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This materials bulletin replaces CP-52 of the 2019 Field Materials Manual.   The RAP aggregate bulk specific gravity will be back-calculated using an assumed average aggregate water absorption of 1.01%. The corresponding assumed aggregate asphalt absorption will be 0.61.  The corresponding CDOT Form # 429 has also been updated. 
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Colorado Procedure 52-19

Standard Practice for

Contractor Asphalt Mix Design Approval Procedures


1.  SCOPE

1.1
This practice describes the procedures for asphalt mix design approval, the time required to perform the required tests, and the cost of the testing.


2.  REFERENCED DOCUMENTS


2.1
AASHTO Standards:


T 85
Specific Gravity & Absorption of Coarse Aggregate


T 90
Determining the Plastic Limit & Plasticity Index of Soils

T 96
Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine

2.2
Colorado Procedures:

CP 10
Qualification of Testing Personnel and Laboratories


CP 30
Sampling of Aggregates

CP 51
Determining the Maximum Specific Gravity of HMA

2.3
Colorado Procedures – Laboratories:

CP-L 4102
Specific Gravity and Absorption of Fine Aggregate


CP-L 4211
Resistance of Coarse Aggregate to Degradation by Abrasion in the Micro-Deval Apparatus

CP-L 5106
Resistance to Deformation of Bituminous Mixtures 



by Means of Hveem Apparatus


CP-L 5109
Resistance of Compacted Bituminous Mixture to Moisture Induced Damage

CP-L 5115
Preparing & Determining the Density of Bituminous Mixture Test Specimens Compacted by the Superpave Gyratory Compactor

CP-L 5145
Contractor Asphalt Mix Design Approval Procedures Utilizing RAP Millings from the Same Project


3.  APPROVAL OF MIX DESIGNS

3.1
Asphalt mix designs shall be performed in conformance with CP-L 5115, CP-L 5106, and CP-L 5109 as well as other specified Colorado, AASHTO, and ASTM procedures.  Mix designs for S and SX mixes will be done using 4-inch molds.  Mix designs for SG mixes will be done using 6-inch molds.  A complete mix design will be required for all mixtures placed on the project.  


3.2
The Contractor must submit to the Engineer three copies of the asphalt mix design on CDOT Form #429, which contains all the information detailed in Subsection 4.2, and the aggregate samples, a minimum of 4 weeks prior to the anticipated paving start date.   All asphalt mix designs shall be stamped by a registered Professional Engineer in the State of Colorado pursuant to Section 12-25-117 of the Colorado Revised Statutes.  Mix designs shall have an original manual ink signature.  Copied or faxed mix designs will not be accepted.  Scans of Wet-Stamped mix design submittals in pdf format are acceptable.


The cover letter describing the asphalt mix design, as a minimum, shall be stamped by a registered Professional Engineer in the State of Colorado.  If the supporting documentation listed in Subsection 4.2 is not covered by the Engineer of Record, each supporting page shall be stamped by a registered Professional Engineer in the State of Colorado.  The Region Materials Engineer (RME) must approve the Contractor's proposed asphalt mix design before paving may proceed.  The Engineer may reject a mix design that appears to have errors. The Contractor shall use the latest version of the CDOT Form # 429 which may be obtained through the RME or through the Flexible Pavement Unit of the Central Laboratory.  Additionally, each mix design submitted for approval must be accompanied by a Microsoft® Excel® electronic version of the CDOT Form #429 specific to each mix.

3.2.1
 To verify the asphalt mix design, the aggregates to be used in the mix design, shall be sampled by the contractor in accordance with CP 30 and split in accordance with CP 32 in the presence of the Engineer. The split aggregates shall be tested by the Contractor and CDOT Central Laboratory Concrete/Physical Properties Unit. The aggregates shall be tested for: Gradation (CP 31), Aggregate Specific Gravity and Absorption, (AASHTO T 85 & CP-L 4102) and Plastic Index (AASHTO T 90).  The Engineer will coordinate with the Region Materials Engineer to determine the need to run the Micro-Deval (CP-L 4211) and/or the Los Angeles Abrasion (AASHTO T 96).



NOTE 1:  If the combined aggregate specific gravity of the contractor’s asphalt mix design is not within 0.020 of the test results for the combined aggregates derived from the CDOT Central Laboratory testing as specified in Subsection 3.2.1, the Contractor and CDOT Central Laboratory shall both recheck calculations, retest, and/or resample/retest as needed until the resulting mix combined aggregate specific gravities agree to within 0.020.  The contractor’s aggregate specific gravity values will then be used to calculate the HMA mixture volumetric properties. At the discretion of the Region Materials Engineer, the use of the aggregate test results from the CDOT Central Laboratory as listed in Subsection 3.2.1 may be allowed for mix development only if all other mix design criteria are met when using Central Laboratories test results.  The mix design criteria that must be met includes minimum VMA and VFA criteria and dust to asphalt ratio, as required by the Contract. 


3.2.2
The Reclaimed Asphalt Pavement (RAP) to be used shall be sampled by the contractor in accordance with CP 30, in the presence of the Engineer, and will be tested by the Flexible Pavement Unit of the CDOT Central Laboratory.  The RAP shall be tested for: Asphalt Binder Content (uncorrected) and Gradation (uncorrected) (CP-L 5120) and Effective Specific Gravity (CP 51, Method B).  Two individual samples are used to determine the average Asphalt Binder Content and Gradation.

3.3
The asphalt mix design cannot be approved when the laboratory trial, binder data, or aggregate data possess results from tests performed more than one year in the past.


If the Form #429 submitted is from a mix design developed more than 2 months prior, the Region Materials Engineer may request additional aggregate data meeting the requirements of Subsection 4.3 (1) B and C be provided.


Based on the new data provided, the Region Materials Engineer may require additional testing.


If the average gradation for any material on any individual sieve varies by more than 5 percent from design gradation or 2 percent on the #200 sieve, or the combined gradation based on the averages varies by more than 3 percent on any sieve or 1 percent on the #200 sieve, a one point verification, performed at the design optimum asphalt content, may be required using current production aggregate.


The results of the one point verification shall meet the project design specifications. In addition, the results for air voids and voids in mineral aggregate shall be within 1 percent of design target. If the one point does not meet these criteria a new mix design may be required by the Region Materials Engineer.


3.4
If all tests conform to the specifications, a CDOT Form #43 (Job Mix Formula) will be executed.


3.5
All mix design properties must satisfy Table 403-1 from the Project Special Provisions.  The CDOT Form #43 will establish construction targets for Asphalt Content and all mix properties at Air Voids up to 1.0% below the mix design optimum.


3.6
After an asphalt mix design is approved for use, binder changes shall be handled as follows:



3.6.1
If the Supplier remains the same, but the binder used changes, such that future binder supply to a project will come from a different refinery, different terminal, or be a different formulation that could potentially affect mix properties, a one point check at the Form #43 target AC content shall be done by the Contractor to verify that asphalt mix design properties are still valid. The one point check verification shall be reviewed and stamped by a registered Professional Engineer in the State of Colorado and shall be submitted to the Engineer. Production shall not commence until one point verification is completed and is approved by the RME. A new mix design shall be required if the one point check is not accepted by the RME. If the supplier is changing terminal location and both locations utilize the same formulation, the one point check may be waived with concurrence from the RME.

3.6.2
If the Supplier or grade changes, a new asphalt mix design shall be submitted for approval.


4.  Mix Design Requirements

4.1 
Labs and personnel providing asphalt mix designs shall comply with the requirements listed in CP 10.


4.2
Cover Letter – A cover letter including the following:


· Laboratory name & address


· Supplier’s name & address


· Supplier’s mix design number


· Date of trial batch testing


· Source of all mix design components


· Stamped & signed by a Professional Engineer registered in the State of Colorado


4.3
It is recommended that a complete mix design consisting of test results from three trial blends (in accordance with Superpave Mix Design SP-2) be conducted when the materials sources used in the mix design have not been verified on past CDOT projects.  A complete mix design must contain all of the following:


(1)
For each aggregate stockpile:


A.
Aggregate source


B.
Target gradation along with gradation results from at least the 10 most current samples taken during production.  These samples shall have been sampled and tested within two months (see Note 2) of submitting the mix design.

C.
Coarse Aggregate Bulk specific gravity and fine aggregate bulk specific gravity from at least the 3 most current samples taken during production.  These samples shall have been sampled and tested within two months (see Note 3) of submitting the Mix Design.

D.
Atterberg limits.

E.
Los Angeles Abrasion.

F.
Statistical data for the Apparent Specific Gravity and Bulk Specific Gravity.


(2)
Reclaimed asphalt pavement (RAP) if used shall include the source and following statistical data from at least 10 samples tested within two months (see Note 2) of mix design submittal:

A. Percent RAP Binder Content - AASHTO T-164, Method A or B, or CP-L 5120 if correction established per Revision of 401 – Reclaimed Asphalt Pavement.

B. RAP Aggregate Gradation – CP 31.

C. Effective Specific Gravity. 

D. Uniformity Calculations for the Processed RAP, to include Binder Content and Aggregate Gradation. 

NOTE 2:  The RAP aggregate bulk specific gravity will be back-calculated using an assumed average aggregate water absorption of 1.01%. The corresponding assumed aggregate asphalt absorption will be 0.61%.

(3)
Reclaimed asphalt shingles (RAS) if used, shall include the source and following statistical data from at least 10 samples tested within two months (see Note 2) of mix design submittal:


A. Percent Asphalt – AASHTO T-164, Method A or B, or CP-L 5120 if correction established per Revision of 401 – Reclaimed Asphalt Shingles.

B. RAS Aggregate Gradation – AASHTO PP 53.

C. Effective Specific Gravity (in lieu of the RAS aggregate specific gravity – AASHTO PP 53.


D. Uniformity Calculations for the RAS to include gradation (on the processed RAS material), Asphalt Binder Content, and Percent Passing #200 Sieve (on the extracted RAS aggregate). 


E. A copy of the RAS QC Plan from the contractor or RAS supplier per Section 401.



NOTE 3:  If the material used in the mixture design submittal was crushed/stockpiled more than two months prior to submitting the design for approval, the required 10 gradation sample results shall be the 10 most recent to the submittal date.



NOTE 4:  If the material used in the mixture design submittal was crushed/stockpiled more than two months prior to submitting the design for approval, the required 3 aggregate bulk specific gravities shall be the 3 most recent to the submittal date.


(4)
Combined Aggregate Properties:


A.
Percentage of each aggregate used,


B.
Combined Aggregate Gradation and Virgin Aggregate Gradation.

C.
Sand Equivalent.

D.
Fine Aggregate Bulk Specific Gravity and
Coarse Aggregate Bulk Specific Gravity on the virgin portion of the mix aggregates.

E.
Fine Aggregate Angularity.

F.
Combined Aggregate, Apparent and Bulk Specific Gravity.

G. 
Fractured Faces.

H.
Micro-Deval according to CP-L 4211.

I. 
Effective Specific Gravity.


(5)
Source and grade of asphalt cement from a CDOT Certified Binder Supplier as listed on the CDOT APL.    Use the actual specific gravity of the asphalt cement in calculations.



(6)
Hydrated Lime – Provide the Contractor’s APL-QML Verification (AQV).


(7)
Name and percentage of each additive.


(8)
For each asphalt content tested:


A.
Voids in Mineral Aggregate (VMA) @ Ndes.

B.
Dust to Asphalt ratio.

C.
Percent Voids Filled with Asphalt (VFA) @ Ndes.

D.
Hveem Stability (@Ndes) for Grading S and Grading SX mixes only.

E.
Maximum Theoretical Specific Gravity,


F.
Bulk specific gravity @ Ndes.

G.
Air voids, Voids in Total Mix (VTM) @ Ndes.


(9)
Graphs of stability, Air Voids, VMA, VFA and virgin effective AC content (for RAP/RAS mixtures) vs. total Asphalt content.


(10)
Lottman and wet/dry tensile strength at optimum asphalt content.


(11) A
0.45 power plot of the proposed combined aggregate gradation, with maximum density line and control points included.


(12)

For SMA, submit the following additional aggregate information:


A. Bulk Specific Gravity of the coarse-aggregate fraction.


B. Unit weight of the coarse aggregate fraction in the dry-rodded condition.


C. Draindown test results (at production temperature).


D. Mineral filler gradation (for limestone dust); or, plasticity index, hydrometer analysis, gradation, calcium oxide content, and modified Rigden Voids (if alternate mineral fillers are used).  


(13)

For Warm Mix Asphalt, submit the following additional information.


A. Contractor WMA Design Considerations:


i. A brief summary of mix design practices with WMA technology if different from HMA procedures.


ii. WMA deviations from CDOT design and acceptance criteria.  All mix will be tested for acceptance in accordance with existing HMA procedures.  Significant deviation from these criteria will require an experimental feature in accordance with PD 1401.1.


B. WMA Production Considerations:


i. Summary of equipment and plant requirements to control WMA production.


ii. For WMA mixtures provide data illustrating differences between mix design properties and the anticipated WMA production properties.  WMA volumetric targets may be adjusted as approved by the RME.  See CP-59 for details on the required data to be submitted.


iii. If the WMA produced on the project fails mixture verification, goes in to condition red, or if the asphalt plant fails to satisfy the WMA production controls outlined in the submittal for WMA approval, WMA production shall cease, written explanation shall be provided for the failures, and production may be required to revert to conventional HMA.  WMA mix design submittals shall include a summary of contractor production plans should this occur during production.


C. WMA Contacts:

i. WMA product manufacturer representative name, email, and phone number.


ii. Name, email, and phone number of WMA product manufacturer representative who will be available during construction.

5.  CONTRACTOR CHECKS

5.1
If a contractor wishes to check a test result with CDOT, they should make arrangements with the Flexible Pavement Unit or Physical Properties Unit of the CDOT Staff Materials Laboratory, depending upon the properties (mix or aggregate) that are to be tested.  The Unit will work one-on-one with the contractor, as time permits, to improve inter-lab agreement.  The testing will not be a part of the mix design process.


6.  COST OF MIX AGGREGATE TESTING

6.1
CDOT Staff Materials Laboratory will conduct one complete set of mix aggregate tests at no cost to the Contractor upon receipt of a completed asphalt mix design submittal from the Contractor.  (See Subsection 3.2.1)  The Contractor must pay $500 per aggregate for each subsequent set of mix aggregate tests performed by the CDOT Central Laboratory.  The Project Engineer will document the additional tests performed and the appropriate charges will be passed through to the Contractor.


7.  TIME REQUIRED FOR AGGREGATE TESTS


7.1
Reference the Laboratory Test Time table located in the Appendix of the Field Materials Manual.

8.  RECORD

8.1
CDOT Form # 429 is used. It is available electronically from the Central Lab at 303-398-6576 or from the Region Materials Engineers. See Chapter 400 for an example and instructions on the use of this form.    


8.2
All requests for mix design information shall be made under the Colorado Open Records Act and shall follow CDOT Procedural Directives 25.2, 51.2, and 51.3. 

{This page was intentionally left blank.}
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Form 429 - Revised 05-18.xlsx
Form 429 Directions

		Directions for CDOT Form # 429

		Form #429 was written in Microsoft Excel 2010 and consists of six pages of information that is pertinent to

		asphalt mix designs.  Shaded areas will require input.  Other areas contain standard information or information

		that will be calculated from the data that is input.

		Worksheets

		The first page deals with aggregate information.  

		Page 1



		1		Goal of revision was to consolidate the previous worksheets into one master worksheet and make

				the majority of the calculations automatic.



		2		Added drop down lists for Region #, HMA Grading, NMAS, Design Gyrations, and Grade of Binder. 

				The NMAS controls the max density line on the 0.45 gradation figure, and the HMA grading 

				changes the control points in the aggregate data and on the 0.45 gradation figure.  Design gyrations 

				changes VFA specs on page 2



		3		Aggregate data has been updated to include 6 columns for natural products, and 3 columns for 

				recycled products.  Please note the area for A.C. Content below the recycled products.



		4		Added Sodium Sulfate Soundness to bottom of Agg. Data area.

		The second page will carry over the Lab name from the first page.  The Maximum Specific Gravity will be 

		automatically calculated at different asphalt contents if the maximum specific gravity at the optimum asphalt

		content is supplied.  Much of the information on this page will be calculated by the worksheet.  Again, shaded

		areas must be input.

		Page 2



		5		Moved optimum point data in columnar form to right side of mix design area.  Added calculation

				for total binder replace if recycled products are used.



		6		Added area of SMA calculation for VCA.  Need to input Unit Weight of Stone and Break point sieve,

				Spreadsheet conducts a VCA Ratio check.



		7		Added Draindown, Plasticity of Mineral Filler, Calcium Oxide Content, and Modified Rigden voids to bottom of SMA Specific Input and Calculations area.





		Check the specifications for accuracy.  Some of the specifications are dependent on the traffic ESALs and will

		vary within a Superpave gradation.



		Graphs



		The graphs will be created automatically from the input information.



		Miscellaneous



		The unshaded fields are protected with a password.  

































Form 429 Example

				Earth Engineering																										Lab Mix No.:				ABC

				Laboratory Design for Asphalt

				Sample ID:  												Date Received				6/4/11												Region		5

				Field Sheet No.								123456				Project No.				STA 0361-095

				Contract ID.								17619				Project Location				US 36 Boulder East

				Item 403:				Contractor/Supplier						ASCI				Grading		ST		Nominal Max Agg. Size				1/2		Gyr. (Ndesign)		100		WMA

								Pit Name						Frei / Everst / Quince				AC source		Suncor		Grade		64-28		 % Fibers (SMA, if used)						WMA Additive

								Antistrip Additive (other than lime if used), %														Antistrip Additive Material 

				Aggregate Data (CP-31 A & B):																Aggregate Sampled by (CP-30)

												Natural Products														Recycled Products																Recycled Products

				Type of Aggregate								1/2" Rock		Fines		Squeegee		Sand		Lime						RAP				RAS				         Control Points								RAP

				Aggregate Source								Frei 		Frei 		LG Everist		LG Everist		Pete Lien						AC Content  		AC Content  		AC Content  				Minimum		Maximum						RAS

																										5.8				18.5												Other

																								Virgin 		Gradation		Gradation		Gradation		Combined

																								Gradation								Gradation																												0.45 Chart Lines based on Nom. Agg. Size

				Percent in Mix								32		19		10		20		1				82		15				3		100																										Sieve No		No 4		3/8"		1/2"		3/4"		1"

				Passing		1 1/2				(37.5)		100		100		100		100		100				100		100				100		100				ERROR:#N/A		5.1087431744		100		90		100						Gyrations								1-1/2		100		100		100		100		100				1-1/2

				Passing		1				(25.0)		100		100		100		100		100				100		100				100		100		ERROR:#N/A		ERROR:#N/A		4.2566996126		100		19		45				Grade		50		Region		Binder		Agg Size		1		100		100		100		100		4.2566996126				1

				Passing		3/4				(19.0)		100		100		100		100		100				100		100				100		100		ERROR:#N/A		ERROR:#N/A		3.7621761024		100		23		49				SX		75		1		58-28		No. 4		3/4		100		100		100		3.7621761024		3.7621761024				3/4

				Passing		1/2				(12.5)		86		100		100		100		100				95		100				100		96		ERROR:#N/A		100		3.1160865074		3.1160865074		28		58				S		100		2		58-34		3/8		1/2		100		100		3.1160865074		3.1160865074		3.1160865074				1/2

				Passing		3/8				(9.5)		52		100		100		100		100				81		98				100		84		90		100		2.7540741086		2.7540741086		1		7				SG		125		3		64-22		1/2		3/8		100		2.7540741086		2.7540741086		2.7540741086		2.7540741086				3/8

				Passing		#4				(4.75)		10		90		83		100		100				60		82				95		65		ERROR:#N/A		ERROR:#N/A		2.016100254		2.016100254		2		8				SMA 3/4		Marshall		4		64-28		3/4		No. 4		2.016100254		2.016100254		2.016100254		2.016100254		2.016100254				#4

				Passing		#8				(2.36)		7		69		28		95		100				47		67				93		51		28		58		1.4716698796		1.4716698796				10				SMA 1/2				5		70-28		1		No. 8		1.4716698796		1.4716698796		1.4716698796		1.4716698796		1.4716698796				#8

				Passing		#16				(1.18)		6		56		4		67		100				33		52				72		37		ERROR:#N/A		ERROR:#N/A		1.0773254099		1.0773254099								SMA 3/8				6		76-28				No. 16		1.0773254099		1.0773254099		1.0773254099		1.0773254099		1.0773254099				#16

				Passing		#30				(0.60)		6		47		1		36		100				23		38				53		26		ERROR:#N/A		ERROR:#N/A		0.7946356822		0.7946356822								SMA No. 4				Other						No. 30		0.7946356822		0.7946356822		0.7946356822		0.7946356822		0.7946356822				#30

				Passing		#50				(0.30)		5		36		1		16		100				16		26				45		18		ERROR:#N/A		ERROR:#N/A		0.5817073679		0.5817073679								ST										No. 50		0.5817073679		0.5817073679		0.5817073679		0.5817073679		0.5817073679				#50

				Passing		#100				(0.15)		4		23		1		5		98				9		16				33		11						0.4258347183		0.4258347183								SF										No. 100		0.4258347183		0.4258347183		0.4258347183		0.4258347183		0.4258347183				#100

				Passing		#200				(0.075)		2.8		12.0		0.2		1.8		97.0				5.5		9.7				24.8		6.7		2.0		10.0		0.31172926		0.31172926																		No. 200		0.31172926		0.31172926		0.31172926		0.31172926		0.31172926				#200

				Plastic or Non-Plastic (T-90)								NP		NP		NP				NP																Specs:		0		0																		0

				Aggregate Bulk SpG(T-84 & T-85)								2.766		2.808		2.613		2.608		2.380						2.661

Battista, Vincent: Battista, Vincent:
For RAP: Back-calculated using an assumed average statewide aggregate water absorption of 1.01% and asphalt absorption of 0.61% .		 		2.754		2.704												0																																																								11.5690527838		6.7663817664		3.8270187524		7.6687116564		0.4201680672		 				5.6360860657				1.0893246187		2.704

				Aggregate App. SpG(T-84 & T85))								2.816		2.861		2.690		2.640		2.380						2.704				2.754		2.751

				Agg Water Abs (%) (T-84 & T85)								0.6%		0.7%		1.1%		0.5%														0.700

				Aggregate Eff. SpG(T-84 & T-85)								 																				2.724

				Fine Agg. Bulk SpG. (T-84)								 																				2.687

				Coarse Agg. Bulk SpG. (T-85)																												2.755

				Binder SpG.																												1.031

				Fractured Faces (CP-45)																												100%				60 min.																																Array for Gradation Control Points

				Sand Equivalent (T-176) WMA/HMA Only												 																78		For Info		45 min																1" Nom		3/4" Nom		1/2" Nom		3/8" Nom		No. 4 Nom								SG				S				SX				SMA 3/4				SMA 1/2				SMA 3/8				SMA #4				ST																										SF

				LA Abrasion (T-96)								29																								45 max						Fractured Faces																				Max Dens Line Array						Min		Max		Min		Max		Min		Max		Min		Max		Min		Max		Min		Max		Min		Max		Min		Max																								Min		Max

				Fine Aggregate Angularity (T-304) WMA/HMA Only												 																46.2				45.0 min						60 min.						1-1/2		5.1087431744												Y-Axis		X-Axis		1-1/2				100

				Sodium Sulfate Soundness (T 104) SMA Only																																12 max.						70 min.

				Micro Deval (CP-L 4211) 																				15.5												18 max.						90 min.																								1		90		100				100								100

																														CDOT Form #429   05/18																		1		4.2566996126		5.1087431744		4.2566996126		3.7621761024		3.1160865074		2.7540741086		100		3.7621761024		3/4						90		100				100		90		100				100

																																																1/2		3.1160865074												0		0		1/2										90		100		50		88		90		100				100				100				100

				Earth Engineering																										Lab No.				ABC														3/8		2.7540741086																3/8														25		60		50		80		90		100				100		90		100																										100

				Laboratory Design for Asphalt																																												No. 4		2.016100254																#4														20		28		20		35		26		60		90		100																												90		100

																																																No. 8		1.4716698796																#8		19		45		23		49		28		58		16		24		16		24		20		28		28		65		28		58

				Mix Design A.C. Content Determination Results:																																												No. 16		1.0773254099																#16																										22		36																												30		54

								Rice =		2.510		@		5.20		%AC																		Optimum Point Data														No. 30		0.7946356822																#30														12		18		12		18		12		18		18		28

								A.C. Content (percent) 								4.60		5.10		5.60		6.10				%								5.20		A.C.												No. 50		0.5817073679																#50																						10		15		15		22

								Rice Data (CP-51)								2.533		2.514		2.495		2.476												2.510		Rice												No. 100		0.4258347183																#100

				Specimen SpG. Data (CP-L 5115 & CP-L 5106):																																												No. 200		0.31172926																#200		1		7		2		8		2		10		8		11		8		11		8		12		12		15		2		10																								2		12

								Bulks at Ndes								2.388		2.408		2.422		2.430												2.410		Bulk S.G.

								Height at Ndes								65.1		64.8		63.6		62.8

				Voids Data:																								Voids Specs:

								Voids at Ndes								5.7		4.2		2.9		1.9				%		2% to 3%						4		Voids

				Other Data:																								Specs:

								VMA at Ndes (CP-48)								15.8		15.5		15.5		15.6				%		>14.7

Wieden, Craig: Wieden, Craig:
Table 403-2 has a range based on nominal max size.  It could vary between 12.6 to 15.8 for HMA Mixes so left this cell as user input.		

Battista, Vincent: Battista, Vincent:
For RAP: Back-calculated using an assumed average statewide aggregate water absorption of 1.01% and asphalt absorption of 0.61% .								15.5		VMA

								VFA at Ndes (percent)								64		73		81		88				%		65-75%						74		VFA

								Aggregate Eff. SpG(T-84 & T-85)								2.724		2.724		2.724		2.724

								Effective Asphalt Content								4.33		4.83		5.34		5.84												4.94		Effective AC

								Dust to A.C. Ratio (CP-50)								1.32		1.18		1.07		0.98						0.6-1.2 Fine, 0.8-1.6 Coarse						1.16		D/A Ratio

								Stability (CP-L 5106)(Grade S and SX Only)								48		48		47		44						30						48		Stability



								Total Binder Replaced 								32.9		29.5		26.7		24.4		ERROR:#DIV/0!				≤30% RAS   ≤23% RAP						28.9		≤30% RAS   ≤23% RAP

				Optimum A.C. Content Results

								Optimum A.C. Content (percent)								5.20				Voids at Optimum A.C. (percent)						4.0

								Rice at Optimum A.C.								2.510				VMA at Optimum A.C. (percent)						15.0

								Stability at Optimum A.C.

				Lottman Moisture Sensitivity Results (CP-L 5109, Method B)																						Lottman Specs:

								Asphalt Content (percent)								5.20

								Tensile Strength Retained								88		%								>80%

								Avg. Dry Tensile Strength (psi)								137				(372KPa)						> 30

								Avg. Cond. Tensile Strength (psi)								120				(291KPpa)

								Avg. Specimen Voids (percent)								7.7										6.0% - 8.0%

								Avg. Saturation (percent)								90

				SMA Specific Input and Calculations

								Bulk Specific Gravity at Optimum AC (Gmb)								2.410														Break Point Sieve

								Bulk Specific Gravity of Coarse Agg (Gca)								2.755														Percent Aggregate retained on the breakpoint Sieve		ERROR:#N/A

								Percent of Coarse Agg (Pca)								ERROR:#N/A

								Voids Coarse Agg (VCAmix)								ERROR:#N/A

								Unit Weight of Stone (gs)														VCAmix < VCAdrc to ensure stone on stone contact

								Voids Coarse Agg DRC (VCAdrc)								100.0						VCA Ratio Check								ERROR:#N/A		Yes passes, No fails

								Draindown (T-305)										0.3% max.

								Plasticity of Mineral Filler (T-90)										4% max.

								Calcium Oxide Content (ASTM C25)										22% max.

								Modified Rigden Voids (NAPS IS-101)										≤50

														          Distribution:				RME												Report Date				6/5/14

				Asphalt Pavement Engineer														HQ				Page 2								CDOT Form #429   05/18
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Voids vs. A.C. Content

4.5999999999999996	5.0999999999999996	5.6	6.1	5.7243574169234321	4.2089173784059453	2.9219105603149345	1.8687628398363867	A.C. Content



Voids (percent)





VMA vs. A.C. Content

4.5999999999999996	5.0999999999999996	5.6	6.1	15.761357362042091	15.501041086318949	15.45755643571519	15.627575503296868	A.C. Content



VMA (percent)





Max Sp. G. vs. A.C. Content

4.5999999999999996	5.0999999999999996	5.6	6.1	2.5329978503150188	2.5138039304894209	2.49489870884284	2.4762757204761492	A.C. Content



Maximum Specific Gravity





VFA vs. A.C. Content

4.5999999999999996	5.0999999999999996	5.6	6.1	63.681063214077355	72.847518079797297	81.09720270169116	88.04188890693797	A.C. Content



VFA (percent)





Stability vs. A.C. Content

4.5999999999999996	5.0999999999999996	5.6	6.1	48	48	47	44	A.C. Content



Stability





Aggregate Gradation

1.4716698795820382	1.0773254099250416	0.79463568224020453	0.58170736792793831	5.1087431744234335	4.2566996126039234	3.7621761023862978	3.116086507375345	2.754074108566122	2.0161002539629291	1.4716698795820382	1.0773254099250416	0.79463568224020453	0.58170736792793831	0.42583471830473674	0.31172925995349998	0	100	100	100	95.52	84.34	64.75	50.989999999999995	37.319999999999993	26.439999999999998	17.989999999999998	11.120000000000001	6.7249999999999996	5.1087431744234335	4.2566996126039234	3.7621761023862978	3.116086507375345	2.754074108566122	2.0161002539629291	1.4716698795820382	1.0773254099250416	0.79463568224020453	0.58170736792793831	0.42583471830473674	0.31172925995349998	#N/A	#N/A	#N/A	100	100	#N/A	58	#N/A	#N/A	#N/A	10	5.1087431744234335	4.2566996126039234	3.7621761023862978	3.116086507375345	2.754074108566122	2.0161002539629291	1.4716698795820382	1.0773254099250416	0.79463568224020453	0.58170736792793831	0.42583471830473674	0.31172925995349998	#N/A	#N/A	#N/A	90	#N/A	28	#N/A	#N/A	#N/A	2	Maximum Density Line	3.7621761023862978	0	100	0	#200	#200

0.075

0.31169999999999998	0.31169999999999998	0	100	"1-1/2" Sieve"	1-1/2"

37.5

5.109	5.109	0	100	"#100"	#100

0.15

0.42580000000000001	0.42580000000000001	0	100	"#30"	#30

0.60

0.79459999999999997	0.79459999999999997	0	100	"#16"	#16

1.18

1.077	1.077	0	100	"#8"	#8

2.36

1.472	1.472	0	100	"#4"	#4

4.75

2.016	2.016	0	100	"3/8""	3/8"

9.5

2.754	2.754	0	100	"1/2""	1/2"

12.5

3.1160000000000001	3.1160000000000001	0	100	"3/4""	3.4"

19.0

3.762	3.762	0	100	"1""	1"

25.0

4.2569999999999997	4.2569999999999997	0	100	"#50"	#50

0.30

0.58169999999999999	0.58169999999999999	0	100	Percent Passing Each Sieve Size





Yes

No



Form 429 Blank

																														Lab Mix No.:

				Laboratory Design for Asphalt

				Sample ID:  												Date Received																Region

				Field Sheet No.												Project No.

				Contract ID.												Project Location

				Item 403:				Contractor/Supplier										Grading				Nominal Max Agg. Size						Gyr. (Ndesign)				WMA

								Pit Name										AC source				Grade				 % Fibers (SMA, if used)						WMA Additive

								Antistrip Additive (other than lime if used), %														Antistrip Additive Material 

				Aggregate Data (CP-31 A & B):																Aggregate Sampled by (CP-30)

												Natural Products														Recycled Products																Recycled Products

				Type of Aggregate																														         Control Points								RAP

				Aggregate Source																						AC Content  		AC Content  		AC Content  				Minimum		Maximum						RAS

																																										Other

																								Virgin 		Gradation		Gradation		Gradation		Combined

																								Gradation								Gradation																												0.45 Chart Lines based on Nom. Agg. Size

				Percent in Mix																				0								0																										Sieve No		No 4		3/8"		1/2"		3/4"		1"

				Passing		1 1/2				(37.5)														ERROR:#DIV/0!								ERROR:#DIV/0!				ERROR:#N/A		5.1087431744				90		100						Gyrations								1-1/2		100		100		100		100		100				1-1/2

				Passing		1				(25.0)														ERROR:#DIV/0!								ERROR:#DIV/0!		ERROR:#N/A		ERROR:#N/A		4.2566996126				19		45				Grade		50		Region		Binder		Agg Size		1		100		100		100		100		4.2566996126				1

				Passing		3/4				(19.0)														ERROR:#DIV/0!								ERROR:#DIV/0!		ERROR:#N/A		ERROR:#N/A		3.7621761024				23		49				SX		75		1		58-28		No. 4		3/4		100		100		100		3.7621761024		3.7621761024				3/4

				Passing		1/2				(12.5)														ERROR:#DIV/0!								ERROR:#DIV/0!		ERROR:#N/A		ERROR:#N/A		3.1160865074				28		58				S		100		2		58-34		3/8		1/2		100		100		3.1160865074		3.1160865074		3.1160865074				1/2

				Passing		3/8				(9.5)														ERROR:#DIV/0!								ERROR:#DIV/0!		ERROR:#N/A		ERROR:#N/A		2.7540741086				1		7				SG		125		3		64-22		1/2		3/8		100		2.7540741086		2.7540741086		2.7540741086		2.7540741086				3/8

				Passing		#4				(4.75)														ERROR:#DIV/0!								ERROR:#DIV/0!		ERROR:#N/A		ERROR:#N/A		2.016100254				2		8				SMA 3/4		Marshall		4		64-28		3/4		No. 4		2.016100254		2.016100254		2.016100254		2.016100254		2.016100254				#4

				Passing		#8				(2.36)														ERROR:#DIV/0!								ERROR:#DIV/0!		ERROR:#N/A		ERROR:#N/A		1.4716698796						10				SMA 1/2				5		70-28		1		No. 8		1.4716698796		1.4716698796		1.4716698796		1.4716698796		1.4716698796				#8

				Passing		#16				(1.18)														ERROR:#DIV/0!								ERROR:#DIV/0!		ERROR:#N/A		ERROR:#N/A		1.0773254099										SMA 3/8				6		76-28				No. 16		1.0773254099		1.0773254099		1.0773254099		1.0773254099		1.0773254099				#16

				Passing		#30				(0.60)														ERROR:#DIV/0!								ERROR:#DIV/0!		ERROR:#N/A		ERROR:#N/A		0.7946356822										SMA No. 4				Other						No. 30		0.7946356822		0.7946356822		0.7946356822		0.7946356822		0.7946356822				#30

				Passing		#50				(0.30)														ERROR:#DIV/0!								ERROR:#DIV/0!		ERROR:#N/A		ERROR:#N/A		0.5817073679										ST										No. 50		0.5817073679		0.5817073679		0.5817073679		0.5817073679		0.5817073679				#50

				Passing		#100				(0.15)														ERROR:#DIV/0!								ERROR:#DIV/0!						0.4258347183										SF										No. 100		0.4258347183		0.4258347183		0.4258347183		0.4258347183		0.4258347183				#100

				Passing		#200				(0.075)														ERROR:#DIV/0!								ERROR:#DIV/0!		ERROR:#N/A		ERROR:#N/A		0.31172926																				No. 200		0.31172926		0.31172926		0.31172926		0.31172926		0.31172926				#200

				Plastic or Non-Plastic (T-90)																																Specs:		0																				0

				Aggregate Bulk SpG(T-84 & T-85)																						 

Battista, Vincent: Battista, Vincent:
For RAP: Back-calculated using an assumed average statewide aggregate water absorption of 1.01% and asphalt absorption of 0.61% .		 		 		ERROR:#DIV/0!												0																																																								 		 		 		 		 		 										ERROR:#DIV/0!

				Aggregate App. SpG(T-84 & T85))

				Agg Water Abs (%) (T-84 & T85)

				Aggregate Eff. SpG(T-84 & T-85)								 																				ERROR:#DIV/0!

				Fine Agg. Bulk SpG. (T-84)								 

				Coarse Agg. Bulk SpG. (T-85)

				Binder SpG.

				Fractured Faces (CP-45)																																																																Array for Gradation Control Points

				Sand Equivalent (T-176) WMA/HMA Only												 																		For Info		45 min																1" Nom		3/4" Nom		1/2" Nom		3/8" Nom		No. 4 Nom								SG				S				SX				SMA 3/4				SMA 1/2				SMA 3/8				SMA #4				ST																										SF

				LA Abrasion (T-96)																																45 max						Fractured Faces																				Max Dens Line Array						Min		Max		Min		Max		Min		Max		Min		Max		Min		Max		Min		Max		Min		Max		Min		Max																								Min		Max

				Fine Aggregate Angularity (T-304) WMA/HMA Only												 																				45.0 min						60 min.						1-1/2		5.1087431744												Y-Axis		X-Axis		1-1/2				100

				Sodium Sulfate Soundness (T 104) SMA Only																																12 max.						70 min.

				Micro Deval (CP-L 4211) 																																18 max.						90 min.																								1		90		100				100								100

																														CDOT Form #429    05/18																		1		4.2566996126		5.1087431744		4.2566996126		3.7621761024		3.1160865074		2.7540741086		100		FALSE		3/4						90		100				100		90		100				100

																																																1/2		3.1160865074												0		0		1/2										90		100		50		88		90		100				100				100				100

				0																										Lab No.				0														3/8		2.7540741086																3/8														25		60		50		80		90		100				100		90		100																										100

				Laboratory Design for Asphalt																																												No. 4		2.016100254																#4														20		28		20		35		26		60		90		100																												90		100

																																																No. 8		1.4716698796																#8		19		45		23		49		28		58		16		24		16		24		20		28		28		65		28		58

				Mix Design A.C. Content Determination Results:																																												No. 16		1.0773254099																#16																										22		36																												30		54

								Rice =				@				%AC																		Optimum Point Data														No. 30		0.7946356822																#30														12		18		12		18		12		18		18		28

								A.C. Content (percent) 																		%								0.00		A.C.												No. 50		0.5817073679																#50																						10		15		15		22

								Rice Data (CP-51)								ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!												ERROR:#DIV/0!		Rice												No. 100		0.4258347183																#100

				Specimen SpG. Data (CP-L 5115 & CP-L 5106):																																												No. 200		0.31172926																#200		1		7		2		8		2		10		8		11		8		11		8		12		12		15		2		10																								2		12

								Bulks at Ndes																										ERROR:#DIV/0!		Bulk S.G.

								Height at Ndes

				Voids Data:																								Voids Specs:

								Voids at Ndes								ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!				%		3.5% to 4.5%								Voids

				Other Data:																								Specs:

								VMA at Ndes (CP-48)								ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!				%		

Wieden, Craig: Wieden, Craig:
Table 403-2 has a range based on nominal max size.  It could vary between 12.6 to 15.8 for HMA Mixes so left this cell as user input.		

Battista, Vincent: Battista, Vincent:
For RAP: Back-calculated using an assumed average statewide aggregate water absorption of 1.01% and asphalt absorption of 0.61% .								ERROR:#DIV/0!		VMA

								VFA at Ndes (percent)								ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!				%		65-75%						ERROR:#DIV/0!		VFA

								Aggregate Eff. SpG(T-84 & T-85)								ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!

								Effective Asphalt Content								ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!												ERROR:#DIV/0!		Effective AC

								Dust to A.C. Ratio (CP-50)								ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!												ERROR:#DIV/0!		D/A Ratio

								Stability (CP-L 5106)(Grade S and SX Only)																				ERROR:#N/A								Stability



								Total Binder Replaced 								ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!		ERROR:#DIV/0!				≤30% RAS   ≤23% RAP						ERROR:#DIV/0!		≤30% RAS   ≤23% RAP

				Optimum A.C. Content Results

								Optimum A.C. Content (percent)								5.20				Voids at Optimum A.C. (percent)						4.0

								Rice at Optimum A.C.								ERROR:#DIV/0!				VMA at Optimum A.C. (percent)						15.0

								Stability at Optimum A.C.

				Lottman Moisture Sensitivity Results (CP-L 5109, Method B)																						Lottman Specs:

								Asphalt Content (percent)								0.00

								Tensile Strength Retained								ERROR:#DIV/0!		%								>80%

								Avg. Dry Tensile Strength (psi)												(372KPa)						> 30

								Avg. Cond. Tensile Strength (psi)												(291KPpa)

								Avg. Specimen Voids (percent)																		6.0% - 8.0%

								Avg. Saturation (percent)

				SMA Specific Input and Calculations

								Bulk Specific Gravity at Optimum AC (Gmb)								ERROR:#DIV/0!														Break Point Sieve

								Bulk Specific Gravity of Coarse Agg (Gca)								0.000														Percent Aggregate retained on the breakpoint Sieve		ERROR:#N/A

								Percent of Coarse Agg (Pca)								ERROR:#N/A

								Voids Coarse Agg (VCAmix)								ERROR:#DIV/0!

								Unit Weight of Stone (gs)														VCAmix < VCAdrc to ensure stone on stone contact

								Voids Coarse Agg DRC (VCAdrc)								ERROR:#DIV/0!						VCA Ratio Check								ERROR:#DIV/0!		Yes passes, No fails

								Draindown (T-305)										0.3% max.

								Plasticity of Mineral Filler (T-90)										4% max.

								Calcium Oxide Content (ASTM C25)										22% max.

								Modified Rigden Voids (NAPS IS-101)										≤50

														          Distribution:				RME												Report Date

				Asphalt Pavement Engineer														HQ				Page 2								CDOT Form #429    05/18
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Voids vs. A.C. Content

0	0	0	0	A.C. Content



Voids (percent)





VMA vs. A.C. Content

0	0	0	0	A.C. Content



VMA (percent)





Max Sp. G. vs. A.C. Content

0	0	0	0	A.C. Content



Maximum Specific Gravity





VFA vs. A.C. Content

0	0	0	0	A.C. Content



VFA (percent)





Stability vs. A.C. Content

A.C. Content



Stability





Aggregate Gradation

1.4716698795820382	1.0773254099250416	0.79463568224020453	0.58170736792793831	5.1087431744234335	4.2566996126039234	3.7621761023862978	3.116086507375345	2.754074108566122	2.0161002539629291	1.4716698795820382	1.0773254099250416	0.79463568224020453	0.58170736792793831	0.42583471830473674	0.31172925995349998	0	0	0	0	0	0	0	0	0	0	0	0	0	5.1087431744234335	4.2566996126039234	3.7621761023862978	3.116086507375345	2.754074108566122	2.0161002539629291	1.4716698795820382	1.0773254099250416	0.79463568224020453	0.58170736792793831	0.42583471830473674	0.31172925995349998	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	5.1087431744234335	4.2566996126039234	3.7621761023862978	3.116086507375345	2.754074108566122	2.0161002539629291	1.4716698795820382	1.0773254099250416	0.79463568224020453	0.58170736792793831	0.42583471830473674	0.31172925995349998	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	Maximum Density Line	0	0	100	0	#200	#200

0.075

0.31169999999999998	0.31169999999999998	0	100	"1-1/2" Sieve"	1-1/2"

37.5

5.109	5.109	0	100	"#100"	#100

0.15

0.42580000000000001	0.42580000000000001	0	100	"#30"	#30

0.60

0.79459999999999997	0.79459999999999997	0	100	"#16"	#16

1.18

1.077	1.077	0	100	"#8"	#8

2.36

1.472	1.472	0	100	"#4"	#4

4.75

2.016	2.016	0	100	"3/8""	3/8"

9.5

2.754	2.754	0	100	"1/2""	1/2"

12.5

3.1160000000000001	3.1160000000000001	0	100	"3/4""	3.4"

19.0

3.762	3.762	0	100	"1""	1"

25.0

4.2569999999999997	4.2569999999999997	0	100	"#50"	#50

0.30

0.58169999999999999	0.58169999999999999	0	100	Percent Passing Each Sieve Size





Yes

No




image3.jpeg
COLORADO

Department of
Transportation

o4





