SP 308

SECTION 308 – ASPHALT EMULSION FULL DEPTH RECLAMATION (FDR) AND GRANULAR BASE STABILIZATION (GBS) AND EMBANKMENT

DESCRIPTION

308.01.01
GENERAL

A.
Asphalt emulsion full depth reclamation (FDR) and granular base stabilization (GBS) consists of reclaiming the existing road with a reclaimer to obtain the width and depth specified in the plans.  Asphalt emulsion will be added to the blend of materials; water will be added as needed.  The material will be spread and compacted, resulting in a finished bituminous base in accordance with the plans and these specifications.  This specification applies to a road that has had a site selection and material evaluation performed by the Agency or its representative.

MATERIALS

308.02.01
aSPHALT EMULSION

A. The properties of the asphalt emulsion to be used shall be determined by the mix design in order to meet the requirements in Table 1.

308.02.02
aGGREGATE

A. The amount and type of added aggregate or recycled asphalt pavement, if any, will be determined by the mix design in order to meet the requirements in Table 1.

308.02.03
RECLAIMED MATERIAL

A. A mix design is required before the start of the project.  The reclaimed material at the recommended emulsion content shall meet the properties in Table 1.  Based on road variability, more than one design may be required.  The properties and quantity of asphalt emulsion, additional aggregate and water shall be determined by the mix design.  The Contractor shall submit the mix design to the Engineer for approval prior to the start of the project.

308.02.03
other additives
A. If necessary, additives may be used to meet the requirements in Table 1.  In the case that an additive is used, the type and allowable usage percentage must be described in the submitted design recommendation.


CONSTRUCTION

308.03.01
MIX DESIGN PROCEDURE

A. Sampling and Processing

1. 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 bituminous surface between sections shall have separate designs performed.

2. 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 bituminous materials are the primary component of the mix design (for emulsion rate calculations later).

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

	Sieve Size
	Gradation

	1.25 in. (31.25 mm)
	100

	1 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


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

B. Material Evaluation

1. 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.

2. 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% 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 No. 200, then this testing is not required.

C. Selection Of Water Content For Design

1. Water content of specimens, not including water in the emulsion, shall be:

a. 50 to 75 percent of OMC if SE ( 30

b. 40 to 65 percent of OMC if SE > 30

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

2. 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.

D. Number Of Specimens/Mixing

1. Samples shall have a weight before addition of water and emulsion to produce 70 to 80 mm tall compacted specimens.

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

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

4. Two specimens shall be produced for maximum specific gravity.

5. A laboratory mechanical mixer designed for the blending of aggregate, reclaimed asphalt pavement (RAP), water, and asphalt shall be used.

6. 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.

7. 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.

E. Curing Before Compaction

1. 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 to 45 (( 3) minutes.  No further mixing or aeration shall occur during this time.

F. Compaction

1. For Specimens to be tested in the modified Marshall stability test, use standard Marshall forming molds.  Place the first mold assembly on the compaction pedestal in the mold holder and apply 50 blows with the compaction hammer.  Apply the same number of blows to the face of the reverse specimen.

G. Curing After Compaction

1. Specimens will be cured for 1 day at room temperature, with molds on their edge for equal ventilation on both ends.  After curing, specimens for dry strength shall be tested at the same time as moisture-conditioned specimens.

2. Specimens for maximum specific gravity shall be cured at the same conditions as the compacted specimens.

H. Volumetric Measurements

1. 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.

2. 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.

3. Determine air voids at each emulsion content.

I. Emulsion Content Selection

1. The emulsion content selected shall result in the mixture meeting the requirements of Table 1.

J. Report

1. 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 bituminous 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. Sand equivalent value of the separate and blended materials

h. Density and OMC from Proctor compaction

i. The moisture content used in mix design

j. Range of emulsion contents

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

l. Stability strength values at each emulsion content (average values)

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

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

308.03.02
EQUIPMENT

A. All equipment for asphalt emulsion FDR / GBS described below used on the project shall be in proper working condition and approved by the Engineer.

B. The self-propelled reclaimer shall be capable of fully reclaiming the existing road to the depth required, incorporate the asphalt emulsion and water, and mix the materials to produce a homogeneous material.  The recommended minimum power of the reclaimer is 400 hp.  The machine shall be capable of reclaiming up to 12-inches deep in each pass.  The reclaimer shall have a system for adding asphalt emulsion with a full width spray bar consisting of a positive displacement pump interlocked to the machine speed so that the amount of emulsion being added is automatically adjusted with changes in machine speed.  The additive system shall be capable of incorporating up to 7 gallons per square yard of emulsion.  Individual valves on the spray bar shall be capable of being turned off as necessary to minimize emulsion overlap on subsequent passes.

C. A motor grader for pre-shaping, aerating, spreading and final shaping of the material is necessary.  The motor grader shall have a cross slope indicator.

D. A vibratory padfoot roller with 84 inch wide drum and 10 ton minimum weight is required; a blade is recommended for back-dragging.  A pneumatic tire roller with 20 ton minimum weight with water spray system is required.  A double drum vibratory steel roller with 10 ton minimum weight with water spray system is required.If the reclamation depth is 4 inches or less, then a padfoot roller is optional.  If no padfoot roller is used, then the pneumatic roller shall be 25 ton minimum weight with water spray system.

E. A water truck for supplying water to the reclaimer or road for addition of moisture, as required, during the FDR / GBS operation shall be used.  The water truck shall be capable and set up for a controlled spray on the road before compaction.

308.03.03
CONSTRUCTION METHODS

A. FDR / GBS work shall not proceed in the rain.  The weather forecast shall not call for freezing temperatures for seven days.  The historical weather database shall not call for freezing temperatures within 7 days of the end of the project; this shall be based on 50 percent reliability.  Any deviation from these requirements requires the written authorization of the Engineer.
B. Pre-Shaping - The road shall be shaped by the reclaimer and / or motor grader to correct for profile, crown, and contour, according to the plans, before the addition of emulsion.  Water and add rock can be added during this operation.  The material shall then be compacted to support equipment and / or traffic and to provide depth control during reclaiming; compaction with a steel roller should be sufficient unless otherwise determined by the Engineer.

C. Reclaiming - Moisture content before emulsion addition shall be within 1 percent from the mix design recommendation and as measured in Subsection 308.04; aerate if too wet and add water if too dry.  The amount of asphalt emulsion used shall be as recommended from the mix design.  The required depth of reclamation shall be monitored regularly.  Prior to spreading and compacting, the material shall have a gradation meeting the requirement of Section 308.04.

D. The entire operation of reclaiming the existing road, incorporating add rock, water, and asphalt emulsion can be completed in one pass if adequate mixing is achieved.

E. If the entire operation cannot be completed in one pass, then the existing road shall be reclaimed to the depth on the plans, and during this first pass, water and add rock shall be added; pre-shaping can also be accomplished at this time.  After completion of the first pass, the road shall be shaped with a motor grader and compacted with a steel roller to provide better depth control.  A second pass of a reclaimer shall be completed with the required amount of asphalt emulsion added.

F. Initial compaction – The breakdown roller (padfoot or pneumatic) shall not be behind the reclaimer by more than 500 feet.  The padfoot roller, applying high amplitude and low frequency, or the pneumatic roller shall perform initial compaction at enough passes until it walks out of the material.  Walking out for the padfoot roller is defined as light being clearly evident between all of the pads at the material–padfoot drum interface and being no more than 3/16 inch deep.  Walking out for the pneumatic roller is defined as no significant wheel impressions being left on the surface.

G. Shaping - After the completion of padfoot rolling, any remaining pad foot marks shall be removed and the material spread using a motor grader cut no deeper than necessary to remove the padfoot marks.  Desired slope and shape shall be achieved.  After the first day of emulsion addition, the reclaimed base shall not be shaped or significant chunking will result.

H. Intermediate and Final Compaction - The vibratory double-drum steel roller and pneumatic roller shall compact the bladed material.  The best combination of number of passes and order of rollers shall be used to meet compaction requirements.  Do not finish roll in vibratory mode.  A light spray of water may aid in final compaction density and appearance.

I. Proof roll the compacted material according to Engineer’s approval.  It is recommended that proof rolling represent the type of traffic expected on the road.  If deformation does not occur, moving truck traffic can be allowed on the reclaimed base.  If deformation does occur, truck traffic should be kept off until the reclaimed material is firm enough.  It is expected that the reclaimed base can support moving car traffic after finish rolling has occurred.
J. Before placing any surfacing, the reclaimed base shall be allowed to cure until the moisture content in the material is reduced to 50 percent or less of the optimum moisture content (from the mix design) or 2.5 percent or less, or at the discretion of the Engineer.  Sample to the depth of recycling and in a way that represents the length of the road.  The reclaimed base shall be surfaced before winter.
	Emulsified Recycling Agent Requirements - Table 2
	

	Test 
	Test Method 
	Requirement 

	
	
	Minimum 
	Maximum 

	Tests on emulsion: 
	

	Sieve test, % of weight sample 
	AASHTO T 59 
	 --- 
	0.1 

	Residue by distillation, % 
	AASHTO T 59 
	 60 
	

	RAP Coating Test (min) 
	AASHTO T 59 b
	 Good 

	Tests on residue by distillation:
	

	Penetration at 25°C, 100 g / 5 sec
	AASHTO T 49 
	40 
	120 

	Absolute Viscosity at 60°C, Pascal second

(x10-1) (TV)a
	AASHTO T202-10 
	Report Only 


a Modify AASHTO T 59 - distillation temperature of 350ºF with a 20 minute hold.

QUALITY CONTROL

308.04.01
GENERAL

A.
Supervisory personnel of the Contractor and crew and the testing laboratory shall meet a representative(s) of the Agency at a mutually agreed time prior to the start of the project to discuss methods of accomplishing all phases of the project.  If needed, a representative of the asphalt emulsion supplier shall be present to discuss handling of emulsions and delivery issues.

B.
The Contractor shall be responsible for quality control (QC) of the FDR / GBS process and the completed reclaimed base.  Quality control shall include the following activities, and the results of the QC reported daily in writing to the Engineer.

308.04.02
ASPHALT EMULSION

A. A representative from the asphalt emulsion supplier will check the mixing and setting properties as needed and will make adjustments to the asphalt emulsion formulation if necessary.  Changes shall comply with Table 2. The FDR/GBS Engineered Emulsion shall be certified and meet the requirements in Table 2.

308.04.03
ADDITIONAL AGGREGATE

A. If the mix design requires the addition of crushed aggregate, the spread rate of this material shall be checked and conform to the quantity required by the mix design.  The type of material used shall conform to the type used in the mix design.  Rates shall be checked by yield at a frequency to be decided by the Engineer.

308.04.04
MAXIMUM MATERIAL SIZE

A. If Samples of the reclaimed material shall be obtained before beginning compaction and sieved over the sieves to determine compliance with the following maximum particle size requirements:

	Sieve Size
	Percent Passing

	    2.0 in. (50 mm)
	100

	    1.75 in. (44 mm)
	97-100


Sample size shall be 40 pounds.  Sampling frequency shall be at the Engineer’s discretion.

308.04.05
MOISTURE CONTENT

A. Prior to emulsion addition, moisture content shall be checked by microwave oven according to ASTM D 4643 or equivalent procedure.  Other suitable methods are acceptable, such as a nuclear gauge, direct heating or infrared.  Minimum sample size recommended is 700 grams for the microwave procedure after screening through a ¾ inch sieve.  Check the moisture content on the same day that emulsion will be added.  If rain has occurred after testing and before emulsion addition, re-check the moisture content.  If the average moisture content is not within 1 percent of the mix design recommendation, then it shall be adjusted by moisture addition (water truck) or by aeration.  If the moisture content has been manipulated, it shall be re-checked.  The sample shall be to the depth of reclamation by any suitable method; make sure the sides of the sample hole are perpendicular to the road surface.  Keep samples sealed until they are ready for testing.  The moisture content shall be checked on at least each of three reclaimer passes on the first day of FDR / GBS.  Moisture content sampling frequency shall be at the Engineer’s discretion after the first day.

308.04.06
EMULSION CONTENT

A. The amount of asphalt emulsion used shall be as recommended from the mix design.  Any changes in asphalt emulsion content must be approved by the Engineer.  The percentage of emulsion added shall be checked by determining the amount used by meter readings or truck weight tickets and by estimating the quantity of road reclaimed – depth, width, length, and estimated in-place density by Proctor density (mix design or field check) or nuclear density.  On the first day of FDR / GBS, emulsion content shall be determined at a minimum on the first emulsion transport.  Adjustments in equipment calibration shall be made if necessary.  If adjustments are made, emulsion content shall be checked again.  Thereafter, emulsion content shall be determined at a sampling frequency at the Engineer’s discretion.

308.04.07
DEPTH CONTROL

A. The reclaiming depth during all operations shall be monitored regularly to determine compliance with the plans.  The depth shall be determined on each side of the reclaimer pass and shall be adjusted immediately as necessary.

308.04.08
COMPACTION

A. It is recommended that moisture and emulsion contents be checked and established before determination of reference density.

B. Refer to ASTM D 1557, Method C or equivalent for determination of the modified Proctor reference density; the 6 inch diameter mold is required.  Sample for the Proctor density at the same location as the nuclear gauge reading.  Obtain the samples to the depth of reclamation before rolling and store in a sealed container or sealable bag for no longer than one hour before Proctor compaction.  Place the mold on a firm surface during compaction.  Determine wet density and correct for the moisture content to determine dry density.  Moisture contents on the material shall be obtained by microwave oven or equivalent procedure (Section 5.4).  Use the mix design Proctor density, if needed, until field density values are determined.

C. After checking the nuclear density gauge on the standardizing block, prepare the test area for nuclear density testing by creating a surface free of loose material and deformations.  Test the nuclear density, generally following ASTM D 2950 (direct transmission mode); this will measure a wet density.  Make sure the depth of the hole is 2 inches greater than the reclamation depth.  Measure the density at the same depth as the FDR depth.  Correct to dry density by direct moisture measurement (microwave oven or equivalent – Section 5.4) of a sample from the nuclear gauge testing location.  In-place material shall be compacted to a minimum of 97 percent reference density of the Modified Proctor reference density.  Use the sand cone apparatus (ASTM D 1556) to check the nuclear density results, if necessary or at the discretion of the Engineer.

D. The number and frequency of density measurements should be determined by the Engineer.  It is recommended that at a minimum, for Proctor and nuclear density testing, four locations be measured the first day, representing various locations.  Thereafter, at a minimum, two to four nuclear density measurements should be obtained per day.  It is permissible to use an average of the Proctor density values from the first day if materials and moisture contents do not change significantly.
308.04.09
RECLAIMED BASE CONTOUR AND PROFILE

A. The contour and profile and their methods and tolerances shall be as indicated on the plans or as required by the Engineer.

308.04.10
MOISTURE CONTENT BEFORE OVERLAY

A. Prior to placing the overlay or seal, moisture content shall be checked by microwave oven according to ASTM D 4643 or equivalent procedure.  Other suitable methods are acceptable, such as direct heating.  Minimum sample size recommended is 700 grams for the microwave procedure.  If rain has occurred after testing and before the overlay, re-check the moisture content.  The sample shall be taken to the depth of reclamation by any suitable method; make sure the sides of the sample hole are perpendicular to the road surface.  Keep the samples sealed until they are ready for testing.  Ensure that the average of three measurements per day of paving meet the requirements of Section 4.8 or the discretion of the Engineer.

METHOD OF MEASUREMENT

308.05.01
MEASUREMENT

The method of measurement for ASPHALT EMULSION AGGREGATE BASE STABILIZATION shall be the number of square yards.

The method of measurement for ASPHALT EMULSION FOR AGGREGATE BASE STABILIZATION shall be the number of tons of the quantity required to treat the base at the rate prescribed on the plans or directed by the Engineer.

BASIS OF PAYMENT

308.06.01
PAYMENT

The accepted quantity for ASPHALT EMULSION AGGREGATE BASE STABILIZATION, shall be paid for at the contract unit price bid per square yard, which price shall be full compensation for the labor, material and equipment required to construct the specified untreated base, hauling, mixing, spreading, compacting, trimming and curing the treated material as shown on the plans and as directed by the Engineer.

The accepted quantity for ASPHALT EMULSION FOR AGGREGATE BASE STABILIZATION, shall be paid for at the contract unit price bid per ton, which price shall be full compensation for the labor, material and equipment required to supply and incorporate the specified material at the rate prescribed on the plans, or directed by the Engineer.

Payment will be made under:
	ITEM NO.
	ITEM DESCRIPTION
	UOM

	308.0010
	ASPHALT EMULSION AGGREGATE BASE STABILIZATION
	SY

	308.0020
	ASPHALT EMULSION FOR AGGREGATE BASE STABILIZATION 
	TON


END OF SECTION 308
Table 1 �
Minimum Requirement �
�
Marshall Stability, Cured Specimen: AASHTO T 245 104ºF (min) �
1250 lb �
�
Marshall Retained Stability, AASHTO T 245, 104ºF based on Moisture Conditioning on Cured Specimen (min) �
70% �
�
Aggregate Coating, %�
50�
�
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