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[bookmark: _Toc249761595][bookmark: _Toc249781189][bookmark: _Toc249939548][bookmark: _Toc249952258][bookmark: _Toc250023481][bookmark: _Toc250368834][bookmark: _Toc250647802][bookmark: _Toc284514310][bookmark: _Toc291160201]51-1  GENERAL
[bookmark: _Toc249761596][bookmark: _Toc249781190][bookmark: _Toc249939549][bookmark: _Toc249952259][bookmark: _Toc250023482][bookmark: _Toc250368835][bookmark: _Toc250647803][bookmark: _Toc284514311][bookmark: _Toc291160202][bookmark: _Toc379961038]51-1.01  GENERAL
[bookmark: _Toc249761597][bookmark: _Toc249781191][bookmark: _Toc249939550][bookmark: _Toc249952260][bookmark: _Toc250023483][bookmark: _Toc250368836][bookmark: _Toc250647804][bookmark: _Toc284514312][bookmark: _Toc291160203][bookmark: _Toc379961039]51-1.01A  Summary
Section 51-1 includes general specifications for constructing concrete structures.
Earthwork for the following concrete structures must comply with section 19-3:
1.	Sound wall footings
2.	Sound wall pile caps
3.	Culverts
4.	Barrier slabs
5.	Junction structures
6.	Minor structures
7.	Pipe culvert headwalls, endwalls, and wingwalls for a pipe with a diameter of 5 feet or greater

Falsework must comply with section 48-2.
Joints must comply with section 51-2.
Elastomeric bearing pads must comply with section 51-3.02.
Reinforcement for the following concrete structures must comply with section 52:
1.	Sound wall footings
2.	Sound wall pile caps
3.	Barrier slabs
4.	Junction structures
5.	Minor structures
6.	PC concrete members

You may use RSC for a concrete structure only where the specifications allow the use of RSC.
[bookmark: _Toc249761598][bookmark: _Toc249781192][bookmark: _Toc249939551][bookmark: _Toc249952261][bookmark: _Toc250023484][bookmark: _Toc250368837][bookmark: _Toc250647805][bookmark: _Toc284514313][bookmark: _Toc291160204][bookmark: _Toc379961040]51-1.01B  Definitions
form panel: Continuous section of form facing material, unbroken by joint marks, against which concrete is placed.
[bookmark: _Toc249761599][bookmark: _Toc249781193][bookmark: _Toc249939552][bookmark: _Toc249952262][bookmark: _Toc250023485][bookmark: _Toc250368838][bookmark: _Toc250647806]opening age: Minimum age at which an element constructed with RSC may be opened to traffic.
pier column: Extension of a column or pier into bedrock material.
[bookmark: _Toc284514314][bookmark: _Toc291160205][bookmark: _Toc379961041]51-1.01C  Submittals
[bookmark: _Toc249761600][bookmark: _Toc249781194][bookmark: _Toc249939553][bookmark: _Toc249952263][bookmark: _Toc250023486][bookmark: _Toc250368839][bookmark: _Toc250647807][bookmark: _Toc284514315][bookmark: _Toc291160206][bookmark: _Toc379961042]51-1.01C(1)  General
If requested, submit concrete form design and materials data for each forming system.
Submit a deck placement work plan for concrete bridge decks.
[bookmark: _Toc379961043]If requested, submit shop drawings for PC members proposed by you. Include construction joint details, foundation bedding, and other requested information.
51-1.01C(2)  Permanent Steel Deck Forms
Submit 3 copies of shop drawings for permanent steel deck forms. Include in the submittal:
1.	Layout plan
2.	Grade of steel
3	Physical and section properties of members
4.	Method of support and grade adjustment
5.	Method for accommodating skew
6.	Methods of sealing against grout leaks

[bookmark: _Toc284514317][bookmark: _Toc291160208][bookmark: _Toc379961044]51-1.01C(3)  Bonding Materials
Except for a bonding material previously authorized by the Department, submit at least a 45-pound test sample to METS. Allow 45 days for testing. Obtain the Department's authorization of the bonding material before incorporating it into the work.
For a bonding material previously authorized by the Department, submit a certificate of compliance for each shipment of the material.
[bookmark: _Toc284514318][bookmark: _Toc291160209][bookmark: _Toc379961045]51-1.01C(4)  Rapid Strength Concrete
For RSC, submit the mix design at least 10 days before use. Include in the submittal:
1.	Compressive strength test results for prequalification of RSC at age of break, at 3 days, and at 28 days
2.	Opening age in hours
3.	Proposed aggregate gradation
4.	Mix proportions of cementitious material, aggregate, and water
5.	Types and quantities of chemical admixtures, if used
6.	Range of ambient temperatures over which the mix design will achieve the required minimum compressive strength
7.	Source of materials

[bookmark: _Toc284514319][bookmark: _Toc291160210][bookmark: _Toc379961046]51-1.01C(5)  Chemical Adhesives
Submit a certificate of compliance for chemical adhesive stating compliance with ICBO AC 58 and Caltrans Augmentation/Revisions to ICBO AC 58. Revisions to ICBO AC 58 are on the Authorized Material List.
Submit chemical adhesive manufacturer's installation procedures and warnings or precautions as an informational submittal at least 2 business days before starting work.
Submit 1 test sample of each chemical adhesive system to be used from each lot to METS for testing at least 25 days before use. The test sample must consist of 1 unit of chemical adhesive, 1 mixing nozzle, and 1 retaining nut. A lot for chemical adhesives is 100 units, or fraction thereof, of the same brand and product name.
Each test sample must be clearly marked with the following:
1.	Manufacturer's name and system model number
2.	Date of manufacture
3.	Lot number
4.	Shelf life or expiration date
5.	Current ICBO evaluation report number

[bookmark: _Toc284514320][bookmark: _Toc291160211][bookmark: _Toc379961047]51-1.01C(6)  Colored Concrete
Submit technical data, manufacturer's specifications, and a work plan for mixing, delivery, placement, finishing, and curing of colored concrete.
51-1.01C(7)  Hinge Tiedowns
Reserved
51-1.01D  Quality Assurance
[bookmark: _Toc249761603][bookmark: _Toc249781197][bookmark: _Toc249939556][bookmark: _Toc249952266][bookmark: _Toc250023489][bookmark: _Toc250368842][bookmark: _Toc250647810][bookmark: _Toc284514321][bookmark: _Toc291160212][bookmark: _Toc379961048]51-1.01D(1)  General
[bookmark: _Toc292202084]Reserved
[bookmark: _Toc379961049]51-1.01D(2)  Quality Control
[bookmark: _Toc379961050]51-1.01D(2)(a)  General
Reserved
[bookmark: _Toc284514322][bookmark: _Toc291160213][bookmark: _Toc379961051][bookmark: _Toc249761604][bookmark: _Toc249781198][bookmark: _Toc249939557][bookmark: _Toc249952267][bookmark: _Toc250023490][bookmark: _Toc250368843][bookmark: _Toc250647811]51-1.01D(2)(b)  Rapid Strength Concrete
Prequalify RSC before use. Prequalification of an RSC mix design includes determining the opening age and attaining the minimum specified 28-day compressive strength.
Prequalify RSC under section 90-1.01D(5)(b).
Determine the opening age of the RSC mix design as follows:
1.	Fabricate at least 5 test cylinders to be used to determine the age of break.
2.	Immediately after fabrication of the 5 test cylinders, store the cylinders in a temperature medium of 70 ± 3 degrees F until the cylinders are tested.
3.	Determine the age of break to attain an average strength of the 5 test cylinders.
4.	Opening age is the age of break plus 1 hour.

The average strength of the 5 test cylinders must be at least 1,200 psi. Not more than 2 test cylinders may have a strength of less than 1,150 psi.
If compressive strength tests performed in the field show that the concrete has attained the specified average strength, you may open the lane to traffic at the age of break. Perform the compressive strength tests under the specifications for sampling and testing cylinders in section 90-1.01D(5)(a). If you choose to use this option, notify the Engineer before starting construction.
[bookmark: _Toc284514323][bookmark: _Toc291160214][bookmark: _Toc379961052]51-1.01D(2)(c)  Test Panels
Test panels must be:
1.	Constructed at an authorized location
2.	At least 4 by 4 feet by 5 inches deep
3.	Constructed and finished using the personnel, materials, equipment, and methods to be used in the work
4.	Authorized before starting work

The Engineer may request that additional test panels be constructed until the specified finish, texture, and color are attained.
The Engineer uses the authorized test panel to determine acceptability of the work.
[bookmark: _Toc379961053]51-1.01D(3)  Department Acceptance
[bookmark: _Toc379961054]51-1.01D(3)(a)  General
Reserved
[bookmark: _Toc249761605][bookmark: _Toc249781199][bookmark: _Toc249939558][bookmark: _Toc249952268][bookmark: _Toc250023491][bookmark: _Toc250368844][bookmark: _Toc250647812][bookmark: _Toc284514324][bookmark: _Toc291160215][bookmark: _Toc379961055]51-1.01D(3)(b)  Testing Concrete Surfaces
[bookmark: _Toc284514325][bookmark: _Toc291160216][bookmark: _Toc379961056]51-1.01D(3)(b)(i)  General
The Engineer tests roadway concrete surfaces for smoothness, coefficient of friction, and crack intensity.
The Engineer tests POC concrete deck surfaces for smoothness and crack intensity.
[bookmark: _Toc284514326][bookmark: _Toc291160217][bookmark: _Toc379961057]51-1.01D(3)(b)(ii)  Surface Smoothness
The Engineer tests the surface smoothness of the following:
1.	Completed roadway concrete surfaces of structures and approach slabs and the adjacent 50 feet of approach pavement
2.	Surfaces of concrete decks to be covered with another material
3.	Completed concrete deck surfaces, including ramps and landings of POCs

You must schedule smoothness testing. Allow 10 days for the Engineer to perform smoothness testing.
Before the testing, clean the test area and remove obstructions.
Except for POCs, surface smoothness is tested using:
1.	Bridge profilograph under California Test 547. Two profiles are obtained in each lane approximately 3 feet from the lane lines and 1 profile is obtained in each shoulder approximately 3 feet from the curb or rail face. Profiles are taken parallel to the direction of traffic.
2.	12-foot-long straightedge placed transversely to traffic.

For POCs, surface smoothness is tested using:
1.	12-foot-long straightedge placed parallel to the centerline of the POC
2.	6-foot-long straightedge placed perpendicular to the centerline of the POC

Deck surfaces must comply with the following smoothness requirements:
1.	Profile trace having no high points over 0.02 foot
2.	Profile count of 5 or less in any 100-foot section for portions within the traveled way
3.	Surface not varying more than 0.02 foot from the lower edge of a 12-foot-long straightedge placed transversely to traffic

POC deck surfaces must comply with the following smoothness requirements:
1.	Surfaces between grade changes must not vary more than 0.02 foot from the lower edge of a 12-foot-long straightedge placed parallel to the centerline of the POC
2.	Surface must not vary more than 0.01 foot from the lower edge of a 6-foot-long straightedge placed perpendicular to the centerline of the POC

Grind surfaces not complying with the smoothness requirements under section 42-3 until the required smoothness is attained. Grinding must not reduce the concrete cover on the reinforcing steel to less than 1-1/2 inches.
Replace portions of decks that cannot be corrected by grinding.
[bookmark: _Toc284514327][bookmark: _Toc291160218][bookmark: _Toc379961058]51-1.01D(3)(b)(iii)  Coefficient of Friction
After deck surfaces and approach slabs have been textured, the Engineer tests the coefficient of friction of the concrete surfaces under California Test 342.
Deck surfaces and approach slabs must have a uniform surface texture with a coefficient of friction of not less than 0.35 when opened to traffic or before seal coats are placed, whichever occurs first.
If portions of completed deck surfaces or approach slabs have a coefficient of friction of less than 0.35, those portions must be ground to produce a coefficient of friction of not less than 0.35 or grooved parallel to the center line. Grinding and grooving must comply with section 42.
The coefficient of friction requirements do not apply for bridge decks to be covered with membrane seals.
[bookmark: _Toc284514328][bookmark: _Toc291160219][bookmark: _Toc379961059]51-1.01D(3)(b)(iv)  Crack Intensity
The Engineer measures crack intensity of deck surfaces after curing, before prestressing, and before falsework release. Clean the surface for the Engineer to measure surface crack intensity.
In any 500 sq ft portion of a new bridge deck surface, if there are more than 50 feet of cracks having a width at any point of over 0.02 inch, treat the deck with methacrylate resin under section 60-3.03B. Treat the entire deck width between barriers to 5 feet beyond where the furthest continuous crack emanating from the 500 sq ft section is 0.02 inch wide. Treat the deck surface before grinding.
[bookmark: _Toc284514330][bookmark: _Toc291160221][bookmark: _Toc379961060]In any 100 sq ft portion of a new POC deck surface, if there are more than 10 feet of cracks having a width at any point of over 0.02 inch, treat the deck with methacrylate resin under section 60-3.03B. Treat the entire deck width between the curbs to 5 feet beyond where the furthest continuous crack emanating from the 100 sq ft section is 0.02 inch wide. Treat the deck surface before grinding.
51-1.02  MATERIALS
[bookmark: _Toc249761607][bookmark: _Toc249781201][bookmark: _Toc249939560][bookmark: _Toc249952270][bookmark: _Toc250023493][bookmark: _Toc250368846][bookmark: _Toc250647814][bookmark: _Toc284514331][bookmark: _Toc291160222][bookmark: _Toc379961061]51-1.02A  General
Reserved
[bookmark: _Toc284514332][bookmark: _Toc291160223][bookmark: _Toc379961062]51-1.02B  Concrete
Except for minor structures, the cementitious material content per cubic yard of concrete in structures or portions of structures must comply with the content shown in the following table:
	Use
	Cementitious material content
(lb/cu yd)

	Deck slabs and slab spans of bridges
	675–800

	Roof sections of exposed top box culverts
	675–800

	Pier columns
	675–800

	Seal courses
	675 min

	Other portions of structures
	590–800

	Concrete for PC members
	590–925



Except for minor structures, the minimum required 28-day compressive strength for concrete in structures or portions of structures is the compressive strength described or 3,600 psi, whichever is greater.
[bookmark: _Toc284514333][bookmark: _Toc291160224][bookmark: _Toc379961063]51-1.02C  Bonding Materials
Bonding materials must be magnesium phosphate concrete, modified high-alumina-based concrete, or portland-cement-based concrete.
Magnesium phosphate concrete must be either single component that is water activated or dual component with prepackaged liquid activator.
Modified high-alumina-based concrete and portland-cement-based concrete must be water activated.
Bonding materials must comply with the requirements shown in the following table:
	Quality characteristic
	Test method
	Requirement

	Compressive strength (psi, min):
	California Test 551
	

	at 3 hours
	
	3000

	at 24 hours
	
	5000

	Flexural strength at 24 hours (psi, min)
	California Test 551
	500

	Bond strength at 24 hours (psi, min):
	California Test 551
	

	Saturated surface dry concrete
	
	300

	Dry concrete
	
	400

	Water absorption (percent, max)
	California Test 551
	10

	Abrasion resistance at 24 hours (g, max)
	California Test 550
	25

	Drying shrinkage at 4 days (percent, max)
	ASTM C596
	0.13

	Soluble chlorides by weight (percent, max)
	California Test 422
	0.05

	Water soluble sulfates by weight (percent, max)
	California Test 417
	0.25



Magnesium phosphate concrete must be formulated for a minimum initial set time of 15 minutes and minimum final set time of 25 minutes at 70 degrees F. Store the materials in a cool, dry environment before use.
The mix water used with water-activated material must comply with section 90-1.02D.
The quantity of water for single-component type or liquid activator for dual-component type to be blended with the dry component, must be within the limits recommended by the manufacturer and must be the least quantity required to produce a pourable batter.
If authorized, you may add retarders to magnesium phosphate concrete. The addition of retarders must comply with the manufacturer's instructions.
Magnesium phosphate concrete must not be mixed in containers or worked with tools containing zinc, cadmium, aluminum, or copper metals. Modified high alumina based concrete must not be mixed in containers or worked with tools containing aluminum.
[bookmark: _Toc284514334][bookmark: _Toc291160225][bookmark: _Toc379961064]51-1.02D  Rapid Strength Concrete
RSC placed in bridge decks must contain at least 675 pounds of cementitious material per cubic yard.
RSC must have a minimum 28-day compressive strength of 4,000 psi except RSC placed in bridge decks must have a minimum 28-day compressive strength of 4,500 psi.
[bookmark: _Toc284514335][bookmark: _Toc291160226][bookmark: _Toc379961065]51-1.02E  Colored Concrete
Color pigments for colored concrete must be iron oxides complying with ASTM C979/C979M. The dosage must not exceed 10 percent by weight of cementitious material in the concrete mix design.
When test panels are specified, cementitious materials and aggregates from the same sources used in the authorized test panel must be used for the colored concrete in the completed work.
[bookmark: _Toc284514336][bookmark: _Toc291160227][bookmark: _Toc379961066]51-1.02F  Mortar
Mortar must be composed of cement, sand, and water. Materials for mortar must comply with section 90. The proportion of sand to cement measured by volume must be 2 to 1. Mortar must contain only enough water to allow placing and packing. Sand particles must be no larger than 1/2 the size of the recess or space in which the mortar is to be placed.
[bookmark: _Toc284514337][bookmark: _Toc291160228][bookmark: _Toc379961067]51-1.02G  Grout
Grout must consist of portland cement and water, with a water content of at most 4 gallons per 94 pounds of cement.
[bookmark: _Toc379961068]51-1.02H  Chemical Adhesives
Chemical adhesives for bonding dowels must be on the Authorized Material List. The chemical adhesive must be appropriate for the installation conditions.
[bookmark: _Toc284514338][bookmark: _Toc291160229][bookmark: _Toc379961069]51-1.02I  Miscellaneous Metal
Materials for access opening covers for new structures must comply with section 75-3.
[bookmark: _Toc379961070]51-1.02J  Miscellaneous Materials
Plastic pipe for deck bleeder drains must be schedule 40 PVC complying with ASTM D1785. 
Galvanized wire cloth for deck bleeder drains must be 1/4-inch mesh with 0.047-inch-diameter wire.
[bookmark: _Toc250647824][bookmark: _Toc284514340][bookmark: _Toc291160230][bookmark: _Toc379961071]51-1.03  CONSTRUCTION
[bookmark: _Toc249761612][bookmark: _Toc249781206][bookmark: _Toc249939565][bookmark: _Toc249952275][bookmark: _Toc250023498][bookmark: _Toc250368851][bookmark: _Toc250647825][bookmark: _Toc284514341][bookmark: _Toc291160231][bookmark: _Toc379961072]51-1.03A  General
Reserved
[bookmark: _Toc249761626][bookmark: _Toc249781223][bookmark: _Toc249939579][bookmark: _Toc249952292][bookmark: _Toc250023515][bookmark: _Toc250368868][bookmark: _Toc250647839][bookmark: _Toc284514342][bookmark: _Toc291160232][bookmark: _Toc379961073]51-1.03B  Methods and Equipment
Vehicles weighing over 1,000 lb are not allowed on any bridge span until the concrete attains a compressive strength of at least 2,400 psi. Vehicles weighing over 4,000 lb are not allowed on any span until the concrete attains a compressive strength of at least 3,250 psi or attains an age of 28 days.
Vehicles exceeding the weight limitations in Veh Code Div 15 that cross bridges as allowed in section 5-1.37B must not make repetitive crossings of any span until the concrete attains an age of 28 days.
Vehicles with a gross weight over 10,000 lb are not allowed on any span of PS concrete structures until the prestressing steel for that span is tensioned.
If authorized, you may precast structural elements not designated as PC members.
You may use the slip form method for constructing pier shafts if (1) the results are equal to those obtained by compliance with these specifications and (2) adequate arrangements are made and carried out for curing, finishing, and protecting the concrete.
When slip forms are used for pier construction, the line and grade furnished by the Engineer is limited to establishing control points and checks of slip form position. You must provide targets, markers, or other devices for the Engineer to determine the pier shaft position.
[bookmark: _Toc249761628][bookmark: _Toc249781225][bookmark: _Toc249939581][bookmark: _Toc249952294][bookmark: _Toc250023517][bookmark: _Toc250368870][bookmark: _Toc250647841]Shotcrete is not allowed as an alternative construction method for reinforced concrete members.
You may construct warped portions of wingwalls at the ends of culverts using shotcrete complying with section 53-1.
[bookmark: _Toc284514343][bookmark: _Toc291160233][bookmark: _Toc379961074]51-1.03C  Preparation
[bookmark: _Toc249761629][bookmark: _Toc249781226][bookmark: _Toc249939582][bookmark: _Toc249952295][bookmark: _Toc250023518][bookmark: _Toc250368871][bookmark: _Toc250647842][bookmark: _Toc284514344][bookmark: _Toc291160234][bookmark: _Toc379961075]51-1.03C(1)  General
Bottom of footing elevations shown are approximate.
The Engineer may order changes in footing dimensions or elevations.
Where a roughened concrete surface is described, roughen the existing concrete surface to a full amplitude of approximately 1/4 inch by abrasive blasting, water blasting, or using mechanical equipment.
Pump water from the interior of foundation enclosures without removing concrete materials. Do not pump water during concrete placement or for 24 hours after placing concrete, unless the pumping is done from a sump separated from the concrete work.
[bookmark: _Toc249761630][bookmark: _Toc249781227][bookmark: _Toc249939583][bookmark: _Toc249952296][bookmark: _Toc250023519][bookmark: _Toc250368872][bookmark: _Toc250647843][bookmark: _Toc284514345][bookmark: _Toc291160235][bookmark: _Toc379961076]51-1.03C(2)  Forms
[bookmark: _Toc249761631][bookmark: _Toc249781228][bookmark: _Toc249939584][bookmark: _Toc249952297][bookmark: _Toc250023520][bookmark: _Toc250368873][bookmark: _Toc250647844][bookmark: _Toc284514346][bookmark: _Toc291160236][bookmark: _Toc379961077]51-1.03C(2)(a)  General
Forms must be:
1.	Mortar tight
2.	True to the dimensions, lines, and grades of the structure
3.	Strong enough to prevent deflection during concrete placement

Face exposed surfaces of concrete structures with form panels.
Form panels for exposed surfaces must be plywood complying with or exceeding the requirements of U.S. Product Standard PS 1 for Exterior B-B (Concrete Form) Class I Plywood or any material that produces a similarly smooth, uniform surface. For exposed surfaces, use only form panels in good condition and free of defects such as scars, dents, or delaminations.
Design and construct forms for exposed surfaces such that surfaces do not undulate more than 3/32 inch or 1/270 of the center-to-center distance between studs, joists, form stiffeners, form fasteners, or wales in any direction. Stop using forms or forming systems that produce excessive undulations until modifications satisfactory to the Engineer are made. The Engineer may reject portions of structures with excessive undulations.
Form exposed surfaces of each element of a concrete structure with the same forming material or with materials that produce similar surface textures, color, and appearance.
Use form panels in uniform widths of at least 3 feet and uniform lengths of at least 6 feet except at the ends of continuously formed surfaces where the final panel length is less than 6 feet. For members less than 3 feet wide, form panels must be the width of the entire member.
Arrange form panels in symmetrical patterns conforming to the general lines of the structure. Place panels for vertical surfaces with the long dimension horizontal and horizontal joints level and continuous.
Form panels for curved column surfaces must be continuous for at least 1/4 of the circumference or 6 feet. For walls with sloping footings that do not abut other walls, you may place panels with the long dimension parallel to the footing.
Align form panels on each side of panel joints with supports or fasteners common to both panels so that a continuous, unbroken concrete plane results. Form filler panels that join prefabricated panels must (1) have a uniform width of at least 1 foot and (2) produce a smooth, uniform surface with consistent longitudinal joint lines between panels.
Construct forms for exposed surfaces with triangular fillets at least 3/4 by 3/4 inch. Attach fillets so as to prevent mortar runs and to produce smooth, straight chamfers at all sharp edges of the concrete.
Clean inside form surfaces of dirt, mortar, and foreign material. Thoroughly coat forms to be removed with form oil before placing concrete. Form oil must:
1.	Be commercial quality or an equivalent coating
2.	Allow the ready release of forms
3.	Not discolor the concrete

Do not place concrete in forms until:
1.	All form construction work has been completed, including removing foreign material
2.	All materials to be embedded in the concrete have been placed
3.	Engineer has inspected the forms

Forms for concrete surfaces that will not be completely enclosed or hidden below the permanent ground surface must comply with the specifications for forms for exposed surfaces. Interior surfaces of underground drainage structures are considered completely enclosed surfaces.
Use form fasteners to prevent form spreading during concrete placement. Do not use twisted wire ties to hold forms in position.
Form fasteners and anchors must be of those types that can be removed as specified for form bolts in section 51-1.03F(2) without chipping, spalling, heating or otherwise damaging the concrete surface.
You may cast anchor devices into the concrete for supporting forms or lifting PC members. Do not use driven types of anchorages for fastening forms or form supports to concrete except for interior surfaces of girders in PS box girder bridges where:
1.	Girders have more than 2 inches of cover over the reinforcement
2.	Anchorages do not penetrate the girder more than 2 inches and have a minimum spacing of 6 inches
3.	Anchorages are placed at least 3 inches clear from the edge of concrete

[bookmark: _Toc284514347][bookmark: _Toc291160237][bookmark: _Toc379961078]51-1.03C(2)(b)  Removing Forms
Remove all forms, except soffit forms for deck slabs of CIP box girders, forms for the interior voids of PC members, and the forms in hollow abutments or piers may remain in place for any of the following conditions:
1.	Permanent access into the cells or voids is not shown
2.	Utility facilities are not to be installed in the completed cells or voids
3.	Utility facilities to be installed in completed cells or voids are to be inserted into casings that are placed before the completion of the cell or void
4.	Permanent access is shown or utility facilities other than those in preplaced casings are to be installed in cells or voids, and you:
4.1	Remove the portions of the forms that obstruct access openings or conflict with utility facilities.
4.2	Provide a longitudinal crawl space at least 3 feet high and 2 feet wide throughout the length of these cells or voids
4.3	Use a forming system that leaves no sharp projections into the cells or voids
4.4	Remove forms between the hinge and 5 feet past the access openings in cells of CIP box girder bridges with access openings near the hinges

Clear the inside of the cells or voids of all loose material before completing the forming for the deck of CIP box girders or for the cells or voids of other members when the forms are to remain in place, or after the removal of the forms or portions of forms.
You may remove forms that do not support the dead load of concrete if 24 hours have elapsed after concrete placement and the concrete has sufficient strength to prevent damage to the surface.
You may remove forms for railings or barriers after the concrete has hardened. Protect exposed surfaces from damage.
[bookmark: _Toc249952298][bookmark: _Toc250023521][bookmark: _Toc250368874][bookmark: _Toc250647845][bookmark: _Toc284514348][bookmark: _Toc291160238][bookmark: _Toc379961079]51-1.03C(2)(c)  Permanent Steel Deck Forms
[bookmark: _Toc249952299][bookmark: _Toc250023522][bookmark: _Toc250368875][bookmark: _Toc284514349][bookmark: _Toc291160239][bookmark: _Toc379961080]51-1.03C(2)(c)(i)  General
[bookmark: _Toc249952300][bookmark: _Toc250023523][bookmark: _Toc250368876]Permanent steel deck forms and supports must comply with ASTM A653/A653M, Designation SS, Grades 33 through 80, coating designation G165.
Permanent steel deck forms are only allowed where shown or if specified as an option in the special provisions.
[bookmark: _Toc284514350][bookmark: _Toc291160240][bookmark: _Toc379961081]51-1.03C(2)(c)(ii)  Design Requirements
Design permanent steel deck forms based on the combined dead load of forms, reinforcement, and plastic concrete with an allowance for construction loads of at least 50 psf. The combined dead load must be assumed to be at least 160 pcf for normal concrete and 130 pcf for lightweight concrete.
Configure forms such that the weight of deck slab and forms is at most 110 percent of the weight of the deck slab as shown.
Compute the physical design properties under AISI's North American Specification for the Design of Cold-Formed Steel Structural Members.
The design span for form sheets is the clear span of the form plus 2 inches, measured parallel to the form flutes.
Maximum allowable stresses and deflections are as follows:
1.	Tensile stress must not exceed the lesser of 0.725 times the specified yield strength or 36,000 psi.
2.	Dead load deflection must not exceed the lesser of 0.0056 times the form span or 1/2 inch. The dead load for deflection calculations must be at least 120 psf total.
3.	You may use form camber based on the actual dead load condition. Do not use camber to compensate for deflection exceeding the allowable limits.

[bookmark: _Toc249952303][bookmark: _Toc250023526][bookmark: _Toc250368879][bookmark: _Toc284514351][bookmark: _Toc291160241][bookmark: _Toc379961082]51-1.03C(2)(c)(iii)  Installation
Do not weld steel deck forms to flanges of steel girders.
Permanent steel deck forms must not interfere with movement at deck expansion joints.
Clearance between deck forms and bar reinforcement must be at least 1 inch.
Do not use permanent steel deck forms for sections of deck slabs with longitudinal expansion joints unless additional supports are placed under the joint.
Do not rest form sheets directly on top of girder flanges. Fasten sheets securely to form supports. Provide at least 1 inch of bearing at each end. Place form supports in direct contact with girder flanges. Attach supports using bolts, clips, or other authorized means.
Locate transverse deck construction joints at the bottom of flutes. Field drill 1/4-inch weep holes at not less than 12 inches on center along the joint line.
Repair galvanized form surfaces damaged before installation by wire brushing to remove loose and cracked coating and applying 2 coats of zinc-rich primer. Do not use aerosol cans. You do not need to repair minor heat discoloration in welded areas.
[bookmark: _Toc249952304][bookmark: _Toc250023527][bookmark: _Toc250368880][bookmark: _Toc250647846][bookmark: _Toc284514352][bookmark: _Toc291160242][bookmark: _Toc379961083]51-1.03D  Placing Concrete
[bookmark: _Toc249761633][bookmark: _Toc249781230][bookmark: _Toc249939586][bookmark: _Toc249952305][bookmark: _Toc250023528][bookmark: _Toc250368881][bookmark: _Toc250647847][bookmark: _Toc284514353][bookmark: _Toc291160243][bookmark: _Toc379961084]51-1.03D(1)  General
Thoroughly moisten forms and subgrade with water immediately before placing concrete.
Place and consolidate concrete using methods that (1) do not cause segregation of the aggregate and (2) produce dense, homogeneous concrete without voids or rock pockets.
Place concrete while fresh and before initial set. Do not retemper partially hardened concrete with additional water.
Place concrete continuously in each integral part of the structure. Do not start work unless placement can be completed uninterrupted.
Place concrete for girder spans in at least 2 operations. The last operation must consist of placing the deck slab. Allow at least 5 days between operations.
Place concrete as close to its final position as possible. Do not use vibrators for extensive shifting of concrete.
Except for CIP piles, do not allow fresh concrete to fall more than 8 feet without using pipes, tubes, or double belting to prevent segregation. Do not use double belting unless the member thickness is less than 16 inches.
Except for concrete placed as pipe culvert headwalls and endwalls, slope paving and aprons, and concrete placed under water, consolidate concrete using high-frequency internal vibrators within 15 minutes of placing concrete in the forms. Do not attach vibrators to or hold them against forms or reinforcing steel. Do not displace reinforcement, ducts, or prestressing steel during vibrating.
For structure footings over 2.5 feet in depth that have a top layer of reinforcement, reconsolidate the concrete to a depth of 1 foot after placing, consolidating, and initial screeding of the concrete. Reconsolidate the concrete as late as the concrete will respond again to vibration but not less than 15 minutes after the initial screeding.
Vibrators used for concrete with epoxy-coated reinforcement or prestressing steel must have a resilient covering to prevent damage to the epoxy coating.
If concrete is inaccessible for adequate consolidation by other means, external vibrators must be used and the forms must be sufficiently rigid to resist displacement or damage.
Do not place concrete for horizontal members until the concrete in supporting vertical members has been consolidated and settlement due to bleeding is complete.
Where shown, apply a bond breaker to joint surfaces.
Do not construct drainage structures to final grade until adjacent paving or surfacing is complete.
[bookmark: _Toc249761634][bookmark: _Toc249781231][bookmark: _Toc249939587][bookmark: _Toc249952306][bookmark: _Toc250023529][bookmark: _Toc250368882][bookmark: _Toc250647848][bookmark: _Toc284514354][bookmark: _Toc291160244][bookmark: _Toc379961085]51-1.03D(2)  Concrete Bridge Decks
For concrete decks placed on continuous steel girders or PC concrete girders, place the portion of deck over the supports last.
For decks on PC concrete girders, place intermediate and end diaphragms at least 5 days before placing the deck concrete.
For decks on structural steel, install cross frames the entire width of the bridge before placing the deck concrete.
Deck closure pours must comply with the following:
1.	During primary deck placement and for at least 24 hours after completing the deck placement, reinforcing steel protruding into the closure space must be free from any connection to reinforcing steel, concrete, forms, or other attachments of the adjacent structure.
2.	Closure pour forms must be supported from the superstructure on both sides of the closure space.

[bookmark: _Toc284514355][bookmark: _Toc291160245][bookmark: _Toc379961086][bookmark: _Toc249761635][bookmark: _Toc249781232][bookmark: _Toc249939588][bookmark: _Toc249952307][bookmark: _Toc250023530][bookmark: _Toc250368883][bookmark: _Toc250647849]51-1.03D(3)  Concrete Placed Under Water
Only seal course concrete may be placed under water.
If the Engineer determines that it is impossible or inadvisable to dewater excavations before placing concrete, place a seal course under the water using a tremie or a concrete pump. The seal course must be at least 2 feet thick and thick enough to seal the cofferdam.
The tremie must be a watertight tube at least 10 inches in diameter with a hopper at the top. When concrete is deposited into the hopper, flow is induced by raising the discharge end. Equip discharge and tremie tubes with a device to prevent water from entering the tube when charging the tube with concrete. Support the tubes so as to allow for free movement of the discharge end over the entire work surface and rapid lowering of the tube.
Fill the tubes using a method that prevents washing of the concrete. Keep the discharge end submerged in the concrete at all times. The tube must contain enough concrete to prevent water entry.
Place the concrete carefully in a compact mass. Concrete flow must be continuous until completion of the seal course. The seal course must be monolithic and homogeneous. Do not disturb concrete after placement. Maintain still water at the point of placement.
Cure the seal course concrete for at least 5 days before dewatering the cofferdam. Increase the curing time for seal course concrete placed in water that is below 45 degrees F. Periods of time when the water temperature is continuously below 38 degrees F is not considered as curing time.
Dewater the cofferdam after the seal course has adequate strength to resist the hydrostatic load. After dewatering, clean the top of the concrete of all scum, laitance, and sediment. Remove local high spots to provide the specified clearance for reinforcing steel before placing fresh concrete.
[bookmark: _Toc249761639][bookmark: _Toc249781236][bookmark: _Toc249939592][bookmark: _Toc249952315][bookmark: _Toc250023538][bookmark: _Toc250368891][bookmark: _Toc250647855][bookmark: _Toc284514356][bookmark: _Toc291160246][bookmark: _Toc379961087]51-1.03D(4)  Construction Joints
Place construction joints only where described unless authorized.
At horizontal construction joints:
1.	Thoroughly consolidate fresh concrete surfaces without completely removing surface irregularities
2.	At joints between girder stems and decks, roughen the surfaces of fresh concrete to at least a 1/4-inch amplitude

Abrasive blast clean construction joint surfaces before placing fresh concrete against the joint surfaces. Remove surface laitance, curing compound, and other foreign materials.
Flush construction joint surfaces with water and allow the surfaces to dry to a surface-dry condition immediately before placing concrete.
If authorized in an emergency, you may place a construction joint at a location not described. The Engineer determines the location of the construction joint and the quantity of additional reinforcing steel to be placed across the joint.
Locate longitudinal construction joints in bridge decks along lane lines if a joint location is not shown.
[bookmark: _Toc284514357][bookmark: _Toc291160247][bookmark: _Toc379961088]51-1.03D(5)  Colored Concrete
When placing colored concrete:
1.	Monitor the water content, weight of cementitious materials, and size, weight, and color of aggregate to maintain consistency and accuracy of the mixed colored concrete.
2.	Schedule delivery of concrete to provide consistent mix times from batching until discharge. Do not add water after a portion of the batch has been discharged.
3.	Use consistent finishing practices to ensure uniformity of texture and color.
4.	Protect surrounding exposed surfaces during placement, finishing, and curing activities of colored concrete.

If more than 1 concrete pump is used to place concrete, designate the pumps to receive colored concrete. The designated  pumps must receive only colored concrete throughout the concrete placement operation.
Cure colored concrete by the forms-in-place method or the curing compound method.
If the curing compound method is used, the curing compound must be clear or match the color of the colored concrete and must be manufactured specifically for colored concrete. Do not use curing compounds containing calcium chloride. The time between completing surface finishing and applying the curing compound must be the same for each colored concrete component.
[bookmark: _Toc291160248][bookmark: _Toc379961089]51-1.03D(6)  Bearing Surfaces
For elastomeric bearing pads, wood float finish the concrete bearing surface to a level plane that varies at most 1/16 inch from a straightedge placed in any direction and is within 1/8 inch of the specified elevation. The bearing area must extend at least 1 inch beyond the limits of the bearing pads.
For bearing assemblies or masonry plates not embedded in concrete, construct the concrete bearing area above grade and grind to a true level plane that (1) does not vary perceptibly from a straightedge placed in any direction and (2) is within 1/8 inch of the elevation shown.
[bookmark: _Toc379961090]51-1.03D(7)  Pier Columns
Place concrete for pier columns against firm, undisturbed foundation material on the bottom and sides of the pier column excavations except place concrete against forms where shown. Immediately before placing concrete, all excavated surfaces against which the concrete is to be placed must be free from standing water, ice, mud, debris, and loose material.
[bookmark: _Toc291160249][bookmark: _Toc379961091]51-1.03E  Miscellaneous Construction
[bookmark: _Toc284514359][bookmark: _Toc291160250][bookmark: _Toc379961092]51-1.03E(1)  General
Where shown, paint the bridge name, bridge number, and bent number in neat, 2-1/2-inch-high black letters and figures.
Where shown and before backfilling to within 3 feet of finished grade, install temporary bumpers at the ends of bridges and grade top culverts.
Where pipes outside the structure join the structure, cast bell recesses in the concrete to receive the pipe or cast sections of the pipe in the concrete. If bell recesses are used, mortar the pipe end into the bell.
[bookmark: _Toc284514360][bookmark: _Toc291160251][bookmark: _Toc379961093]51-1.03E(2)  Placing Mortar
Place mortar in recesses and holes, on surfaces, under structural members, and at other locations where described.
Clean concrete areas to be in contact with mortar of loose or foreign material that would prevent bonding between the mortar and the concrete surfaces. Flush the concrete areas with water and allow them to dry to a surface-dry condition immediately before placing the mortar.
Tightly pack mortar to completely fill spaces. Locations where mortar can escape must be mortar-tight before placing mortar. Cure mortar for 3 days using the water method under section 90-1.03B.
Do not load mortar until 72 hours after placement unless authorized.
[bookmark: _Toc284514361][bookmark: _Toc291160252][bookmark: _Toc379961094]51-1.03E(3)  Drill and Bond Dowels
For drill and bond dowels, drill the holes  without damaging the adjacent concrete. Holes for bonded dowels must be 1/2 inch larger than the nominal dowel diameter.
If reinforcement is encountered during drilling before the specified depth is attained, notify the Engineer. Unless coring through the reinforcement is authorized, drill a new hole adjacent to the rejected hole to the depth shown.
Coat the surface of any dowel coated with zinc or cadmium with a colored lacquer. Allow the lacquer to dry thoroughly before installing the dowel.
Each drilled hole must be clean and dry when placing the bonding material and dowel. The bonding material and dowel must completely fill the drilled hole. The surface temperature must be at least 40 degrees F when magnesium phosphate concrete is placed.
Thoroughly dry finishing tools cleaned with water before working magnesium phosphate concrete.
Leave dowels undisturbed for 3 hours or until the dowels can be supported by the concrete.
[bookmark: _Toc292202085]Cure modified high-alumina-based concrete and portland-cement-based concrete using the curing compound method. Do not cure magnesium phosphate concrete.
[bookmark: _Toc292202086]Replace dowels that fail to bond or are damaged.
[bookmark: _Toc249761642][bookmark: _Toc249781239][bookmark: _Toc249939595][bookmark: _Toc249952318][bookmark: _Toc250023541][bookmark: _Toc250368894][bookmark: _Toc250647858][bookmark: _Toc284514362][bookmark: _Toc291160253][bookmark: _Toc379961095]51-1.03E(4)  Drill and Grout Dowels
Drill the holes under section 51-1.03E(3).
For drill and grout dowels, drill the holes 1/4 inch larger than the nominal dowel diameter. Immediately before placing dowels, holes must be cleaned, be thoroughly saturated with water, have all free water removed, and be dried to a saturated surface dry condition.
Place grout into the holes and insert the dowels. Retempering of grout is not allowed. Cure grout at least 3 days or until the dowels are encased in concrete. Immobilize the dowels during the curing period. Cure using curing compound method or by keeping the surface continuously damp. 
Replace dowels that fail to bond or are damaged.
[bookmark: _Toc249952319][bookmark: _Toc250023542][bookmark: _Toc250368895][bookmark: _Toc250647859][bookmark: _Toc284514363][bookmark: _Toc291160254][bookmark: _Toc379961096]51-1.03E(5)  Drill and Bond Dowels (Chemical Adhesive)
For drill and bond dowel (chemical adhesive), the drilled hole diameter and depth must comply with the ICBO evaluation report for the size of dowel being installed unless otherwise shown. Increase the drilled hole depth specified in the ICBO evaluation report by 50 percent when dowels are epoxy coated.
Drill the holes without damaging the adjacent concrete. If reinforcement is encountered during drilling before the specified depth is attained, notify the Engineer. Unless coring through the reinforcement is authorized, drill a new hole adjacent to the rejected hole to the depth shown.
Immediately after inserting the dowels into the chemical adhesive, support the dowels as necessary to prevent movement until the epoxy has cured the minimum time specified in the Authorized Material List.
Replace dowels that fail to bond or are damaged. Drill new holes adjacent to rejected dowels and install replacement dowels.
[bookmark: _Toc249952320][bookmark: _Toc250023543][bookmark: _Toc250368896][bookmark: _Toc250647860][bookmark: _Toc284514364][bookmark: _Toc291160255][bookmark: _Toc379961097]51-1.03E(6)  Nonskid Abrasive Finish
Where shown, place a nonskid abrasive finish on pedestrian walkways, stair treads, and landings. The nonskid finish must consist of commercial-quality aluminum oxide, silicon carbide, or almandite garnet grit particles, sieve size no. 12 to 30 or no. 14 to 35. Uniformly apply grit particles at a rate of at least 0.3 lb/sq ft onto the floated concrete surface while the concrete is plastic. Bury the particles into the concrete to a depth of approximately 0.7 times the diameter of each particle.
[bookmark: _Toc249761645][bookmark: _Toc249781242][bookmark: _Toc249939598][bookmark: _Toc249952322][bookmark: _Toc250023545][bookmark: _Toc250368898][bookmark: _Toc250647862][bookmark: _Toc284514365][bookmark: _Toc291160256][bookmark: _Toc379961098]51-1.03E(7)  Drains in Walls
Where shown, construct drain holes and weep holes in abutment walls, wingwalls, and retaining walls. Cover retaining wall and abutment wall drains at the back face of the wall with 1/4-inch mesh, 0.025-inch-diameter aluminum or galvanized steel wire hardware cloth. Mount hardware cloth in forms before pouring concrete or fasten the cloth to the exterior concrete surface with masonry nails.
In addition to wall drains, install hydrostatic pressure relief holes 3 inches in diameter at the bottom of walls immediately above footings at approximately 15-foot centers.
[bookmark: _Toc250023546][bookmark: _Toc250368899][bookmark: _Toc250647863][bookmark: _Toc284514366][bookmark: _Toc291160257][bookmark: _Toc379961099]51-1.03E(8)  Deck Bleeder Drains
The Engineer provides the exact location for each deck bleeder drain.
Drill the holes for drains in existing bridges using a diamond core drill bit. Do not spall hole edges. Holes must be 2 inches in diameter.
Install drains such that the top of the pipe is approximately 1/4 inch below the concrete deck surface. Replace drains out of position as determined by the Engineer.
Secure plastic pipe installed in existing bridges with an epoxy adhesive. Score the outside surfaces of the pipe before installing the pipe. Spread epoxy on both the pipe and hole surfaces. Epoxy must completely fill the space between the pipe and the hole.
Install drains before placing the deck seal. Center the wire cloth above the drains. Place the cloth after placing the deck seal and before placing the HMA. Secure the cloth using an authorized method to prevent movement during HMA placement. Do not damage the deck seal.
[bookmark: _Toc250023547][bookmark: _Toc250368900][bookmark: _Toc250647864][bookmark: _Toc284514367][bookmark: _Toc291160258][bookmark: _Toc379961100]51-1.03E(9)  Utility Facilities
Where shown, utility facilities will be carried in or on structures.
Install hangers, anchor bolt inserts, manhole frames and covers, sleeves, and other accessories required for the utility facility that must be cast in the concrete. The utility owner will furnish these items.
The utility owner will furnish and install conductors and casings when the structure is ready for the installation and before any work that interferes with installation is started.
Notify the Engineer at least 30 days before the date structures are ready for utility installation. The Engineer will notify the utility owner.
[bookmark: _Toc284514368][bookmark: _Toc291160259][bookmark: _Toc379961101][bookmark: _Toc249761647][bookmark: _Toc249781244][bookmark: _Toc249939600][bookmark: _Toc249952324][bookmark: _Toc250023548][bookmark: _Toc250368901][bookmark: _Toc250647865]51-1.03E(10)  Concrete Headers and Steel Plates 
Concrete for concrete headers must comply with the specifications for minor concrete.
[bookmark: _Toc249781246][bookmark: _Toc249939602][bookmark: _Toc249952326][bookmark: _Toc250023550][bookmark: _Toc250368903][bookmark: _Toc250647867]Steel plates and attachment hardware must comply with section 75-1 except that galvanizing is not required.
[bookmark: _Toc249939604][bookmark: _Toc249952329][bookmark: _Toc250023553][bookmark: _Toc250368906][bookmark: _Toc250647869][bookmark: _Toc284514370][bookmark: _Toc291160261][bookmark: _Toc379961102][bookmark: _Toc249939606][bookmark: _Toc249952334][bookmark: _Toc250023558][bookmark: _Toc250368911][bookmark: _Toc250647871]51-1.03E(11)  Diaphragm Bolsters
Reserved
[bookmark: _Toc284514371][bookmark: _Toc291160262][bookmark: _Toc379961103]51-1.03E(12)  Hinge Tiedowns
Reserved
[bookmark: _Toc249939607][bookmark: _Toc249952337][bookmark: _Toc250023561][bookmark: _Toc250368914][bookmark: _Toc250647872][bookmark: _Toc284514372][bookmark: _Toc291160263][bookmark: _Toc379961104]51-1.03F  Finishing Concrete
[bookmark: _Toc249761649][bookmark: _Toc249781253][bookmark: _Toc249939608][bookmark: _Toc249952338][bookmark: _Toc250023562][bookmark: _Toc250368915][bookmark: _Toc250647873][bookmark: _Toc284514373][bookmark: _Toc291160264][bookmark: _Toc379961105]51-1.03F(1)  General
Strike off exposed surfaces of consolidated concrete to the lines and grades shown. Provide a uniform surface texture having the specified finish without undulations or irregularities.
The Engineer determines the acceptability of the surface finishes.
Finish sidewalks, curbs, and stairways on structures under section 73-3 except surfaces are not marked.
[bookmark: _Toc249761650][bookmark: _Toc249781254][bookmark: _Toc249939609][bookmark: _Toc249952339][bookmark: _Toc250023563][bookmark: _Toc250368916][bookmark: _Toc250647874][bookmark: _Toc284514374][bookmark: _Toc291160265][bookmark: _Toc379961106]51-1.03F(2)  Ordinary Surface Finish
Apply ordinary surface finish to all concrete surfaces as a final finish or before applying a higher class finish.
Ordinary surface finish must be the final finish for the following surfaces:
1.	Undersurfaces of slab spans, box girders, spandrel arch spans, and floor slabs between girders of superstructures
2.	Inside vertical surfaces of T girders of superstructures
3.	Surfaces to be buried underground or covered with embankment and surfaces of culverts above finished ground that are not visible from the traveled way

Ordinary surface finish includes:
1.	Filling holes or depressions
2.	Repairing rock pockets and unsound concrete
3.	Removing fins and projections flush to the surface
4.	Removing stains and discolorations visible from traveled ways

You do not need to remove fins from surfaces that are buried underground or enclosed.
Remove form bolts and metal placed for your convenience to at least 1 inch below the concrete surface. Clean and fill the resulting holes with mortar. You do not need to remove form bolts in box girder cells except you must remove bolts flush if deck forms are removed from the cells.
Fill bolt holes with mortar under section 51-1.03E(2). Fill depressions and pockets with packed mortar or shotcrete as determined by the Engineer. Cure filler under section 51-1.03H.
For exposed surfaces, add enough white cement to the patching material to match the surrounding concrete after drying.
If the Engineer determines that rock pockets are extensive, remove and replace the affected portions of the structure.
[bookmark: _Toc249761651][bookmark: _Toc249781255][bookmark: _Toc249939610][bookmark: _Toc249952340][bookmark: _Toc250023564][bookmark: _Toc250368917][bookmark: _Toc250647875][bookmark: _Toc284514375][bookmark: _Toc291160266][bookmark: _Toc379961107]51-1.03F(3)  Class 1 Surface Finish
Class 1 surface finish includes finishing concrete surfaces to produce smooth, even surfaces of uniform texture and appearance without bulges, depressions, or other imperfections.
Class 1 surface finish must be the final surface finish for the following surfaces:
1.	Except for those surfaces listed in ordinary surface finish, the surfaces of bridge superstructures, including the undersurfaces of deck overhangs
2.	Surfaces of bridge piers, piles, columns, and abutments, and retaining walls above finished ground and to at least 1 foot below finished ground
3.	Surfaces of open spandrel arch rings, spandrel columns, and abutment towers
4.	Surfaces of pedestrian undercrossings, except floors and surfaces to be covered with earth
5.	Surfaces of culvert headwalls above finished ground and endwalls visible from a traveled way
6.	Interior surfaces of culvert barrels having a height of 4 feet or more for a distance equal to the culvert height where visible from a traveled way
7.	Interior surfaces of pump house motor and control rooms and engine-generator rooms
8.	Surfaces of railings

Do not apply Class 1 surface finish until a uniform appearance can be attained.
Use power carborundum stones or disks to remove bulges and other imperfections.
Sand areas not complying with the Class 1 surface finish requirements using power sanders or other authorized abrasive means until the specified surface finish is attained.
[bookmark: _Toc249761652][bookmark: _Toc249781256][bookmark: _Toc249939611][bookmark: _Toc249952341][bookmark: _Toc250023565][bookmark: _Toc250368918][bookmark: _Toc250647876][bookmark: _Toc284514376][bookmark: _Toc291160267][bookmark: _Toc379961108]51-1.03F(4)  Class 2 Surface Finish
Where a Class 2 surface finish is described:
1.	Apply an ordinary surface finish to the concrete surface.
2.	Abrasive blast the surface to a rough texture and then thoroughly wash the surface with water.
3.	Pneumatically apply a mortar coat approximately 1/4 inch thick in at least 2 passes to the damp surface. The coating must firmly bond to the concrete surface.

The mortar coat must consist of either (1) sand, portland cement, and water, mechanically mixed before entering the nozzle or (2) premixed sand and portland cement, with water added before leaving the nozzle. The proportion of cement to sand must be at least 1 to 4. Use sand with a grading suitable for the work.
You may substitute cementitious material complying with section 90 for portland cement. You may use admixtures specified in section 90 if authorized.
Do not mortar coat areas where bridge name or other designations are to be painted.
The coating surface must be (1) uniform without unsightly bulges, depressions, or other imperfections and (2) as left by the nozzle. Protect the coating from damage and keep it damp for 3 days after placing. Remove and replace loose areas of coating.
Where a Class 2 surface finish is described for a pedestrian undercrossing, use silica sand and white portland cement.
[bookmark: _Toc249761653][bookmark: _Toc249781257][bookmark: _Toc249939612][bookmark: _Toc249952342][bookmark: _Toc250023566][bookmark: _Toc250368919][bookmark: _Toc250647877][bookmark: _Toc284514377][bookmark: _Toc291160268][bookmark: _Toc379961109]51-1.03F(5)  Finishing Roadway Surfaces
[bookmark: _Toc291160269][bookmark: _Toc379961110]51-1.03F(5)(a)  General
Construct concrete roadway surfaces of structures, approach slabs, sleeper slabs, and adjoining approach pavement, and concrete decks to be covered with another material, to the grade and cross section shown. Surfaces must comply with the specified smoothness, surface texture, and surface crack requirements.
The Engineer sets deck elevation control points for your use in establishing the grade and cross section of the deck surface. The grade established by the deck elevation control points includes all camber allowances. Elevation control points will not be closer together than approximately 8 feet longitudinally and 24 feet transversely to the bridge centerline.
Before starting concrete placement for any deck section:
1.	Set to grade all rails and headers used to support or control the finishing equipment
2.	Check rails and headers to ensure the completed deck complies with smoothness requirements
3.	Move the finishing equipment over the length of the section to check steel and bulkhead clearances

For approach slabs, sleeper slabs, and other roadway surfaces of concrete structures, texture the roadway surface as specified for bridge deck surfaces in section 51-1.03F(5)(b).
Finish bridge decks to be covered with membrane seals to a smooth surface free of mortar ridges and other projections. 
[bookmark: _Toc291160270]Where a future widening is shown, strike off deck surfaces under curbs, railings, barriers, and sidewalks to the same plane as the roadway and leave undisturbed.
[bookmark: _Toc379961111]Deck surfaces must comply with the following smoothness requirements:
1.	Profile trace having no high points over 0.02 foot
2.	Profile count of 5 or less in any 100-foot section for portions within the traveled way
3.	Surface not varying more than 0.02 foot from the lower edge of a 12-foot-long straightedge placed transversely to traffic

POC deck surfaces must comply with the following smoothness requirements:
1.	Surfaces between grade changes must not vary more than 0.02 foot from the lower edge of a 12-foot-long straightedge placed parallel to the centerline of the POC
2.	Surface must not vary more than 0.01 foot from the lower edge of a 6-foot-long straightedge placed perpendicular to the centerline of the POC

Complete the smoothness testing and any required grinding before applying seal coats.
51-1.03F(5)(b)  Bridge Deck Surface Texture
[bookmark: _Toc379961112]51-1.03F(5)(b)(i)  General
Except for bridge widenings, texture roadway surfaces of bridge decks, approach slabs, and sleeper slabs, and other roadway surfaces of concrete structures longitudinally by grinding and grooving or by longitudinal tining.
For bridge widenings, texture the roadway surfaces longitudinally by longitudinal tining.
Do not texture bridge decks that are to be covered with an overlay. If a bridge is opened to traffic before the overlay is placed, texture the deck by longitudinal tining.
[bookmark: _Toc379961113]51-1.03F(5)(b)(ii)  Grinding and Grooving
When texturing the deck surface by grinding and grooving, place a 1/4 inch of sacrificial concrete cover on the bridge deck above the finished grade shown. Place items to be embedded in the concrete based on the final profile grade elevations shown. Construct joint seals after completing the grinding and grooving.
Before grinding and grooving, deck surfaces must comply with the smoothness and deck crack treatment requirements.
Grind and groove the deck surface as follows:
1.	Grind the surface to within 18 inches of the toe of the barrier under section 42-3. Grinding must not reduce the concrete cover on reinforcing steel to less than 1-3/4 inches.
2.	Groove the ground surfaces longitudinally under section 42-2. The grooves must be parallel to the centerline.

[bookmark: _Toc379961114]51-1.03F(5)(b)(iii)  Longitudinal Tining
When texturing the deck surface by longitudinal tining, perform initial texturing with a burlap drag or broom device that produces striations parallel to the centerline. Perform final texturing with spring steel tines that produce grooves parallel with the centerline.
The tines must:
1.	Be rectangular in cross section
2.	Be from 3/32 to 1/8 inch wide on 3/4-inch centers
3.	Have enough length, thickness, and resilience to form grooves approximately 3/16 inch deep

Construct grooves to within 6 inches of the layout line of the concrete barrier toe. Grooves must be from 1/8 to 3/16 inch deep and 3/16 inch wide after concrete has hardened.
For irregular areas and areas inaccessible to the grooving machine, you may hand construct grooves. Hand-constructed grooves must comply with the specifications for machine-constructed grooves.
Tining must not cause tearing of the deck surface or visible separation of coarse aggregate at the surface.
[bookmark: _Toc379961115][bookmark: _Toc249761656][bookmark: _Toc249781260][bookmark: _Toc249939615][bookmark: _Toc249952345][bookmark: _Toc250023569][bookmark: _Toc250368922][bookmark: _Toc250647880][bookmark: _Toc284514378][bookmark: _Toc291160271]51-1.03F(6)  Finishing Pedestrian Overcrossing Surfaces
Construct deck surfaces, including ramps and landings of POCs to the grade and cross section shown. Surfaces must comply with the specified smoothness, surface texture, and surface crack requirements.
The Engineer sets deck elevation control points for your use in establishing the grade and cross section of the deck surface. The grade established by the deck elevation control points includes all camber allowances. Except for landings, elevation control points include the beginning and end of the ramp and will not be closer together than approximately 8 feet longitudinally and 4 feet transversely to the POC centerline. Landing elevation control points are at the beginning and the end of the landing.
Broom finish the deck surfaces of POCs. Apply the broom finish perpendicular to the path of travel. You may apply water mist to the surface immediately before brooming.
Clean any discolored concrete by abrasive blast cleaning or other authorized methods.
POC deck surfaces must comply with the following smoothness requirements:
1.	Surfaces between grade changes must not vary more than 0.02 foot from the lower edge of a 12-foot-long straightedge placed parallel to the centerline of the POC
2.	Surface must not vary more than 0.01 foot from the lower edge of a 6-foot-long straightedge placed perpendicular to the centerline of the POC

[bookmark: _Toc379961116]51-1.03G  Concrete Surface Textures
[bookmark: _Toc249761657][bookmark: _Toc249781261][bookmark: _Toc249939616][bookmark: _Toc249952346][bookmark: _Toc250023570][bookmark: _Toc250368923][bookmark: _Toc250647881][bookmark: _Toc284514379][bookmark: _Toc291160272][bookmark: _Toc379961117]51-1.03G(1)  General
Provide the concrete surface textures shown. The Engineer determines the acceptability of the surface textures.
Construct a test panel for each type of concrete surface texture shown.
Fractured rib texture must consist of straight ribs of concrete with a fractured texture on the raised surface between ribs. Grooves between ribs must be (1) continuous with no apparent curves or discontinuities and (2) straight to within 1/4 inch in 10 feet. The texture must have random shadow patterns. Broken concrete at adjoining ribs and groups of ribs must have a random pattern. The texture must not have repetitive fractured surfaces or secondary shadow patterns.
Heavy blast texture must consist of an abrasive-blasted concrete surface of uniform color and sandy texture with air and water bubbles in the concrete partially exposed.
Formed relief texture must consist of a formed relief constructed to the dimensions and shapes shown with a Class 1 surface finish. Intersecting corners of plane surfaces must be sharp and crisp without easing or rounding.
Cure concrete surface textures by the forms-in-place or water methods.
[bookmark: _Toc284514380][bookmark: _Toc291160273][bookmark: _Toc379961118]51-1.03G(2)  Form Liners
Use form liners for concrete surface textures except for heavy blast and formed relief textures. Other forming methods must be authorized.
Form liners must (1) be manufactured from an elastomeric material by a manufacturer of commercially available concrete form liners and (2) leave a crisp, sharp definition of the concrete surface texture.
Form liners must comply with the requirements shown in the following table:
	Quality characteristic
	Test method
	Requirement

	Shore A hardness
	ASTM D2240
	50–90

	Tensile strength (psi, min)
	ASTM D412
	1,000



Comply with the form liner manufacturer's instructions for use.
Seal and repair cuts and tears in form liners under the form liner manufacturer's instructions. Do not use form liners that are delaminated or deformed.
Extend form liners the full length of texturing, with transverse joints at 8-foot minimum spacing. Do not use small pieces of form liners. Align grooves straight and true. Grooves must match at joints between form liners. For grooved patterns, joints in the direction of grooves must be located in depressions. Butt adjoining liners together without distortion, open cracks, or offsets. Clean joints between liners and remove mortar before use.
Adhesives must be compatible with the form liner material and the concrete. Adhesives must be recommended by the liner manufacturer and not cause swelling of the liner material.
Cast form liner patterns to prevent recurring textural configurations exhibited by repeating, recognizable shadow patterns. Remove surfaces with recurring textural configurations by reworking using authorized methods or by replacement.
Use a form release agent recommended by the form liner manufacturer. The release agent must not:
1.	Cause swelling of the liner material
2.	Cause delamination from the forms
3.	Stain the concrete
4.	React with the liner material

Coat form liners with a thin film of release agent. For textures with longitudinal patterns, apply the release agent using a natural bristle brush in the direction of the pattern. Clean excess release agent from liners using compressed air. Remove release agent buildup due to liner reuse at least every 5 uses.
Form liners must release without leaving pieces of liner on the concrete or removing concrete from the surface.
Except for formed relief textures, abrasive blast concrete surface textures with fine abrasive after removing forms to remove sheen without exposing coarse aggregate.
[bookmark: _Toc284514381][bookmark: _Toc291160274][bookmark: _Toc379961119]51-1.03H  Curing Concrete Structures
Except for bridge decks, cure newly placed concrete for CIP structures using the water method or the forms-in-place method under section 90-1.03B.
Cure the top surface of bridge decks using both the curing compound method and the water method. The curing compound must be curing compound no. 1.
Cure the top surface of bridge decks to be sealed with butyl rubber membrane using only the water method.
For bridge decks and flat slabs using the water method without a curing medium, keep the entire surface damp by applying water with an atomizing nozzle that forms a mist and not a spray until the concrete has set. After the concrete has set, continuously sprinkle the entire concrete surface with water for at least 7 days.
You may use a pigmented curing compound complying with section 90-1.03B(3) for:
1.	Concrete surfaces of construction joints
2.	Concrete surfaces that are to be buried underground
3.	Concrete surfaces not visible from a public traveled way, where only a ordinary surface finish is to be applied and a uniform color is not required

If you use the curing compound method on the bottom slab of box girder spans, the curing compound must be curing compound no. 1.
If ordered during periods of hot weather, apply water to concrete surfaces being cured by the curing compound method or by the forms-in-place method until the Engineer determines that a cooling effect is no longer required. This work is change order work.
For RSC using portland cement:
1.	Cure the concrete using the curing compound method. Fogging of the surface with water after the curing compound has been applied is not required.
2.	Immediately repair any damage to the film of the curing compound with additional curing compound. Do not repair damage to the curing compound after the concrete is opened to traffic.
3.	Cover the surface with an insulating layer or blanket when the ambient temperature is below 65 degrees F during the curing period. The insulation layer or blanket must have the R-value rating shown in the table below. A heating tent may be used instead of or in combination with the insulating layer or blanket.

	Temperature range during curing period (°F)
	R-value rating, min

	55–65
	1

	45–55
	2

	39–45
	3


[bookmark: _Toc284514382][bookmark: _Toc291160275][bookmark: _Toc249761659][bookmark: _Toc249781263][bookmark: _Toc249939618][bookmark: _Toc249952348][bookmark: _Toc250023572][bookmark: _Toc250368925][bookmark: _Toc250647883]
[bookmark: _Toc379961120]51-1.03I  Protecting Concrete Structures
Maintain concrete at a temperature of not less than 45 degrees F for 72 hours after placing and at not less than 40 degrees F for an additional 4 days.
[bookmark: _Toc284514383][bookmark: _Toc291160276][bookmark: _Toc379961121]51-1.04  PAYMENT
The payment quantity for seal course concrete is the actual volume of seal course concrete placed except the maximum payment quantity is the volume of concrete contained between vertical planes 1 foot outside the neat lines of the seal course shown. The Department does not adjust the unit price for an increase or decrease in the seal course concrete quantity.
51-2  JOINTS
[bookmark: _Toc249761661][bookmark: _Toc249781265][bookmark: _Toc249939620][bookmark: _Toc249952350][bookmark: _Toc250023574][bookmark: _Toc250368927][bookmark: _Toc250647885][bookmark: _Toc284514385][bookmark: _Toc291160278][bookmark: _Toc379961122]51-2.01  GENERAL
[bookmark: _Toc249761662][bookmark: _Toc249781266][bookmark: _Toc249939621][bookmark: _Toc249952351][bookmark: _Toc250023575][bookmark: _Toc250368928][bookmark: _Toc250647886][bookmark: _Toc284514386][bookmark: _Toc291160279][bookmark: _Toc379961123]51-2.01A  General
[bookmark: _Toc291160280][bookmark: _Toc379961124]51-2.01A(1)  Summary
Section 51-2.01 includes general specifications for constructing, sealing, and protecting joints in concrete structures.
[bookmark: _Toc291160281][bookmark: _Toc379961125]51-2.01A(2)  Definitions
Reserved
[bookmark: _Toc291160282][bookmark: _Toc379961126]51-2.01A(3)  Submittals
Submit a certificate of compliance for polyethylene material for snowplow deflectors.
[bookmark: _Toc291160283][bookmark: _Toc379961127]51-2.01A(4)  Quality Assurance
Reserved
[bookmark: _Toc284514387][bookmark: _Toc291160284][bookmark: _Toc379961128]51-2.01B  Materials
[bookmark: _Toc284514388][bookmark: _Toc291160285][bookmark: _Toc379961129]51-2.01B(1)  General
Premolded expansion joint filler must comply with ASTM D1751.
Expanded polystyrene must be commercially available polystyrene board with (1) a flexural strength of at least 35 psi when tested under ASTM C203 and (2) a compressive yield strength from 16 to 40 psi at 5 percent compression. Face the surfaces of expanded polystyrene that concrete is placed against with 1/8-inch-thick hardboard complying with ANSI A135.4. You may use other facing materials that provide equivalent protection. Secure the hardboard using nails, waterproof adhesive, or other authorized means.
[bookmark: _Toc379961130][bookmark: _Toc249781248][bookmark: _Toc249939605][bookmark: _Toc249952330][bookmark: _Toc250023554][bookmark: _Toc250368907][bookmark: _Toc250647870][bookmark: _Toc284514390][bookmark: _Toc291160287][bookmark: _Toc379961131]51-2.01B(2)  Snowplow Deflectors
Snowplow deflectors must consist of ultra-high-molecular-weight polyethylene plates with anchorage devices.
Anchorage devices must comply with ASTM A276, UNS designation S32205 or S31803.
Ultra-high-molecular-weight polyethylene plates must be UV stabilized and comply with ASTM D4020 and the requirements shown the following table:
	Quality characteristic
	Test method
	Requirement

	Density (pcf, min)
	ASTM D792
	58

	Tensile strength, ultimate (psi, min)
	ASTM D638
	5,800

	Tensile strength, yield (psi, min)
	ASTM D638
	2,750

	Elongation at break (percent)
	ASTM D638
	290

	Hardness (Shore D, min)
	ASTM D2240
	60



[bookmark: _Toc284514391][bookmark: _Toc291160288][bookmark: _Toc379961132]51-2.01C  Construction
51-2.01C(1)  General
Construct open joints using a suitable material that you subsequently remove. Do not chip or break concrete corners when removing the material. Reinforcement must not extend across an open joint.
For filled joints, place premolded or expanded polystyrene joint filler in position before placing concrete. Fill holes and joints with mastic to prevent the passage of mortar or concrete.
Finish concrete edges at joints using an edger.
51-2.01C(2)  Snowplow Deflectors
Drilling and bonding anchorage devices must comply with the specifications for drilling and bonding dowels in section 51-1.03E(3).
Where shown, apply a thread locking system to the anchorage devices under section 75-3.02B.
[bookmark: _Toc284514392][bookmark: _Toc291160289][bookmark: _Toc379961133]51-2.01D  Payment
Not Used
[bookmark: _Toc250647891][bookmark: _Toc284514393][bookmark: _Toc291160290][bookmark: _Toc379961134]51-2.02  SEALED JOINTS
[bookmark: _Toc249761668][bookmark: _Toc249781272][bookmark: _Toc249939627][bookmark: _Toc249952357][bookmark: _Toc250023581][bookmark: _Toc250368934][bookmark: _Toc250647892][bookmark: _Toc284514394][bookmark: _Toc291160291][bookmark: _Toc379961135]51-2.02A  General
[bookmark: _Toc250647893][bookmark: _Toc284514395][bookmark: _Toc291160292][bookmark: _Toc379961136]51-2.02A(1)  General
[bookmark: _Toc284514396][bookmark: _Toc291160293][bookmark: _Toc379961137]51-2.02A(1)(a)  Summary
Section 51-2.02 includes general specifications for fabricating and installing sealed joints.
Sealed joints must:
1.	Be in planned position
2.	Resist the intrusion of foreign material and water
3.	Provide bump-free passage of traffic

MR is measured normal to the longitudinal joint axis.
Use the seal type shown in the following table for the MR shown:
	Movement rating
	Seal type

	MR 1 inch
	Type A or B

	1 inch < MR 2 inches
	Type B

	2 inches < MR  4 inches
	Strip seal joint seal assembly

	MR  4 inches
	Modular unit joint seal assembly or seismic joint



[bookmark: _Toc284514397][bookmark: _Toc291160294][bookmark: _Toc379961138]51-2.02A(1)(b)  Definitions
Reserved.
[bookmark: _Toc284514398][bookmark: _Toc291160295][bookmark: _Toc379961139]51-2.02A(1)(c)  Submittals
Submit a work plan for cleaning expansion joints. Include details for preventing material, equipment, or debris from falling onto traffic or railroad property.
[bookmark: _Toc291160296][bookmark: _Toc379961140]51-2.02A(1)(d)  Quality Assurance
Reserved
[bookmark: _Toc284514399][bookmark: _Toc291160297][bookmark: _Toc379961141]51-2.02A(2)  Materials
[bookmark: _Toc284514400]You may clean and paint metal surfaces of joint seal assemblies instead of galvanizing. Cleaning and painting must comply with the specifications for new structural steel in section 59-2 except SSPC-QP 1, SSPC-QP 2, and AISC-420-10/SSPC-QP 3 certifications are not required. Finish coats are not required. Do not paint stainless steel or anchorages embedded in concrete.
[bookmark: _Toc291160298][bookmark: _Toc379961142]51-2.02A(3)  Construction
The Engineer may order you to install a joint seal larger than required by the MR. This work is change order work.
The joint opening at the time of placement must be that shown adjusted for temperature. Do not impair the joint clearance.
Cover or otherwise protect joints at all times before joint seals are installed. Do not allow debris or foreign material to enter joints.
Clean expansion joints at existing bridges before installing joint seals. Remove all existing seal material, dirt, debris, damaged waterstops, and joint filler. Use methods that do not damage existing sound concrete.
Verify the joint size after cleaning.
Clean existing joints with undamaged waterstops to the top of the waterstop unless the waterstop is to be removed.
Clean existing joints without waterstops and joints with damaged waterstops down to the hinge or bearing seat.
Repair joint damage as ordered.
Cleaning joints below existing waterstops that are damaged and repairing existing joint damage is change order work.
[bookmark: _Toc284514401][bookmark: _Toc291160299][bookmark: _Toc379961143]51-2.02A(4)  Payment
Joint seals and joint seal assemblies are measured from end to end along the centerline of the completed seal, including return sections and curb faces.
[bookmark: _Toc284514402][bookmark: _Toc291160300][bookmark: _Toc379961144]51-2.02B  Type A and AL Joint Seals
[bookmark: _Toc250647900][bookmark: _Toc284514403][bookmark: _Toc291160301][bookmark: _Toc379961145]51-2.02B(1)  General
[bookmark: _Toc284514404][bookmark: _Toc291160302][bookmark: _Toc379961146]51-2.02B(1)(a)  Summary
Section 51-2.02B includes specifications for installing Type A and AL joints seals.
Type A and AL joint seals consist of field-mixed silicone sealant placed in grooves in the concrete.
[bookmark: _Toc284514405][bookmark: _Toc291160303][bookmark: _Toc379961147]51-2.02B(1)(b)  Definitions
[bookmark: _Toc292202087]Reserved
[bookmark: _Toc284514406][bookmark: _Toc291160304][bookmark: _Toc379961148]51-2.02B(1)(c)  Submittals
Submit a certificate of compliance and certified test report for each batch of sealant.
At least 30 days before use, submit 1-quart test samples of the following to METS:
1.	Both components from each batch of sealant
2.	Manufacturer-required primers

[bookmark: _Toc284514407][bookmark: _Toc291160305][bookmark: _Toc379961149]51-2.02B(1)(d)  Quality Assurance
[bookmark: _Toc379961150]51-2.02B(1)(d)(i)  General
Reserved
[bookmark: _Toc379961151]51-2.02B(1)(d)(ii)  Department Acceptance
The Department tests sealants under California Test 435.
[bookmark: _Toc284514408][bookmark: _Toc291160306][bookmark: _Toc379961152]51-2.02B(2)  Materials
The sealant must be a 2-component silicone type that withstands a ±50 percent movement.
The sealant must comply with the requirements shown in the following table:
	Quality characteristic
	Test method
	Requirement

	Modulus at 150 percent elongation (psi)
	California Test 435
	8–75

	Recovery (inches, max)
	California Test 435
	21/32

	Notch test
	California Test 435
	Notched or loss of bond, 1/4 inch max

	Water resistance
	California Test 435
	Notched or loss of bond, 1/4 inch max

	Ultraviolet exposure
	California Test 435
	No more than slight cracking or checking

	Cone penetration (mm)
	California Test 435
	4.5–12.0



The sealant must be self-leveling and cure rapidly enough to not flow on grades up to 15 percent.
Label sealant containers or provide identification tickets for tanks of 2-component material. Include the following:
1.	Material designation
2.	Lot number
3.	Manufacturer's name and instructions for use
4.	Dates of manufacture, packing, and expiration

Do not use material that has expired unless it is retested and authorized.
Polyethylene foam or rod stock for retaining sealant must be commercial quality with a continuous, impervious glazed surface.
[bookmark: _Toc284514409][bookmark: _Toc291160307][bookmark: _Toc379961153]51-2.02B(3)  Construction
[bookmark: _Toc284514410][bookmark: _Toc291160308][bookmark: _Toc379961154]51-2.02B(3)(a)  General
Do not use sealant or adhesive that has skinned over or cannot be redispersed by hand stirring.
Abrasive blast clean joints and remove foreign material with high-pressure air immediately before installing seals. Protect waterstops during cleaning.
Joint surfaces must be surface dry when seals are placed.
Place the sealant using equipment that mixes and extrudes the sealant into the joint. The equipment and the sealant placement must be as recommended by the sealant manufacturer.
Do not use liquid components that have been exposed to air for more than 24 hours.
[bookmark: _Toc284514411][bookmark: _Toc291160309][bookmark: _Toc379961155]51-2.02B(3)(b)  Type A Seal Preparation
For Type A joint seals, do not start cutting grooves until joint material is delivered to the job site.
Concrete saws for cutting grooves in the concrete must have diamond blades with a minimum thickness of 3/16 inch. Cut both sides of the groove simultaneously for a minimum 1st pass depth of 2 inches. The completed groove must have:
1.	Top width within 1/8 inch of the width shown or ordered
2.	Bottom width not varying from the top width by more than 1/16 inch for each 2 inches of depth
3.	Uniform width and depth

Cutting grooves in existing decks includes cutting any conflicting reinforcing steel.
Saw cutting grooves is not required at the following locations:
1.	Joints armored with metal
2.	Joints in curbs, sidewalks, barriers, and railings, if grooves are formed to the required dimensions
3.	Existing joints where Type A seals are to be installed

Remove all material from the deck joint to the bottom of the saw cut. Remove foreign material from joints in curbs, sidewalks, barriers, railings, and deck slab overhangs.
The Engineer may order you to saw cut grooves at existing joints to be sealed with a Type A joint seal. This work is change order work.
Repair spalls, fractures, or voids in the grooved surface at least 64 hours before installing the joint seal. Bevel the lips of saw cuts by grinding.
[bookmark: _Toc284514412][bookmark: _Toc291160310][bookmark: _Toc379961156]51-2.02B(3)(c)  Type AL Seal Preparation
For Type AL joint seals, remove expanded polystyrene and foreign material to the depth of the joint seal. Grind or edge the lip of the joint.
[bookmark: _Toc284514413][bookmark: _Toc291160311][bookmark: _Toc379961157]51-2.02B(4)  Payment
Not Used
[bookmark: _Toc284514414][bookmark: _Toc291160312][bookmark: _Toc379961158]51-2.02C  Type B Joint Seals
[bookmark: _Toc284514415][bookmark: _Toc291160313][bookmark: _Toc379961159]51-2.02C(1)  General
[bookmark: _Toc284514416][bookmark: _Toc291160314][bookmark: _Toc379961160]51-2.02C(1)(a)  Summary
Section 51-2.02C includes specifications for installing Type B joint seals.
Type B joint seals consist of preformed elastomeric joint seals placed in grooves in the concrete.
[bookmark: _Toc284514417][bookmark: _Toc291160315][bookmark: _Toc379961161]51-2.02C(1)(b)  Definitions
[bookmark: _Toc292202088]Reserved
[bookmark: _Toc284514418][bookmark: _Toc291160316][bookmark: _Toc379961162]51-2.02C(1)(c)  Submittals
Submit a certificate of compliance with certified test report for each lot of elastomeric joint seal and lubricant-adhesive. Test reports must include the seal MR, the manufacturer's minimum uncompressed width, and test results.
Submit each joint seal test sample selected by the Engineer for testing with its certificate of compliance at least 30 days before use.
[bookmark: _Toc284514419][bookmark: _Toc291160317][bookmark: _Toc379961163]51-2.02C(1)(d)  Quality Assurance
[bookmark: _Toc379961164]51-2.02C(1)(d)(i)  General
Reserved
[bookmark: _Toc379961165]51-2.02C(1)(d)(ii)  Quality Control
The Engineer selects test samples of joint seal material and lubricant-adhesive at random from each lot of material. Test samples are selected from stock at the job site or at a location acceptable to the Engineer and the manufacturer. Joint seal test samples must be at least 3 feet long.
Demonstrate the adequacy of installation procedures for Type B seals before starting installation activities.
[bookmark: _Toc284514420][bookmark: _Toc291160318][bookmark: _Toc379961166]51-2.02C(1)(d)(iii)  Department Acceptance
Reserved
51-2.02C(2)  Materials
Preformed elastomeric joint seals must:
1.	Comply with ASTM D2628
2.	Consist of a multi-channel, nonporous, homogeneous material furnished in a finished, extruded form
3.	Have a minimum seal depth at the contact surface of at least 95 percent of the minimum uncompressed seal width designated by the manufacturer
4.	Provide an MR of at least that shown when tested under California Test 673
5.	Have the top and bottom edges in continuous contact with the sides of the groove throughout the entire range of joint movement
6.	Be furnished full length for each joint with at most 1 shop splice in any 60-foot length

For seals that would admit water or debris, fill each cell to a depth of 3 inches at the open ends with open-cell polyurethane foam or close the cells by other authorized means.
You may make 1 field splice per joint if authorized. Splice location and method must be authorized. Seals must be manufactured full length and then cut at the splice location and rematched before splicing.
Shop and field splices must have no visible offset of exterior surfaces and no evidence of bond failure.
Combination lubricant-adhesive must comply with ASTM D4070.
[bookmark: _Toc284514421][bookmark: _Toc291160319][bookmark: _Toc379961167]51-2.02C(3)  Construction
Prepare joints under section 51-2.02B(3)(b) except remove all material from the deck joint to the top of the waterstop or to the depth of the seal to be installed plus 3 inches.
Thoroughly clean contact surfaces and the top surface of the seal to within 1/2 inch from either edge immediately before applying the lubricant-adhesive. Liberally apply the lubricant-adhesive to vertical groove surfaces and the sides of the joint seal under the manufacturer's instructions.
Install joint seals full length for each joint using equipment that does not distort or damage the seal or the concrete. The top edges of the installed seal must be in a plane normal to the sides of the groove. 
[bookmark: _Toc284514422][bookmark: _Toc291160320][bookmark: _Toc379961168]51-2.02C(4)  Payment
Not Used
[bookmark: _Toc284514423][bookmark: _Toc291160321][bookmark: _Toc379961169]51-2.02D  Joint Seal Assemblies with a Movement Rating of 4 inches or Less
[bookmark: _Toc284514424][bookmark: _Toc291160322][bookmark: _Toc379961170]51-2.02D(1)  General
[bookmark: _Toc284514425][bookmark: _Toc291160323][bookmark: _Toc379961171]51-2.02D(1)(a)  Summary
Section 51-2.02D includes specifications for fabricating and installing joint seal assemblies with an MR of 4 inches or less.
Joint seal assemblies with an MR of 4 inches or less must consist of metal or metal and elastomeric assemblies placed in recesses over joints. Strip seal joint seal assemblies consist of a 1 joint cell.
If authorized, you may use an alternative joint seal assembly if:
1.	Quality of the alternative assembly and its suitability for the intended application are at least equal to that of the joint seal assembly shown. The factors to be considered include the ability of the assembly to resist the intrusion of foreign material and water throughout the full range of movement for the application and the ability to function without distress to any component.
2.	Alternative joint seal assembly has had at least 1 year of proven satisfactory service under conditions similar to those described.

[bookmark: _Toc284514426][bookmark: _Toc291160324][bookmark: _Toc379961172]51-2.02D(1)(b)  Definitions
[bookmark: _Toc292202089]Reserved
[bookmark: _Toc284514427][bookmark: _Toc291160325][bookmark: _Toc379961173]51-2.02D(1)(c)  Submittals
[bookmark: _Toc284514428][bookmark: _Toc291160326][bookmark: _Toc379961174]51-2.02D(1)(c)(i)  General
For alternative joint seal assemblies, submit a certificate of compliance for each shipment of joint seal materials. The certificate must state that the materials and fabrication involved comply with the specifications and the data submitted in obtaining the authorization for the alternative joint seal assembly.
[bookmark: _Toc284514429][bookmark: _Toc291160327][bookmark: _Toc379961175]51-2.02D(1)(c)(ii)  Shop Drawings
For alternative joint seal assemblies, submit 5 copies of shop drawings for each joint seal assembly to OSD, Documents Unit. Notify the Engineer of your submittal. Include in the notification the date and contents of the submittal.
After review, submit 6 to 12 copies, as requested, for final authorization and use during construction. Include details of the joint seal assembly and anchorage components, method of installation, blockout details, and additions or rearrangements of reinforcing steel.
If requested, submit supplemental calculations for each proposed alternative joint seal assembly.
Include in the shop drawings the thermal equation for setting the minimum joint opening at installation.
Shop drawings and calculations must be sealed and signed by an engineer who is registered as a civil engineer.
Allow 25 days for the Department's review.
Submit 1 corrected copy to OSD, Documents Unit, for each joint seal assembly within 20 days of final authorization.
[bookmark: _Toc284514430][bookmark: _Toc291160328][bookmark: _Toc379961176]51-2.02D(1)(d)  Quality Assurance
[bookmark: _Toc292202090]Reserved
[bookmark: _Toc284514431][bookmark: _Toc291160329][bookmark: _Toc379961177]51-2.02D(2)  Materials
[bookmark: _Toc284514432][bookmark: _Toc291160330][bookmark: _Toc379961178]51-2.02D(2)(a)  General
Metal parts must comply with section 75-3.
Bolts, nuts, and washers must comply with ASTM A325.
Sheet neoprene must comply with the specifications for neoprene in section 51-2.04B. Fabricate sheet neoprene to fit the joint seal assembly accurately.
[bookmark: _Toc284514433][bookmark: _Toc291160331][bookmark: _Toc379961179]51-2.02D(2)(b)  Alternative Joint Seal Assemblies
Alternative joint seal assemblies must have CIP anchorage components for casting into the deck. 
The anchorage components must include anchor studs spaced at a maximum of 4-1/2 inches. The studs must be at least 5/8 inch in diameter and 8 inches long, except the studs may be 6 inches long in the overhang.
Instead of complying with section 75-3, metal parts may comply with ASTM A572/A572M.
Elastomer must be neoprene complying with the requirements shown in Table 1 of ASTM D2628, except recovery and compression-deflection tests are not required, and the requirements shown in the following table:
	Quality characteristic
	Test method
	Requirement

	Hardness (points, Type A durometer)
	ASTM D2240 (modified)
	55–70

	Compression set (percent, max, 70 hours at 100 °C)
	ASTM D395 (modified)
	40



The design loading must be the AASHTO LRFD Bridge Design Specifications Design Truck with 100 percent dynamic load allowance. The tire contact area must be 10 inches measured normal to the longitudinal assembly axis by 20 inches wide. The assembly must provide a smooth-riding joint without slapping of components or tire rumble.
The MR of the assembly must be measured normal to the longitudinal axis of the assembly. Dimensions for positioning the assembly within the MR during installation must be measured normal to the longitudinal axis. Do not consider skew of the deck expansion joint.
The maximum depth and width of the recess must be such that the primary reinforcement providing the necessary strength of the structural members is outside the recess. The maximum depth at abutments and hinges is 10 inches. The maximum width on each side of the expansion joint is 12 inches.
Horizontal angle points and vertical corners at curbs must be premolded sections or standard sections of the assembly that have been miter cut or bent to fit.
[bookmark: _Toc284514434][bookmark: _Toc291160332][bookmark: _Toc379961180]51-2.02D(3)  Construction
Deck surfaces must comply with section 51-1.03F(5) before placing and anchoring joint seal assemblies. POC deck surfaces must comply with section 51-1.03F(6) before placing and anchoring joint seal assemblies.
Preassemble metal parts of assemblies before installation to verify geometry.
Except for primary reinforcement, continue reinforcement through the recess construction joint into the recess and engage anchorage components of the assembly.
Thoroughly clean joints immediately before installing sheet neoprene. Install sheet neoprene at such time that it will not be damaged by construction activities.
Place the assembly in the blocked-out recess in the concrete deck surface. The depth and width of the recess must allow the installation of the assembly anchorage components or anchorage bearing surface to the lines and grades shown.
For alternative joint seal assemblies, install elastomer under the manufacturer's instructions. Thoroughly clean the joint and blockout immediately before elastomer installation.
[bookmark: _Toc284514435][bookmark: _Toc291160333][bookmark: _Toc379961181]51-2.02D(4)  Payment
Not Used
[bookmark: _Toc284514436][bookmark: _Toc291160334][bookmark: _Toc379961182]51-2.02E  Joint Seal Assemblies with a Movement Rating Over 4 inches
[bookmark: _Toc250647928][bookmark: _Toc291160335][bookmark: _Toc379961183]51-2.02E(1)  General
[bookmark: _Toc291160336][bookmark: _Toc379961184]51-2.02E(1)(a)  Summary
Section 51-2.02E includes specifications for fabricating and installing joint seal assemblies with an MR over 4 inches.
Joint seal assemblies and seismic joints consist of metal or metal and elastomeric assemblies anchored or cast into a recess in the concrete over the joint.
[bookmark: _Toc291160337][bookmark: _Toc379961185]51-2.02E(1)(b)  Definitions
Reserved
[bookmark: _Toc291160338][bookmark: _Toc379961186]51-2.02E(1)(c)  Submittals
[bookmark: _Toc379961187]51-2.02E(1)(c)(i)  General
Reserved
[bookmark: _Toc379961188]51-2.02E(1)(c)(ii)  Shop Drawings
Submit shop drawings for each joint seal assembly to OSD, Documents Unit. Notify the Engineer of your submittal. Include in the notification the date and contents of the submittal.
If requested, submit supplemental calculations for each proposed alternative joint seal assembly.
Shop drawings and calculations must be sealed and signed by an engineer who is registered as a civil engineer.
Allow 30 days for the Department's review.
After review, submit 6 to 12 copies, as requested, for final authorization and use during construction. Include details of the joint seal assembly and anchorage components, method of installation, blockout details, and additions or rearrangements of reinforcing steel.
Submit 1 corrected copy to OSD, Documents Unit, for each joint seal assembly within 20 days of authorization.
[bookmark: _Toc379961189]51-2.02E(1)(c)(iii)  Certificate of Compliance
Submit a certificate of compliance for each shipment of joint seal assembly materials.
[bookmark: _Toc291160339][bookmark: _Toc379961190][bookmark: _Toc250647929]51-2.02E(1)(d)  Quality Assurance
51-2.02E(1)(d)(i)  General
[bookmark: _Toc291160341][bookmark: _Toc379961191]Vertical expansion joints in barriers must be accessible for inspection after recess concrete is placed.
Joint seal assemblies will not be authorized without evidence of 1 year of satisfactory service under similar conditions.
51-2.02E(1)(d)(ii)  Quality Control
A qualified representative of the assembly manufacturer must be present during the installation of the 1st assembly and available during remaining installations.
51-2.02E(1)(d)(iii)  Department Acceptance
Reserved
51-2.02E(2)  Materials
[bookmark: _Toc379961192]51-2.02E(2)(a)  General
Joint seal assemblies must consist of a metal frame system, supporting rails, and support bars with intervening neoprene glands.
Neoprene glands must comply with the requirements shown in Table 1 of ASTM D2628, except recovery and compression-deflection tests are not required, and the requirements shown in the following table:
	Quality characteristic
	Test method
	Requirement

	Hardness (points, 
Type A durometer)
	ASTM D2240 (modified)
	55–70

	Compression set (percent, max, 70 hours at 100 °C)
	ASTM D395 (modified)
	40



Metal parts of the joint seal assembly must comply with section 75-3 or ASTM A572/A572M. Bolts, nuts, and washers must comply with the specifications for HS steel fastener assemblies in section 75-1.
Anchorage components must include anchor studs spaced at a maximum of 4-1/2 inches. Studs must be at least 5/8 inch in diameter and 8 inches long, except the studs may be 6 inches long in the overhang.
Assemblies must be assembled completely at the fabrication site.
[bookmark: _Toc379961193]51-2.02E(2)(b)  Design Requirements
If the assembly consists of more than 1 component, design the assembly such that the external components can be removed and reinstalled at any position within the larger half of the MR to allow for inspection of the internal components.
Except for components in contact with the tires, the design loading must be the AASHTO LRFD Bridge Design Specifications Design Truck with 100 percent dynamic load allowance. Each component in contact with the tires must support a minimum of 80 percent of the AASHTO LRFD Bridge Design Specifications Design Truck with 100 percent dynamic load allowance. The tire contact area must be 10 inches measured normal to the longitudinal assembly axis by 20 inches wide. The assembly must provide a smooth-riding joint without slapping of components or tire rumble.
The maximum width of unsupported or yielding components or grooves in the roadway surface of the assembly must be 3 inches measured in the direction of vehicular traffic.
Assemblies must be capable of adjustment to the "a" dimension shown.
The assembly must have CIP anchorage components that form a mechanical connection between the joint components and the concrete deck.
[bookmark: _Toc250647930][bookmark: _Toc291160342][bookmark: _Toc379961194]51-2.02E(3)  Construction
Measure dimensions for positioning the assembly during installation normal to the longitudinal axis of the assembly, disregarding the skew of the deck expansion joint.
Deck surfaces must comply with section 51-1.03F(5) before placing joint seal assemblies and anchorages.
Place each assembly into a blocked-out recess in the concrete deck surface. The depth and width of the recess must allow the installation of the assembly anchorage components or anchorage bearing surface to the lines and grades shown.
Except for primary reinforcement, continue reinforcement through the recess construction joint into the recess and engage anchorage components of the assembly.
Install each assembly with a watertight, continuous return 6 inches up into barriers at the low side of the deck. Neoprene glands must be continuous without field splices or joints.
[bookmark: _Toc291160343][bookmark: _Toc379961195]51-2.02E(4)  Payment
Not Used
[bookmark: _Toc291160344][bookmark: _Toc379961196]51-2.02F  Asphaltic Plug Joint Seals
[bookmark: _Toc249761689][bookmark: _Toc249781296][bookmark: _Toc249939650][bookmark: _Toc249952381][bookmark: _Toc250023605][bookmark: _Toc250368958][bookmark: _Toc250647932][bookmark: _Toc284514438][bookmark: _Toc291160345][bookmark: _Toc379961197]51-2.02F(1)  General
[bookmark: _Toc249761690][bookmark: _Toc249781297][bookmark: _Toc249939651][bookmark: _Toc249952382][bookmark: _Toc250023606][bookmark: _Toc250368959][bookmark: _Toc250647933][bookmark: _Toc284514439][bookmark: _Toc291160346][bookmark: _Toc379961198]51-2.02F(1)(a)  Summary
Section 51-2.02F includes specifications for constructing asphaltic plug joint seals.
Asphaltic plug joint seals consist of an asphaltic binder and aggregate joint seal system.
[bookmark: _Toc284514440][bookmark: _Toc291160347][bookmark: _Toc379961199]51-2.02F(1)(b)  Definitions
[bookmark: _Toc292202091]Reserved
[bookmark: _Toc284514441][bookmark: _Toc291160348][bookmark: _Toc379961200]51-2.02F(1)(c)  Submittals
[bookmark: _Toc379961201]51-2.02F(1)(c)(i)  General
Reserved
[bookmark: _Toc379961202]51-2.02F(1)(c)(ii)  Shop Drawings
Submit 5 copies of shop drawings for the proposed asphaltic plug joint seal system to OSD, Documents Unit. Notify the Engineer of your submittal. Include in the notification the date and contents of the submittal.
Allow 30 days for the Department's review. After review, submit 6 to 12 copies, as requested, for final authorization and use during construction.
[bookmark: _Toc379961203]51-2.02F(1)(c)(iii)  Product Data
Submit evidence from the manufacturer that 5,000 linear feet of the joint seal has had at least 2 years of satisfactory service under similar conditions.
[bookmark: _Toc379961204]51-2.02F(1)(c)(iv)  Certificate of Compliance
Submit certificates of compliance for materials used in the joint seals.
Submit a copy of the certified test report for binder material.
[bookmark: _Toc379961205]51-2.02F(1)(c)(v)  Samples
Submit a 10-pound test sample of binder material to METS. The test sample must be removed from the same material to be shipped to the job site. Submit the test sample at least 15 days before shipment to the job site.
[bookmark: _Toc249761691][bookmark: _Toc249781298][bookmark: _Toc249939652][bookmark: _Toc249952383][bookmark: _Toc250023607][bookmark: _Toc250368960][bookmark: _Toc250647934][bookmark: _Toc284514442][bookmark: _Toc291160349][bookmark: _Toc379961206]51-2.02F(1)(d)  Quality Assurance
[bookmark: _Toc379961207]51-2.02F(1)(d)(i)  General
Reserved
[bookmark: _Toc379961208]51-2.02F(1)(d)(ii)  Quality Control
Binder material must be tested and certified by an authorized laboratory.
A technical representative of the joint seal manufacturer must be present during installation.
[bookmark: _Toc284514443][bookmark: _Toc291160350][bookmark: _Toc379961209]51-2.02F(2)  Materials
All joint components must be from a single manufacturer.
The binder must be a thermoplastic, polymeric-modified asphalt; thermoplastic, polymer-modified bitumen; polymer-modified asphalt sealant; or modified elastomeric binder complying with the requirements shown in the following table:
	Quality characteristic
	Test method
	Requirement

	Asphalt compatibility
	ASTM D5329
	Pass

	Bond, nonimmersed
at -20 °F, 50%
at 0 °F, 100%
	
ASTM D5329
	
Pass 3 cycles
Pass 3 cycles

	Cone penetration, nonimmersed (mm)
200 g total weight, 
60 seconds at 0 ± 2 °F
150 g total weight, 
5 seconds at 77 ± 2 °F
	
ASTM D5329 (modified)
	
1, min

9, max


	Ductility (cm, min, at 77 ± 2 °F)
	ASTM D113
	40

	Flexibility (at 10 ± 2 °F)
	ASTM D5329a
	Pass

	Flow (mm, max, 5 hours at 140 ± 2 °F)
	ASTM D5329
	3

	Resilience (percent, min, at 77 ± 2 °F)
	ASTM D5329
	40

	Softening point (°F, min)
	ASTM D36
	180

	Tensile adhesion (percent, min)
	ASTM D5329
	550

	Safe heating temperature (°F)
	
	390–410 

	Recommended pouring temperature (°F)
	
	360–390

	aDo not oven age specimens. After 24 hours at standard conditions, allow specimens to condition at -10 ± 2 degrees F for 2 hours before testing.



Binder material delivered to the job site must be labeled with:
1.	Manufacturer's name
2.	Lot or batch number
3.	Dates of manufacturing, packaging, and expiration
4.	Manufacturer's instructions for use

Binder material must be retested and recertified for use if the expiration date passes.
Aggregates must comply with:
1.	Section 90-1.02C except the results of cleanness value and sand equivalent tests must comply with the requirements for both operating range and contract compliance
2.	Asphaltic plug manufacturer's instructions

The polyethylene backer rod must be commercial quality with a continuous, impervious, glazed surface that can withstand the hot liquid binder material and is suitable for retaining the hot liquid binder while it hardens.
The bridging plate must be 8 inches wide and at least 1/4 inch thick and comply with ASTM A36/A36M.
Cut the bridging plate into 48-inch-minimum-length sections. Place holes for locating pins along the longitudinal plate centerline 12 inches on center. The locating pins must be at least 16d common steel nails or equal.
[bookmark: _Toc284514444][bookmark: _Toc291160351][bookmark: _Toc379961210]51-2.02F(3)  Construction
Uniformly double wash and dry natural aggregates before use.
Remove existing expansion dams and asphaltic concrete to the limits shown. Do not damage the deck or remaining asphaltic concrete.
Steel dowels exposed when removing concrete must be cut off flush with the existing concrete or at the bottom of concrete removal, whichever is lower. Patching around or over dowels in sound concrete is not required. Chip voids back to sound concrete and fill voids with magnesium phosphate concrete.
Clean expansion joints under section 51-2.02C(3). Repair spalls if ordered. Repairing spalls is change order work.
Abrasive blast blockout surfaces to receive the asphaltic plug joint seal.
Clean and dry blockout surfaces and the adjacent 6 inches of roadway immediately before placing the joint seal. Use a hot air lance producing a minimum temperature of 2,500 degrees F and a directional velocity of at least 2,500 ft/sec. There must be no moisture present during installation.
Place the top of the backer rod to a depth of at least 1 inch and at most equal to the width of the existing gap below the bottom of the blockout.
Center bridging plate sections over the existing gap. Place the sections flat on the bottom of the blockout. The sections must be butt jointed. Do not overlap the sections or allow gaps between the plate and blockout.
Install the joint seal under the manufacturer's instructions.
[bookmark: _Toc284514445][bookmark: _Toc291160352][bookmark: _Toc379961211]51-2.02F(4)  Payment
Not Used
[bookmark: _Toc284514446][bookmark: _Toc291160353][bookmark: _Toc379961212]51-2.03  SLIDING JOINTS
[bookmark: _Toc284514447][bookmark: _Toc291160354][bookmark: _Toc379961213]51-2.03A  General
Section 51-2.03 includes specifications for constructing sliding joints.
Sliding joints consist of neoprene strips lubricated with silicone grease and covered with sheet metal.
[bookmark: _Toc284514448][bookmark: _Toc291160355][bookmark: _Toc379961214]51-2.03B  Materials
Neoprene strips must comply with the specifications for neoprene in section 51-2.04B.
Silicone grease must comply with Society of Automotive Engineers AS 8660.
Sheet metal must be commercial-quality galvanized sheet steel, smooth and free of kinks, bends, or burrs. Joints must be butt joints sealed with plastic, duct-sealing tape.
[bookmark: _Toc284514449][bookmark: _Toc291160356][bookmark: _Toc379961215]51-2.03C  Construction
Apply a uniform film of silicone grease to the upper surface of the neoprene strip before placing the sheet metal.
Float the concrete surfaces where neoprene strips are placed to a level plane and finish with a steel trowel.
Do not allow grout or concrete seepage into the sliding joint during concrete placement.
[bookmark: _Toc284514450][bookmark: _Toc291160357][bookmark: _Toc379961216]51-2.03D  Payment
Not Used
[bookmark: _Toc284514451][bookmark: _Toc291160358][bookmark: _Toc379961217]51-2.04  WATERSTOPS
[bookmark: _Toc284514452][bookmark: _Toc291160359][bookmark: _Toc379961218]51-2.04A  General
[bookmark: _Toc284514453][bookmark: _Toc291160360][bookmark: _Toc379961219]51-2.04A(1)  Summary
Section 51-2.04 includes specifications for installing waterstops.
[bookmark: _Toc284514454][bookmark: _Toc291160361][bookmark: _Toc379961220]51-2.04A(2)  Definitions
[bookmark: _Toc292202092]Reserved
[bookmark: _Toc284514455][bookmark: _Toc291160362][bookmark: _Toc379961221]51-2.04A(3)  Submittals
Submit a certificate of compliance for waterstop material. The certificate of compliance for PVC waterstop must include a statement that the material complies with item 6 of Army Corps of Engineers CRD-C 572.
[bookmark: _Toc284514456][bookmark: _Toc291160363][bookmark: _Toc379961222]51-2.04A(4)  Quality Assurance
[bookmark: _Toc292202093]Reserved
[bookmark: _Toc284514457][bookmark: _Toc291160364][bookmark: _Toc379961223]51-2.04B  Materials
Waterstops must be manufactured from neoprene or PVC.
Neoprene must (1) be manufactured from a vulcanized elastomeric compound containing neoprene as the only elastomer and (2) comply with the requirements shown in the following table:
	Quality characteristic
	Test method
	Requirement

	Tensile strength (psi, min)
	ASTM D412
	2,000

	Ultimate elongation (percent, min)
	ASTM D412
	300

	Compression set (percent, max,
22 hours at 70 °C)
	ASTM D395, Method B
	30

	Tear strength (kN/m, min)
	ASTM D624, Die C
	26

	Hardness, Type A (points)
	ASTM D2240
	55 ± 5

	Ozone resistance (20% strain, 
100 hours at 100 ± 2.2 °F)
	ASTM D1149 except 
100 ± 20 parts per 100,000,000
	
No cracks

	Brittleness temperature at -40 °C
	ASTM D746, Section 9.1.2
	Pass

	Flame propagation
	ASTM C542
	Must not propagate flame

	Change in volume (percent, max, 
IRM 903, immersed 70 hours at 100 °C)
	ASTM D471
	80

	Change in mass (percent, max,
immersed 7 days at 70 °C)
	ASTM D471
	15



After accelerated aging under ASTM D573 for 70 hours at 100 degrees C, the elastomer must not show quality characteristic changes greater than those shown in the following table:
	Quality characteristic
	Requirement

	Tensile strength (percent)
	-15

	Elongation at break (percent)
	-40

	Hardness (points)
	+10



PVC waterstops must (1) be manufactured from PVC complying with CRD-C 572 and (2) comply with the ozone resistance requirement for neoprene.
Furnish waterstops full length for straight portions of joints. Manufacturer's shop splices must be fully vulcanized.
[bookmark: _Toc284514458][bookmark: _Toc291160365][bookmark: _Toc379961224]51-2.04C  Construction
Use spacers, wire, or other authorized methods to secure reinforcing bars supporting waterstops.
If waterstops are out of shape or position after placing concrete, remove the concrete and reset waterstops.
Field splices for neoprene waterstops must be one of the following:
1.	Vulcanized
2.	Mechanical using stainless steel parts
3.	Made with a splicing union of the same stock as the waterstop

Completed field splices must have a full-size tensile strength of 100 pounds per inch of width.
Field splice PVC waterstops by heat sealing under the manufacturer's instructions. Do not burn the plastic when melting.
Cut and splice waterstops at changes in direction as necessary to avoid buckling or distortion of the waterstop.
[bookmark: _Toc284514459][bookmark: _Toc291160366][bookmark: _Toc379961225]51-2.04D  Payment
Not Used
[bookmark: _Toc284514460][bookmark: _Toc291160367][bookmark: _Toc379961226]51-2.05  STRIP WATERSTOPS
[bookmark: _Toc284514461][bookmark: _Toc291160368][bookmark: _Toc379961227]51-2.05A  General
Section 51-2.05 includes specifications for installing strip waterstops.
[bookmark: _Toc284514462][bookmark: _Toc291160369][bookmark: _Toc379961228]51-2.05B  Materials
The neoprene sheet must comply with the specifications for neoprene in section 51-2.04B.
The neoprene adhesive must comply with Federal Specification MMM-A-121.
The protective board must be at least 1/2-inch-thick wood or fiberboard that is at least 4 ft long and the width shown.
The neoprene sheet must be smooth and free from pin holes or surface blemishes and show no sign of delamination. 
[bookmark: _Toc284514463][bookmark: _Toc291160370][bookmark: _Toc379961229]51-2.05C  Construction
Join neoprene sheets as follows:
1.	Lap the sheets at least 12 inches.
2.	Apply the adhesive to both faces at the manufacturer's recommended rate.
3.	Let the adhesive dry to an aggressive tack.
4.	Bring the sheets together and roll in both directions to obtain a tight bond.

Abrasive blast clean the concrete surfaces to receive a strip waterstop. Allow the cleaned surfaces to air dry 24 hours before applying the adhesive.
Surfaces where adhesive is to be applied must have a cloth finish or a buffed finish. Surfaces must be clean and dry when the adhesive is applied.
Apply the adhesive to the concrete and neoprene sheet at the manufacturer's recommended rate. Let the adhesive dry to an aggressive tack. Apply the sheet to the concrete surface and roll in both directions to obtain a tight bond.
Completely cover the installed strip waterstops with 1 layer of protective board attached with adhesive. The protective board must remain in place until backfilling is complete.
[bookmark: _Toc284514464][bookmark: _Toc291160371][bookmark: _Toc379961230]51-2.05D  Payment
Not Used
[bookmark: _Toc284514465][bookmark: _Toc291160372]51-3  BEARINGS
[bookmark: _Toc284514466][bookmark: _Toc291160373][bookmark: _Toc379961231][bookmark: _Toc284514467][bookmark: _Toc291160374][bookmark: _Toc379961232]51-3.01  GENERAL
51-3.01A  General
Section 51-3 includes specifications for fabricating and installing bearings.
51-3.01B  Materials
Not Used
51-3.01C  Construction
Not Used
51-3.01D  Payment
Not Used
51-3.02  ELASTOMERIC BEARING PADS
[bookmark: _Toc284514468][bookmark: _Toc291160375][bookmark: _Toc379961233]51-3.02A  General
[bookmark: _Toc284514469][bookmark: _Toc291160376][bookmark: _Toc379961234]51-3.02A(1)  Summary
Section 51-3.02 includes specifications for fabricating and installing elastomeric bearing pads.
[bookmark: _Toc284514470][bookmark: _Toc291160377][bookmark: _Toc379961235]51-3.02A(2)  Definitions
[bookmark: _Toc292202094]Reserved
[bookmark: _Toc284514471][bookmark: _Toc291160378][bookmark: _Toc379961236]51-3.02A(3)  Submittals
[bookmark: _Toc284514472][bookmark: _Toc291160379][bookmark: _Toc379961237]51-3.02A(3)(a)  General
[bookmark: _Toc292202095]Reserved
[bookmark: _Toc379961238][bookmark: _Toc284514473][bookmark: _Toc291160380]51-3.02A(3)(b)  Samples
[bookmark: _Toc379961239]51-3.02A(3)(b)(i)  General
Reserved
[bookmark: _Toc379961240]51-3.02A(3)(b)(ii)  Plain Elastomeric Bearing Pads
For plain elastomeric bearing pads, the Engineer selects a test sample that is at least 8 by 12 inches from each lot of pads or batch of elastomer to be furnished, whichever results in the larger number of test samples.
You may designate that test samples be taken at the point of manufacture or at the job site. Job site test samples are completed pads as shown.
Submit plain elastomeric bearing pad test samples at least 30 days before use. Furnish additional pads to replace the pads selected for testing.
[bookmark: _Toc284514474][bookmark: _Toc291160381][bookmark: _Toc379961241]51-3.02A(3)(b)(iii)  Steel-Reinforced Elastomeric Bearing Pads
Submit 1 test sample from each lot of steel-reinforced bearing pads at least 20 days before use. The size of the test sample must be as shown in the following table:
	Bearing pad thickness
	Test sample size

	2 inches or less
	Smallest complete bearing shown

	More than 2 inches
	2.25 ± 0.125-inch-thick test sample at least 8 by 12 inches cut by the manufacturer from the center of the thickest complete bearinga

	aSubmit the test sample and the remaining parts of the complete bearing.



[bookmark: _Toc379961242]51-3.02A(3)(c)  Certificate of Compliance
[bookmark: _Toc379961243]51-3.02A(3)(c)(i)  General
Reserved
[bookmark: _Toc379961244]51-3.02A(3)(c)(ii)  Plain Elastomeric Bearing Pads
Submit a certificate of compliance with certified test results for the elastomer for plain elastomeric bearing pads.
[bookmark: _Toc379961245]51-3.02A(3)(c)(iii)  Steel-Reinforced Elastomeric Bearing Pads
Submit a certificate of compliance with certified test results from the bearing manufacturer for steel-reinforced elastomeric bearing pads.
[bookmark: _Toc284514475][bookmark: _Toc291160382][bookmark: _Toc379961246]51-3.02A(4)  Quality Assurance
[bookmark: _Toc284514476][bookmark: _Toc291160383][bookmark: _Toc379961247]51-3.02A(4)(a)  General
[bookmark: _Toc292202096]Reserved
[bookmark: _Toc379961248]51-3.02A(4)(b) Department Acceptance
[bookmark: _Toc379961249]51-3.02A(4)(b)(i)  General
[bookmark: _Toc249761708][bookmark: _Toc249781315][bookmark: _Toc249939669][bookmark: _Toc249952400][bookmark: _Toc250023624][bookmark: _Toc250368977][bookmark: _Toc250647951][bookmark: _Toc284514477][bookmark: _Toc291160384][bookmark: _Toc379961250]Reserved
51-3.02A(4)(b)(ii)  Plain Elastomeric Bearing Pads
The Department takes specimens from the test sample, prepares them by cutting and grinding, and tests them for tensile strength, elongation, tear strength, and ozone resistance under section 51-3.02B(2).
[bookmark: _Toc284514478][bookmark: _Toc291160385][bookmark: _Toc379961251]51-3.02A(4)(b)(iii)  Steel-Reinforced Elastomeric Bearing Pads
[bookmark: _Toc249761704][bookmark: _Toc249781311][bookmark: _Toc249939665][bookmark: _Toc249952396][bookmark: _Toc250023620][bookmark: _Toc250368973][bookmark: _Toc250647947]The Department tests a specimen taken from the test sample for tensile strength, elongation, and strength under section 51-3.02B(2). Specimens must show no loss of bond between the steel and elastomer laminates.
[bookmark: _Toc284514479][bookmark: _Toc291160386][bookmark: _Toc379961252]51-3.02B  Materials
[bookmark: _Toc284514480][bookmark: _Toc291160387][bookmark: _Toc379961253]51-3.02B(1)  General
Elastomeric bearing pads 1/2 inch or less in thickness must comply with section 51-3.02B(2).
Elastomeric bearing pads over 1/2 inch in thickness must comply with section 51-3.02B(2) or section 51-3.02B(3).
Silicone grease must comply with Society of Automotive Engineers AS 8660.
Sheet metal must be commercial-quality galvanized sheet steel, smooth and free of kinks, bends, or burrs. Joints must be butt joints sealed with plastic duct-sealing tape.
[bookmark: _Toc284514481][bookmark: _Toc291160388][bookmark: _Toc379961254]51-3.02B(2)  Plain Elastomeric Bearing Pads
For plain elastomeric bearing pads, pads 1/2 inch or less in thickness must be either laminated or all elastomer. Pads over 1/2 inch in thickness must be laminated. The stacking of individually laminated pads to attain thicknesses over 1/2 inch or the cold bonding of individual laminated pads is not allowed.
Elastomeric bearing pads may be cut from large sheets. Cutting must be performed so as to avoid heating of the material, to produce a smooth edge with no tears or other jagged areas, and to cause as little damage to the material as possible.
Neoprene must be the only polymer in the elastomeric compound and must be not less than 60 percent by volume of the total compound. The elastomer must comply with ASTM D4014, Type CR, Grade 3, with a shear modulus of 110 ± 10 psi.
The elastomer must comply with the requirements shown in the following table:
	Quality characteristic
	Test method
	Requirement

	Tensile strength (psi, min)
	ASTM D412
	2,250

	Ultimate elongation (%, min)
	ASTM D412
	350

	Compression set (%, max, 
22 hours at 70 °C)
	ASTM D395, Method B
	25

	Tear strength (kN/m, min)
	ASTM D624, Die C
	31.5

	Hardness, Type A
(points)
	ASTM D2240 with 
2 kg mass
	55 ± 5

	Ozone resistance 
(20% strain, 
100 hours at 40 ± 2 °C)
	ASTM D1149 except 
100 ± 20 parts per 100,000,000
	
No cracks

	Instantaneous thermal stiffening at -40 °C
	ASTM D1043
	Not more than 4 times the stiffness measured at 23 °C

	Low temperature brittleness 
at -40 °C
	ASTM D746, 
Section 9.1.2
	Pass



After accelerated aging under ASTM D573 for 70 hours at 100 degrees C, the elastomer must not show quality characteristic changes greater than those shown in the following table:
	Quality characteristic
	Requirement

	Tensile strength 
(% loss)
	15

	Ultimate elongation (% loss)
	40; but not less than 300 percent
 total elongation of the material

	Hardness (points)
	+10



[bookmark: _Toc284514482][bookmark: _Toc291160389][bookmark: _Toc379961255]51-3.02B(3)  Steel-Reinforced Elastomeric Bearing Pads
Steel-reinforced elastomeric bearing pads must comply with the specifications for steel-laminated elastomeric bearings in ASTM D4014 and the following:
1.	Bearing pads must consist of alternating steel laminates and internal elastomer laminates with top, bottom, and side elastomer covers. Steel laminates must have a nominal thickness of 0.075 inch (14 gauge). Internal elastomer laminates must have a thickness of 1/2 inch. Top and bottom elastomer covers must each have a thickness of 1/4 inch. The combined thickness of internal elastomer laminates and top and bottom elastomer covers must be equal to the bearing pad thickness shown. The elastomer cover to the steel laminates at the sides of the bearing must be 1/8 inch. If guide pins or other devices are used to control the side cover over the steel laminates, any exposed portions of the steel laminates must be sealed by vulcanized patching.
2.	Total bearing thickness must be equal to the sum of the thicknesses of the elastomeric laminates and covers and the steel laminates.
3.	Elastomer must comply with section 51-3.02B(2).

[bookmark: _Toc284514483][bookmark: _Toc291160390][bookmark: _Toc379961256]51-3.02C  Construction
Notify the Engineer of the type of bearing pad to be used before constructing the bearing seats. The bearing seat elevation must correspond to the selected bearing thickness.
Where shown, lubricate the upper surface of the elastomeric bearing pad with a uniform film of silicone grease before placing the sheet metal cover.
Do not allow grout or concrete seepage into the sliding surface during concrete placement.
[bookmark: _Toc284514484][bookmark: _Toc291160391][bookmark: _Toc379961257]51-3.02D  Payment
Not Used
[bookmark: _Toc249761717][bookmark: _Toc249781324][bookmark: _Toc249939678][bookmark: _Toc249952409][bookmark: _Toc250023633][bookmark: _Toc250368986][bookmark: _Toc250647960][bookmark: _Toc284514485][bookmark: _Toc291160392][bookmark: _Toc379961258][bookmark: _Toc284514498]51-3.03  PTFE SPHERICAL BEARINGS
[bookmark: _Toc379961259]51-3.03A  General
[bookmark: _Toc379961260]51-3.03A(1)  Summary
Section 51-3.03 includes specifications for fabricating and installing PTFE spherical bearings.
PTFE spherical bearings consist of PTFE and stainless steel bearing surfaces, stainless steel plates, and anchors. PTFE spherical bearings are either (1) fixed type with spherical bearing surfaces or (2) expansion type with spherical and sliding bearing surfaces.
[bookmark: _Toc379961261]51-3.03A(2)  Definitions
load category: PTFE spherical bearings of differing vertical load capacity within a range defined as follows:
1.	Bearings of 500 kips capacity or less
2.	Bearings over 500 kips up to and including 2,000 kips capacity
3.	Bearings over 2,000 kips capacity

Bearings in 2 different load categories that have vertical load capacities within 180 kips of each other are considered to be in 1 load category for proof testing.
[bookmark: _Toc379961262]51-3.03A(3)  Submittals
[bookmark: _Toc379961263]51-3.03A(3)(a)  General
Submit proof that the bearing manufacturer has furnished PTFE spherical bearings that have had at least 3 years of satisfactory service for 2 projects with similar conditions to this project.
Submit certificates of compliance for the materials used in PTFE bearings.
Submit test reports for proof-tested bearings signed by the personnel conducting the testing. Include bearing numbers of the tested bearings and the names of the personnel interpreting the test results. If proof tests cannot be performed at the specified load, submit a testing plan listing additional physical tests to be performed.
[bookmark: _Toc379961264]51-3.03A(3)(b)  Shop Drawings
Submit shop drawings to OSD, Documents Unit. Notify the Engineer of your submittal. Include in the notification the date and list of contents of the submittal.
For initial review, submit 6 copies for railroad bridges and 4 copies for other structures. After review, submit 6 to 12 copies, as requested, for authorization and use during construction. Allow 55 days for the Department's review for railway bridges and at least 45 days for all other structures.
Shop drawings must include a description of the method of mechanical interlocking of PTFE fabric to the metallic substrate.
At locations other than hinges, shop drawings must include temporary support details for the bearing sole plate during concrete placement.
[bookmark: _Toc379961265]51-3.03A(4)  Quality Assurance
[bookmark: _Toc379961266]51-3.03A(4)(a)  General
The bearing manufacturer must have furnished PTFE spherical bearings that have had at least 3 years of satisfactory service for 2 projects with similar conditions to this project.
A qualified representative of the bearing manufacturer must be present during installation of the 1st bearing and be available during remaining installations.
Templates for the spherical surfaces must be available for inspection.
[bookmark: _Toc379961267]51-3.03A(4)(b)  Quality Control
[bookmark: _Toc379961268]51-3.03A(4)(b)(i)  General
Reserved
[bookmark: _Toc379961269]51-3.03A(4)(b)(ii)  Proof Testing
Proof test the PTFE spherical bearings in the Engineer's presence as follows:
1.	Test fixed-type bearings for compression.
2.	Test expansion-type bearings for compression and initial static coefficient of friction.

Proof test 1 bearing from each lot of production bearings. A lot of bearings is 25 bearings, or fraction thereof, of the same type within a load category.
The Engineer selects random test samples from each lot of production bearings. Notify the Engineer at least 7 days before starting proof testing.
If proof tests cannot be performed at the specified load, perform the additional physical tests described in the testing plan in the presence of the Engineer. The tests must demonstrate that the requirements for proof testing at the specified load are satisfied.
Before proof testing, the test bearings must be conditioned for 12 hours at 75 ± 5 degrees F. Clean the bearing surfaces before testing.
For compression testing of PTFE spherical bearings:
1.	Rotate the bearings at the design rotation or 0.02 radians, whichever is greater, and hold for 1 hour at a load of 1.5 times the maximum vertical load capacity. You may rotate the bearing by inserting a beveled plate between the bearing and the restraining surface before loading.
2.	Maintain the bearing in a rotated position during testing.

For coefficient of friction testing of PTFE spherical bearings:
1.	Continuously load the bearing to the minimum dead load for 12 hours before testing. Maintain the dead load during testing.
2.	Measure the initial static coefficient of friction on the 1st movement of the bearing.
3.	Measure the initial static and dynamic coefficients of friction at a sliding speed of not more than 1 inch per minute. The initial static friction must not exceed that specified.
4.	Cycle the test bearings for a minimum of 100 movements. Each movement must consist of at least 1 inch of relative movement at a sliding speed of not more than 12 inches per minute. After cycling, measure the initial static and dynamic coefficients of friction at a sliding speed of not more than 1 inch per minute. The initial static friction must not exceed that specified.

Proof-tested bearings must not show any signs of the following:
1.	Bond failure of bearing surfaces
2.	Separation or lift-off of plates from each other or from PTFE surfaces
3.	Excessive transfer of PTFE to the stainless steel surface
4.	Other defects

If a proof-tested bearing fails to comply with the above requirements, proof test all the remaining bearings in the lot.
[bookmark: _Toc379961270]51-3.03B  Materials
[bookmark: _Toc379961271]51-3.03B(1)  General
Welding must comply with AWS D1.1 except welding of stainless steel must comply with AWS D1.6.
PTFE spherical bearings must be self-lubricating.
PTFE surfaces must be unfilled fabric made from virgin PTFE oriented multifilament and other fibers. Filament resin must comply with ASTM D4441.
At the highest point of substrate and after compression, the PTFE fabric must have a thickness from 1/16 to 1/8 inch.
Steel plates must comply with ASTM A709/A709M.
Stainless steel plates must comply with ASTM A240/A240M, Type 304, and be at least 1/8 inch thick.
Surfaces of flat stainless steel that mate with PTFE surfacing must have a minimum no. 8 mirror finish. Surfaces of curved stainless steel that mate with PTFE surfacing must have a finish of less than 16 microinches root mean square. Determine the finish under ANSI B46.1.
PTFE spherical bearings must have an initial static coefficient of friction of at most 0.06.
Stud connectors must comply with section 55-1.02.
[bookmark: _Toc379961272]Protect bearing surfaces from contamination and weather damage.
51-3.03B(2)  Fabrication
Flat stainless steel surfaces must be a weld overlay on structural steel plate or a solid or sheet stainless steel.
Curved stainless steel surfaces must be solid stainless steel except curved stainless steel surfaces over 6 inches thick may be a weld overlay on structural steel plate.
If a weld overlay is used for stainless steel surfacing, attach the overlay by submerged arc welding using Type 309L electrodes. The completed overlay must have a 3/32-inch minimum thickness after fabrication.
If stainless steel sheets are used for stainless steel surfacing, attach the sheets by perimeter arc welding using Type 309L electrodes. After welding, the stainless steel surface must be smooth and without waves.
Plate radius dimensional tolerances are from 0.000 to -0.010 inch for convex plates and from +0.010 to 0.000 inch for concave plates.
Use full-size convex and concave metal templates for the spherical surfaces of each bearing radius.
PTFE fabric backing material on bearing surfaces must be epoxy bonded and mechanically interlocked to the steel substrate. Bonding must be performed under controlled factory conditions. The mechanical interlock on the spherical concave surface must be integrally machined into the steel substrate. Welded retention grids are not allowed on the concave surface. Except for the selvage, oversaw or recess edges such that no cut fabric edges are exposed.
During fabrication, the maximum temperature of bonded PTFE surfaces must be 300 degrees F.
After bonding to the substrate, the PTFE surface must be smooth and free from bubbles.
Assemble PTFE spherical bearings at the fabrication site.
The PTFE and stainless steel interfaces must be in full bearing after completing assembly.
Use at least 4 steel straps bolted to threaded holes in the masonry and sole plates to secure each bearing assembly as a unit for shipment. Steel straps must (1) not be welded and (2) be adequate to use for lifting the bearing assembly. Bearings must be shipped as a unit and remain intact when uncrated and installed.
[bookmark: _Toc379961273]51-3.03C  Construction
Prepare concrete surfaces to receive PTFE spherical bearings under section 55-1.03C(3).
The Engineer must be present during the dismantling of each bearing assembly at the job site.
Temporarily support PTFE bearing sole plates during concrete placement. Temporary supports must prevent rotation or displacement of the bearings. Temporary supports must not (1) inhibit the function of the PTFE bearings after concrete is placed or (2) restrict movement at bridge joints due to temperature changes and prestress shortening. Materials for temporary supports must comply with the requirements for form fasteners in section 51-1.03C(2)(a).
Replace or resurface damaged bearings and bearings with scratched mating surfaces. Resurfacing must be performed at the bearing manufacturer's plant.
[bookmark: _Toc379961274]51-3.03D  Payment
The payment quantity for PTFE spherical bearings does not include the test bearings. A PTFE spherical bearing with more than 1 PTFE surface is 1 bearing.
[bookmark: _Toc291160393][bookmark: _Toc379961275]51-3.04–51-3.05  RESERVED
[bookmark: _Toc284514504][bookmark: _Toc291160394]51-4  PRECAST CONCRETE MEMBERS
[bookmark: _Toc284514505][bookmark: _Toc291160395][bookmark: _Toc379961276]51-4.01  GENERAL
[bookmark: _Toc284514506][bookmark: _Toc291160396][bookmark: _Toc379961277]51-4.01A  Summary
Section 51-4 includes specifications for constructing precast concrete members.
Prestressing concrete members must comply with section 50.
[bookmark: _Toc284514507][bookmark: _Toc291160397][bookmark: _Toc379961278]Cure PC concrete members under section 90-4.03.
Furnishing PC concrete members includes furnishing members to the job site ready to incorporate into the work.
Erecting PC concrete members includes erecting members into final position in the work.
51-4.01B  Definitions
[bookmark: _Toc284514508][bookmark: _Toc291160398]Reserved
[bookmark: _Toc284514509][bookmark: _Toc291160399][bookmark: _Toc379961279]51-4.01C  Submittals
[bookmark: _Toc284514510][bookmark: _Toc291160400][bookmark: _Toc379961280]51-4.01C(1)  General
[bookmark: _Toc379961281][bookmark: _Toc249761601][bookmark: _Toc249781195][bookmark: _Toc249939554][bookmark: _Toc249952264][bookmark: _Toc250023487][bookmark: _Toc250368840][bookmark: _Toc250647808]Submit a certificate of compliance signed by the manufacturer's QC representative for each PC concrete box culvert shipment.
For PC PS concrete girders, submit a girder erection work plan. Include procedures, details, and sequences for unloading, lifting, and erecting girders and for temporary bracing installation. The work plan must be signed by an engineer who is registered as a civil engineer in the State.
51-4.01C(2)  Shop Drawings
[bookmark: _Toc379961282]51-4.01C(2)(a)  General
[bookmark: _Toc284514511][bookmark: _Toc291160401][bookmark: _Toc379961283]Submit shop drawings for PC concrete members. 
51-4.01C(2)(b)  Girders
For PC PS concrete girders, shop drawings must include:
1.	Anticipated deflections of the girders before deck placement and the methods of accommodation. Include the following anticipated deflections:
1.1	Upward deflection due to prestressing forces
1.2	Downward deflection due to girder dead load
1.3	Deflection due to creep and shrinkage from the time of girder stressing to the planned deck placement
2.	Deflection calculations that consider the age of the girder concrete when stressing and the planned placement of the deck. Use the concrete producer's estimated modulus of elasticity at the applicable concrete age for calculating deflections.

For segmental or spliced-girder construction, shop drawings must include the following additional information:
1.	Details showing construction joints or closure joints
2.	Arrangement of bar reinforcing steel, prestressing tendons, and pressure-grouting pipe
3.	Materials and methods for making closures
4.	Construction joint keys and surface treatment
5.	Other requested information 

[bookmark: _Toc284514512][bookmark: _Toc291160402][bookmark: _Toc379961284]For segmental girder construction, shop drawings must include concrete form and casting details.
51-4.01C(2)(c)  Closure Wall Panels
Submit 2 copies of shop drawings for PC concrete closure wall panels as an informational submittal. Include in the submittal:
1.	Panel dimensions
2.	Materials
3.	Prestressing methods
4.	Tendon arrangement and stresses
5.	Additions or rearrangement of reinforcing steel from that shown

[bookmark: _Toc284514513][bookmark: _Toc291160403][bookmark: _Toc379961285]51-4.01C(2)(d)  Box Culverts
Shop drawings for PC concrete box culverts must include the construction method, dimensions, reinforcement including splice type and location, and height of earth cover.
[bookmark: _Toc284514514][bookmark: _Toc291160404][bookmark: _Toc379961286]51-4.01C(2)(e)  Deck Panels
Reserved
51-4.01D  Quality Assurance
51-4.01D(1)  General
PC materials must be available to the Department for inspection. Allow the Department free access at all times to any portion of the fabrication site where material is stored or work is performed.
51-4.01D(2)  Quality Control
Reserved
51-4.01D(3)  Department Acceptance
PC concrete members are inspected at the fabrication site. Notify the Department when materials are delivered to the fabrication site. Allow 10 days after notifying the Department before starting fabrication.
[bookmark: _Toc284514515][bookmark: _Toc291160405][bookmark: _Toc379961287]51-4.02  MATERIALS
[bookmark: _Toc284514516][bookmark: _Toc291160406][bookmark: _Toc379961288]51-4.02A  General
Reserved
51-4.02B  Delivery, Storage, and Handling
Carefully handle, store, transport, and erect PC concrete members to avoid twisting, racking, or other distortion that would result in cracking or damage to the members. 
Handle, store, transport, and erect PC members in an upright position such that the points of support and directions of the reactions with respect to the member are approximately the same as when the member is in its final position.
51-4.02C  Materials
For a project in a freeze-thaw area, reinforcement must be epoxy coated under section 52-2.02.
Bearing plates, threaded inserts, and other metal fittings must comply with section 75-3
Concrete for keyways must have a cementitious material content of at least 590 lb/cu yd and a 1-inch maximum grading. Penetration of the concrete must be near the lower limit of the specified nominal penetration.
Grout must comply with ASTM C1107/C1107M.
Deck shear connector rods, shown as tie rods, must comply with the following:
1.	Steel fastener components must comply with section 55.
2.	Lock washers must be ANSI heavy duty spring washers.
3.	All metal must be hot-dip galvanized after fabrication under ASTM A123/A123M.

[bookmark: _Toc284514517][bookmark: _Toc291160407][bookmark: _Toc379961289]51-4.02D  Fabricating Precast Concrete Members
[bookmark: _Toc284514518][bookmark: _Toc291160408][bookmark: _Toc379961290]51-4.02D(1)  General
Reserved
[bookmark: _Toc284514519][bookmark: _Toc291160409][bookmark: _Toc379961291]51-4.02D(2)  Girders, Box Girders, and Double T Girders
Before curing activities, the top surface of each PC member must be given a coarse texture by brooming with a stiff bristled broom or by other suitable devices that results in uniform transverse scoring.
The top surface texture of the following PC members must have at least a 1/4-inch amplitude:
1.	Girders
2.	Box girders with a concrete deck shown
3.	T girders with a concrete deck shown

Wood float portions of the top surface of box girders to be covered by expanded polystyrene.
For segmental or spliced-girder construction, materials for construction joints or closure joints at exterior girders must match the color and texture of the adjoining concrete.
[bookmark: _Toc284514520][bookmark: _Toc291160410]At spliced-girder closure joints:
1.	If shear keys are not shown, the vertical surfaces of the girder segment ends must be given a coarse texture as specified for the top surface of PC members.
2.	Post-tensioning ducts must extend out of the vertical surface of the girder segment closure end sufficiently to facilitate splicing of the duct.

[bookmark: _Toc379961292]For spliced girders, pretension strand extending from the closure end of the girder segment to be embedded in the closure joint must be free of mortar, oil, dirt, excessive mill scale and scabby rust, and other coatings that would destroy or reduce the bond.
51-4.02D(3)  Slabs
Forms for circular voids in concrete slabs must (1) be watertight and constructed of an authorized material that does not break or deform during concrete placement and (2) not increase the span dead load.
Before curing, the top surface of concrete slabs must be given a coarse texture by brooming with a stiff-bristled broom or by other suitable devices that results in uniform transverse scoring. The requirements of the 8th and 9th paragraphs of section 51-1.01D(3)(b)(ii) do not apply.
[bookmark: _Toc284514521][bookmark: _Toc291160411][bookmark: _Toc379961293]51-4.02D(4)  Closure Wall Panels
Exposed surfaces of closure wall panels must match the adjacent CIP concrete.
Prestressing steel must be (1) placed not more than 6 inches from panel edges and (2) spaced not more than 18 inches on center between edge tendons.
Anchorage hardware must comply with section 75-3. Bolt holes must comply with section 55-1.02E(6)(b) except holes must not be punched full size.
[bookmark: _Toc284514522][bookmark: _Toc291160412][bookmark: _Toc379961294]51-4.02D(5)  Box Culverts
Reinforcement for PC concrete box culverts may be welded wire reinforcement.
Manufacturing tolerances for PC sections must comply with the tolerances specified in section 11 of AASHTO M 259.
You may use the dry cast method of construction where shown on the authorized shop drawings. Results must be equal to those obtained under section 51. External vibrators must be used. Forms must be sufficiently rigid to resist displacement or damage. Dry casting forms may be removed after consolidating if no slumping of the concrete occurs.
Form the ends of members such that sections can be laid together to make a continuous line of box sections with a smooth interior free of irregularities in the flow line.
Splices in circumferential reinforcement must be lapped. Welded splices for the outside apron of steel are allowed only where shown. Wall reinforcement on the inside of the box may be lapped and welded at any location or connected by welding at the corners to slab reinforcement at the inside of the box.
Handling devices or holes are allowed in members for handling and laying. Clean and fill the resulting holes with mortar.
Exposed spacers, standoffs, or ends of longitudinals used to position reinforcement are not a cause for rejection. Do not weld spacers or standoffs to circumferential reinforcement. You may weld spacers or standoffs to longitudinal reinforcement.
Clearly mark each PC unit. Use indentation, waterproof paint, or other authorized means. Include contract number, date of manufacture, manufacturer, and the design earth cover. Mark each unit by indentation on the inner or outer surface so that the top is evident immediately after stripping forms. Paint the word "TOP" with waterproof paint on the inside and outside surfaces of the tops of each unit.
[bookmark: _Toc284514523][bookmark: _Toc291160413][bookmark: _Toc379961295]51-4.02D(6)  Lagging
For a project in a freeze-thaw area, concrete for PC concrete lagging must contain at least 675 pounds of cementitious material per cubic yard.
If concrete lagging is steam cured, supports for reinforcement must be stainless steel containing at least 16 percent chromium.
[bookmark: _Toc284514524][bookmark: _Toc291160414][bookmark: _Toc379961296]51-4.02D(7)  Deck Panels
Reserved
[bookmark: _Toc284514526][bookmark: _Toc291160416][bookmark: _Toc379961298]51-4.03  CONSTRUCTION
[bookmark: _Toc284514527][bookmark: _Toc291160417][bookmark: _Toc379961299]51-4.03A  General
Reserved
[bookmark: _Toc284514528][bookmark: _Toc291160418][bookmark: _Toc379961300]51-4.03B  Girders, Box Girders, and Double T Girders
For girders and box girders or double T girders with a concrete deck shown, clean top surfaces of laitance and curing compound before placing deck concrete. 
You may make adjustments to accommodate girder deflections before placing deck concrete, including adjustments to bearing seat elevations. Adjustments are limited by the following:
1.	Minimum permanent vertical clearance under the structure is not reduced.
2.	Deck profile grade and cross slope cannot be changed.
3.	Except for box girders, a minimum of 1 inch of deck slab concrete is maintained between the deck slab reinforcement and the top of the girders.
4.	For box girders, a minimum of 1 inch of deck slab concrete must be maintained between the top of expanded polystyrene in the area between the girder webs and the deck slab reinforcement.

Adjustments to accommodate girder deflections are not considered a change in dimensions.
Grout keyways after PC members are in final position. Before grouting, abrasive blast clean the keyways to expose clean aggregate. Flush keyways with water and allow them to dry to a surface dry condition immediately before placing the grout.
No equipment or other loads are allowed on spans that have been grouted until 72 hours after the last grout is placed.
Do not tension or tighten transverse post-tensioning tendons until 24 hours after grouting the last keyway.
[bookmark: _Toc284514529][bookmark: _Toc291160419]The specifications for prestressing force distribution and sequencing of stressing in the post-tensioning activity in 50-1.03B(2)(a) do not apply if post-tensioning of spliced girders before starting deck construction is described. The composite deck-girder structure must be post-tensioned in a subsequent stage.
Temporary spliced-girder supports must comply with the specifications for falsework in section 48-2.
[bookmark: _Toc379961301]Before post-tensioning of spliced girders, remove the forms at CIP concrete closures and intermediate diaphragms to allow inspection for concrete consolidation.
51-4.03C  Slabs
For slab spans with a concrete overlay, clean the slab top surfaces under section 51-1.03D(4).
For slab spans with an HMA overlay, removal of laitance and curing compound from the top surfaces is not required.
Where the ends of transverse rods will be exposed, recess exposed nuts and ends of rods at least 1 inch below the member surface. Snug tighten nuts after the deck units are positioned and before placing mortar in the keyways.
Fill the anchor dowel holes with mortar after the slabs are in final position.
Fill keyways with concrete. Keyways must be mortar-tight before placing concrete. Thoroughly consolidate the concrete in keyways.
Tighten nuts 24 hours after concrete in the keyways has been placed. Burr threads at the ends of bolts or rods to prevent loosening. Fill recesses with mortar after tightening nuts.
No equipment or other loads are allowed on spans until 72 hours after the last mortar is placed in anchor dowel holes or the last concrete is placed in keyways.
For slab spans with a concrete overlay, at least 3 slabs adjacent to a span must be in place before the concrete overlay is placed in that span.
[bookmark: _Toc284514530][bookmark: _Toc291160420][bookmark: _Toc379961302][bookmark: _Toc250647853]51-4.03D  Closure Wall Panels
Reserved
[bookmark: _Toc284514531][bookmark: _Toc291160421][bookmark: _Toc379961303]51-4.03E  Box Culverts
Construct box culverts using PC members where described.
You must select the combination of concrete dimensions and reinforcement if more than 1 allowable combination is shown.
Structure excavation and backfill must comply with section 19-3.
Laying of PC concrete box culverts must comply with the specifications for laying reinforced concrete pipe in section 65-2.03D.
Joints must comply with the specifications for cement mortar or resilient material joints in section 65-2.02F. You may use an external sealing band complying with ASTM C877 instead of joint material.
[bookmark: _Toc284514532][bookmark: _Toc291160422][bookmark: _Toc379961304]51-4.03F  Lagging
Place concrete lagging for soldier piles walls level. Place a concrete leveling course if required. 
Each lagging member must be continuous over 2 piles and cantilever at least 6 inches beyond pile centerlines. Continuity over 3 piles is not allowed.
[bookmark: _Toc284514533][bookmark: _Toc291160423][bookmark: _Toc379961305]51-4.03G  Deck Panels
[bookmark: _Toc292202097]Reserved
[bookmark: _Toc284514534][bookmark: _Toc291160424][bookmark: _Toc379961306]51-4.04  PAYMENT
Payment for diaphragm dowels and bolts in PC concrete members is not included in the payment for any type of furnish or erect PC concrete member.
The payment quantity for PC concrete lagging is the wall area shown without deductions for spacing between lagging or openings for piping.
PC concrete box culvert is measured as specified for reinforced concrete pipe in section 65-2.04.
[bookmark: _Toc284514535][bookmark: _Toc291160425]51-5  APPROACH SLABS
[bookmark: _Toc249761727][bookmark: _Toc249781334][bookmark: _Toc249939688][bookmark: _Toc249952419][bookmark: _Toc250023643][bookmark: _Toc250368996][bookmark: _Toc250647970][bookmark: _Toc277587461][bookmark: _Toc284514536][bookmark: _Toc291160426][bookmark: _Toc379961307]51-5.01  GENERAL
[bookmark: _Toc277587462][bookmark: _Toc284514537][bookmark: _Toc291160427][bookmark: _Toc379961308]51-5.01A  Summary
Section 51-5 includes specifications for constructing approach slabs and paving notch extensions.
Structure approach drainage system must (1) consist of geocomposite drain, filter fabric, plastic pipe, treated permeable base, and drainage pads, and (2) comply with section 68-7.
Structure excavation and backfill must comply with section 19-3.
[bookmark: _Toc249761729][bookmark: _Toc249781336][bookmark: _Toc249939690][bookmark: _Toc249952421][bookmark: _Toc250023645][bookmark: _Toc250368998][bookmark: _Toc250647972][bookmark: _Toc277587463][bookmark: _Toc284514538][bookmark: _Toc291160428][bookmark: _Toc379961309]Treated permeable base must comply with section 29.
51-5.01B  Definitions
Reserved
[bookmark: _Toc277587464][bookmark: _Toc284514539][bookmark: _Toc291160429][bookmark: _Toc379961310]51-5.01C  Submittals
If using RSC, submit the RSC mix design at least 10 days before constructing the trial slab.
[bookmark: _Toc277587465][bookmark: _Toc284514540][bookmark: _Toc291160430][bookmark: _Toc379961311]51-5.01D  Quality Assurance
[bookmark: _Toc277587466][bookmark: _Toc284514541][bookmark: _Toc291160431][bookmark: _Toc379961312]51-5.01D(1)  General
If woven tape fabric is shown, notify the Engineer of the source of woven tape fabric at least 45 days before use.
[bookmark: _Toc277587467]Notify the Engineer of the type of treated permeable base to be used under approach slabs at least 30 days before starting placement. After notification, do not change the type of permeable base without authorization.
[bookmark: _Toc379961313]51-5.01D(2)  Quality Control
[bookmark: _Toc379961314]51-5.01D(2)(a)  General
Reserved
[bookmark: _Toc284514542][bookmark: _Toc291160432][bookmark: _Toc379961315]51-5.01D(2)(b)  Rapid Strength Concrete
Before starting work on approach slabs constructed using RSC, prepare a trial slab for each concrete mix design.
Trial slabs must be:
1.	Constructed, finished, and cured within the allowed time with the materials, tools, equipment, personnel, and methods to be used in the work
2.	10 by 20 feet by 9 inches thick
3.	Constructed near the job site outside the project limits at an authorized location

Trial slabs must demonstrate that you are capable of producing approach slabs within the anticipated time periods, including delivery, placement, finishing, and curing times, and under similar atmospheric and temperature conditions expected during construction activities. Multiple trial slabs for each concrete mix design may be required to encompass variable atmospheric conditions.
Test the trial slab concrete for compressive strength under section 90-1.01D(5). Trial slab concrete must develop the following minimum compressive strengths:
1.	1,200 psi at the age of break
2.	2,500 psi at 3 days
3.	4,000 psi at 28 days

[bookmark: _Toc277587469][bookmark: _Toc284514543][bookmark: _Toc291160433][bookmark: _Toc379961316]51-5.02  MATERIALS
[bookmark: _Toc277587470][bookmark: _Toc284514544][bookmark: _Toc291160434][bookmark: _Toc379961317]51-5.02A  General
[bookmark: _Toc277587471]Hardboard and expanded polystyrene must comply with section 51-2.01B(1).
[bookmark: _Toc284514545][bookmark: _Toc291160435][bookmark: _Toc379961318]51-5.02B  Fabric
Filter fabric must be Class A.
Woven tape fabric must:
1.	Be fabric of woven strips or tapes
2.	Retain at least 70 percent tensile strength when tested under ASTM D4355 with 500 hours exposure
3.	Comply with the requirements shown in the following table:

	Quality characteristic
	Test method
	Requirement

	Weight (oz/sq yd, min)
	ASTM D3776
	3

	Grab breaking load (lb, min)
	ASTM D4632
	50

	Apparent elongation (percent, min)
	ASTM D4632
	35

	Toughnessa (lb, min)
	--
	1,200

	aPercent apparent elongation times the grab breaking load 



[bookmark: _Toc277587472][bookmark: _Toc284514546][bookmark: _Toc291160436][bookmark: _Toc379961319]51-5.02C  Concrete
Concrete for approach slabs and paving notch extensions must contain at least 675 pounds of cementitious material per cubic yard and comply with one of the following:
1.	Cure for at least 5 days before opening to traffic
2.	Comply with the specifications for RSC

For paving notch extensions, you may use magnesium phosphate concrete, modified high-alumina-based concrete, or portland-cement-based concrete, complying with the specifications for bonding materials in section 51-1. The concrete may be extended by using a clean, uniform, rounded aggregate filler with a moisture content of at most 0.5 percent. The quantity of aggregate filler must comply with the manufacturer's instructions. Concrete strengths for the extended concrete must be at least that specified for the bonding materials. The aggregate grading must comply with the requirements shown in the following table:
	Sieve size
	Percentage passing

	1/2-inch
	100

	No. 16
	0–5



For a project in a freeze-thaw area, concrete for approach slabs and paving notch extensions must comply with section 90-1.02I.
Concrete for drainage pads must comply with the specifications for minor concrete.
[bookmark: _Toc277587474][bookmark: _Toc284514547][bookmark: _Toc291160437][bookmark: _Toc379961320]51-5.02D  Aggregate Base
AB must be produced from commercial-quality aggregates consisting of broken stone, crushed gravel or natural rough-surfaced gravel, and sand, in any combination. Grading must comply with the 3/4-inch maximum grading specified in section 26-1.02B.
[bookmark: _Toc277587475][bookmark: _Toc284514548][bookmark: _Toc291160438][bookmark: _Toc379961321]51-5.02E  Bar Reinforcement
Bar reinforcing steel must comply with section 52.
In a freeze-thaw area, epoxy coat bar reinforcement under section 52-2.02.
Galvanize unbonded portions of bar reinforcement under section 52-3.
[bookmark: _Toc277587476][bookmark: _Toc284514549][bookmark: _Toc291160439][bookmark: _Toc379961322]51-5.02F  Miscellaneous Joint Materials
Steel components of abutment ties must comply with section 75-3.
PVC conduit used to encase abutment tie rods must be commercial quality.
Steel angles, plates, and bars at concrete barrier joints must comply with section 75-3.
Type AL joint seals must comply with section 51-2.02B.
The pourable seal between the steel angle and concrete barrier must comply with the specifications for Type A and AL joint seals in section 51-2.02B.
Sealants may be mixed by hand-held, power-driven agitators and placed by hand methods.
Sliding joints for the sleeper slabs must comply with 51-2.03.
Building paper must be commercial-quality, 30-pound asphalt felt.
[bookmark: _Toc277587477][bookmark: _Toc284514550][bookmark: _Toc291160440][bookmark: _Toc379961323]51-5.02G  Hot Mix Asphalt
HMA for a temporary roadway structural section must comply with the specifications for minor HMA in section 39.
[bookmark: _Toc277587478][bookmark: _Toc284514551][bookmark: _Toc291160441][bookmark: _Toc379961324]51-5.03  CONSTRUCTION
[bookmark: _Toc277587479][bookmark: _Toc284514552][bookmark: _Toc291160442][bookmark: _Toc379961325]51-5.03A  General
Drill and bond bar reinforcement and abutment tie rods under section 51-1.03E(3).
Finish and treat the top surfaces of approach slabs under section 51-1.03F(5). Edger finish the slab edges.
Cure approach slabs using curing compound no. 1.
Abrasive blast clean the concrete surfaces and thoroughly clean joints immediately before placing the  joint seals. Joint surfaces must be dry when seals are placed.
[bookmark: _Toc277587480][bookmark: _Toc284514553][bookmark: _Toc291160443][bookmark: _Toc379961326]51-5.03B  Type N Approach Slabs
[bookmark: _Toc277587481][bookmark: _Toc284514554][bookmark: _Toc291160444][bookmark: _Toc379961327]51-5.03B(1)  General
Reserved
[bookmark: _Toc249761735][bookmark: _Toc249781342][bookmark: _Toc249939696][bookmark: _Toc249952427][bookmark: _Toc250023651][bookmark: _Toc250369004][bookmark: _Toc250647978][bookmark: _Toc277587483][bookmark: _Toc284514555][bookmark: _Toc291160445][bookmark: _Toc379961328]51-5.03B(2)  Filter Fabric
Place filter fabric immediately after grading and compacting the subgrade. Handle and place filter fabric under the manufacturer's instructions.
Adjacent borders of filter fabric must be overlapped from 12 to 18 inches or stitched. If overlapping the borders, the preceding roll must overlap the following roll in the direction the material is being spread. If stitching the border, use yarn of a contrasting color. Yarn size and composition must be as recommended by the fabric manufacturer. Use 5 to 7 stitches per inch of seam.
Do not operate equipment or vehicles on filter fabric.
[bookmark: _Toc249761736][bookmark: _Toc249781343][bookmark: _Toc249939697][bookmark: _Toc249952428][bookmark: _Toc250023652][bookmark: _Toc250369005][bookmark: _Toc250647979][bookmark: _Toc277587484][bookmark: _Toc284514556][bookmark: _Toc291160446][bookmark: _Toc379961329]51-5.03B(3)  Treated Permeable Base
Place and compact ATPB at a temperature from 200 to 250 degrees F. Do not use material stored for more than 2 hours in the work.
Compact ATPB base as soon as the mixture has cooled sufficiently to support the weight of the equipment without undue displacements. Use a vibrating-shoe-type compactor or a roller weighing from 1.5 to 5 tons.
Compact CTPB with a vibrating-shoe-type compactor or with a steel-drum roller weighing from 1.5 to 5 tons. Compaction must start within 1/2 hour of spreading and must consist of 2 complete coverages of the CTPB.
[bookmark: _Toc277587485][bookmark: _Toc284514557][bookmark: _Toc291160447][bookmark: _Toc379961330][bookmark: _Toc249761737][bookmark: _Toc249781344][bookmark: _Toc249939698][bookmark: _Toc249952429][bookmark: _Toc250023653][bookmark: _Toc250369006][bookmark: _Toc250647980]51-5.03C  Type EQ Approach Slabs
Reserved
[bookmark: _Toc277587486][bookmark: _Toc284514558][bookmark: _Toc291160448][bookmark: _Toc379961331]51-5.03D  Type R Approach Slabs
[bookmark: _Toc277587487][bookmark: _Toc284514559][bookmark: _Toc291160449][bookmark: _Toc379961332]51-5.03D(1)  General
The Type R approach slab thicknesses shown are minimums. Thicknesses may vary due to material removed.
At locations where the removal of existing materials and approach slab construction is not required to be completed within the same work shift, the requirements for a temporary roadway structural section and trial slab do not apply.
[bookmark: _Toc277587488][bookmark: _Toc284514560][bookmark: _Toc291160450][bookmark: _Toc379961333]51-5.03D(2)  Removal of Existing Facilities
Remove portions of existing structures, pavement and base, approach slabs, asphalt concrete surfacing, concrete pavement, subsealing material, and cement-treated base, as necessary for the construction of the new approach slab.
[bookmark: _Toc292202098]Remove portions of seat-type abutments under section 60-2.02.
Saw cut full depth the outline of concrete pavement to be removed using a power-driven saw. Do not use power impact tools within 1.5 feet of pavement to remain in place.
Before removing asphalt concrete, cut the outlines of excavations in asphalt concrete on a neat line to a minimum depth of 0.25 foot using a power-driven concrete saw or wheel-type rock-cutting excavator. These excavations must be permanently or temporarily backfilled to conform to the grade of the adjacent pavement before opening the lane to traffic.
Dispose of materials no longer used in the work.
[bookmark: _Toc277587489][bookmark: _Toc284514561][bookmark: _Toc291160451][bookmark: _Toc379961334]51-5.03D(3)  Existing Base Material
Uniformly grade and compact the existing base material remaining in place after removing the existing pavement and base materials to the required depth. The finished surface of the base material at any point must not extend above the authorized grade.
Fill areas of base material that are low as a result of overexcavation with structure approach slab concrete at the same time that the new concrete is placed.
Where pavement subsealing has been performed under existing approach slabs, remove the full depth of subsealing material. Where removal of CTB is required to construct the approach slab, remove the full depth of the CTB.
Fill voids between the new approach slab and the base material remaining in place that are caused by removal of subsealing material or CTB with either AB or approach slab concrete. If you fill these voids with structure approach slab concrete, fill the voids at the same time that the new concrete is placed.
[bookmark: _Toc277587490][bookmark: _Toc284514562][bookmark: _Toc291160452][bookmark: _Toc379961335]51-5.03D(4)  Aggregate Base
Spread and compact AB for filling voids below the structure approach slab concrete by methods that will produce a well-compacted, uniform base, free from pockets of coarse or fine material, to the authorized grade. Where the required thickness of AB is 8 inches or less, the base may be spread and compacted in 1 layer. Where the required thickness of AB is more than 8 inches, the base must be spread and compacted in 2 or more layers of approximately equal thickness. The maximum compacted thickness of any 1 layer must not exceed 8 inches.
[bookmark: _Toc277587491][bookmark: _Toc284514563][bookmark: _Toc291160453][bookmark: _Toc379961336]51-5.03D(5)  Profile Grade
Establish a grade line for the new approach slab that will provide a smooth profile grade. The profile grade must be authorized.
[bookmark: _Toc277587492][bookmark: _Toc284514564][bookmark: _Toc291160454][bookmark: _Toc379961337]51-5.03D(6)  Temporary Roadway Structural Section
If approach slabs cannot be constructed before the lane is opened to traffic, fill the excavation with a temporary roadway structural section. Temporary structural section must consist of a 0.3-foot-thick layer of commercial quality cold mix over AB.
Keep a standby quantity of cold mix and AB at the job site for a temporary roadway structural section.
Spread and compact the AB and cold mix. Produce a well-compacted, uniform base having a surface of uniform smoothness, texture, and density, without pockets of coarse or fine material. You may spread and compact AB and cold mix in 1 layer each.
The finished surface (1) must not vary more than 0.05 foot from the lower edge of a 12-foot straightedge placed parallel with the centerline and (2) must match the elevation of the existing pavement and structure along the joints between the existing pavement and structure and the temporary surfacing.
Maintain the temporary structural section until it is replaced with the approach slab.
[bookmark: _Toc277587493][bookmark: _Toc284514565][bookmark: _Toc291160455][bookmark: _Toc379961338]51-5.03E  Paving Notch Extensions
The construction joint between the paving notch extension and the existing abutment must comply with the specifications for horizontal construction joints in section 51-1.03D(4). Patch spalls in the existing paving notch when placing the paving notch extension.
The surface temperature must be at least 40 degrees F during concrete placement. Contact surfaces to receive concrete may be damp but not saturated.
Retempering of concrete is not allowed. Finishing tools cleaned with water must be thoroughly dried before working concrete.
The Engineer may require you to use a flow-controlled modified material when placing concrete on slopes over 5 percent.
Except for magnesium phosphate concrete, cure the concrete using the curing compound method.
Allow 12 hours between placing the paving notch extension and placing the approach slab.
[bookmark: _Toc277587494][bookmark: _Toc284514566][bookmark: _Toc291160456][bookmark: _Toc379961339]51-5.04  PAYMENT
The payment quantity of aggregate base (approach slab) is the volume used to fill voids below approach slab concrete. The payment quantity does not include the volume of AB used to fill an overexcavation.
[bookmark: _Toc284514567][bookmark: _Toc291160457][bookmark: _Toc284514578][bookmark: _Toc291160468][bookmark: _Toc249939712][bookmark: _Toc249952443][bookmark: _Toc250023667][bookmark: _Toc250369020][bookmark: _Toc250647994][bookmark: _Toc249939720][bookmark: _Toc249952451][bookmark: _Toc250023675][bookmark: _Toc250369028][bookmark: _Toc250648002]51-6  MASS CONCRETE
[bookmark: _Toc284514568][bookmark: _Toc291160458][bookmark: _Toc379961340]51-6.01  GENERAL
[bookmark: _Toc284514569][bookmark: _Toc291160459][bookmark: _Toc379961341]51-6.01A  Summary
Section 51-6 includes specifications for placing mass concrete elements.
[bookmark: _Toc284514570][bookmark: _Toc291160460][bookmark: _Toc379961342]51-6.01B  Definitions
Reserved
[bookmark: _Toc284514571][bookmark: _Toc291160461][bookmark: _Toc379961343]51-6.01C  Submittals
Submit a thermal control plan with design calculations for each mass concrete element. The thermal control plan and the calculations must be sealed and signed by an engineer who is registered as a civil engineer in the State. Submit 6 copies of the control plan and 2 copies of the design calculations. Include the following:
1.	Mix design
2.	Duration and method of curing
3.	Maximum allowable temperature differentials between the hottest point of the concrete and the exterior concrete faces
4.	Procedures to control concrete temperature differentials at time of placement
5.	Methods of controlling temperature differentials
6.	Temperature differential monitoring and recording system details
7.	Temperature sensor types and locations
8.	Measures to ensure compliance with maximum temperature and temperature differential requirements

Determine the maximum allowable temperature differential assuming cracking due to heat of hydration does not occur.
Submit temperature data daily as an informational submittal.
Submit a daily progress report as an informational submittal. A copy of the daily report must be available at the job site.
Submit a modified thermal control plan to correct deficiencies for replacement mass concrete. Include supporting calculations.
[bookmark: _Toc284514572][bookmark: _Toc291160462][bookmark: _Toc379961344]51-6.01D  Quality Assurance
[bookmark: _Toc284514573][bookmark: _Toc291160463][bookmark: _Toc379961345]51-6.01D(1)  General
An engineer who is registered as a civil engineer in the State must:
1.	Inspect and test the temperature monitoring and recording systems before concrete placement
2.	Be present during mass concrete activities
3.	Provide daily progress reports

[bookmark: _Toc379961346][bookmark: _Toc284514574][bookmark: _Toc291160464]51-6.01D(2)  Quality Control 
[bookmark: _Toc379961347]51-6.01D(2)(a)  General
Reserved
[bookmark: _Toc379961348]51-6.01D(2)(b)  Temperature Monitoring
Provide a temperature monitoring and recording system for mass concrete elements. The system must consist of temperature sensors connected to a data acquisition system. The system must be capable of recording, printing, and downloading temperature data to a computer.
Locate temperature sensors within mass concrete elements such that the maximum temperature difference within the element is monitored. At a minimum, monitor temperatures at the following locations:
1.	Calculated hottest location
2.	2 outer faces
3.	2 corners except for CIP piling elements
4.	Top surfaces

Record temperature readings automatically at least every hour. Install a redundant set of sensors near the primary set with recording capability. Make records using the redundant set if the primary set fails.
You may discontinue hourly temperature recording under the following conditions:
1.	Maximum internal temperature is falling
2.	Difference between the interior concrete temperature and the average daily air temperature is less than the allowable temperature differential for 3 consecutive days
3.	There are no mass concrete elements to be cast adjacent

Protect the temperature sensor wiring to prevent movement during concrete placement. Keep wire runs as short as possible. Do not let the ends of temperature sensors come into contact with concrete supports, forms, or reinforcement.
Do not damage the monitoring and recording system when placing and consolidating concrete.
Correct equipment failures in temperature control and monitoring and recording systems immediately.
The temperature acceptance criteria for mass concrete elements are as follows:
1.	Maximum allowable temperature must not exceed 160 degrees F.
2.	Maximum temperature differential must not exceed that listed in the thermal control plan.

[bookmark: _Toc284514575][bookmark: _Toc291160465][bookmark: _Toc379961349]51-6.02  MATERIALS
Grout for cooling pipes must be a nonshrink grout mix complying with ASTM C1107/C1107M and ASTM C827/C827M for 0.0 percent shrinkage and 0.0 percent minimum and 4.0 percent maximum expansion.
[bookmark: _Toc284514576][bookmark: _Toc291160466][bookmark: _Toc379961350]51-6.03  CONSTRUCTION
You may use mechanical cooling systems to control internal concrete temperatures during curing. Mechanical cooling systems must comply with the thermal control plan.
Embed the cooling system within the mass concrete element. Surface connections to cooling pipes must be removable to 4 inches below the concrete surface.
Design the forms such that cooling or temperature monitoring is not disturbed during form removal.
Secure the cooling pipes to prevent movement during concrete placement. Replace damaged cooling pipes immediately.
Pressure test the cooling system for leaks at 30 psi for 30 minutes before placing concrete. Coolant must be circulating when concrete placement starts.
Pressure grout the cooling pipes after cooling is complete. Place the grout under the manufacturer’s instructions.
After the surface connections are removed, the holes must be reamed and filled with mortar.
Remove mass concrete elements that do not comply with the temperature acceptance criteria.
[bookmark: _Toc284514577][bookmark: _Toc291160467][bookmark: _Toc379961351]51-6.04  PAYMENT
Not Used
51-7  MINOR STRUCTURES
[bookmark: _Toc284514579][bookmark: _Toc291160469][bookmark: _Toc379961352]51-7.01  GENERAL
[bookmark: _Toc284514580][bookmark: _Toc291160470][bookmark: _Toc379961353]51-7.01A  General
Section 51-7 includes specifications for constructing minor structures.
Minor structures include:
1.	Pipe culvert headwalls and endwalls for a pipe with a diameter less than 5 feet
2.	Drainage inlets
3.	Other structures described as minor structures

[bookmark: _Toc284514581][bookmark: _Toc291160471][bookmark: _Toc379961354]51-7.01B  Materials
Concrete must comply with the specifications for minor concrete.
Nonshrink grout must be a dry, packaged type complying with ASTM C1107/C1107M.
Metal frames, covers, grates, and other miscellaneous iron and steel used with minor structures must comply with section 75-2.
[bookmark: _Toc284514582][bookmark: _Toc291160472][bookmark: _Toc379961355]PC units for drainage inlets must be round, oval, or rectangular in cross section, or any combination. Transitions from a rectangular grate opening to a round or oval basin must be made in not less than 8 inches. Provide means for field adjustment to meet final grade, paving, or surfacing.
51-7.01C  Construction
You may construct forms for drainage inlets using any material that produces the interior dimensions and wall thicknesses shown. Undulations of interior wall surfaces must not exceed 1/2 inch. Extend the outside forms at least 5 inches below the top of the inlet. You may place concrete against excavated earth below this depth except you must use full-depth outside forms or other protection when work activities or unstable earth may cause hazardous conditions or contamination of the concrete.
You may construct minor structures using PC units or a combination of PC and CIP structures as an alternative to CIP construction, provided that the structure in place substantially complies with the specified CIP construction.
You may use PC drainage inlets as an alternative to CIP drainage inlets.
Remove exterior forms to at least 5 inches below the final ground surface. Exterior forms below this depth may remain if their total thickness is not more than 1 inch.
Cure concrete surfaces of minor structures using the water method, the forms-in-place method, or the curing compound method.
[bookmark: _Toc284514583][bookmark: _Toc291160473][bookmark: _Toc379961356]51-7.01D  Payment
The Department does not adjust the payment quantity for minor structures designated as final pay on the Bid Item List if the constructed height of the minor structure is within 6 inches of the vertical dimensions shown.
Metal frames and covers or frames and grates are not included in the payment for minor structures.
[bookmark: _Toc284514584][bookmark: _Toc291160474][bookmark: _Toc379961357]51-7.02  PRECAST DRAINAGE INLETS
Reserved
51-8–51-15  RESERVED
