June 25, 2009
SPECIAL PROVISION
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PIN #
SECTION 02968S

IN-PLACE RECYCLED ASPHALTIC BASE
WITH SOLVENTLESS EMULSION

Add Section 02968S

PART 1
GENERAL

1.1
SECTION INCLUDES

A.
Mill existing asphalt material to required depth and width.

B.
Mix with emulsified asphalt, quick lime slurry, and water.  Place to line and grade and compact.

1.2
RELATED SECTIONS 
Not Used

1.3
REFERENCES

A.
AASHTO T 11: Materials Finer Than No. 200 Sieve in Mineral Aggregates by Washing

B.
AASHTO T 26: Quality of Water to be Used in Concrete

C.
AASHTO T 27: Sieve Analysis of Fine and Course Aggregates

D.
AASHTO T 49: Penetration of Bituminous Materials

E.
AASHTO T 59: Testing Emulsified Asphalts

F.
AASHTO T 166: Bulk Specific Gravity of Compacted Bituminous Mixtures Using Saturated Surface-dry specimens

G.
AASHTO T 209: Theoretical Maximum Specific Gravity and Density of Bituminous Paving Mixtures

H.
AASHTO T 245: Resistance to Plastic Flow of Bituminous Mixtures Using Marshal Apparatus

I.
AASHTO T 312: Preparing and determining the Density of Hot-Mix Asphalt (HMA) Specimens by Means of the Superpave Gyratory Compactor

J.
AASHTO T 322:  Determining the Creep Compliance an Strength of Hot-Mix Asphalt (HMA) Using the Indirect Tensile Test Device

K.
ASTM C 110:  Physical Testing of Quicklime, Hydrated Lime and Limestone

L.
ASTM C 977:  Quicklime and Hydrated Lime for Soil Stabilization

M.
ASTM D 2950: Density of Bituminous Concrete in Place by Nuclear Method

N.
ASTM D 7196: Raveling Test of Cold Mixed bituminous Emulsion Samples

O.
UDOT Materials Manual of Instruction (MOI) Part 8

P.
Western Alliance for Quality Transportation Construction (WAQTC)

1.4
DEFINITIONS
Not Used

1.5.
SUBMITTALS

A.
Submit mix design for Engineer’s approval 20 working days prior to commencing cold recycling operation.

B.
Provide a Manufacturer’s Certificate of Compliance for Quick Lime.

C.
Provide certified test results or a Manufacturer’s Certificate of Compliance for Cold Recycle Solventless Emulsion.

1.6
ACCEPTANCE


A.
The Department will run five density tests on each test lot.

1. 
A test lot is defined as the amount o cold recycled material placed during one full day’s production.

2. 
Each density test will consist of the mean of three in-place nuclear wet density tests.  ASTM D 2950 or WAQTC Test Method (TM) 8.

3.
Establish the target density by obtaining a sample of loose material from roadway just ahead of the rolling operation. 

a.
Compact mix immediately using standard 50 blow Marshall procedure.  AASHTO T 245.

b.
Place compacted  sample in oven at 140 degree F for three hours maximum. 

c.
The target for roadway compaction is 97 percent of the mean of 3 Marshall briquettes for each test lot.  AASHTO T 166.

B.
Department will randomly sample Cold Recycle Solventless Emulsion once per week in accordance with UDOT Materials Manual of Instruction, Section 986.  

C.
The Engineer will verify surface smoothness with a 10-ft straightedge at selected sites.

1.
Correct surface variations in excess of 3/8 inch by removing or adding material or as required by the Engineer.  

1.7
PAYMENT PROCEDURES

A.
Includes milling of existing pavement to required depth and width, mixing the millings with emulsified asphalt, quick lime and water, relaying, and compacting.

B.
Include all costs for quick lime slurry in the item In-Place Cold Recycled Asphaltic Base With Solventless Emulsion.

PART 2  PRODUCTS

2.1
MATERIALS


A.
In-Place Cold Recycled Asphaltic Base gradation:

Sieve Size


Percent Passing


1-¼  inch



100

B.
Cold Recycle Solventless Emulsion will conform to requirements of Table 1.

	Table 1

	Cold Recycle Solventless Emulsion

	TEST

(a)
	AASHTO

TEST METHOD
	Minimum
	Maximum

	Residue % by mass (b)
	T 59
	63
	

	Sieve, %
	T 59
	
	0.3

	Oil distillate, % by volume of emulsion
	T 59
	
	1

	Test on Residue from Distillation
	T 59
	
	

	Penetration, TBD @ at 25 (C, 100 g., 5 sec
	T 49
	-25%
	+25%


Tests will be performed within 30 days from the date sampled.

Diluted emulsions may be tested for percent residue by this method.  The dilution ratio will be used to convert the result to a percent residue for the concentrate.  The specifications and demerits contained herein will apply to the converted percent residue.

TBD – to be determined by the CIR design prior to emulsion manufacture for project.  Penetration range will be determined on the design requirements for the project and will be submitted to the Agency for approval prior to project start.

B.
Use 2.5 percent Cold Recycle Solventless Emulsion by weight of cold recycled base for bidding purposes only.  Confirm percent of Solventless emulsion required for field produced recycled base by mix design.

C.
Use high calcium pebble quick lime (Hot hydrated lime slurry) that has a minimum dry solids content of 35 percent by weight and that is a pumpable suspension of solids in water.

1.
Quick lime slurry must conform to ASTM C 977 using test method ASTM C 110.


D.
Use 1.5 percent quick lime by weight of cold recycled base.


E.
Use potable water for the quick lime slurry.  AASHTO T 26.

2.2
MIX DESIGN 
A.
Perform two mix designs, one representing a medium gradation and one representing a coarse gradation (See Table 3) and meet mix design criteria in Table 2.

	Table 2

	Mix Design Criteria

	Mix design will meet the following criteria at the selected design

solventless emulsion content

	Property
	Criteria
	Purpose

	Quick Lime Slurry, ASTM C 977, C 110
	1.5% minimum
	Stripping Resistance



	Marshall Density  AASHTO T 245, 40 (C
	50 Blows each side
	Density Indicator

	Density, AASHTO T 166
	Report
	Compaction Indicator

	Gradation for Design Millings, AASHTO T11, T27
	Report
	Mix Consistency

	Marshall Stability*, AASHTO T 245 Part 5, 40 (C
	1,250 lb minimum
	Stability Indicator

	Retained stability based on cured stability**
	70% minimum
	Ability to withstand moisture damage

	Indirect Tensile Test, AASHTO T 322, Modified
	Critical Temperature***
	Thermal cracking

	Raveling Test****, 10 (C, 50% humidity, ASTM D 7196
	2% Maximum
	Raveling Resistance

	*Cured stability tested on compacted specimens after 60 (C curing to constant weight no less than 16 hours and no more than 48 hours.

**Vacuum saturation of 55 to 75%, water bath 25 (C 23 hours, last hour in a 40 (C water bath. 

***Critical temperature from FHWA LTPPBind software (Version 3.0) at the top of the CIR layer in the pavement structure using 98 percent reliability.

****Perform raveling test using medium RAP gradation defined in Table 3. 


	Table 3

	Table 3  Gradation Tolerances Allowed

	Sieve Size
	Medium
	Coarse

	1¼ inch
	100
	100

	1 inch
	100
	85-100

	¾ inch
	85-95
	75-92

	No. 4
	40-55
	30-45

	No. 30
	4-14
	1-7

	No. 200
	0.1-3
	0-3

	Emulsion Contests for design
	1,2,3%
	1,2,3%



B.
Sampling and processing

1.
Obtained representative core samples from entire length of roadway to be recycled.

2.
Use only that portion of the core that represents materials to be recycled.

3.
Crush, screen, and blend cored material to produce approximately 350 pounds of Recycled Asphalt Pavement (RAP) for mix design needs.


C.
Sample preparation


1.
Prepare the following specimens for both medium and coarse gradation designs. 

a.
Six samples for dry Marshall stabilities

b.
Six samples for moisture conditioned Marshall stabilities

c.
Two samples for Rice maximum specific gravity

d.
Three samples for Indirect Tensile test

e.
Two medium gradation samples for Raveling test

2.
Prepare a quick lime slurry mixture of high calcium pebble quick lime and water, which has a dry lime solids content of 35 percent.


D.
Sample mixing

1.
Weigh sufficient dry RAP into individual pans to produce required mass for needed test specimens.

2.
Add sufficient lime slurry to provide 1.5 percent quick lime by weight of RAP.

3.
Add solventless emulsion between 80 degree F and 120 degree F, at varying contents as per Table 3, to lime treated RAP.

4.
Mix for 50 to 60 seconds to achieve adequate coating and dispersion.


E.
Sample compaction 




1.
Compact Marshall specimens immediately after mixing

a.
Apply a light coating of cooking spray to top and bottom of molds.

b.
Apply 50 blows per specimen face.

c.
Do not heat the molds.


F.
Sample curing  

1.
Extrude Marshall specimens from mold immediately after compaction.

2.
Place individual specimens in over at 60 (C.  

3.
Dry specimens for Rice specific gravity to constant weight.  

4.
Cure all other specimens to constant weight for 16 to 48 hours.

5.
Cool specimens at ambient lab temperature for 12 to 24 hours.

G.
Test results and calculations

1.
Determine RAP batch gradations for medium and coarse gradation designs (AASHTO T 11, AASHTO T 27).

2.
Determine bulk specific gravity of each Marshall specimen (AASHTO T 166). 


3.
Record mass of specimen in water (measurement C) after a one-minute submersion.  

4.
Determine Rice maximum theoretical specific gravity of specimens (AASHTO T 209).   

a.
Test two specimens at the highest emulsion content in the design and back calculate for the lower emulsion contents.

b.
Do not break any agglomerates that will not easily break apart with a flexible spatula.  

c.
Perform the supplemental dry-back procedure.   

5.
Determine air voids of Marshall specimens at each emulsion content (AASHTO T 166).

6.
Determine corrected Marshall stability  (AASHTO T 245).  

a.
Condition samples 2 hours in a forced draft oven at 40 degree C. 

b.
Perform tests at the same time moisture conditioned specimens are tested.    



7.
Determine moisture susceptibility of Marshall samples.

a.
Perform same conditioning and volumetric measurements on moisture-conditioned specimens as on dry specimens.

b.
Vacuum saturate to 55 percent - 75 percent

c.
Soak in water bath at 25 degree C for 23 hours  

d.
Soak in water bath at 40 degree C for one additional hour

e.
Immediately determine corrected Marshal stability on the    soaked samples.

8.
Select the solventless emulsion content for medium and coarse gradation designs that meet requirements of Table 2.

9.
Determine air voids of the medium and coarse gradation designs at design emulsion contents (AASHTO T166).  

10.
Perform Indirect Tensile test (IDT) according to AASHTO T 322 with the following modifications. 

a.
Use a gyratory compactor (AASHTO T 312) to fabricate specimens 150 mm in diameter and 115 mm in height, compacted to ( 1 percent of design air voids at design emulsion contents. 

b.
Dry specimens to constant weight at 60 degree C from 48 to 72 hours.

c.
Cut two 50 mm specimens from each compacted specimen. 

d.
Determine bulk specific gravity of 50 mm specimens (AASHTO T 166).  

e.
Determine the tensile creep strength of two specimens at (10 degree C, (20 degree C, and  (30 degree C. 

f.
Determine the tensile strength of two specimens at  (10 degree C, (20 degree C, and  (30 degree C. 

g.
Determine critical cracking temperature.  Critical cracking temperature is the intersection of the calculated pavement thermal stress curve (derived from creep data) and the tensile strength line (line connecting average tensile strength results at two temperatures).  Minimum requirement is the coldest temperature at the top of the CIR layer in the pavement structure determined using FHWA LTPPBind software (Version 3.0) using the weather station closest to the project at 98 percent reliability.

11.
Perform Raveling test at 10 degree C and 50 percent humidity according to ATM D 7196. 


H.
Prepare a final report that summarizes mix design information.  

1.
Penetration of emulsion residue

2.
Gradations of medium and coarse RAP

3.
Quick lime slurry content as a percentage of dry RAP

4.
Water content as a percentage of dry RAP

5.
Optimum solventless emulsion content as a percentage of dry RAP

6.
Density, air voids and absorbed water content at optimum emulsion contents

7.
Marshall stability at recommended water and emulsion contents

8.
Retained Marshall stability at recommended water and emulsion contents

9.
Percent raveling

10.
Thermal cracking initiation temperature

11.
Solventless emulsion designation

12.
Emulsion supplier and plant location
13.
Emulsion residue content
14.
Emulsion weight per gallon 

PART 3  EXECUTION

3.1
EQUIPMENT

A.
Use self-propelled equipment with sufficient power, traction and stability to maintain an accurate depth of cut.

B.
Use equipment that will process full depth and lane width in one pass, with screening and crushing capability.

C.
Use a machine capable of mixing the pulverized material, solventless emulsion, quick lime slurry and water to homogeneous mixture.

D.
Provide lime slurry equipment that accurately proportions quick lime and water, mixes these ingredients to obtain proper slaking, and maintains a uniform, homogenous slurry.

1.
Agitate slurry sufficiently to prevent separation while transporting.

2.
Add the lime slurry to the pulverized surfacing by means of a spray bar at the cutting head on the mill. 

3.
Accurately meter the slurry into the recycled materials. 

E.
Use a mixing unit equipped with a belt scale and interlocked computer       controlled metering devices for mixing millings, asphalt emulsion and water.

F.
Use a pugmill with interlocked water metering system capable of adding water at a rate between 0.5 and 5.0 percent by weight of the recycled pavement mixture.  

G.
Use a positive displacement pump capable of accurately metering the required quantity of additive down to a minimum rate of 4 gallons per minute.

H.
Use a mixing machine with a meter capable of measuring the flow and total delivery of the additive.

I.
Use a pick-up machine to feed the paver capable of picking up the entire windrow. 

J.
Use a minimum of three rollers to obtain required density.  Use in combination 20-ton or larger pneumatic rollers and 10-ton or larger steel wheel static/vibratory rollers.



1.
Provide rollers with working water spray systems and scrapers.

3.2
PREPARATION

A.
Clear pavement surface and all debris and vegetation within one foot of pavement edge.

B.
Broom roadway surface each day prior to beginning the recycle operation.

3.3
RECLAIMED MATERIALS

A.
Mill pavement to required depth and width.

B.
Control dust created by the cutting action.

C.
Crush or screen the reclaimed material to pass a 1-¼ inch sieve.

D.
Assure reclaimed material is free of organic materials, soil, or other foreign substances.

1.
Provide laborers, adapt recycle equipment or both to glean existing crack seal or paving fabric materials from the recycled material.

3.4
PLACEMENT

A.
Provide an emulsion supplier representative on project site for the first three days of placing the In-Place Cold Recycled Asphaltic Base.

B.
Placed mixed material with a self-propelled asphalt paver within 5 minutes after being processed through the mixing unit.



1.
Keep paver within 300 feet of the recycle train.


C.
Start breakdown rolling immediately behind the paver, but not more than 5 minutes after paving.

1.
Keep roller within 1000 ft of paver or as directed by the Engineer.

D.
Use steel wheel rollers for breakdown rolling in static or vibratory mode.

E.
Continue breakdown rolling until no displacement is noted

F.
Use pneumatic rollers or steel wheel rollers in static mode for intermediate rolling, final rolling or both.  

G.
Complete final rolling to achieve density and eliminate surface 

H.
Irregularities within two hours after paving, or as directed by the Engineer.

J.
Repair all defects at no expense to UDOT.

3.5      LIMITATIONS

A.
Do not disturb underlying crushed aggregate base.

B.
Do not heat screed.

C.
Do not park roller or leave idle on current day’s production surface.  Do not stop traffic on current day’s production surface. 

D.
Do not perform recycling operations if air and pavement temperatures are below 50 degree F, and not projected to be 60 degree F or above, or if any of the following conditions exist:

1.
Night time air temperatures are forecast below 35 degree F

2.
During rain or fog or other adverse weather conditions

3.
Weather or other conditions prolong opening roadway to traffic beyond two hours.


E.
Confirm that emulsion temperature is no greater than 140 (F during paving process.

F.
Begin the recycle operation when the recycling train is calibrated to the satisfaction of the Engineer.

G.
Prohibit traffic, including construction traffic, on compacted recycled material for two hours after compacting is completed or at the direction of the Engineer.

1.
Remove all loose aggregates by power brooming before allowing traffic on compacted material.

H.
Confirm that moisture content is less than 2.0 percent before placing final surfacing on cold recycled material.

END OF SECTION
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