans for Use in Portland Cement Concrete

Y. ASTM C321 Standard Test Method for Bond Strength of Chemical Resistant Mortars
Z. ASTM C494 Specification for Chemical Admixtures for Concrete
AA. ASTM C535 Standard Test Method for Resistance to Degradation of Large-Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine

AB. ASTM C595 Specification for Blended Hydraulic Cements

AC. ASTM C873 Standard test Method for Compressive Strength of Concrete Cylinders Cast in Place in Cylindrical Molds
AD. ASTM D638 Standard test method for tensile Properties of Plastics
AE. ASTM D1751 Specification for Preformed Expansion Joint Fillers for Concrete Paving and Structural Construction (Non-extruding and Resilient Bituminous Types)

AF. ASTM D1752 Specification for Preformed Sponge Rubber and Cork Expansion Joint Fillers for Concrete Paving and Structural Construction

AG. FAA regulations

AH. Fed. Spec. SS-S-200D - Sealing Compounds, Two-Component, Elastomeric, Polymer Type, Jet-Fuel-Resistant, Cold-Applied joint-sealing materials

AI. NRMCA batch plant ready-mixed concrete plants

1.3 SUBMITTALS
A. Submit materials data in accordance with of Section 01 33 00 - Submittals. Furnish manufacturers’ technical literature, standard details, product specifications, and installation instructions for all products.
B. Submittals shall include the following:
1.4 TESTS

	ASTM C31
	Practices for Making and Curing Concrete Test Specimens in the Field

	ASTM C39
	Standard Test Method for Compressive Strength of Cylindrical Concrete Specimens

	ASTM C78
	Standard Test Method for Flexural Strength of Concrete (Using Simple Beam with Third-Point Loading)

	ASTM C131
	Standard Test Method for Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine

	ASTM C138
	Standard Test Method for Unit Weight, Yield and Air Content (Gravimetric) of Concrete

	ASTM C143
	Standard Test Method for Slump of Portland Cement Concrete

	ASTM C172
	Method of Sampling Freshly Mixed Concrete

	ASTM C173
	Standard Test Method for Air Content of Freshly Mixed Concrete by the Volumetric Method

	ASTM C174
	Standard Test Method for Measuring Length of Drilled Concrete Cores

	ASTM C231
	Standard Test Method for Air Content of Freshly Mixed Concrete by the Pressure Method

	ASTM C311
	Method for Sampling and Testing Fly Ash or Natural Pozzolans for Use as a Mineral Admixture in Portland Cement Concrete

	ASTM C535
	Standard Test Method for Resistance to Degradation of Large-Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine

	AASHTO T26
	Quality of Water To Be Used in Concrete

	ASTM A184
	Specification for Fabricated Deformed Steel Bar Mats for Concrete Reinforcement

	ASTM C33
	Specification for Concrete Aggregates

	ASTM C94
	Specification for Ready-Mixed Concrete

	ASTM C150
	Specification for Portland Cement

	ASTM C171
	Specification for Sheet Materials for Curing Concrete

	ASTM C260
	Specification for Air-Entraining Admixtures for Concrete

	ASTM C309
	Specification for Liquid Membrane-Forming Compounds for Curing Concrete

	ASTM C494
	Specification for Chemical Admixtures for Concrete

	ASTM C595
	Specification for Blended Hydraulic Cements

	ASTM D1751
	Specification for Preformed Expansion Joint Fillers for Concrete Paving and Structural Construction (Non-extruding and Resilient Bituminous Types)

	ASTM D1752
	Specification for Preformed Sponge Rubber and Cork Expansion Joint Fillers for Concrete Paving and Structural Construction

	AASHTO M254
	Specification for Corrosion Resistant Coated Dowel Bars

	AASHTO M284
	Specification for Epoxy Coated Reinforcing Bars


PART 2   MATERIALS
A.
If only one product is acceptable (single or sole source product), obtain an approved Competition Waiver and submit to the CPO Construction, Contract Administrator.  The language shall read as: “Manufacturer Name, Product # XXXXX, No Equal.”  Refer to CPO-6 Competition Waiver Policy for more information.

B.
If a Competition Waiver is not approved or more than one product is acceptable, this section must list a minimum of 2 products plus the language “Or Approved Equal,” along with salient characteristics.  Refer to CPO Construction’s Salient Characteristics Guidelines for more information.

2.1 PROJECT INFORMATION

A. The Work consists of pavement composed of Portland cement [partially] [reinforced] concrete, constructed on a prepared subgrade or subbase course in accordance with these specifications and conforming to the lines, grades, thicknesses and typical cross sections indicated on the drawings.

2.2 PREPARATION FOR MATERIALS

2.3 FABRICATION, PRODUCTION, & SUPPLY OF MATERIALS

2.4 MATERIAL REQUIREMENTS

A. General

1. All materials shall be new, not recycled.

B. Concrete
1. General:

a. All concrete, unless otherwise specifically permitted by the Engineer, shall be batched and mixed at an approved plant.

b. The control of concrete production shall be under supervision of a recognized testing laboratory, selected and paid for by the Contractor, who shall design the mixes and furnish inspection of batched aggregates at the mixing plant.

2. Quality: The paving concrete shall have a minimum flexural strength of 650 psi and a minimum allowable cement content of 5.2 sacks of cement per cubic yard.

3. The minimum flexural strength specified is the strength at seven days for high-early-strength concrete. For plant-mix concrete, a certificate showing proportions and the three day strength of the concrete mix being furnished shall be obtained from the supplier and furnished to the Engineer.

C. Aggregate
1. General: Aggregates delivered to the mixer shall consist of crushed stone, crushed or uncrushed gravel, crushed slag, or natural sand. The aggregate shall be composed of sound, tough, durable particles and shall not exceed the limits for deleterious substances given in ASTM C33. The aggregate in a size group shall not contain more than eight percent by weight of flat or elongated pieces. A flat or elongated particle is one having a ratio between the maximum and the minimum dimensions of a circumscribing rectangular prism exceeding 5 to 1.

2. The percentage of wear shall not exceed 40% when tested in accordance with ASTM C131.

3. Fine Aggregate: Fine aggregate for concrete shall conform to the requirements of ASTM C33 and shall meet the requirements of Table 1.

TABLE 1. GRADATION FOR FINE AGGREGATE

	SIEVE DESIGNATIONS (SQUARE OPENINGS)
	PERCENTAGE BY WEIGHT PASSING SIEVES

	3/8 in.
	100

	No. 4
	95 - 100

	No. 8
	80 - 100

	No. 16
	50 - 85

	No. 30
	25 - 60

	No. 50
	10 - 30

	No. 100
	2 - 10


4. Coarse Aggregate: Coarse aggregate shall conform to the requirements of ASTM C33. Gradation shall be in accordance with Table 2.

TABLE 2. GRADATION FOR COARSE AGGREGATE

Percentage by Weight Passing Sieves

	SIEVE DESIGNATIONS
	FROM 1-1/2” TO NO. 4

	In.
	:
	:
	1-1/2” - 3/4”
	:
	3/4” - No. 4

	2-1/2
	:
	:
	-
	:
	-

	2
	:
	:
	100
	:
	-

	1-1/2
	:
	:
	90 - 100
	:
	-

	1
	:
	:
	25 - 55
	:
	100

	3/4
	:
	:
	0 - 15
	:
	95 - 100

	1/2
	:
	:
	-
	:
	20 - 55

	3/8
	:
	:
	0 - 5
	:
	20 - 55

	No. 4
	:
	:
	-
	:
	0 - 10

	No. 8
	:
	:
	-
	:
	0 - 5


D. Cement
1. All cement shall be Portland cement conforming to ASTM Designation C150, [Type II] [Type III], and shall be the product of one manufacturer.

E. Admixtures
Competition waiver to be submitted to CPO for one manufacturer admixtures to be the only approved product for the Port.
1. General: All admixtures shall be supplied by one manufacturer approved by the Engineer, No Equal.  
2. Air-Entraining Agents: Shall meet the requirements of ASTM C260 and shall be added to the mixer in the amount necessary to produce (5-1/2%) entrained air; plus or minus 1-1/2%.

3. Water-Reducing Agents: Shall be Fly-Ash, Master Builders’ Pozzolith, Or Approved Equal, conforming to ASTM C494, Type A for water-reducing, Type D for water-reducing and retarding, and Type E for water-reducing accelerating.

4. Accelerators: Shall be approved by the Engineer prior to use.

5. Retarders: Shall be approved by the Engineer prior to their use.

F. Steel Reinforcement
1. Steel Reinforcement (Bar Mats): Shall meet the requirements of ASTM A184 or A704.

2. Dowel and Tie Bars: Tie bars shall be deformed steel bars and conform to the requirements of ASTM A615 or ASTM A616, except that rail steel bars, Grade 50 or 60, shall not be used for tie bars that are to be bent or re-straightened during construction. Tie bars designated as Grade 40 in ASTM A615 can be used for construction requiring bent bars.

a. Dowel bars shall be plain steel bars conforming to ASTM A617 and shall be free from burring or other deformation, restricting slippage in the concrete. Before delivery to the construction site, a minimum of two-thirds of the length of each dowel bar shall be painted with one coat of lead or tar paint. If plastic or epoxy-coated steel dowels are used, no lead or tar paint coating is required, except when specified for a particular situation on the contract drawings. Coated dowels shall conform to the requirements given in AASHTO M-284.

G. Water
1. Water used in mixing or curing shall be as clean and free of oil, salt, acid, alkali, sugar, vegetable, or other substances injurious to the finished product as possible. Water will be tested in accordance with the requirements of AASHTO T26. Water known to be of potable quality may be used without testing.

H. Cover Materials For Curing
a. Curing materials shall conform to one of the following specifications:

b. Liquid membrane-forming compounds for curing concrete shall conform to the requirements of ASTM C309, Type 2.

c. White polyethylene film for curing concrete shall conform to the requirements of ASTM C171.

d. Waterproof paper for curing concrete shall conform to the requirements of ASTM C171.

e. White burlap-polyethylene sheeting for curing concrete shall conform to the requirements of ASTM C171.

I. Joint Sealer
1. Joint-sealing materials shall meet the requirements of Fed. Spec. SS-S-200D - Sealing Compounds, Two-Component, Elastomeric, Polymer Type, Jet-Fuel-Resistant, Cold-Applied.

2. Deliver each lot or batch of sealing compound to the job site in the manufacturer’s original sealed container. Each container shall be marked with the manufacturer’s name, batch, or lot number, and the safe heating temperature, and shall be accompanied by the manufacturer’s certification stating that the compound meets the requirements of this specification.

J. Epoxy
Competition waiver to be submitted to CPO for Sika Chemical Company SIKADUR HI-MOD GEL to be the only approved product for the Port.
1. Epoxy material shall be SIKADUR HI-MOD GEL by the Sika Chemical Company, No Equal.  
2.5 MATERIAL HANDLING, DELIVERY, & STORAGE

A. Ready-mixed concrete shall be placed in its final position within one hour after adding cement.

1. Re-tempering: Mix concrete only in such quantities as are required for immediate use and as will be used while fresh before initial set has taken place. Concrete which has developed initial set shall not be used. Concrete which has partially hardened shall not be re-tempered or remixed.

2. Protection: Use all means necessary to protect concrete materials before, during and after installation and to protect the installed Work and materials of all other trades.

3. Replacement: In the event of damage, immediately make all repairs and replacements necessary to the approval of the Engineer and at no additional cost to the Port.

2.6 DELIVERABLES

The Contractor should be required to provide locations of the proposed joints.  Joints are critical to crack control and longevity of the pavement.  

The Contractor should be required to provide the proposed curing method.  

A. Within three days after execution of the Contract, submit to the Engineer, in accordance with Section 01 33 00 - Submittals of these specifications, the proposed design mix for the concrete required for this portion of the Work. Also submit the manufacturer’s name and catalog number of items, such as membranes; all admixtures; and the name and address of the proposed concrete supplier.
2.7 QUALITY ASSURANCE

PART 3   EXECUTION

3.1 PROJECT INFORMATION

3.2 PREPARATION FOR EXECUTION OF WORK

A. Preparatory Work
1. Inspection:

a. Prior to all Work of this section, carefully inspect the installed Work of all other trades and verify that all such Work is complete to the point where this installation may properly commence.

b. Verify that all items to be embedded in concrete are in place, properly oriented, located and secured.

c. Verify that concrete may be placed to the lines and elevations indicated on the drawings with all required clearance for reinforcement.

2. General:

a. Thoroughly clean all areas in which concrete is to be placed. Clean and roughen existing concrete to provide a bondable surface. Concrete forms which have not been treated with oils, waxes, or other bond breakers shall be thoroughly wet prior to placing concrete.

b. Clean transporting and handling equipment of all hardened concrete.
B. Equipment
1. General: Equipment and tools necessary for handling materials and performing all parts of the Work shall be approved by the Engineer as to design, capacity and mechanical condition. Before the start of construction operations, have equipment at the job site for examination and approval.

2. Batch Plant: Ready-mixed concrete plants shall be approved and certified by the NRMCA. Ready-mixed concrete shall be batched with equipment and in accordance with the applicable portions of ASTM C94.

3. Truck agitators used for hauling ready-mixed concrete shall conform to the requirements of ASTM C94.

4. Finishing Equipment:

a. Finishing Machine: The finishing machine shall be equipped with one or more oscillating-type transverse screeds.

b. Vibrators: For side-form construction, vibrators shall be the internal type with either immersed tube or multiple spuds, for the full width of the concrete slab. They may be attached to the spreader or the finishing machine, or they may be mounted on a separate carriage. They shall not come in contact with the joint, load-transfer devices, subgrade, or side forms. The frequency shall not be less than 7,000 vibrations per minute for spud vibrators. When spud-type internal vibrators are used adjacent to the side forms, they shall have a frequency of not less than 3,500 vibrations per minute. Use hand vibrators to consolidate the concrete along forms and other isolated areas.

5. Concrete Saw: Provide sawing equipment adequate in number of units and power to complete the sawing to the required dimensions and at the required rate. Provide at least one standby saw in good working order. Maintain an ample supply of saw blades at the site of the Work at all times during sawing operations. Provide adequate artificial lighting facilities for night sawing.

6. Forms: Straight-side forms shall be made of steel having a thickness of not less than 7/32 inch and shall be furnished in sections not less than ten feet in length. Forms shall have a depth equal to the prescribed edge thickness of the concrete without horizontal joint, and a base width equal to the depth of the forms. Provide forms with adequate devices for secure settings so that when in place they will withstand, without visible spring or settlement, the impact and vibration of the consolidating and finishing equipment. Flange braces shall extend outward on the base not less than two-thirds the height of the form. Remove forms with battered top surfaces and bent, twisted, or broken frames from the Work site. Do not use repair forms until inspected and approved. Do not use built-up forms, except as approved by the Engineer. The top face of the form shall not vary from a true plane more than 1/8 inch in ten feet, and the upstanding leg shall not vary more than 1/4 inch. The forms shall contain provisions for locking the ends of abutting sections together tightly for secure setting.

3.3 EXECUTION OF WORK

A. Form Setting
1. Set forms sufficiently in advance of the concrete placement to ensure a continuous paving operation. After the forms have been set to correct grade, tamp the grade thoroughly, either mechanically or by hand, at both the inside and outside edges of the base of the forms. Stake forms into place with not less than three pins for each ten foot section. Place a pin at each side of every joint.

2. Form sections shall be tightly locked and shall be free from play or movement in any direction. The forms shall not deviate from true line by more than 1/4 inch at any joint. Set forms so that they will withstand, without visible spring or settlement, the impact and vibration of the consolidating and finishing equipment. Clean and oil forms prior to the placing of concrete.

3. Check the alignment and grade elevations of the forms and make corrections immediately before placing the concrete. When a form has been disturbed or the grade has become unstable, reset and recheck the form.

4. Slip forms will not be allowed.

B. Conditioning Of Underlying Course, Side-Form Construction
1. Without saturating, moisten the prepared grade with water immediately ahead of concrete placement, to prevent rapid loss of moisture from the concrete. Fill ruts or depressions in the subgrade or subbase caused by hauling or usage of equipment with suitable material (not with concrete or concrete aggregates) as they develop and thoroughly compact by rolling. Correct damage to the subbase, if any, at no additional expense to the Port. A multiple-pin template weighing not less than 1,000 pounds per 20 feet or other approved template shall be provided and operated on the forms immediately in advance of the placing of the concrete. The template shall be propelled only by hand and not attached to a tractor or other power unit. The templates shall be adjustable so that they may be set and maintained at the correct contour of the underlying course. The adjustment and operation of the template shall be such as will provide an accurate retest of the grade before placing the concrete thereon. Remove all excess material. Low areas may be filled and compacted to a condition similar to that of the surrounding grade, or filled with concrete integral with the pavement. In cold weather, protect the underlying subbase so that it will be entirely free from frost when the concrete is placed. The use of chemicals to eliminate frost in the underlying material will not be permitted. Maintain the template in accurate adjustment at all times, and check daily. The Work described under the foregoing paragraphs does not constitute a regular sub-grading operation, but rather a final accurate check of the underlying course.

C. Proportions
1. Prior to the start of paving operations and after approval of all material to be used in the concrete, submit test data showing the proportions and actual flexural strength obtained from the concrete. Flexural strength shall be as specified at seven days using test specimens prepared in accordance with ASTM C31 and tested in accordance with ASTM C78. The mix determined shall be workable concrete having a slump between one and two inches as determined by ASTM C143.

2. The minimum cement content shall be maintained to produce concrete of suitable durability and workability. The maximum water-cement ratio specified for concrete shall not be exceeded. Entrained air shall be required to increase durability and provide workability.

3. The cement content shall not be less than 5.2 sacks per cubic yard, nor shall the water-cement ratio, including free surface moisture on the aggregates but not including moisture absorbed by the aggregates, be more than six gallons per sack of cement. The cement content shall be determined in accordance with ASTM C138.

4. Add air-entraining admixture evenly to ensure uniform distribution of the agent throughout the batch. The air content of freshly mixed, air-entrained concrete shall be based upon trial, mixed with the materials to be used in the Work and adjusted to produce concrete of the required plasticity and workability. The percentage of air entrainment in the mix shall be (5.5%) plus or minus 1.5 percentage points. Air content will be determined by testing in accordance with ASTM C231 for gravel and stone coarse aggregate.

5. Pozzolith or Fly-Ash admixture may not be added to the design mix without the prior approval of the Engineer.

D. Field Test Specimens
1. Furnish concrete samples taken in the field to determine the consistency, air content and strength of the concrete. Flexural test beams will be made by the Port of Seattle or its representative each day that concrete is placed. Each group of test beams will be molded from the same batch of concrete and will consist of a sufficient number of specimens to provide two flexural strength tests at each test age. One group of specimens will be made during the first half of each shift and the other during the last portion of the shift. The specimens will be made in accordance with ASTM C31. However, at the start of paving operations and when the aggregate source, aggregate characteristics, or mix design is changed, additional groups of test beams may be required until the Engineer is satisfied that the concrete mixture being used complies with the strength requirements of these specifications. Test ages will be three days and seven days.

2. The flexural strength of the concrete shall meet the following requirements:

a. The average of any four consecutive strength tests, tested at the end of seven days, shall have an average flexural strength equal to or greater than the specified flexural strength.

b. Not more than 20% of the beams tested at the end of seven days shall have a flexural strength less than the specified strength.

3. Specimens which are obviously defective shall not be considered in the determination of the strength. When it appears that the test specimens will fail to conform to the requirements for strength, the Engineer shall have the right to order changes in the concrete sufficient to increase the strength to meet these requirements. When a satisfactory relationship between three day and seven day strengths has been established and approved, the three day test results may be used as an indication of the seven day strengths. However, the three day test results will not replace the results of the seven day tests if the seven day results fall below the requirement.

4. Test Failure: If the three day (72-hour) test break does not indicate a flexural strength of 40.0%, or greater, of the design strength, then all the concrete of that mix lot shall be removed and wasted, unless otherwise directed by the Engineer.

E. Mixing Concrete
1. Ready-mixed concrete shall be mixed and delivered in accordance with the requirements of ASTM C94, except that the minimum required revolutions of the mixing speed for transit-mixed concrete may be reduced to not less than that recommended by the mixer manufacturer. The number of revolutions recommended by the mixer manufacturer shall be indicated on the manufacturer’s serial plate attached to the mixer. Furnish test data acceptable to the Engineer, verifying that the make and model of the mixer will produce uniform concrete conforming to the provisions of ASTM C94 at the reduced number of revolutions shown on the serial plate.

F. Limitations Of Mixing
1. Do not mix, place, or finish concrete when the natural light is insufficient, in the opinion of the Engineer, unless an adequate and approved artificial lighting system is operated.

2. During periods of warm weather when air temperature exceeds 85°F., sprinkle the forms and the underlying material with water immediately before placing the concrete. Place the concrete at the coolest temperature practicable, and in no case shall the temperature of the concrete exceed 90°F when placed. Cool the aggregates and mixing water as necessary to maintain the concrete temperature below the specified maximum.

G. Placing Concrete
1. Deposit the concrete on the moistened grade to require as little re-handling as possible. Unless truck agitators are equipped with means for discharge of concrete without segregation of the materials, the concrete shall be unloaded into an approved spreading device and mechanically spread on the grade to prevent segregation of the materials. Placing shall be continuous between transverse joints without the use of intermediate bulkheads. Necessary hand spreading shall be done with shovels, not rakes. Do not allow workmen with boots or shoes coated with earth or foreign substances to walk in the freshly placed concrete.

2. When concrete is to be placed adjoining a previously constructed lane of pavement and when mechanical equipment will be operated upon the existing lane of pavement, the concrete shall be at least three days old and at a flexural strength approved by the Engineer. If only finishing equipment is carried on the existing lane, and if approved by the Engineer, paving in adjoining lanes may be permitted after two days.

3. Consolidate concrete against and along the faces of all forms and along the full length and on both sides of all joint assemblies by means of vibrators inserted in the concrete. Do not permit vibrators to come in contact with a joint assembly, the grade, or a side form. In no case operate the vibrator longer than 15 seconds in any one location, nor shall the vibrators be used to move the concrete.

4. Deposit concrete as near to joints as possible without disturbing the joint, but do not dump from the discharge bucket or hopper onto a joint assembly unless the hopper is well centered over the joint assembly.

5. If concrete material falls on or is worked into the surface of a completed slab, remove the material immediately by methods approved by the Engineer.

H. Strike-Off Of Concrete And Placement Of Reinforcement
1. Following the placing of the concrete, strike off to conform to the cross section shown on the drawings and to an elevation such that when the concrete is properly consolidated and finished, the surface of the pavement shall be at the elevation noted on the drawings. When reinforced concrete pavement is placed in two layers, strike off the bottom layer to such length and depth that the sheet of reinforcing steel fabric or bar mat may be laid full length of the concrete in its final position without further manipulation. Then place the reinforcement directly upon the concrete, after which the top layer of the concrete shall be placed, struck off, and screeded. If a portion of the bottom layer of concrete has been placed more than 30 minutes without being covered with the top layer or if initial set has taken place, that portion of the bottom layer shall be removed and replaced with freshly mixed concrete without additional expense to the Port. When concrete is placed in one layer, the reinforcement may be positioned in advance of concrete placement.

2. Reinforcing steel, at the time concrete is placed, shall be free of mud, oil, or other organic matter that may adversely affect the bond. Reinforcing steel with rust, mill scale, or a combination of both will be considered satisfactory, provided that the minimum dimensions, weight and tensile properties of a hand-wire-brushed test specimen are not less than the applicable ASTM specification requirements.

I. Joints
1. General:

a. Longitudinal and Transverse Joints: Construct longitudinal and transverse joints as indicated on the drawings and in accordance with these requirements. Construct all joints true to line with their faces perpendicular to the surface of the pavement. Joints shall not vary more than 1/2 inch from a true line or from their designated position. Finish the vertical surface of the pavement adjacent to all expansion joints to a true plane and edge to a radius of 1/4 inch or as indicated on the drawings. Test the surface across the joints with a ten foot straightedge as the joints are finished, and correct all irregularities in excess of 1/4 inch before the concrete has hardened. Accurately form keyways, where required, with a template of metal or wood. The gage or thickness of the material in the template shall be such that the full keyway, as specified, is formed and is in the correct location. Place transverse joints at right angles to the centerline of the pavement, extending the full width of the slab. Place transverse joints in succeeding lanes in line with similar joints in the first lane. Prepare, finish, or cut all joints so as to provide a groove of the width and depth indicated on the drawings.

b. Tie Bars: Tie bars shall consist of deformed bars installed principally in longitudinal joints as indicated on the drawings. Place tie bars at right angles to the centerline of the concrete slab, spaced at intervals of 30 inches, unless otherwise specified. Position parallel to the pavement surface and midway between the surfaces of the slab. When tie bars extend into an unpaved lane, they may be bent at right angles against the form at longitudinal construction joints, unless threaded bolt or other assembled tie bars are specified. These bars shall not be painted, greased, or enclosed in sleeves.

c. Dowel Bars: Place dowel bars or other load-transfer units of an approved type across transverse joints in the manner noted on the drawings. They shall be of the dimensions and spacings indicated and held rigidly in the middle of the slab depth in the proper horizontal and vertical alignment by an approved assembly device that is to be left permanently in place. Rust-preventive paint, or an approved lubricant, applied to 2/3 of each dowel, as required under paragraph 2.05 B., shall prevent the concrete from binding to that portion of the dowel. If free-sliding plastic-coated or epoxy-coated steel dowels are used, employ a lubricating bond breaker except when approved pull-out tests indicate that it is not necessary. In lieu of using dowel assemblies at contraction joints, dowel bars may be placed in the full thickness of pavement by a mechanical device approved by the Engineer.

J. Final Strike-Off, Consolidation And Finishing
1. Sequence: The sequence of operations shall be the strike-off and consolidation, floating and removal of laitance; straight-edging; and final surface finish. The addition of superficial water to the surface of the concrete to assist in finishing operations generally will not be permitted. If the application of water to the surface is permitted, it shall be applied as fog spray by means of approved spray equipment.

2. Finishing at Joints: The concrete adjacent to joints shall be compacted or firmly placed without voids or segregation against the joint material, under and around all load-transfer devices, joint assembly units and other features designed to extend into the pavement. Mechanically vibrate concrete adjacent to joints as required in paragraph 3.09. After the concrete has been placed and vibrated adjacent to the joints, the finishing machine shall be operated in such a manner as to avoid damage or misalignment of joints. If uninterrupted operation of the finishing machine to, over, and beyond the joints causes segregation of concrete or damage to or misalignment of the joints, stop the finishing machine when the screed is approximately eight inches from the joint. Remove the segregated concrete from the front of and off the joint; lift the screed and set directly on top of the joint; and resume the forward motion of the finishing machine. Thereafter, the finishing machine may be run over the joint without lifting the screed, provided there is no segregated concrete immediately between the joint and the screed or on top of the joint.

3. Machine Finishing: Spread the concrete as soon as it is placed, then strike off and screed with an approved finishing machine. Go over each area as many times and at such intervals as necessary to give the proper consolidation and to leave a surface of uniform texture. Avoid excessive operations over a given area. When side forms are used, keep the tops of the forms clean by an effective device attached to the machine and maintain the travel of the machine on the forms true without lift, wobbling, or other variation tending to affect the precision finish. During the first pass of the finishing machine, maintain a uniform ridge of concrete ahead of the front screed for its entire length. When the screed is in operation, move it forward with a combined longitudinal and transverse shearing motion, always moving in the direction in which the Work is progressing and manipulating so that neither end is raised from the side forms during the striking-off process. If necessary, repeat this procedure until the surface is of uniform texture, true to grade and cross section, and free from porous areas.

a. Hand-Finishing: Hand-finishing methods will not be permitted, except under the following conditions: In the event of breakdown of the mechanical equipment, hand methods may be used to finish the concrete already deposited on the grade and in areas of narrow widths or of irregular dimensions where operation of the mechanical equipment is impractical. Strike off and screed concrete as soon as it is placed. Use an approved portable screed. Provide a second screed for striking off the bottom layer of concrete when reinforcement is used.

4. Floating: After striking off and consolidating the concrete, further smooth, true, and consolidate by means of a longitudinal float using one of the following methods:

a. Hand Method: The hand-operated longitudinal float shall not be less than 12 feet in length and six inches in width, properly stiffened to prevent flexibility and warping. The longitudinal float, operated from footbridges resting on the side forms and spanning but not touching the concrete, shall be worked parallel to the pavement centerline with a sawing motion, while held in a floating position and passing gradually from one side of the pavement to the other. Forward movement along the centerline of the pavement shall be in successive advances of not more than one-half the length of the float. Any excess water or soupy material shall be wasted over the pavement edge on each pass.

b. Mechanical Method: The Contractor may use a machine composed of cutting and smoothing floats, suspended from and guided by a rigid frame. The frame shall be carried by four or more visible wheels riding on, and constantly in contact with, the side forms or pavement subgrade. If necessary, long-handled floats having blades not less than five feet in length and six inches in width may be used to smooth and fill in open-textured areas in the pavement. When strike-off and consolidation are done by hand and the crown of the pavement will not permit the use of the longitudinal float, the surface shall be floated transversely by means of a long-handled float. Care shall be taken not to work the crown out of the pavement during the operation. After floating, any excess water and laitance shall be removed from the surface of the pavement by a straightedge ten feet or more in length. Successive drags shall be lapped one-half the length of the blade.

5. Straightedge Testing and Surface Correction: After the pavement has been struck off and consolidated and while the concrete is still plastic, test for trueness with a 16 foot straightedge. For this purpose, use an accurate 16 foot straightedge swung from handles three feet longer than one-half the width of the slab. Hold the straightedge in contact with the surface in successive positions parallel to the centerline and go over the whole area from one side of the slab to the other, as necessary. Advancing shall be in successive stages of not more than one-half the length of the straightedge. Remove excess water and laitance from the surface of the pavement. Immediately fill depressions with freshly mixed concrete, strike off, consolidate, and refinish. Cut down and refinish high areas. Give special attention to ensure that the surface across joints meets the requirements for smoothness. Continue straightedge testing and surface corrections until the entire surface is found to be free from observable departures from the straightedge and until the slab conforms to the required grade and cross section. Confine the use of long-handled wood floats to a minimum; they may be used only in emergencies and in areas not accessible to finishing equipment.

K. Surface Texture
1. Finish the surface of the pavement with a broom finish. Apply the pavement surface finish when the water sheen has practically disappeared. Operate the equipment transversely across the pavement surface, providing corrugations that are uniform in appearance and approximately 1/16 inch in depth. It is important that the texturing equipment not tear or unduly roughen the pavement surface during the operation. Correct imperfections resulting from the texturing operation.

L. Surface Tests
1. As soon as the concrete has hardened sufficiently, test the pavement surface with a 16 foot straightedge or other specified device. Areas in a slab showing high spots of more than 1/4 inch but not exceeding 1/2 inch in 16 feet shall be marked and immediately ground down with an approved grinding machine to an elevation that will fall within the tolerance of 1/4 inch or less. Where the departure from the correct cross section exceeds 1/2 inch and when so directed by the Engineer, remove and replace the pavement at no additional expense to the Port.

2. An area or section so removed shall not be less than ten feet in length or less than the full width of the lane involved. When it is necessary to remove and replace a section of pavement, remove and replace the remaining portion of the slab adjacent to the joints that is less than ten feet in length.

M. Curing
1. General: Immediately after the finishing operations have been completed and when marring of the concrete will not occur, cure the entire surface of the newly placed concrete in accordance with one of the methods below. In all cases in which curing requires the use of water, the curing shall have prior right to all water supply or supplies. Failure to provide sufficient cover material of whatever kind the Contractor may elect to use, or lack of water to adequately satisfy both curing and other requirements, shall be cause for immediate suspension of concreting operations. Do not leave the concrete exposed for more than 1/2 hour during the curing period. The following are approved alternate methods for curing concrete pavements:

2. Impervious Membrane Method: Uniformly spray the entire surface of the pavement with white-pigmented curing compound immediately after the finishing of the surface and before the set of the concrete has taken place. Do not apply the curing compound during rainfall. Apply curing compound by mechanical sprayers under pressure at the rate of one gallon to not more than 150 square feet. The spraying equipment shall be of the fully atomizing type equipped with a tank agitator. At the time of use, the compound shall be in a thoroughly mixed condition with the pigment uniformly dispersed throughout the vehicle. During application, stir the compound continuously by effective mechanical means. Hand-spraying of odd widths or shapes and concrete surfaces exposed by the removal of forms will be permitted. Do not apply curing compound to the inside faces of joints to be sealed, but use other approved means to ensure proper curing for 72 hours. The curing compound shall be of such character that the film will harden within 30 minutes after application. If the film becomes damaged from any cause within the required curing period, immediately repair the damaged portions with additional compound. Upon removal of side forms, immediately protect the sides of the exposed slabs to provide a curing treatment equal to that provided for the surface.

3. Polyethylene Film: Cover the top surface and sides of the pavement with polyethylene sheeting. Lap the units at least 18 inches. Place and weight the sheeting to cause it to remain in contact with the surface covered. The sheeting shall have dimensions that will extend at least twice the thickness of the pavement beyond the edges of the pavement. Unless otherwise specified, maintain the sheeting in place for 72 hours after the concrete has been placed.

4. Waterproof Paper: Cover the top surface and sides of the pavement with waterproof paper. Lap the units at least 18 inches. Place and weight the paper to cause it to remain in contact with the surface covered. The paper shall have dimensions that will extend at least twice the thickness of the pavement beyond the edges of the slab. Thoroughly wet the surface of the pavement prior to placing the paper. Unless otherwise specified, maintain the paper in place for 72 hours after the concrete has been placed.

5. White Burlap-Polyethylene Sheets: Cover the surface of the pavement with the sheeting. The sheeting used shall be of such length (or width) that it will extend at least twice the thickness of the pavement beyond the edges of the slab. Place the sheeting so that the entire surface and both edges of the slab are completely covered. Place and weight the sheeting to remain in contact with the surface covered, and maintain the covering fully wetted and in position for 72 hours after the concrete has been placed.

N. Removing Forms
1. Unless otherwise specified, do not remove forms from freshly placed concrete until it has set for at least 12 hours, except where auxiliary forms are used temporarily in widened areas. Remove forms carefully to avoid damage to the pavement. After the forms have been removed, cure the sides of the slab as outlined in one of the methods indicated in paragraph 3.15. Major honeycombed areas shall be considered as defective Work and shall be removed and replaced. An area or section so removed shall not be less than ten feet in length or less than the full width of the lane involved. When it is necessary to remove and replace a section of pavement, remove and replace the remaining portion of the slab adjacent to the joints that is less than ten feet in length.

O. Saw Cutting And Repairs To Joints And Cracks
1. Saw-cut all transverse joints. Make all transverse joint saw cuts as early as possible to prevent random cracking, but late enough to prevent spalling. Transverse sawing shall be in two cuts. The first cut shall be 1/8-inch wide, shall be cut as early as possible, and shall be carried one-quarter of the concrete slab thickness. The second cut shall be 1/2-inch wide and shall be centered over the first cut such as to uniformly remove 3/16 inch from each side of it. Chamfer the top of the joint 1/4 inch on each side. The second cut shall be made no earlier than three days or later than seven days after the concrete is placed. Provide sufficient equipment on the Project to complete the sawing in the time specified.

a. Edge the formed longitudinal joints on closure slabs during finishing operations with a proper edging tool to accurately delineate the edge of the slab so that the saw can follow the joint. Saw the joint no earlier than three days after the concrete is placed. The joint shall be 1/2-inch wide and shall be chamfered 1/4 inch. The joint may be sawed in one cut.

b. Saw-cut intermediate longitudinal joints. Intermediate longitudinal joints may be sawed in one cut. Sawing shall be done no earlier than three days nor later than seven days after the concrete is placed.

c. Where spacers are required between saw blades to obtain the required size of cut, the spacer shall be of adequate size to prevent bending of the blades and ensure that the sides of the cut are uniform and parallel.

2. Spalls larger than 1/4-inch deep or wide and honeycomb extending deeper than 1/4 inch below the surface shall be saw-cut at least 2 inches behind the joint or to extend beyond the defect at least 1/2 inch, whichever requires the greater width of area to be sawed. The saw cut shall be of 1/2-inch minimum depth, and all defective concrete between the cut and the joint to a minimum depth of 1/2 inch shall be chipped out. Clean and fill the entire joint area with epoxy cement. After the epoxy cement has cured, re-saw the joint to the size and shape originally cut. The epoxy cement shall be of proper grade and quality for the Project. No payment will be made to the Contractor for repairs made to defective joints.

a. Random cracks which occur in the concrete slab within 45 days of the time the concrete is placed shall be epoxy-grouted by the injection process at no additional expense to the Port.

b. The epoxy adhesive shall be 100% solids material suitable for pressure injection into cracked pavement and shall have the following characteristics:

	TEST METHOD
	TIME & TEMPERATURE
	TEST REQUIREMENT

	ASTM D638
	7 days at 70°F
	2% min. elongation

	ASTM D695
	24 hours at 7°F
	6,500 psi min. compressive strength

	ASTM C321
	6 hours at 7°F
	500 psi min. bond strength

	Pot Life
	at 70°F
	5 minutes maximum

	Gel time for a 5-mil film
	at 70°F
	4 hours minimum


(1) Apply the epoxy adhesive in the following manner:

(a) Apply a surface seal to the surface of the crack sufficient to withstand the pressure required for full-depth epoxy penetration.

(b) Establish entry ports along the crack with a minimum space between the ports equal to the thickness of the concrete in the areas being repaired.

(c) Inject a 100% solids epoxy adhesive into one port until the adhesive appears at the adjacent port, which port may then be sealed to force the epoxy to the next port beyond, etc. When pumping is stopped, seal the original port and start pumping at the next or last port at which epoxy appears.

(d) The Contractor may be required by the Port of Seattle to remove six inch cores at random points along the cracks treated (not to exceed one core per 100 linear feet of crack). Less than 90% penetration of epoxy at the intersection of the crack and core surface shall be construed as a failure to meet specifications.

(e) Solvents may not be used to thin the epoxy system injected.

(f) Finish the surface of the crack flush with the concrete.

(g) To inject the epoxy, use continuous proportioning devices with a specific crack-pumping experience history of two years. Dwell time in the mixing head shall not exceed two minutes. Inject mixed epoxy into the crack directly from the mixing head.

P. Sealing Joints
1. Seal joints as soon after completion of the curing period as feasible and before the pavement is opened to traffic, including construction equipment. The pavement temperature shall be above 50°F at the time of installation of the poured joint-sealing material.

2. Immediately before sealing, the joints shall be thoroughly cleaned of all laitance, curing compound and other foreign material. Cleaning shall be accomplished by sandblasting. Upon completion of cleaning, the joints shall be blown out with clean compressed air. The joint faces shall be surface dry when the seal is applied.

3. Joints shall be inspected for proper width, depth, alignment and preparation, and shall be approved by the Engineer before sealing is allowed. Sealants shall be installed in accordance with the following requirements:

a. Joint-sealing compound shall be applied by means of pressure equipment that will force the sealing material to the bottom of the joint and completely fill the joint without spilling the material on the surface of the pavement. A backing material shall be placed as shown on the plans and shall be non-adhesive to the concrete or the sealant material. Sealant which does not bond to the concrete surface of the joint walls contains voids, or fails to set to a tack-free condition will be rejected and replaced by the Contractor at no additional cost. Before sealing the joints, the Contractor shall demonstrate that the equipment and procedures for preparing, mixing, and placing the sealant will produce a satisfactory joint seal. This shall include the preparation of two (2) small batches and the application of the resulting material.

Q. Protection Of Pavement
a. The Contractor shall protect the pavement and its appurtenances against all traffic. This shall include watchmen to direct traffic and the erection and maintenance of warning signs, lights, pavement bridges, or crossovers, etc. All damage to the pavement occurring prior to final acceptance shall be repaired or the pavement replaced at the Contractor’s expense. In order that the concrete be properly protected against the effects of rain before the concrete is sufficiently hardened, the Contractor will be required to have available at all times materials for the protection of the edges and surfaces of the unhardened concrete. Such protective materials shall consist of rolled polyethylene sheeting at least 4-mils thick of sufficient length and width to cover the plastic concrete slab and edges. The sheeting may be mounted on either the paver or a separate movable bridge from which it can be unrolled without dragging over the plastic concrete surface. When rain appears imminent, all paving operations shall stop and all available personnel shall begin covering the surface of the unhardened concrete with the protective covering. The edges and surface of the sheeting shall be weighted to prevent movement from winds or aircraft jet blast.

R. Opening To Traffic
1. The Engineer will decide when the pavement shall be opened to traffic. The pavement will not be opened to traffic until test specimens molded and cured in accordance with ASTM C31 have attained a flexural strength of 550 pounds per square inch when tested in accordance with ASTM C78. If such tests are not conducted, the pavement will not be opened to traffic until at least five days after the concrete has been placed. Clean the pavement to the satisfaction of the Engineer prior to opening to traffic.

S. Surface Tolerances
1. Extreme care must be exercised in all phases of the operation to ensure that the pavement will pass the specified tolerances. The following tolerances are applicable:

a. Lateral deviation from established alignment of the pavement edge shall not exceed plus or minus 0.10 foot in any lane.

b. Vertical deviation from established grade shall not exceed plus or minus 0.04 foot at any point.

c. Surface smoothness deviations shall not exceed 1/4 inch from a 16-foot straightedge placed in any direction, including placement along and spanning any pavement joint or edge.

T. Tolerance In Pavement Thickness
1. Concrete will be accepted for thickness on a lot basis. A lot will consist of 15,750 square feet. One core will be taken at random by the Engineer in each lot. When the measurement of the core from a lot is not deficient more than 0.2 inch from the plan thickness, full payment will be made. When such measurement is deficient more than 0.2 inch and not more than 1.0 inch from the plan thickness, two additional cores will be taken at random and used in determining the average thickness for that lot. An adjusted unit price, as provided in paragraph 4.02, will be paid for the lot. The thickness of the pavement shall be determined by average caliper measurement of cores tested in accordance with ASTM C174.

2. In calculating the average thickness of the pavement, measurements which are in excess of the specified thickness by more than 0.2 inch shall be considered as the specified thickness plus 0.2 inch, and measurements which are less than the specified thickness by more than 1.0 inch will not be included in the average.

3. When the measurement of any core is less than the specified thickness by more than 1.0 inch, the actual thickness of the pavement in this area will be determined by taking additional cores at not less than ten foot intervals parallel to the centerline in each direction from the affected location, until in each direction a core is found which is not deficient by more than 1.0 inch. Areas found deficient in thickness by more than 1.0 inch will be evaluated by the Engineer and, if the deficient areas warrant removal, remove and replace with concrete of the thickness shown on the drawings. Exploratory cores for deficient thickness will not be used in averages for adjusted unit price. Fill core holes with non-shrink grout.

3.4 DELIVERABLES

3.5 QUALITY ASSURANCE

A. The Port of Seattle will provide inspection service to the satisfaction of the Engineer. Sampling and testing to assure compliance with the Contract provisions shall be in accordance with Section 01 45 29 - Quality Control; Testing Laboratory Services, these specifications. Tests conducted for the sole benefit of the Contractor, shall be at the Contractor’s expense.

B. Qualification of Workmen:

1. Provide at least one person who shall be present at all times during execution of this portion of the Work and who is thoroughly trained and experienced in placing the types of concrete specified and who shall direct all Work performed under this section.

2. Thoroughly trained and experienced journeyman concrete finishers shall be responsible for finishing of exposed surfaces.

PART 4   MEASUREMENT AND PAYMENT

4.1 MEASUREMENT

A. The quantity for payment will be the number of square feet of pavement as specified, in place, completed and accepted, less deductions as hereinafter required for deficient thickness.
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