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Section 302—Emulsion Stabilized Reclaimed Base (ESRB)
Delete Section 302 and add the following:
302.1 General Description

This work includes constructing a stabilizing base course by pulverizing the in-situ asphalt pavement and underlying base/subbase layers on an existing road and mixing with a bituminous emulsion agent to the depth specified on the plans. Construct according to these Specifications and to the lines, grades, thickness, and typical cross-sections shown on the Plans or as established by the Engineer.     
302.1.01 Related References

A. 
Standard Specifications
Section 302 Sand-Bituminous stabilized base course Soil 
Section 412 Bituminous Prime
Section 800 Coarse Aggregate

Section 815 Graded Aggregate
Subsection 810 Roadway Materials

Section 824 Cationic Emulsified Asphalt

Subsection 882 Lime

A. Referenced Documents
AASHTO TP-62-07 Determining Dynamic Modulus of Hot-Mix Asphalt (HMA)
AASHTO T 89 Determining the Liquid Limit of soils

AASHTO T 90 Determining the Plastic Limit and Plasticity Index of soils

AASHTO T-176-02 Plastic Fines in Graded Aggregate and Soils by Use of the Sand Equivalent Test

GDT-49 Determining the Theoretical Maximum Dry Density and Drop

GDT-59 In-place Density by Nuclear Method
GDT 6 Determining the Volume Change of soil
ASTM D244-04 Standard Test Methods and Practices for Emulsified Asphalts
ASTM D5-06e1 Standard Test Method for Penetration of Bituminous Materials

DOTD TR 317-97 Water Susceptibility of  Optimum Moisture of Materials Containing >25% Retained on the No. 10 Sieve Using a 10-lb Rammer and 18 inch Asphaltic Concrete Materials
GDT-49 Determining the Theoretical Maximum Dry Density and Drop

GDT-59 In-place Density by Nuclear Method
Tex-117E Triaxial Compression for Disturbed Soils and Base Materials
Tex-226-F Indirect Tensile Strength Test

Tex-530-C Effect of Water on Bituminous Paving Mixtures
302.1.02 Submittals
A.  Mix Design submittal
The Contractor will be responsible for the mix design by obtaining in-situ samples of the asphalt, base, and subbase to be reclaimed.  Ensure that appropriate traffic control measures are in place during the sampling operations.  Remove sufficient quantities and depth of the layers to complete the mix design process and for enough to submit with the mix design for verification purposes.
 The Mix Design must be completed by an accredited materials laboratory and submitted to the Office of Materials and Research Bituminous Construction Branch for approval at least two weeks prior to the start of construction.  The design must meet the requirements of Table 1 below and a Mix Design package submitting to the Office of Materials and Research for approval. The package shall include the following:
· The proportional blend of in-place materials, asphalt emulsion,  dry additives, and additional base material if required
· The intended source of  asphalt emulsion and optimum emulsion content, application rate per square yard, moisture content for mixing
· The target gradation of the blended material,  optimum moisture content for mixing, and air void content of the mixture after compacting for 30 gyrations with a gyratory compactor according to AASHTO TP 5
· The results of all tests listed in Table 1 below at the recommended asphalt emulsion content

	Table 1

	150 mm diameter specimens shall be prepared in a Superpave gyratory compactor

	Property
	Criteria

	Superpave gyratory compaction, 1.25° angle, 600kPa, gyrations
	30

	Short-term strength test, 1 hour – modified cohesiometer, ASTM D 1560-92 (Part 13), g/25mm of width. ¹
	150 min

	Indirect tensile strength (ITS), ASTM D 4867, 25°C, psi
	35 min

	Conditioned ITS, ASTM D 4867, psi
	20min and 57%

	ITS, 25°C, psi (after Marshall compaction of 75 blows per side, 1 day air cure followed by 1 day 40°C cure) at design emulsion content
	Report only

	Conditioned ITS, 25°C, psi (after Marshall compaction of 75 blows per side, 1 day air cure followed by 1 day 40°C cure) at design emulsion content
	Report only

	Dynamic Modulus
	Report Only for New Design Guide.

	Thermal cracking (IDT), AASHTO T-322(Based upon LTPP Bind for Climate)
	Appendix 4 
LTPP Bind at top of FDR layer




 A modified Hveem cohesiometer apparatus shall be used to test early strength (1 hour).  This apparatus and procedure generally conforms to ASTM D 1560 Section 10 with the following exceptions:

· It shall have the capability of testing 150 mm diameter specimens.

· It shall have a shot flow rate of 2700 ± 50 g/minute.

· Specimens shall be cured before compaction according to Section 5 of Appendix 1, and cure each    
 specimen at each emulsion content for 60 ± 5 minutes at 25°C and 10 to 70 percent humidity after  compaction and before testing.

· See Appendix 2 for further details of the equipment and operation.
302.2 Materials

A.  Soil Base Material
If 25% or more of the in-situ layers (composite) to be reclaimed is composed of native soil or borrow material, the minus #10 portion of the blend must met the following requirements:
	Clay Content (Elutriation)
	15% Maximum

	Sand Equivalency
	30 Minimum

	Percent Passing 200 Sieve 
	20% Maximum

	Plasticity Index
	10% Maximum

	Liquid Limit
	25% Maximum

	Volume Change
	18% Maximum


B.  Coarse Aggregate 
    If needed for fill material, only use coarse aggregate which meets the requirements of Sections 800 or 815 of the Standard Specifications and from an approved source (Qualified Products List #2).
C.   Emulsion
Only use asphalt emulsion which meets the requirements of or section 824 of the Standard Specifications and from an approved source (Qualified Products List # 7).  Adjustments to 824 are listed belowm the cement mixing test may be waived if all mix design criteria are met and the sieve test may be waived if materials are dispersing effectively during application . The type and application rate shall be determined by the bituminous mixture design study.  When directed by the Engineer, make adjustments to the asphalt emulsion formulations to enhance coating and mixing characteristics.  Ensure that the asphalt emulsion and component materials are compatible.  Additional requirements are as follows in Table 2.
	Table 2: Requirements for Asphalt Emulsion

	Test
	
	Minimum
	Maximum

	Residue from distillation, %
	ASTM D2441
	63
	

	Oil distillate by distillation, %
	ASTM D2441
	
	1.0

	Sieve Test, %
	ASTM D2441
	
	0.1

	Penetration 2, P, @25°C, dmm 
	ASTM D5
	60
	150


1 Modified ASTM D244 procedure – distillation temperature of 177°C with a 20-minute hold.  The ASTM D244 distillation procedure may be substituted once the maximum oil distillate is satisfied.

2 To be determined from the mix design prior to emulsion manufacture for project.  Penetration range will be reported on the submitted mix design.

302.3 Construction Requirements
302.3.01 Equipment
Use equipment that meets the following requirements and approved by the Engineer prior to the beginning of construction. Provide equipment in satisfactory condition capable of continuously mixing materials (asphalt, base, subbase structure, water, and emulsion) to a consistent depth. Use equipment capable of providing a homogenous blend.  The Engineer may at any time disapprove the use of a particular machine for unsafe, erratic, or inadequate performance. 

A.
Reclaimer
A road reclamation machine (reclaimer) meeting the following the qualifications will be required:

· Designed expressly for reclamation capable of pulverizing and mixing through pavement, base, subbase, and subgrade to a depth of 16-inches.
· Powered by an engine of at least 500 horsepower, with steerable front and rear wheels.  
· Equipped with an enclosed mixing chamber and means to apply asphalt emulsion in a continuous flow from the tanker truck while in motion.  It must have an electronic metering system capable of injecting the liquid into the mixing chamber at an accurately controlled rate.  The injection system shall include a spray bar supplied by a variable-speed, positive-displacement pump, which must be electronically controlled so that the flow of liquid is continuously adjusted to the speed of the reclaimer.  The spray width shall be adjustable to cover the reclaimed area evenly without overlapping or gaps in coverage.  The unit must also be capable of adding asphalt emulsion at a minimum of 7 gallons per square yard.
C. 
Motor grader

Use one or more motor graders for spreading and final shaping of the reclaimed material.  The motor grader used for the fine grading operation must have a cross slope indicator and a blade in new condition.
D.   Rollers


Use a vibratory pad-foot roller with ten ton minimum gross weight and a vibratory smooth-wheeled steel roller with eight ton minimum gross weight.  The vibration systems of both must be fully operable at maximum amplitude throughout the compaction process.  Use a pneumatic-tired roller with a minimum gross weight of eight tons.  With the written approval of the Engineer, rollers of different types may be substituted for the smooth-wheeled and pneumatic-tired rollers.  Use the vibratory pad-foot roller in all cases.  
E.
Water truck

For dust suppression, use a water truck with a spray bar capable of delivering a light, uniform spray onto the full width of one traffic lane.  When required to raise moisture content of the pulverized material, inject and mix water into the layer through the reclaimer's injection system or, alternatively, apply water with spray bar.  In the latter case, if the water truck does not closely maintain the desired rate of application through the spray bar, the Engineer may require that water be injected and mixed through the reclaimer's injection system.

F. 
Equipment for widening

When the existing roadway is to be widened, use a trenching machine or a motor grader with blade attachment to lay back vegetation and excavate the trench.  Use a trench roller or other approved compacting device to compact the bottom of the trench.  Place the aggregate for widening into the excavation by means of a road widener designed to obtain a uniform, correct layer thickness.  Alternatively, when approved by the Engineer, windrow the base material uniformly onto the pavement and blade it into the excavation using a motor grader.

Equipment and methods of widening shall be subject to the Engineer’s approval.  Do not place the widening material using equipment or methods which produce an irregular grade or thickness or which tend to lose base material outside the excavated area.

302.3.02 Preparation

A.
Preserve alignment

Before commencing the reclaiming operation, take all necessary steps to mark and preserve the location of the existing centerline for use in preparing the base and placing the new pavement.  Set alignment stakes (wooden laths) at intervals of 200 feet or less on both sides of the road, offset at least five feet from the proposed edge of pavement.  The setting of laths shall be in addition to any other markers or reference points required under the Contract.  Use of surveying points or similar references shall not substitute for the required laths along the existing pavement.  Exception:  If certain lanes of the road are to be left intact so that the exact alignment will be preserved after the reclaiming operation, the requirement to set laths may be waived by the Engineer.

B.
Remove obstructing fixtures

Before commencing the reclaiming operation, relocate all mailboxes, newspaper boxes, signs, and other appurtenances which are located within such proximity to the roadway as to risk damage or interfere with the work.  First notify residents of the impending work and relocations by printed flyers or other means approved by the Engineer.
After all the work is completed, replace the removed items in their original locations as nearly as possible, and provided that the location of any permanent object and its distance from the proposed edge of pavement shall be as prescribed by local and state standards.

Remove sections of driveway aprons in the right-of-way where necessary to permit the reclaimer to operate without damaging the machinery or driveway pavement.  Do not remove more than is necessary to perform the work.  Saw-cut a neat line parallel to the proposed edge of pavement and remove the concrete along the road. 
302.3.03 Construction procedure
A.
Sequence of operations 
Complete the project in segments as necessary to minimize disruption of traffic.  The Engineer may limit the length of the work zone to avoid causing a traffic hazard or undue delay or to minimize exposure of unprepared base to rain and traffic.  Perform the reclaiming process in each segment in three phases.  In the initial breaking phase, pulverize the layers and shape and re-pack the material to support traffic temporarily.  Add base material and water in this phase as required.  In the second phase, inject and mix the stabilizing agent into the layer at the rates called for in the mix design, in a second pass of the reclaimer.  Begin the third phase - shaping, compacting, and fine grading - as soon as possible after the stabilizer is injected.
Plan the sequence of operations to allow these procedures to be carried out properly, including time for checking the grade, testing compacted density, and correcting defects.  Allow sufficient time for the stabilizing agent to cure, as provided in 302.3.03.K below, before opening each segment to traffic.  Allow for delays due to traffic and weather.  
B. 
Weather limitations and delays

Plan and schedule work to avoid exposing the pulverized material to dense fog, rain, or freezing temperatures.  Do not begin the initial phase in a given segment of the project when rain is forecast or appears imminent or if for any reason the reclaiming process cannot be completed in that segment without delay.  Any deviations from these requirements require written authorization by the Engineer.
C. 
Lay back shoulder material and vegetation

Cut back or trench out shoulder material along the edge of the existing base layer, leaving a clear area at least 0.5 ft. beyond the proposed edge of base and as deep as the bottom of the existing base.  Use 302.3.03 below when the Contract calls for widening the existing roadway. 
D. 
Widening  

When the Contract includes Excavating for Widening, first lay back vegetation, and then excavate the shoulder from the edge of the existing pavement to at least 0.5 ft beyond the new width of base shown on the plans.  In residential and commercial areas, do not waste vegetation and excess soil on the unpaved right-of-way.  Windrow this material onto the pavement and dispose of it in a manner approved by the Engineer.  Keep the bottom of the trench free of loose soil and vegetation and compact the subgrade to 95 percent of maximum dry density, as determined by GDT-49. 

Place new base material into the excavation uniformly, without loss or contamination.  Correct all areas of irregular grade or deficient thickness and remove and replace material contaminated with soil, vegetation, or debris.

After the final pass of the reclaimer, draw the soil up against the base layer to close the excavation, and grade and compact the shoulder to produce a firm, even surface.  Remove and dispose of excess soil and vegetation in accordance with local and state regulations.

E. 
Pulverizing and blending
Apply coarse aggregate if needed as fill or grade improvement.
Pulverize the in situ pavement, base, and subbase to the depth established on the Plans. Use as many passes of the reclaimer as necessary to produce a homogeneous and uniform blend of materials.  Make necessary changes to meet the Engineers requirements if the equipment does not produce a homogenous and uniform mixture. 
Continue pulverizing until the mixture is uniform in color and conforms to the following gradation requirements.

· 95% percent passing the 2-inch sieve

· 55% of the blend, excluding gravel, passing the No. 4 sieve

        
Apply the grader during this phase as necessary to make adjustments to profile and grade. 
Add water in this phase as needed to adjust the moisture content.  Likewise, aerate the pulverized material in this phase if in-situ moisture is too high.  
When the pulverizing and mixing step are complete, shape, compact, and dampen the surface as necessary to support equipment and traffic until the layer can be stabilized and compacted.
F.
Full Depth Patching

At the discretion of the Engineer,  areas of soft subgrade that become prevalent will require removing all materials to the depth of reclamation as to expose the subgrade.  The subgrade should be undercut, with care being taken to taper in and out of the trench at 45 degree angles, to a depth that mitigates the problematic materials.  The area shall be filled to the initial subgrade elevation with compacted coarse aggregate.  The materials shall be compacted in an acceptable manner.  The material that was removed and stored for reclamation should be place over top of the repaired subgrade area and reclaimed using the method described in 302.3.01E. 
F.
Applying water

Apply water during the initial phase and maintain the moisture content within100% to 120% of the design established optimum moisture until the prime coat is applied or as otherwise directed by the engineer. Apply additional water onto the surface in small amounts if needed to control dust.  Note: When adjusting moisture content, additional passes with the reclaiming unit will be required. Avoid over-watering, which may render the layer unstable.  Do not allow the water truck to stand on the work.  The Engineer may require other measures to control dust.
G.
Inject and mix stabilizer
Apply the stabilizing agent at the rate specified in the mix design or as the Engineer may direct.
Apply the stabilizing agent and blend the materials at the rate and to the depth specified and in accordance with the mix design.  Inject the asphalt emulsion and mix in the reclaimer's mixing chamber.  Where the base is to be widened with additional material, apply and mix the stabilizer in the widened area also.

H.
Establish grade and cross-slope

Grade the prepared material to produce a uniform and correctly sloped surface.  When directed by the Engineer, adjust cross-slope, superelevation, and profile grade by adding and re-mixing additional base material in areas the Engineer may designate.  The profile and cross-slope shall be as indicated on the plans or as required by the Engineer.

I.
Compaction methods and control of density

Compact the stabilized material with the vibratory sheeps-foot roller as specified in 302.2.01.D.  Operate the roller at full amplitude and RPM, except as otherwise approved by the Engineer.  Confine and compact the outer edge of the layer by extending the roller slightly onto the shoulder.  Roll the layer until the roller walks out of the work – i.e., until the imprints of the pads are less than 3/16 inch deep.  Compact the layer to 98% of the maximum dry density, as specified in 302.3.04.A.  The Engineer may verify the density results by proof-rolling with a loaded truck.  After the layer has been accepted for density, complete the fine shaping and compaction of the surface according to 302.3.04.J below.  
Aerate and re-compact all areas where the roller will not walk out or where the density requirements of 306.3.04B are not met.  Aerate by re-mixing the material using the reclaimer.  Remove all areas which, after aeration, fail to compact, and replace with an equivalent depth of coarse aggregate.  Note: base material placed in areas which fail to compact due to excess moisture shall not be measured for payment.
J.
Final shaping and Compaction

Use the first section between 350 feet to 500 feet long as a test section. The Engineer will evaluate compaction, moisture, homogeneity of mixture, thickness of stabilization, and finished base surface. If the Engineer deems necessary, revise the compaction procedure or augment or replace equipment.

After each section has been tested for density, fine-grade the surface with a motor grader to within the requirements of 306.3.01.C.  Add water as needed and compact the layer with the steel roller.  Check surface for smoothness, cross section, and profile grade.  The Engineer may require correction of any area which deviates from the required surface more than 0.03 feet, as determined by a stringline, a 15-foot straightedge, a template and spirit level, or a surveyor's level.  If the section is to be overlaid with greater than 2 inches of Hot Mix Asphalt, pad foot marks of one quarter inch or less may be left in the surface.
K.
Curing 
Hot Mix Asphalt Overlays or Bituminous Surface Treatments may be placed when the in-situ moisture content is 50% of the optimum moisture content listed on the mix design, or as directed by the Engineer.
302.3.04 Quality Acceptance

A.
Density testing
Determine the maximum dry density by GDOT test method GDT-49. In situ testing shall be performed at a minimum frequency of 1 test per every 1000- feet per two lanes or as otherwise directed by the Engineer. 
B.
Moisture testing
Determine content by the flame dry method. Moisture content shall be checked at a minimum frequency of 1 test every 1000 - feet per two lanes or as otherwise directed by the Engineer. 
C.  Depth checks

Determine depth after final grading at a minimum frequency of 1 test every 1000 – feet per two lanes. The depth must be maintained with +/- .5 inches of the required depth. 
D.    Emulsion 

Check the application rate in gallons per square yard by determine overall coverage of each tanker load of emulsion. The application rate shall be maintained within a tolerance of ±0.3% of the approved asphalt emulsion application rate.  A representative from the asphalt emulsion supplier or mix design entity will check the mixing and setting properties as needed and will make adjustments to the asphalt emulsion formulation if necessary.  Changes shall comply witTable 2.  The sampling frequency shall be in accordance with the OMR’s requirements and be established prior to the start of the project.  The testing shall meet the requirements in Table 3.

	Table 3: Requirements for Asphalt Emulsion

	Test
	
	Minimum
	Maximum

	Residue from distillation, %
	ASTM D2441
	63
	

	Oil distillate by distillation, %
	ASTM D2441
	
	1.0

	Sieve Test, %
	ASTM D2441
	
	0.1

	Penetration 2, P, @25°C, dmm 
	ASTM D5
	P-25%
	P+25%


1 Modified ASTM D244 procedure – distillation temperature of 177°C with a 20-minute hold.  The ASTM D244 distillation procedure may be substituted once the maximum oil distillate is satisfied.

2 To be determined from the mix design prior to emulsion manufacture for project.  Penetration range will be reported on the submitted mix design.

E.  Gradation
The gradation shall be checked at a minimum frequency of one test per day or as otherwise directing by the Engineer. The sample should be taken immediately after the final pass of the reclaimer and before compactive efforts begin. Should the gradation fail to meet specification requirements, the contractor shall make additional passes with the reclaimer until the gradation is within specification requirements. 
F.    Strength

Preparation of field Marshall pills, at least six for each day in which the pulverized materials are treated with additives.  The pills shall be prepared with insitu materials sampled from the roadway after reclamation and prior to compaction.  Marshall methods consistent with the mix design table in 306.2B shall be used in producing and testing the samples.  The degree of compaction shall be varied such that the pills are compacted to densities similar to that being achieved in the field, as well as equivalent to the material’s maximum heavy duty Marshall density.  Once compacted, seal the samples in an air tight container. Testing of the pills for ITS, and conditioned ITS after a cure period to that in the design table shall happen within 5 days.  Compare to lab-produced specimens that were reported in the mix design process.  Prepare a daily field and QC test report, as well as a final report of the briquette strength testing results.  A copy of all reports shall be submitted to the Engineer for acceptance.
G.   Finished Surface

Check the finished surface of the base, subbase, or shoulder course transversely. Using one of the following tools: 
· A template, cut true to the required cross- section and set with a spirit level on non-superelevated sections 

· A system of ordinates, measured from a stringline 

· A surveyor’s level
Check the surface longitudinally by placing a 15 ft (4.5 m) straightedge parallel to the centerline. Ensure that ordinates measured from the bottom of the template, stringline, or straightedge to the surface do not exceed 1/4 in (6 mm) at any point. Rod readings shall not deviate more than 0.02 feet (6 mm) from the required readings.
       Immediately correct any variations that exceed the requirements.

302.4 
Measurement

A. 
Emulsion Stabilized Reclaimed Base
Emulsion Stabilized Reclaimed Base will be measured in square yards of the specified thickness. The length is measured on the surface along the centerline, and the width as specified on the Plans. Irregular areas, such as turnouts and intersections, are measured to the closest square yard. 
B. 
Excavation for Widening

Excavation for Widening, as approved by the Engineer, will be measured by the square yard. The square yard will be determined by the length along the centerline times the width of widening. 
C. 
Additional Base Material

Additional coarse aggregate material, as approved by the Engineer, will be measured by the ton.
D. 
Emulsion
Emulsion will be measured by the gallon. The contractor shall be responsible for furnishing a detailed bill of laden for each truck load of emulsion. The load valve(s) on each tanker must be secured with a lacked coded seal. This code must be imprinted on the bill of laden. All unsecured tankers will be rejected for use on the project. 
302.5 Payment

A. 
Emulsion Stabilized Reclaimed Base 
Emulsion Stabilized Reclaimed Base, including Bituminous Prime where required, will be paid for at the Contract Unit Price per square yard. Payment will be full compensation for roadbed preparation, mixing, shaping, pulverizing, watering, compaction, defect repair, bituminous prime where required, and maintenance.
B. 
Excavation for Widening

Excavation for Widening will be paid for by lump sum at the Contract Price per square yard.  
C. 
Additional Base Material

Additional coarse aggregate will be paid for at the Contract Price per ton.
D. 
Emulsion
Emulsion will be paid for at the Contract Unit Price per gallon, except that no payment shall be made for emulsion exceeding the quantity specified by more than 10%. Furnishing and Mixing Asphalt Emulsion will be paid at the Contract Price per gallon as indicated in the pay item, except that no payment shall be made for emulsion exceeding the quantity specified by more than 10%.  
Payment will be made under:
	Item No. 302
	Emulsion Stabilization Reclaimed Base
	Per square yard

	Item No. 302
	Excavation for Widening
	Per square yard

	Item No. 302
	Additional Base Material
	Per ton

	Item No. 302
	Emulsion
	Per gallon


APPENDIX 1
Mix Design Procedures for FDR (Full Depth Reclamation) Material

1. Sampling and Processing.

Based on data from auger borings (ASTM D 1452), cores, and / or other determinations (i.e. pavement records, FWD deflection data, etc.), determine if more than one design shall be performed.  In addition, FDR projects with more than a 2 inch difference in HMA surface between sections shall have separate designs performed.  A minimum sample size of 350 pounds is required for each mix design.

If cores or slabs are received, determine the individual and average thickness values.  Also, measure the density of four cores or two slabs (if possible) if the HMA materials are the primary component of the mix design (for emulsion rate calculations later).

Crush HMA materials to the gradation below before blending with the aggregate.  If HMA materials consist of a chip seal only, then the only requirement is that it is crushed to 100 percent passing the 1 inch sieve.

	Sieve Size
	Gradation

	1.25 in. (31.25 mm)
	100

	7 in. (25 mm)
	90 to 100

	¾ in. (19 mm)
	80 to 97

	No. 4 (4.75 mm)
	30 to 55

	No. 30 (0.6 mm)
	5 to 15


Specimens prepared for mix design shall have a maximum size passing the 1.25 inch (31.25) screen for all material components.

2. Material Evaluation.
The base rock shall have a washed gradation (ASTM C 117 and C 136) and sand equivalent (ASTM D 2419, method B) performed and reported.  RAP shall have a dry or washed gradation and sand equivalent performed.  Report the washed gradation and sand equivalent on the blend.

Perform Modified Proctor compaction according to ASTM D 1557, Method C to determine optimum moisture content (OMC) at peak dry density.  OMC shall be defined by a best-fit curve from a minimum of four points.  Material containing 20 percent or more passing No. 200 shall be mixed with target moisture, sealed, and set aside a minimum of 12 hours.  All other material shall be set aside a minimum of 3 hours.  If a material contains less than 4 percent passing the No. 200, then this testing is not required.

3. Selection of Water Content for Design.
Water content of specimens, not including water in the emulsion, shall be:

· 60 to 75 percent of OMC if SE ≤30

· 45 to 65 percent of OMC if SE >30

Sand equivalent value (SE) is from the combined materials.

If a material contains less than 4 percent passing No. 200 or if no peak develops with the OMC curve, then fix the moisture content between 2 and 3 percent.

Specimens shall be mixed with the required amount of water before the addition of emulsion.  Specimens shall be mixed with the appropriate amount of water and allowed to sit sealed according to the same guidelines as used for Modified Proctor specimens.

4. Number of Specimens/Mixing
Samples shall have a weight before addition of water and emulsion to produce 70 to 80 mm tall compacted specimens (except for IDT testing).

Choose four emulsion contents that will bracket the design emulsion content.

A minimum of two specimens at each of four emulsion contents shall be produced for short-term strength testing.

Four specimens at each of four emulsion contents shall be produced for the strength and retained strength tests.

Two specimens shall be produced for maximum specific gravity.

Four specimens at 120 to 140 mm tall at the design emulsion content shall be produced for thermal cracking testing (IDT).

A mechanical mixer shall be used that has a bowl of 10 to 12 inches in diameter.  It shall rotate on its axis at 50 to 75 revolutions per minute.  A mixing paddle which makes contact with the bottom and side of the bowl shall rotate on its axis at twice the bowl rotation rate and in the opposite rotation direction as the bowl.

Aggregate material and emulsion shall be mixed at a temperature of 20 to 26 °C.

Water shall be mixed for 60 seconds.

Emulsion shall be mixed for 60 seconds.

If other materials are added, such as lime or cement, then they shall be introduced in a similar manner as they will be on the project.  For example, if lime is incorporated a day or more before emulsion addition, then it shall be added to the wet aggregate a day or more before mixing with emulsion.  If lime is incorporated as a slurry, then it shall be incorporated as a slurry in the laboratory.

5. Curing Before Compaction
Loose specimens shall be cured individually in plastic containers of 4 to 7 inches (100 to 180 mm) height and 6 inches (150 mm) diameter.  Specimens shall be cured at 40 °C for 30 (± 3) minutes.  No further mixing or aeration shall occur during this time.

6. Compaction
Specimens shall be compacted in a Superpave gyratory compactor (SGC) at a vertical pressure of 600 kPa, an angle of 1.25 degrees, and a mold of 150 mm diameter for 30 gyrations.  After the last gyration, 600 kPa pressure shall be applied for 10 seconds. The mold shall not be heated.

7. Short-Term Strength (STS) Test.
A modified Hveem cohesiometer apparatus shall be used to test early strength (1 hour).  This apparatus and procedure generally conforms to ASTM D 1560 Section 10 with the following exceptions:

· It shall have a capability of testing 150 mm diameter specimens.

· It shall have a shot flow rate of 2700 ± 50 g/minute.

· Specimens shall be cured before compaction according to Section 5, and cure each specimen at each emulsion content for 60 ± 5 minutes at 25 °C and 10 to 70 percent humidity after compaction and before testing.

· See appendix 3 for further details of the equipment and operation.

8. Curing After Compaction
Specimens (except STS Specimens) shall be cured for 72 hours at 40 °C.  The bottom of the specimens shall rest on racks with slots or holes for air circulation.  After curing, specimens for moisture conditioning shall be cooled at ambient temperature a maximum of 24 hours; specimens for dry strength shall cool at ambient temperature or 25 °C and be tested at the same time as moisture-conditioned specimens.

Specimens for maximum specific gravity shall be cured at the same conditions as the compacted specimens, except they can be tested after cooling a maximum of 24 hours.

Conditioned ITS specimens shall be submerged in water for 24 hours or vacuum saturated for 1 hour using 50 mm mercury.

9. Volumetric Measurements
Perform bulk specific gravity of the specimens according to ASTM D 6752.  Keep specimens in bags until testing or vacuum saturation is performed.  ASTM D 2726 (one minute soak) can be performed if absorption is less than 2 percent.

Perform maximum specific gravity measurements according to ASTM D 2041 with the supplemental dry-back procedure.  Determine maximum specific gravity at the other emulsion contents, corrected for the residue of the emulsion.

Determine air voids at each emulsion content.

10. Mechanical Measurements.
Perform strength testing according to ASTM D 4867.  Specimens shall be conditioned at  25 °C for two hours before testing.

Vacuum saturate half the specimens at each emulsion content to a minimum 55 percent of the voids filled with water.  Soak for 24 hours at 25 °C before testing

11. Thermal Cracking.
See Appendix 4.

12. Emulsion Content Selection.
The emulsion content selected shall result in the mixture meeting the requirements of Table 1.

13. Marshall Testing for QC/QA
Marshall testing shall be completed at the selected design admixture rate based upon the above testing.  Marshall specimens should be prepared and tested for ITS, conditioned ITS, and short-term strength for correlation purposes for QC/QA during construction.
14.  Report.

The mix design report shall have the following information:

a. The name of the road and other pertinent project information

b. Penetration of the emulsion residue used in the mix design

c. A general description of the materials received, their locations, and how samples were obtained

d. Average thickness of HMA materials.  Report density if Proctor testing was not performed.

e. Thickness to be reclaimed 

f. Washed gradation of the separate and blended material(s).  If RAP was crushed in the laboratory, then the gradation of the RAP shall be reported, and the combined washed gradation of the blend shall be reported.

g. Maximum Marshall Density of recommended mix using 75 blow compaction.

h. Sand equivalent value of the separate and blended materials

i. Density and OMC from Proctor compaction

j. The moisture content used in mix design

k. Range of emulsion contents

l. Short-term strength at each emulsion content (average values)

m. Density, Gmm, and air voids at each emulsion content (average values)

n. Indirect tensile strength at each emulsion content (average values)

o. Level of saturation and conditioned indirect tensile strength at each emulsion content (average values)

p. Critical thermal cracking temperature from IDT at the design emulsion content, if performed

q. Design emulsion content as a percent, in gallons per square yard, and in gallons per foot (with assumed width reported)

r. Marshall testing of a 75 blow compacted sample completed at the selected design admixture rate based upon the above testing.  Report ITS, conditioned ITS, and short-term strength for correlation purposes for QC/QA during construction
 APPENDIX 2
Additional Instructions for the Short-Term Strength Test

 
Ensure that the following calibrations are made:

1. The counter balance should be positioned exactly so that the hinged plate just barely remains horizontal when the top brackets and empty bucket are in place.  This ensures that there is no force on the sample until shot begins to flow into the bucket
2. The gap between the bars of the switch that turns off the flow of shot should have a gap of ¾ inch when there is 3,000g of shot in the bucket.  During this adjustment the locking bolt that prevents the plate from moving is in place.
To test cohesion:
1. Tare the balance with the empty bucket weight.

2. Center the specimen on the unit

3. Place plates on top of sample and press down while adjusting the outer lower nuts up until they just contact the bottom of the plate.

4. Use a torque wrench or torque-meter to tighten the nuts on the specimen to 20 inch-pounds (maximum).

5. Gently support the bar so the unit does not move when the pin is pulled releasing the hinged plate

6. Pull pin and push open valve to start the flow of shot.

7. After the unit shuts off the flow of shot, immediately put the locking pin in place and then record the weight of shot.

8. Loosen top nuts to remove plates and rotate specimen 90 degrees.

9. Repeat procedure on the other axis of the specimen.

10. Calculate short-term strength as follows:

· Shot weight / (15*(0.031*height + 0.0027*height²))

· Where shot weight is in grams and height is in cm.

11. A total of two results will be obtained for each specimen at each emulsion content, and a total of four results will be obtained at each emulsion content.

APPENDIX 3
Procedures for Performing AASHTO T-322 for FDR Design Specimens

Note: Procedure for critical cold temperature selection.
Specification temperature shall be chosen using FHWA LTPPBind software (Version 2.1) using the weather station closest to the project.  The required temperature for the specification is the coldest temperature at the top of the FDR layer in the pavement structure.  Use 98 percent reliability.

Perform the indirect tensile testing (IDT) according to AASHTO T-322 with the following exceptions:

1. Specimens shall be 150 mm in diameter and at least 115 mm in height and cured and      

compacted as described in the testing procedures.  After curing, two specimens shall be cut from each compacted specimen to 50 mm in height.  Perform bulk specific gravity after cutting.

2. Two to three specimens are required at each of three temperatures.

3. Select two temperatures at 10 °C intervals that bracket the required specification.  For example, if the required specification temperature is -25 °C, then select testing temperatures of -20 °C and -30 °C.  A temperature of -10 °C or -40 °C should then be selected to complete the third required temperature.

4. The tensile strength test shall be carried out on each specimen directly after the tensile creep test at the same temperature as the creep test.

5. The environmental chamber must be capable of temperatures down to -40 °C.

6. The critical cracking temperature is defined as the intersection of the calculated pavement thermal stress curve (derived from the creep data) and the tensile strength line (the line connecting the results of the average tensile strength at the two temperatures).
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