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EXECUTIVE SUMMARY:  
The objective of this subtask was to generate crack resistant hot mix designs which could be placed very thin using locally available materials for each of the West Texas Districts wanting to participate in this study. Crack Attenuating Mixes (CAMs) had been placed in other parts of the state with good performance, though not in West Texas.  Local aggregates meeting minimum quality and gradation requirements were solicited from 10 districts.  Asphalt binders were also requested.
TTI used a new design approach based on recent research where the performance tests (Hamburg and Overlay Test) were run first for a range of asphalt contents in an attempt to identify an acceptable window of binder contents where both cracking and rutting requirements are met. The volumetrics were then checked at the binder content at the middle of the acceptable range.  
In addition to the CAM mix designs, fine graded permeable friction course (PFC) and fine graded stone matrix asphalt (SMA) mixes were developed for two of the aggregate sources.  A summary of all the mix designs is presented in the following tables and a detailed discussion of all test results follows.  Spreadsheets for each mix design have been submitted separately as product P1 from this research study.  
A total of 6 mixes were selected for placement at the Pecos Test Track; two CAM’s, two PFC’s and two fine SMA’s. Based on the results presented in this report the locally available Hoban from Pecos and the Eastland aggregates from Abilene District were used in the construction of test sections.   These mix designs are shaded in blue in the following table.  These mixes were successfully placed on the track in 2011, and the construction details and performance histories will be described in subsequent technical memos.
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Table A.  Summary of All Mix Designs Completed in Subtask 2.2. (Accompanying spreadsheets were submitted to TxDOT separately).
	Materials
	Mix ID/Type
	Combined Gradation
	AC Content
	Density
	Hamburg Test
	Overlay
	Outcome
	Remarks

	
	
	
	
	
	
	Cycles
	
	

	Eastland
	Mix 1 CAM
	38% Grade 6 + 33% Man Sand + 28% Scng + 1% lime
	6.4% (PG 76-22)
	--
	--
	170
	FAIL
	Optimum asphalt content was selected at 7.0%.  Volumetric check at 7.0% AC resulted in a density of 96.5% meeting the minimum criteria of 96.5%.

	
	
	
	6.8% (PG 76-22)
	--
	3.3 @ 20000
	1541
	PASS
	

	
	
	
	7.4% (PG 76-22)
	--
	10.3 @ 20000
	3000
	PASS
	

	
	
	
	8.0% (PG76-22)
	--
	16.2 @ 20000
	--
	FAIL
	

	
	Mix 2 CAM
	30% Grade 5 + 70% Man. Sand
	7.5% (PG76-22)
	94.6%(SGC)
	11.4 @ 20000
	420
	FAIL
	8.1% was selected as the optimum asphalt content 

	
	
	
	8.0% (PG76-22)
	96.2%(SGC)
	10.6 @ 20000
	667
	FAIL
	

	
	Mix 3 CAM
	45% Grade 5 + 30% Man. Sand + 25% Chat
	7.0% (PG76-22)
	97.1%(SGC)
	12.5 @ 18600
	642
	FAIL
	No optimum asphalt content could be obtained.

	
	
	
	7.5% (PG76-22)
	98.6%(SGC)
	12.5 @ 14000
	>1000
	FAIL
	

	
	Mix 4    PFC
	100% Grade 5 + 0.3% Fibers
	6.0% (PG76-22)
	76.3%
	9.12 @ 10000
	>337
	PASS
	6.5% was the optimum asphalt content.

	
	
	
	6.5% (PG76-22)
	77.8%
	6.29 @ 10000
	>300
	PASS
	

	
	
	
	7.0% (PG76-22)
	78.4%
	8.50 @ 10000
	>1000
	PASS
	

	
	Mix 5   PFC
	100% Grade 6 + 0.3% Fibers
	6.0% (PG76-22)
	75.7%
	11.09 @ 10000
	246
	FAIL
	6.5% was the optimum asphalt content.

	
	
	
	6.5% (PG76-22)
	76.6%
	10.52 @ 10000
	667
	PASS
	

	
	
	
	7.0% (PG76-22)
	77.2%
	12.56 @ 10000
	>720
	FAIL
	

	
	Mix 6   SMA
	60% Grade 5 + 40% Man. Sand + 0.3% Fibers
	6.0% (PG76-22)
	96.8%(TGC)
	3.4 mm @ 20000
	78
	FAIL
	7.2%AC was selected as the optimum asphalt content.

	
	
	
	6.5% (PG76-22)
	97.3%(TGC)
	3.9 mm @ 20000
	157
	FAIL
	

	
	
	
	7.0% (PG76-22)
	--
	5.0 mm @ 20000
	260
	FAIL
	

	
	
	
	7.2% (PG76-22)
	93.0%(SGC)
	6.6 mm @ 20000
	--
	--
	







Table A.  (Continued)
	Materials
	Mix ID/Type
	Combined Gradation
	AC Content
	Density
	Hamburg Test
	OT
	Outcome
	Remarks

	Hoban 
	Mix 7  CAM 
	30% Grade 6 + 70% Man Sand
	9.0% (PG76-22)
	--
	3.08 mm @ 20000
	189
	FAIL
	Samples came from the District Lab.

	
	Mix 8   CAM
	60% Hoban Grade 6 + 40% Rankin Screenings
	7.0% (PG 76-22)
	--
	2.1 mm @ 20000
	83
	FAIL
	8.2% asphalt content was OK for HAM and OT,but not for volumetric. If volumetric was required, then 8.8% asphalt content would be the optimum.

	
	
	
	7.5% (PG 76-22)
	93.1%(SGC)
	2.1 mm @ 20000
	243
	FAIL
	

	
	
	
	8.0% (PG 76-22)
	93.7%(SGC)
	2.3 mm @ 20000
	--
	--
	

	
	
	
	8.5% (PG 76-22)
	95.5%(SGC)
	3.2 mm @ 20000
	1068
	PASS
	

	
	Mix 9   CAM
	65% Hoban Grade 6 + 35% Turner Screenings
	7.5% (PG 76-22)
	94.0%(SGC)
	2.5mm@20000
	513
	FAIL
	7.8% asphalt content was OK for HAM and OT,but not for volumetric. To meet density requirement, 8.8% asphalt content is optimum.

	
	
	
	8.0% (PG 76-22)
	93.5%(SGC)
	3.0mm@20000
	933
	PASS
	

	
	
	
	8.5% (PG 76-22)
	95.4%(SGC)
	5.0mm@20000
	 
	 
	

	
	Mix 10   PFC
	100% Grade 6 + 0.3% Fibers
	6.0% (PG76-22)
	--
	12.5 mm @ 4900
	402
	FAIL
	All the samples came from the District Lab, and the Air Void were around 26.5%

	
	
	
	6.5% (PG76-22)
	--
	8.1 mm @ 10000
	>450
	PASS
	

	
	
	
	7.0% (PG76-22)
	--
	12.5 @ 7000
	>1000
	NO PASS
	

	
	Mix 11  SMA
	60% Hoban Grade 5 + 40% Turner Screenings + 0.3% Fbers
	6.0% (PG76-22)
	96.8%(TGC)
	--
	--
	--
	7.0%AC was selected as the optimum.  

	
	
	
	6.5% (PG76-22)
	98.3%(TGC)
	2.3 mm @ 20000
	28
	NO PASS
	

	
	
	
	7.0% (PG76-22)
	98.8%(TGC)
	2.6 mm @ 20000
	300
	PASS
	

	
	
	
	
	96.7%(SGC)
	2.8 mm @ 20000
	--
	--
	

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Milligan
	Mix 12  CAM
	50% F rock +49% Scrn +1% Lime
	6.5 (PG 70-22)
	95.0% (SGC)
	2.5 mm @ 20000
	100
	FAIL
	7.2% AC was optimum

	
	
	
	7.5 (PG 70-22)
	97.1% @ 7.2%
	5.3 mm @ 20000
	919
	PASS
	

	
	
	
	8.0  (PG 70-22)
	--
	14.3 mm @ 20000
	--
	--
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Table A.  (Continued)
	Materials
	Mix ID/Type
	Combined Gradation
	AC Content
	Density
	Hamburg Test
	OT
	Outcome
	Remarks

	Zack Burk
	Mix 13  CAM
	30% F rock + 69% Scrn + 1% lime
	6.0  (PG 70-22)
	--
	12.5 mm @ 14800
	88
	FAIL
	No optimum AC content could be obtained

	
	
	
	6.5 (PG 70-22)
	--
	12.5 mm@ 10000
	--
	FAIL
	

	
	
	
	7.0 (PG 70-22)
	--
	12.5 mm @ 9600
	--
	FAIL
	

	
	
	
	7.5 (PG 70-22)
	--
	12.5 mm @ 5900
	--
	FAIL
	

	
	
	
	
	
	
	
	
	

	Duinick
	Mix 14  CAM
	50% F rock + 24% DBI Man Sand +25% Thrasher Scrn + 1% Lime
	6.0 (PG 70-28)
	--
	12.5 mm @ 9000
	743
	FAIL
	No optimum AC content could be obtained

	
	
	
	6.5 (PG 70-28)
	--
	12.5 mm @ 6200
	--
	FAIL
	

	
	Mix 15  CAM
	52% F rock + 47% Kiewit #7-#16 +1% lime
	6.0 (PG 70-28)
	--
	1.5 mm @ 15000
	52
	FAIL
	Based on Hamburg and Overlay Testing, an optimum of 7.2% AC was selected.  However the density check at 7.2% asphalt was only 93.7%.

	
	
	
	6.5 (PG 70-28)
	--
	2.7 mm @ 15000
	--
	 
	

	
	
	
	7.0 (PG 70-28)
	--
	6.1 mm @ 15000
	588
	 
	

	
	
	
	7.5 (PG 70-28)
	--
	16.1 mm @ 15000
	1883
	 
	

	
	
	
	
	
	
	
	
	

	Turner
	Mix 16  CAM
	15% D rock + 20% F rock + 64% Scrng + 1% lime
	6.5 (PG 76-22)
	--
	--
	2
	FAIL
	No optimum AC content could be obtained

	
	
	
	7.0 (PG 76-22)
	--
	3.89 mm @ 20000
	19
	FAIL
	

	
	
	
	7.5 (PG 76-22)
	--
	5.36 mm @ 20000
	72
	FAIL
	

	
	
	
	8.0 (PG 76-22)
	--
	5.46 mm @ 20000
	--
	--
	

	El Paso  
	CAM
	District supplied Padre Canyon 3/8-inch and Scrngs.  + Vado 3/8-inch 
	--
	No combination of these aggregates could meet gradation requirements for a CAM

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	
	
	
	
	

	*  Designs shaded in blue were selected for placement at the Pecos Test Track.
	
	
	



SUMMARY REPORT OF LAB TESTING FOR PECOS PROJECT
For each aggregate supplied to this project a balanced mix design was run to determine if there is an optimal asphalt content at which the competing requirement of meeting both the Hamburg and Overlay tester requirements are met.  The results obtained are summarized below
1. Eastland Rocks (Abilene)
1.1 The Aggregates and Binders
The Abilene district sent two shipments of aggregate from Vulcan’s Eastland quarry.  The first shipment was received in February, 2009 and included a Grade 6, manufactured sand and screenings as shown in Figure 1-1. A washed sieve analysis was performed on each aggregate as shown in Table 1-1. A PG76-22 asphalt binder from Alon was also provided.
[image: DSC00622][image: DSC00626][image: DSC00629]
(a) Grade 6                        (b) Manufactured Sand         (c) Screenings
Figure 1-1.  The First Shipment of Eastland Aggregates.






Table 1-1.  Eastland (First Shipment) Aggregate Gradations for Each Fraction (Cumulative Passing, %).
	Sieve Size
	Grade 6
	Man. Sand
	Screenings

	3/8 "
	100
	100
	99.5

	No. 4
	54.6
	99.9
	82.5

	No. 8
	2.6
	73.7
	57.7

	No. 16
	1.4
	39.6
	40.4

	No. 30
	1.3
	21.1
	29.3

	No. 50
	1.3
	10.7
	22.9

	No. 200
	1.2
	3.2
	15.8



The second set of samples was obtained in September, 2010 and there were four Eastland aggregate fractions: Grade 5, Grade 6, manufactured sand and chat as shown in the pictures in Figure 1-2. Washed sieve analyses are shown in Table 1-2. Asphalt binder received was a PG76-22S.

[image: Eastland_New_G5] [image: Eastland_New_G6] [image: Eastland_New_Man] [image: Eastland_New_Chat]
(a) Grade 5                   (b) Grade 6                      (c) Manufactured Sand   		(d) Chat
Figure 1-2.  The Second Shipment of Eastland Aggregates.





Table 1-2. Eastland (Second Shipment) Aggregate Gradations for Each Fraction (Cumulative Passing, %).
	Sieve Size
	Grade 5
	Grade 6
	Man. Sand
	Chat

	3/8 "
	97.8
	100.0
	100.0
	99.8

	No. 4
	46.4
	63.9
	100.0
	83.0

	No. 8
	3.4
	5.9
	84.2
	58.2

	No. 16
	1.9
	3.2
	47.5
	41.4

	No. 30
	1.6
	2.4
	26.7
	31.5

	No. 50
	1.5
	2.1
	14.3
	25.5

	No. 200
	1.3
	1.8
	3.9
	18.9



1.2 Eastland Mix Designs
1.2.1 MIX 1 - CAM Mix (1% Lime, Grade 6 + Man. sand + Screenings)
The Combined Gradation
This CAM mix comprised of 38% Grade 5, 33% Manufacture Sand, 28% Screenings and 1.0% Lime. The combined aggregate gradation was shown in Figure 1-3. 
[image: ]
Figure 1-3. Associated Gradation for Eastland CAM Design (with Lime).
Performance Test and Optimum Asphalt Content  
The Hamburg and Overlay Tests were conducted at four different asphalt contents: 6.2%, 6.8%, 7.4% and 8.0%.  Test results are listed in the Table 1-3. Photos of the specimens after Hamburg testing are shown in Figure 1-4.
Table 1-3. Summary of the Hamburg and Overlay Test Results.
	Asphalt
Content
	RICE
	Hamburg Test
	Overlay Test

	
	
	Air Void
	Rutting 
Depth (mm)
	Pass/Fail
	Air Void
	No. of 
cycles1
	Pass/Fail

	6.4%
	2.410
	--
	--
	--
	6.4 / 6.8
	170
	Fail

	6.8%
	2.398
	7.5 / 7.3
	3.3 @ 20000
	Pass
	6.4 / 6.3
	1541
	Pass

	7.4%
	2.370
	7.4 / 6.9
	10.3 @ 20000
	Pass
	6.3 / 6.3
	3000
	Pass

	8.0%
	2.355
	7.6 / 7.4
	16.1 @ 20000
	Fail
	--
	--
	--

	1: average of two or three samples testing


[image: Hamburg Picture for Abilene]
Figure 1-4. Hamburg Test for Abilene Eastland CAM (with Lime).
From Figure 1-5, the acceptable asphalt content meeting both Hamburg-rutting and Overlay-cracking requirement ranges from 6.5 to 7.6 percent. Beyond 7.6 percent asphalt binder, the mixture will have rutting problems.  So, the initial selected OAC was 7.0%.
 (
Optimum Asphalt Content
)[image: ][image: ]
Figure 1-5. The Window of Acceptable Asphalt Content for Eastland CAM.


Volumetric Check
Two samples at 7.0% asphalt content were molded for the volumetric check. The test results are listed in Table 1-4 and the density from the theoretical maximum specific gravity was 96.5% and 96.6%, which meets the criteria of minimum density of 96.5%.
Table 1-4. Volumetric Check (SGC) at Initial Optimum Asphalt Content.
	Sample's 
No.
	Theo. Max. Specific Gravity (Gt)
	Sample Height
(mm)
	Weight of Dry Sample
	Sample Weight in Water
	Weight of Dry Surface
	Density
from
Gt
	Pass / Fail

	7.0% AC_1
	2.386
	115 
	4587.3
	2604.1
	4596.6
	96.5%
	Pass

	7.0% AC_2
	
	115 
	4591.6
	2606.3
	4599.1
	96.6%
	Pass



Conclusion
A successful CAM mix design was developed using Vulcan Eastland aggregates in the following proportions:
· 38% Grade 6
· 33% Manufactured sand
· 28% Screenings
· 1%  Lime
· 7.0 percent PG 76-22

1.2.2 MIX 2 - CAM Mix (No Lime, Grade 5 + Man. sand)
The Combined Gradation
A second CAM mix design was attempted without lime (No Chat) using the second group materials received from the Eastland quarry. This CAM mix comprised of 30% Grade 5 and 70% manufacture sand. The combined aggregate gradation is shown in Figure 1-6. 

[image: ]
Figure 1-6. Associated Gradation for Eastland CAM Design (No Lime, no Chat).
Performance Test 
The Hamburg and Overlay Tests were conducted at two different asphalt contents: 7.5% and 8.0%.  Test results are listed in Table 1-5. Photos of specimens after Hamburg test are shown in Figure 1-7.
Table 1-5. Summary of Hamburg and Overlay Test Results.
	Asphalt
Content
	RICE
	Density
(SGC,%)
	Hamburg Test
	Overlay Test

	
	
	
	Air Void
	Rutting 
Depth (mm)
	Pass
/Fail
	Air Void
	No. of 
cycles1
	Pass
/Fail

	7.5%
	2.4068
	94.6
	7.3 / 7.3
	11.4 @ 20000
	Pass
	8.2 / 7.8
	420
	Pass

	8.0%
	2.3995
	96.2
	7.0 / 7.0
	10.6 @ 20000
	Pass
	7.9 / 7.9
	667
	Pass

	1: average of three samples testing



[image: HAM Test]
Figure 1-7. Hamburg Test Specimens for Eastland CAM (No Lime, No Chat).

Conclusion
A second successful CAM mix design (without lime) was developed using Vulcan Eastland aggregates in the following proportions:
· 30% Grade 5
· 70% Manufactured sand
· 8.1 percent PG 76-22

1.2.3 MIX 3 - CAM Mix (No Lime, Grade 5 + Man Sand + Chat)
The Combined Gradation
A third CAM mix design was attempted including the Chat aggregate fraction without lime. This CAM mix was comprised of 45% Grade 5, 30% manufactured sand and 25% Chat. The combined aggregate gradation is shown in Figure 1-8. 
[image: ]
Figure 1-8. Associated Gradation for Eastland CAM (No Lime, 25% Chat).

Performance Test 
The Hamburg and Overlay tests were conducted  at two different asphalt contents: 7.5% and 8.0%.  Test results are listed in Table 1-6. 
Table 1-6. Summary of Hamburg and Overlay Test Results.
	Asphalt
Content
	RICE
	Density
(SGC,%)
	Hamburg Test
	Overlay Test

	
	
	
	Air Void
	Rutting 
Depth (mm)
	Pass
/Fail
	Air Void
	No. of 
cycles1
	Pass
/Fail

	7.5%
	2.3913
	97.1
	6.3 / 6.5
	12.5 @ 18600
	Fail
	6.4 / 6.2
	642
	Fail

	8.0%
	2.3751
	98.6
	6.5 / 6.2
	12.5 @ 14000
	Fail
	6.2 / 5.9
	>1000
	Pass

	1: average of three samples testing


Conclusion
Based on Hamburg test results, no optimum asphalt content could be obtained with this combination of materials.
1.2.4 MIX 4 - Fine PFC Mix (No Lime, Grade 5 + Fibers)
The Combined Gradation
The Eastland Aggregates were used to design a fine-graded PFC mix was comprised of 100% Grade 5 and 0.3% fibers. 
Performance Test 
The Hamburg and Overlay tests were conducted at three different asphalt contents: 6.0%, 6.5% and 7.0%.  Test results are listed in Table 1-7. Photos of Hamburg specimens after testing are shown in Figure 1-9.
Table 1-7. Summary of  Hamburg and Overlay Test Results.
	Asphalt
Content
	RICE
	Density
(SGC, %)
	Hamburg Test
	Overlay Test

	
	
	
	Air Void
	Rutting 
Depth (mm)
	Pass
/Fail
	Air Void
	No. of 
cycles1
	Pass
/Fail

	6.0%
	2.4490
	76.3
	--
	9.12 @ 10000
	Pass
	--
	337
	Pass

	6.5%
	2.4311
	77.8
	--
	6.29 @ 10000
	Pass
	--
	>350
	Pass

	7.0%
	2.4136
	78.4
	--
	8.50 @ 10000
	Pass
	--
	>1000
	Pass

	1: average of two samples testing



[image: DSC01317]
Figure 1-9. Hamburg Test for Eastland PFC (without Lime).
Lab Falling Head Permeability Test
The Falling Head Permeability test results are listed in the Table 1.

Table 1-8. The Falling Head Permeability Test Results.
	Times
	6.0% AC
	6.5% AC
	7.0% AC
	[image: PFC Falling Head Perm Test] 

	1
	2.94
	3.69
	4.40
	

	2
	2.97
	3.68
	4.31
	

	3
	3.00
	3.69
	4.31
	

	4
	2.91
	3.68
	4.47
	

	5
	2.91
	3.72
	4.44
	

	Average, s
	2.95
	3.69
	4.39
	

	Coefficient of 
Permeability, m/day
	78.3
	62.1
	52.1
	



Conclusion
6.5% was recommended as the optimum asphalt content for this Eastland PFC.


1.2.5 MIX 5 - PFC Mix (No Lime, Grade 6 + Fibers)
The Combined Gradation
This PFC mix was comprised of 100% Grade 6 and 0.3% Fibers. 

Performance Test 
The Hamburg and Overlay tests were conducted at three different asphalt contents: 6.0%, 6.5% and 7.0%.  Test results are listed in Table 1-9. 
Table 1-9. The Hamburg and Overlay Test Results.
	Asphalt
Content
	RICE
	Density
(SGC,%)
	Hamburg Test
	Overlay Test

	
	
	
	Air Void
	Rutting 
Depth (mm)
	Pass
/Fail
	Air Void
	No. of 
cycles1
	Pass
/Fail

	6.0%
	2.4363
	75.7
	--
	11.09 @ 10000
	Pass
	--
	246
	Fail

	6.5%
	2.4187
	76.4
	--
	10.52 @ 10000
	Pass
	--
	667
	Pass

	7.0%
	2.4014
	77.2
	--
	12.56 @ 10000
	Fail
	--
	>667
	Pass

	1: average of two samples testing



Lab Falling Head Permeability Test
The Falling Head Permeability test results are listed in Table 1-10. 
Table 1-10. The Falling Head Permeability Test Results.
	Times
	6.0% AC
	6.5% AC
	7.0% AC
	[image: PFC Falling Head Perm Test] 

	1
	3.37
	3.56
	3.69
	

	2
	3.47
	3.59
	3.75
	

	3
	3.41
	3.53
	3.75
	

	4
	3.41
	3.53
	3.69
	

	5
	3.35
	3.56
	3.65
	

	Average, s
	3.40
	3.55
	3.71
	

	Coefficient of 
Permeability, m/day
	69.3
	65.6
	62.9
	



Conclusion
An optimum asphalt content of 6.5% was recommended for this PFC design.  .


1.2.6 MIX 6 - SMA Mix (No Lime, Grade 5 + Man. sand + Fibers)
The Combined Gradation
A fine SMA mix was designed comprised of 60% Grade 5 and 40% manufacture sand, with 0.3% fibers. The combined aggregate gradation is shown in Figure 1-10. 








Figure 1-10. Associated Gradation for Eastland SMA Design (without Lime).
Performance Test 
The Hamburg and Overlay tests at three different asphalt contents: 6.0%, 6.5% and 7.0%.  These results are listed in the Table 1-11. Photos of the Hamburg specimens are shown in Figure 1-11.
Table 1-11. The Hamburg and Overlay Test Results.
	Asphalt
Content
	RICE
	Density
(TGC, %)
	Hamburg Test
	Overlay Test

	
	
	
	Air Void
	Rutting 
Depth (mm)
	Pass
/Fail
	Air Void
	No. of 
cycles1
	Pass
/Fail

	6.0%
	2.4345
	96.8
	7.3 / 7.2
	3.4 @ 20000
	Pass
	7.6 / 7.5
	78
	Fail

	6.5%
	2.4036
	97.3
	7.3 / 7.2
	3.9 @ 20000
	Pass
	7.9 / 7.9
	157
	Fail

	7.0%
	2.3727
	--
	7.5 / 7.2
	5.0 @ 20000
	Pass
	7.4 / 7.2
	260
	Fail

	1: average of two samples testing


[image: HAM]
Figure 1-11. Hamburg Test for Eastland SMA (without Lime).
Conclusion
7.2% was recommended as the optimum asphalt content for this Eastland SMA.

2. Hoban, Turner and Rankin Rocks (Odessa)
2.1 The Aggregates and Binders
The Odessa district also sent two shipments of aggregate. The first samples were received in April, 2009: Hoban Grade 6 and Hoban manufactured sand as shown in Figure 2-1.  Washed sieve analysis results are shown in Table 2-1. The asphalt binder was PG76-22 from Alon.
[image: Hoban_Grade 6_Old][image: Hoban_Screenings_Old]
(a) Grade 6                                          (b) Manufactured sand
Figure 2-1. The First Group Hoban Aggregates.

Table 2-1. Aggregate Gradation for Fraction (Cumulative Passing, %).
	Sieve Size
	Grade 6
	Manufacture sand

	3/8 "
	100.0
	99.9

	No. 4
	61.3
	99.6

	No. 8
	11.1
	87.9

	No. 16
	1.7
	68.7

	No. 30
	0.7
	48.3

	No. 50
	0.6
	26.2

	No. 200
	0.5
	6.8




The second group of samples arrived in September, 2010: Hoban Grade 5 and Hoban Grade 6. See pictures in Figure 2-2. Washed sieve analysis results are shown in Table 2-2. Asphalt binder was PG76-22S. 
At this same time, three aggregates from the Rankin Pit were also sent (Grade 5, Grade 6 and Screenings) and two aggregates from the Turner Pit (Grade 5 and Screenings). See Figure 2-3 and Figure 2-4, Table 2-3 and Table 2-4 for more information on these aggregates.
[image: Hoban_Grade 5_New]    [image: Hoban_Grade 6_New]
(a) Grade 5                                       (b) Grade 6
Figure 2-2. The Second Group Hoban Aggregates.

[image: Rankin Pit_Grade 5][image: Rankin Pit_Grade 6][image: Rankin Pit_Screenings]
(a) Grade 5                                (b) Grade 6                              (c) Screenings
Figure 2-3. The Rankin Pit Aggregates.

[image: Turner_Grade 5]   [image: Turner_Screenings]
(a) Grade 5                               (b) Screenings
Figure 2-4. The Turner Pit Aggregates.

Table 2-2. The Gradation for Hoban Rock (Cumulative Passing, %).
	Sieve Size
	Grade 5
	Grade 6

	3/8 "
	99.5
	100.0

	No. 4
	24.3
	71.7

	No. 8
	1.6
	17.6

	No. 16
	0.7
	4.3

	No. 30
	0.7
	1.9

	No. 50
	0.6
	1.3

	No. 200
	0.5
	0.9



Table 2-3. The Gradation for Rankin Pit Rock (Cumulative Passing, %).
	Sieve Size
	Grade 5
	Grade 6
	Screenings

	3/8 "
	99.1
	100.0
	100.0

	No. 4
	36.0
	48.5
	99.6

	No. 8
	3.7
	3.2
	81.6

	No. 16
	3.1
	2.6
	58.2

	No. 30
	2.9
	2.5
	43.2

	No. 50
	2.7
	2.5
	33.0

	No. 200
	2.5
	2.4
	21.2



Table 2-4. The Gradation for Turner Rock (Cumulative Passing, %).
	Sieve Size
	Grade 5
	Screenings

	3/8 "
	100.0
	99.8

	No. 4
	49.9
	97.6

	No. 8
	3.2
	82.8

	No. 16
	1.9
	60.5

	No. 30
	1.8
	45.7

	No. 50
	1.7
	35.0

	No. 200
	1.5
	21.7


2.2 Mix Design
2.2.1 MIX 7 - CAM Mix (No Lime, Hoban Grade 6 + Hoban Man. sand)
The Combined Gradation
This CAM design was comprised of 50% Grade and 50% Manufactured sand. The combined aggregate gradation was shown in Figure 2-5. 
[image: ]
Figure 2-5. Associated Gradation for Hoban CAM Design (No Lime).

Performance Test and Optimum Asphalt Content  
The Hamburg and Overlay tests were conducted at four different asphalt contents: 6.8%, 7.4%, 8.0% and 8.6%.  These results are listed in the Table 2-5. Photos of the Hamburg specimens are shown in Figure 2-6.


Table 2-5. Summary of the Hamburg and Overlay Test Results.
	Asphalt
Content
	RICE
	Hamburg Test
	Overlay Test

	
	
	Air Void
	Rutting 
Depth (mm)
	Pass/Fail
	Air Void
	No. of 
cycles1
	Pass/Fail

	6.8%
	2.2813
	8.1 / 7.9
	2.47 mm @ 20000
	Pass
	7.9 / 7.5
	152
	Fail

	7.4%
	2.2646
	7.7 / 7.9
	2.48 mm @ 20000
	Pass
	8.0 / 7.5
	224
	Fail

	8.0%
	2.2432
	8.0 / 8.0
	2.72 mm @ 20000
	Pass
	7.0 / 7.4
	571
	Fail

	8.6%
	2.2235
	7.2 / 7.6
	9.81 mm @ 20000
	Pass
	8.0 / 7.7
	1857
	Pass

	1: average of two or three samples testing


[image: CIMG3035]
Figure 2-6. Hamburg Test for Hoban CAM (without Lime).

From Figure 2-7, the acceptable asphalt content meeting both Hamburg-rutting and Overlay-cracking requirement ranges from 8.14 to 8.64 percent. Beyond 8.64 percent asphalt binder, the mixture could have rutting problems. Therefore, the initial selected OAC was 8.4%.
[image: ]
Figure 2-7. The Window of Acceptable Asphalt Content for Hoban CAM.

Volumetric Check
Two samples at 8.2% and 8.4% asphalt content respectively were molded for the volumetric check. The test results are listed in Table 2-6 and the density from the theoretical maximum specific gravity was 95.7% and 95.8%, which did not meet the criteria of minimum 96.5%.

Table 2-6. Volumetric Check (SGC) at Initial Optimum Asphalt Content.
	Sample's 
No.
	Theo. Max. Specific Gravity (Gt)
	Sample Height
(mm)
	Weight of Dry Sample
	Sample Weight in Water
	Weight of Dry Surface
	Density
from
Gt
	Pass / Fail

	8.2% AC_1
	2.2341
	114.9 mm
	4310.2
	2301.3
	4316.2
	95.8%
	Fail

	8.2% AC_2
	
	114.8 mm
	4307.2
	2299.2
	4313.3
	95.7%
	Fail

	8.4% AC_1
	2.2318
	151.2 mm
	4317.0
	2299.9
	4320.6
	95.7%
	Fail

	8.4% AC_2
	
	151.3 mm
	4309.1
	2299.1
	4314.0
	95.8%
	Fail


Conclusion
No optimum asphalt content for this Hoban CAM. Alternative CAM designs were attempted as described below

2.2.2 MIX 8 - CAM Mix (No Lime, Hoban Grade 6 + Rankin Screenings)
The Combined Gradation
This CAM mix was comprised of 60% Hoban Grade 6 and 40% Rankin Pit Screenings. The combined aggregate gradation is shown in Figure 2-8. 


[image: ]
Figure 2-8. Associated Gradation for Hoban and Rankin CAM Design.



Performance Test 
The Hamburg and Overlay tests were conducted at four different asphalt contents:7.0%, 7.5%, 8.0% and 8.5%.  Results are listed in Table 2-7. Photos of the Hamburg specimens are shown in Figure 2-9.
Table 2-7. The Hamburg and Overlay Test Results.
	Asphalt
Content
	RICE
	Density
(SGC)
	Hamburg Test
	Overlay Test

	
	
	
	Air Void
	Rutting 
Depth (mm)
	Pass
/Fail
	Air Void
	No. of 
cycles1
	Pass
/Fail

	7.0%
	2.3311
	91.1%
	6.4 / 6.4
	2.1 mm @ 20000
	Pass
	6.5 / 6.7
	83
	Fail

	7.5%
	2.3143
	92.2%
	6.4 / 6.3
	2.1 mm @ 20000
	Pass
	6.4 / 6.4
	243
	Fail

	8.0%
	2.2913
	93.5%
	6.1 / 6.3
	2.3 mm @ 20000
	Pass
	--
	--
	--

	8.5%
	2.2767
	95.4%
	6.4 / 6.3
	3.2 mm @ 20000
	Pass
	6.3 / 6.5
	1068
	Pass

	1: average of two samples testing


[image: CAM_Hoban+Rankin_2]
Figure 2-9. Hamburg Test for Hoban and Rankin CAM.

Conclusion
Since the volumetric at 8.5% asphalt content was only 95.4%, so 8.8% asphalt content was recommended as the optimum asphalt content based on extensional interpolating for this CAM.

2.2.3 MIX 9 - CAM Mix (No Lime, Hoban Grade 6 + Turner Screenings)
The Combined Gradation
This CAM mix comprised of 65% Hoban Grade 6 and 35% Turner Pit Screenings. The combined aggregate gradation is shown in Figure 2-10. 

[image: ]
Figure 2-10. Associated Gradation for Hoban and Turner CAM Design.

Performance Test 
The Hamburg and Overlay tests were conducted at four different asphalt contents:, 7.0%, 7.5%, 8.0% and 8.5% .  Results are shown in Table 2-8 and Figure 2-11.


Table 2-8. The Hamburg and Overlay Test Results.
	Asphalt
Content
	RICE
	Density
(SGC)
	Hamburg Test
	Overlay Test

	
	
	
	Air Void
	Rutting 
Depth (mm)
	Pass
/Fail
	Air Void
	No. of 
cycles1
	Pass
/Fail

	7.5%
	2.3016
	93.7%
	6.1 / 6.3
	2.5mm@20000
	Pass
	6.5 / 6.6
	513
	Fail

	8.0%
	2.2972
	93.8%
	6.3 / 6.3
	3.0mm@20000
	Pass
	6.5 / 6.9
	933
	Pass

	8.5%
	2.2803
	95.5%
	6.5 / 6.9
	5.0mm@20001
	Pass
	--
	--
	--

	1: average of two samples testing




[image: CAM_Hoban+Turner_2]
Figure 2-11. Hamburg Test for Hoban and Turner Pit CAM.

Conclusion
Since the volumetric at 8.5% asphalt content was only 95.5%, so 8.8% asphalt content was recommended as the optimum asphalt content based on extrapolation for this CAM.




2.2.4 MIX 10 - PFC Mix (No Lime, Hoban Grade 6 + Fibers)
The Combined Gradation
A fine-graded PFC mix was designed without lime using the second shipment of Hoban materials. This PFC mix was comprised of 100% Grade 6 and 0.3% fibers. 

Performance Test 
The Hamburg and Overlay tests were conducted at three different asphalt contents: 6.0%, 6.5% and 7.0%.  Results are shown in Table 2-9. These samples were prepared by the Odessa district lab and shipped to TTI.
Table 2-9. The Hamburg and Overlay Test Results.
	Asphalt
Content
	RICE
	Density
(SGC, %)
	Hamburg Test
	Overlay Test

	
	
	
	Air Void
	Rutting 
Depth (mm)
	Pass
/Fail
	Air Void
	No. of 
cycles1
	Pass
/Fail

	6.0%
	--
	--
	26.4 / 26.7
	12.5 @ 4900
	Fail
	--
	402
	Pass

	6.5%
	--
	--
	26.2 / 26.9
	8.1 @ 10000
	Pass
	--
	>450
	Pass

	7.0%
	--
	--
	26.5 / 26.6
	12.5 @ 7000
	Fail
	--
	>1000
	Pass

	1: average of two samples testing


Conclusion
6.5% was recommended as the optimum asphalt content for this Hoban PFC.

2.2.5 MIX 11 - SMA Mix (No Lime, Hoban Grade 5 + Turner Scr. + Fibers)
The Combined Gradation
This SMA mix comprised of 60% Hoban Grade 5 and 40% Turner Screenings, with 0.3% Fibers. The combined aggregate gradation was shown in Figure 2-12.

 









Figure 2-12. Associated Gradation for Hoban and Turner SMA Design.
Performance Test 
The Hamburg and Overlay tests were conducted at three different asphalt contents: 6.0, 6.5% and 7.0%.  Results are shown in Table 2-10 and Figure 2-13. .
Table 2-10. the Hamburg and Overlay Test Results.
	Asphalt
Content
	RICE
	Density
(TGC, %)
	Hamburg Test
	Overlay Test

	
	
	
	Air Void
	Rutting 
Depth (mm)
	Pass
/Fail
	Air Void
	No. of 
cycles1
	Pass
/Fail

	6.0%
	[bookmark: RANGE!F24]2.341
	96.8
	--
	--
	--
	--
	--
	--

	6.5%
	[bookmark: RANGE!F25]2.327
	98.3
	6.0 / 6.0
	2.3mm @ 20000
	Pass
	5.9 / 5.9
	28
	Fail

	7.0%
	[bookmark: RANGE!F26]2.308
	98.8
	5.8 / 5.8
	2.6mm @ 20000
	Pass
	5.6 / 5.7
	300
	Pass

	1: average of two samples testing



[image: HAM]
Figure 2-13. Hamburg Test for Hoban and Turner SMA (No Lime).

Conclusion
7.0% was recommended as the optimum asphalt content for this SAM.

3. Milligan Rocks (Amarillo District)
3.1 The Aggregates and Binders
The Amarillo district sent aggregates from the Milligan Pit: an F Rock and Screening.  Photos are shown in Figure 3-1. Washed sieve analysis results are shown in Table 3-1. Asphalt binder was a PG70-22 from Alon.

[image: Amarillo_F Rock][image: Amarillo_Screenings]
(a) F Rock                                            (b) Screenings
Figure 3-1. The Milligan Aggregates.

Table 3-1. Aggregate Gradation for Each Fraction (Cumulative Passing, %).
	Sieve Size
	F Rock
	Screenings

	3/8 "
	100.0
	99.9

	No. 4
	61.6
	99.9

	No. 8
	4.5
	85.1

	No. 16
	1.8
	59.6

	No. 30
	1.4
	42.0

	No. 50
	1.2
	28.2

	No. 200
	0.8
	9.4



3.2 MIX 12 - CAM Mix Design (1% Lime, F rock + Screenings)
The Combined Gradation
This CAM mix was comprised of 50% F Rock, 49% Screenings and 1.0% Lime. The combined aggregate gradation is shown in Figure 3-2. 

[image: ]
Figure 3-2. Associated Gradation for Milligan CAM Design (with Lime).
Performance Test and Optimum Asphalt Content  
The Hamburg and Overlay tests were conducted at three different asphalt contents: 6.5%, 7.5%, 8.0%.  Results are shown in Table 3-2 and Figure 3-3.

Table 3-2. Summary of the Hamburg and Overlay Test Results.
	Asphalt
Content
	RICE
	Hamburg Test
	Overlay Test

	
	
	Air Void
	Rutting 
Depth (mm)
	Pass/Fail
	Air Void
	No. of 
cycles1
	Pass/Fail

	6.5%
	2.3948
	7.9 / 7.7
	2.5 mm @ 20000
	Pass
	7.0 / 7.0
	100
	Fail

	7.5%
	2.3639
	7.7 / 7.9
	5.3 mm @ 20000
	Pass
	7.2 / 7.5
	919
	Pass

	8.0%
	2.3314
	7.7 / 7.8
	14.3 mm @ 20000
	Fail
	--
	--
	--

	1: average of two or three samples testing



[image: Hamburg Picture for Amarillo]
Figure 3-3. Hamburg Test for Milligan CAM.

From Figure 3-4, the acceptable asphalt content meeting both Hamburg-rutting and Overlay-cracking requirement ranges from 6.4 to 7.9 percent. Beyond 7.9 percent asphalt binder, the mixture could have rutting problems.  Therefore, the initial selected OAC was 7.2%.

[image: ]
Figure 3-4. The Window of Acceptable Asphalt Content for Milligan CAM.

Volumetric Check
Two samples at 6.5% and 7.2% asphalt content respectively were molded for the volumetric check. The test results were listed in Table 3-3 and the density from the theoretical maximum specific gravity was 95.0% and 97.0%.

Table 3-3. Volumetric Check (SGC) at Initial Optimum Asphalt Content.
	Sample's 
No.
	Theo. Max. Specific Gravity (Gt)
	Sample Height
(mm)
	Weight of Dry Sample
	Sample Weight in Water
	Weight of Dry Surface
	Density
from
Gt
	Pass / Fail

	6.5% AC_1
	2.395
	116.5
	4617.6
	2599
	4629.1
	95.0%
	Fail

	6.5% AC_2
	
	116.4
	4607.8
	2592.3
	4619.3
	94.9%
	Fail

	7.2% AC_1
	2.366
	114.1
	4567.7
	2584
	4572.6
	97.1%
	Pass

	7.2% AC_2
	
	114.2
	4564.4
	2579.8
	4569.3
	97.0%
	Pass




Conclusion
7.2% was the optimum asphalt content by the balance mix design method.
4. Zack Burkett (Wichita Falls)
4.1 The Aggregates and Binders
The Wichita Falls District sent three aggregates from the Zack Burkett quarry: F Rock, manufactured sand and screenings as shown in Figure 4-1. Results of washed sieve analyses are shown in Table 4-1. The asphalt binder was a PG70-22 from Valero.

[image: Wichita Falls_F Rock]    [image: Wichita Falls_Man Sand]    [image: Wichita Falls_Screenings]
 (a) F Rock                                 (b) Manufacture Sand                  (c) Screenings
Figure 4-1. The Zack Burkett Aggregates.

Table 4-1. The Gradation for Each Rock (Cumulative Passing, %).
	Sieve Size
	F Rock
	Manufacture Sand
	Screenings

	3/8 "
	100.0
	100.0
	100.0

	No. 4
	51.5
	99.6
	98.7

	No. 8
	3.8
	79.1
	59.6

	No. 16
	2.6
	39.9
	29.1

	No. 30
	2.6
	16.3
	17.3

	No. 50
	2.5
	5.5
	12.3

	No. 200
	2.4
	2.9
	8.1






4.2 MIX 13 - CAM Mix Design (1% Lime, F rock + Screenings)
The Combined Gradation
This CAM mix was comprised of 30% F Rock, 69% Screenings and 1.0% lime. The combined aggregate gradation is shown in Figure 4-2. 



. [image: ]

Figure 4-2. Associated Gradation for Wichita Falls CAM Design (with Lime).

Performance Test and Optimum Asphalt Content  
The Hamburg tests were conducted at four different asphalt contents: 6.0%, 6.5%, 7.5%, 8.0% .  Results are listed in Table 3-2. Since all the rutting depths failed the criteria of 12.5@15000, only one sample at 6.0% asphalt content was run the overlay test. The Hamburg specimens are shown in Figure 4-3.




Table 4-2. Summary of the Hamburg and Overlay Test Results.
	Asphalt
Content
	RICE
	Hamburg Test
	Overlay Test

	
	
	Air Void
	Rutting 
Depth (mm)
	Pass/Fail
	Air Void
	No. of 
cycles1
	Pass/Fail

	6.0%
	2.3921
	7.2 / 7.1
	12.5 mm @ 14800
	Fail
	6.2
	88
	Fail

	6.5%
	2.3780
	7.0 / 7.0
	12.5 mm @ 10000
	Fail
	--
	--
	--

	7.0%
	2.3618
	7.3 / 7.2
	12.5 mm @ 9600
	Fail
	--
	--
	--

	7.5%
	2.3449
	7.3 / 6.9
	12.5 mm @ 5900
	Fail
	--
	--
	--

	1: average of two or three samples testing



[image: Hamburg Picture]
Figure 4-3. Hamburg Test for Wichita Falls CAM.
Conclusion
No optimum asphalt content can be obtained.  It is recommended that alternative aggregates be used.  Also at the Districts request only a PG 70-22 binder was used.  Future designs should evaluate the use of a PG 76-22.


5. Duininck, Dbi, Thrasher and Kiewit Rocks (Lubbock)
5.1 The Aggregates and Binders
The Lubbock district submitted five aggregates:  Duininck F Rock, DBI manufactured sand, Thrasher Screenings,  Kiewit ¼”-#7 and Kiewit #7-#16.  Photos of the aggregates are shown in Figure 5-1. Washed sieve analysis results are shown in Table 5-1. The asphalt binder submitted was PG70-28 from Valero.

[image: Lubbock_F Rock]    [image: Lubbock_Man Sand]    [image: Lubbock_Screenings]
 (a) F Rock                                   (b) Manufactured sand                  (c) Screenings
[image: Lubbock_quarter-#7]     [image: Lubbock_#7-#16]
(d) ¼”_#7                                    (e) #7-#16
Figure 5-1. The Milligan Aggregates.

Table 5-1. Aggregate Gradation for Each Fraction (Cumulative Passing, %).
	Sieve Size
	F Rock
	Manufacture Sand
	Screenings
	¼”_#7                              
	#7-#16

	3/8 "
	100.0
	99.8
	99.8
	100.0
	100.0

	No. 4
	60.8
	97.7
	98.9
	85.0
	99.9

	No. 8
	2.0
	72.4
	86.8
	12.6
	85.2

	No. 16
	0.7
	48.6
	69.6
	3.8
	54.8

	No. 30
	0.5
	32.8
	56.5
	3.1
	39.3

	No. 50
	0.5
	17.4
	41.6
	2.7
	30.4

	No. 200
	0.4
	3.3
	18.9
	1.9
	12.2



5.2 MIX 14 - CAM Mix Design (1% Lime, F rock + Man Sand + Screenings)
The Combined Gradation
This CAM mix comprised of 50% Duininck F Rock, 24% DBI manufactured sand, 25% Thrasher screenings and 1.0% lime. The combined aggregate gradation is shown in Figure 5-2. 
[image: ]
Figure 5-2. Associated Gradation for Lubbock CAM Design (with Lime).
Performance Test and Optimum Asphalt Content  
The Hamburg and Overlay tests were conducted at two different asphalt contents: 6.0% and 6.5%.  Results are listed in the Table 5-2. Photos of Hamburg specimens are shown in Figure 5-3 (marked as Lubbock B).
Table 5-2 .Summary of the Hamburg and Overlay Test Results.
	Asphalt
Content
	RICE
	Hamburg Test
	Overlay Test

	
	
	Air Void
	Rutting 
Depth (mm)
	Pass/Fail
	Air Void
	No. of 
cycles1
	Pass/Fail

	6.0%
	2.4054
	7.6 / 7.5
	12.5 mm @ 9000
	Fail
	7.3 / 7.3
	743
	Pass

	6.5%
	2.3900
	7.2 / 7.4
	12.5 mm @ 6200
	Fail
	--
	--
	--

	1: average of two or three samples testing



[image: CIMG2982]
Figure 5-3. Hamburg Test for Lubbock CAM.

Conclusion
No optimum asphalt content by balance design can be obtained.
5.3 MIX 15 - CAM Mix Design (1% Lime, F rock + #7-#16)
The Combined Gradation
This CAM mix comprised of 52% Duininck F Rock, 47% Kiewit #7-#16 and .0% Lime. The combined aggregate gradation was shown in Figure 5-4. 

[image: ]
Figure 5-4. Associated Gradation for Lubbock CAM Design (with Lime).

Performance Test and Optimum Asphalt Content  
The Hamburg and Overlay tests were conducted at four different asphalt contents: 6.0%, 6.5%, 7.0% and 7.5%.  Results are listed in the Table 5-3. Some of the Hamburg specimens are shown in Figure 5-3.


Table 5-3. Summary of the Hamburg and Overlay Test Results.
	Asphalt
Content
	RICE
	Hamburg Test
	Overlay Test

	
	
	Air Void
	Rutting 
Depth (mm)
	Pass/Fail
	Air Void
	No. of 
cycles1
	Pass/Fail

	6.0%
	2.3238
	7.3 / 7.2
	1.5 mm @ 15000
	Pass
	6.8 / 6.8
	52
	Fail

	6.5%
	2.3091
	7.1 / 7.3
	2.7 mm @ 15000
	Pass
	--
	--
	--

	7.0%
	2.2900
	7.3 / 7.0
	6.1 mm @ 15000
	Pass
	6.7 / 6.8
	588
	Fail

	7.5%
	2.2777
	7.4 / 6.9
	16.1 mm @ 15000
	Fail
	6.9 / 6.8
	1883
	Pass

	1: average of two or three samples testing




From Figure 5-5, acceptable asphalt content meeting both Hamburg-rutting and Overlay-cracking requirement ranges from 7.1 to 7.3 percent. Beyond 7.3 percent asphalt binder, the mixture could have rutting problems. Therefore, the initial selected OAC was 7.2%.

[image: ]
Figure 5-5. The Window of Acceptable Asphalt Content for Lubbock CAM.
Volumetric Check
Two samples at 7.2% asphalt content were molded for the volumetric check. The test results are listed in Table 5-4 and the density from the theoretical maximum specific gravity was determined to be 93.7%.
Table 5-4. Volumetric Check (SGC) at Initial Optimum Asphalt Content.
	Sample's 
No.
	Theo. Max. Specific Gravity (Gt)
	Sample Height
(mm)
	Weight of Dry Sample
	Sample Weight in Water
	Weight of Dry Surface
	Density
from
Gt
	Pass / Fail

	7.2% AC_1
	2.285
	118.6
	4410.4
	2368.8
	4425.8
	93.8%
	Fail

	7.2% AC_2
	
	118.7
	4409.9
	2366.1
	4427.7
	93.6%
	Fail




Conclusion
No optimum asphalt content can be obtained.  It is suggested that the future designs be run with a PG 76-22 binder
6. Turner Pit Rock (San Angelo)
6.1 The Aggregates and Binders
The San Angelo District submitted five Turner Pit aggregate fractions:  F Rock, Screenings, Grade 3, D Rock and Blow Sand (Figure 6-1). Washed sieve analyses were performed on the F Rock, Screenings, and D Rock (Table 6-1). Asphalt binder was a PG76-22 from Alon.






[image: San Angelo_F Rock][image: San Angelo_Screenings][image: San Angelo_Grade 3]
(a) F Rock                                   (b) Screenings                        (c) Grade 3

[image: San Angelo_D Rock][image: San Angelo_Blow Sand]
(d) D Rock                                    (e) Blow Sand

Figure 6-1. The Turnepit Aggregates (San Angelo).

Table 6-1. Aggregate Gradation for Each Fraction (Cumulative Passing, %).
	Sieve Size
	F Rock
	D Rock
	Screenings

	3/8 "
	100.0
	92.8
	100.0

	No. 4
	82.9
	10.3
	99.5

	No. 8
	3.0
	1.3
	84.4

	No. 16
	2.2
	1.2
	61.8

	No. 30
	2.0
	1.2
	47.1

	No. 50
	2.0
	1.2
	36.4

	No. 200
	1.8
	1.1
	22.8



6.2 MIX 16 - CAM Mix Design (1% Lime, D rock + F rock + Screenings)
The Combined Gradation
This CAM mix was comprised of 15% D Rock, 20% F Rock, 64% Screenings and 1.0% lime. The combined aggregate gradation is shown in Figure 6-2. 

[image: ]
Figure 6-2. Associated Gradation for Turner pit CAM Design (with Lime).

Performance Test and Optimum Asphalt Content  
The Hamburg and Overlay tests were conducted at four different asphalt contents: 6.5%, 7.0%, 7.5% and 8.0%. The results are listed in the Table 6-2. Since the OT cycles were too low even at 7.5% asphalt content, no further tests were performed.

Table 6-2. Summary of the Hamburg and Overlay Test Results.
	Asphalt
Content
	RICE
	Hamburg Test
	Overlay Test

	
	
	Air Void
	Rutting 
Depth (mm)
	Pass/Fail
	Air Void
	No. of 
cycles1
	Pass/Fail

	6.5%
	2.3812
	--
	--
	--
	7.1 / 6.9
	2
	No

	7.0%
	2.3456
	7.0/6.9
	3.89 @ 20000
	Pass
	7.0 / 6.8
	19
	No

	7.5%
	2.3378
	7.0/6.9
	5.36 @ 20000
	Pass
	6.8 / 6.8
	72
	No

	8.0%
	2.3158
	7.0/7.0
	5.46 @ 20001
	Pass
	--
	--
	--

	1: average of two or three samples testing


Conclusion
No optimum asphalt content can be obtained.  Poor performance in the Overlay tester is an indication of a aggregate/binder compatibility problems, recommend changing aggregate types.

7. EL Paso Rock (No Mix Design)
7.1 The Aggregates and Binders
The El Paso District provided four aggregates: 3/8” Padre Canyon, Padre Canyon Screenings, 3/8” Vado and Vado Screenings.  (Figure 7-1).  Results of the washed sieve analyses are shown in Table 7-1. An asphalt Binder PG 70-22 from TK was also provided.  Unfortunately, no combination of the aggregates submitted would meet the gradation requirements for a CAM.  Need alternative aggregate for future CAM designs.


[image: EL Paso_3-8_Padre Canyon][image: EL Paso_Screenings_Padre Canyon]
(a) 3/8” Padre Canyon                       (b) Padre Canyon Screenings

[image: EL Paso_3-8_Vado][image: EL Paso_Screenings_Vado]
(c) 3/8” Vado                                       (d) Vado Screenings
Figure 7-1. The EL Paso Aggregates.

Table 7-1. The Gradation for Each Rock (Cumulative Passing, %).
	Sieve Size
	3/8” Rock
Padre Canyon
	Screenings
Padre Canyon
	3/8” Rock
Vado
	Screenings
Vado

	3/8 "
	87.9
	100.0
	94.8
	100.0

	No. 4
	9.7
	99.6
	36.8
	89.8

	No. 8
	2.3
	83.2
	4.2
	66.5

	No. 16
	1.6
	58.9
	2.4
	49.4

	No. 30
	1.5
	40.6
	2.3
	37.5

	No. 50
	1.5
	27.9
	2.2
	28.6

	No. 200
	1.2
	12.5
	2.0
	17.1
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2 No.8 175 114] 828] 290 00 00 00 00 00| 404 | 400] 650] Yes 403 696] Nog
ES] No_ 16 43| 28| b05| 212 00 00 00 00 00| 240 | 200] 450] Yes 65| 76.0] No. 16
EN No. 30 19| 12| 457] 160 00 00 00 00 0] 17.2 | 10.0] 30.0] Yes 67| 628] No 30
E3 No. 50 13| 08| 30| 123 00 00 00 00 0] 131 | 10.0] 200] Yes 41| 869] No 50
E3 No. 200 03] 08 217] 76 00 00 00 00 00 82 | 20] 10.0] Yes 43] 91.8] No. 200
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T [DOOTHarusls>  TecROTf  Tecalof  Texait  leczief  Tecaiaf  TecHanr ete: Tex-210.F must be removed
1 SAMPLED BY:[Xiaodi SPEC ITEM
12 SAMPLE LOCATION:[TTI SPECIAL PROVISION
13 MATERIAL CODE MIX TYPE:|Other
14 MATERIAL NAME
15 PRODUCER
15 AREA ENGINEER PROJECT MANAGER
18 COURSEWFT: STATION DIST. FROM CL. CONTRACTOR DESIGN #
® Enter Specifications
2 BIN FRACTIONS
21 BinNo2 | BinNo3 | BinNod | BinNo5 | BinNo6 | BinNoJ
22| [ Aggregate Source:| _Hoben Turner
23 | [Agoregate Number
|| sren [ [ 1
25| [_Rap?. Asphalt% 1 1 1 1 1 1 reteien
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= passing | U |passing | €™ [passing| A" |passing | ™ |passing| ™ [passing | ™ [passig| ™ [ passing Spec's EE(3 e
a0 EER 995| 5971000 400 00 00 00 00 00| 997 | 98.0[100.0] Yes 03] 03] 39
El No. 4 243] 148] 970] 38 00 00 00 00 00| 654 | 700 900 No 453 45| No 4
2 No.8 16| 10| 831 32 00 00 00 00 00| 342 | 400] 50| No 192] B58| No.g
ES] No_ 16 07| 04 557] 223 00 00 00 00 00| 227 | 200] 450] Yes 15[ 773 No 16
EN No. 30 07| 04 423] 189 00 00 00 00 0] 17.3 | 10.0] 30.0] Yes 54] 827] No 30
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12 SAMPLE LOCATION SPECIAL PROVISION: [NONE
13 MATERIAL [CAM MIX TYPE:[Other
14 PRODUCER: [T Lab Design
15 AREA ENGINEER PROJECT MANAGER
17 COURSEWIFT STATION DIST. FROM CL.
= Enter Specifications
18] BIN FRACTIONS
x Nol | BinNo2 | BinNo3 | BinNod nNo5 | BinNo6 | BinNoJ
21 | [ Aggregate Source: Willgan Hi Card_|milgan Hi Card [Texas Lime
22 | [Agoregate Number
Sample ID: F Rook Soreenings [ome P
Pl
24| [_Rap?, Asphalt% 1 1 1 1 1 1 Yretaien
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Seve W W W W W W W o on 2 5|2 L [siewe size
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34|[ Notb | t1eo] 18| 09| 636 292]1000] 10 00 00 00 00| 311 | 200] 450] Yes 138] B89| No 16
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T [DOOTHarusls>  TecROTf  Tecalof  Texaoit  leczief  Tecaiaf  Tecsanr ete: Tex-210.F must be removed

[ LOT NUMBER LETTING DATE

9 SAMPLE STATUS CONTROLLING C5J

10 COUNTY: SPEC YEAR:|2004

11 SAMPLED BY. SPEC ITEM
12| [ SAMPLE LOCATION SPECIAL PROVISION 1
13 MATERIAL CODE MIX TYPE:|Other

14 MATERIAL NAME: [CAM Mix

15 PRODUCER

15 AREA ENGINEER PROJECT MANAGER

18 COURSEWFT: STATION DIST. FROM CL. CONTRACTOR DESIGN #

® Enter Specifications

2 BIN FRACTIONS

21 BinNo.l | BinNo2 | BinNo3 | BinNod | BinNo5 | BinNo6 | BinMNoZ

22 | [ Aggregate Source:| ZarkBurkelt | Zark Burketi | Tevas Lime

23 | [Agoregate Number
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El No. 4 55| 165( 987 Ba.1|1000] 10 00 00 00 00| 845 | 70.0] 90.0] Yes 15.4] 164 No.4

2 No.8 38| 1.1] 596 411]1000] 10 00 00 00 00| 433 | 400] 650] Yes 413 867] Nog

ES] No_ 16 26| 08| 29.1] 201[1000] 1.0 00 00 00 00| 219 | 200] 450] Yes 214 78.1] No 16

EN No. 30 26| 08| 173] 119[1000] 10 00 00 00 0] 137 | 10.0] 300] Yes 61| 86.3] No 30

E3 No. 50 25| 08| 123] 85[1000] 10 00 00 00 0] 102 | 10.0] 200] Yes 35| 898] No 50

E3 No. 200 24| 07] 81| &6[1000] 10 00 00 00 G0 73 | 20] 10.0] ves 23] 927] No.200

£ 3
E
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40 | #Not witin specfcations % Not cumuiative
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8 LOT NUMBER: LETTING DATE:
9 SAMPLE STATUS: CONTROLLING CS.):
10 COUNTY: SPEC YEAR: 2004

1] SAMPLED BY. SPEC ITEM —

12 SAMPLE LOCATION SPECIAL PROVISION.

13 MATERIAL CODE MIX TYPE: [Other
14 MATERIAL NAME: |CAM Mix
15 PRODUCER
16 AREA ENGINEER PROJECT MANAGER
18| [ COURSEWFT. STATION. DIST. FROM L CONTRACTOR DESIGN #
® Enter Specifications
2 BIN FRACTIONS
21 BinNo1 | BinNo2 | BinNo3 | BinNod | BinMNo5 | BinNo& | BinNod
22 | [ Agregate Source:| _buninck i Trvasher | Texas Line
23 | [ Aggregate Number.
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25| [_Rap?, Asphalt% 1 1 1 1 1 1 Yretaien
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o passing | CU™ [passing| 4™ |passing| U™ [passing| 4™ [passing| U™ [passing| U™ [passing | U™ | passing Spec's EES
el 35 7000| 500] 996 240 93.8] 260[ 1000 1.0 00 00 0.0 999 | oB.0[1000] Ves 0 01| 3w
El No.4 608 30.4] 97.7| 23.4] 989 247|1000] 10 00 00 0.0 796 | 70.0[ 900] Yes 03] 204] Nod
2 No.8 20| 10| 724] 17.4] 88| 217[ 1000 10 00 00 0.0] 411 | 40.0[ 650] Yes 5] 689] Mo
£ Mo 15 07| 04| 86| 117] 696 174[1000] 10 00 00 0.0] 304 | 20.0[ 450] Yes 07| 696] Mo 15
34 No. 30 05| 03] 328 79| 85| 141[1000] 10 00 00 0.0 232 | 10.0[ 300] Yes 72| 768] No. 30
% No. 50 05| 03| 174 42| 416] 104[1000] 10 00 00 0.0 158 | 10.0[ 200] Yes 7.4 42| No.50
E3 No. 200 04] 02| 33| 08| 189] 47[1000] 10 00 00 00] 67 | 20] 100] Ves 9.1] 93.3] No.200
7 3
B
£
4D # Mot witin specifations % Not cumtive
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6 | RetreshWorkhook il Version: 0112814 140218
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[ LOT NUMBER LETTING DATE: | September 2004
9 STATUS CONTROLLING C5J:1006-02 005
10 COUNTY: SPEC YEAR [1993
11 SAMPLED BY:|Xiaodi SPEC ITEM
12 SAMPLE LOCATION. SPECIAL PROVISION: [NONE
13 MATERIAL [CAM MIX TYPE:[Other
1] PRODUCER: [T Lab Design
15 AREA ENGINEER PROJECT MANAGER
17| [_COURSEWFT STATION DIST. FROM CL.
= Enter Specifications
19 BIN FRACTIONS
2 BinNo.l | BinNo2 | BinNo3 | BinNod | BinNo5 | BinNob | BinMNoZ
21 | [Aggregate Source: [puninck ket [Texes Line
22 | [Agoregate Number
” Sample ID: | Rock T ine P
24| [_Rap?. Asphalts 1 1 1 1 1 1 retaien
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- e passing| Sy [passing| 4 passing | Sy |passing| 4 fpassng| 4 passing| Sy [passing| Sy |passing | Lnts  |specs LGRS
29|[ 3" [rsoo0[100.0| 520[1000] 47.0]1000] 1.0 00 00 00 0.0] 1000 |100.0]100.0] Yes 00| 00| 4"
s0|[ 1z [resw[1000] 520[1000] 47.0]1000] 10 00 00 00 0.0] 1000 |100.0]100.0] Yes 0o] o] 172"
31|[_3® | sew|1000] 520[1000] 47.0]1000] 10 00 00 00 0.0] 1000 | 98.0[100.0] Yes 00| 00| a8
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34|[ No1b | t1e0] 07| 04| 648] 258[1000] 10 00 00 00 00| 27.1 | 200] 450] Yes 150] 729] No 16
35|| Mo30 |ooso| 05| 03| 33| 18s5|i000] 10 00 00 00 0] 197 | 10.0] 300 Yes 74| 803] No 30 b
36|| Mos0 |oowm| 05| 03| 304 143[1000] 10 00 00 00 00| 155 | 10.0] 200] Yes 42] 845 No 50
7|[ No200 |oows| 04| 02| 22| &7]1000] 10 00 00 00 00 69 | 20] 10.0] ves 66] 93.1] No.200
38 | #Not wii specifcations & Not cumuatve
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41| Remarks:
42 | [Anti Strip = None
3
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Septernber 2004

CONTROLLING CSJ.

SAMPLE LOCATION SPECIAL PROVISION.

AREA ENGINEER, PROJECT MANAGER.
DIST. FROM CL:

Enter Specifications

BIN FRACTION!

Agaregate Source
‘Agaregate Number

Rap?, Asphalt%,

Ingividual Bin (%):

Type 3 question for help

A [AL] AK

Continea racen
Cower 8 Uoper e
Cter sEEf
sotenn o S| e
lnte [specs ¢35
100.0/100.0] Yes 00| 00 34"
100.0/100.0] Yes 00| oo 172"
98.0[1000] Yes 11 38"
700| 900] Yes 16.1] 17.2| No. 4
400| B50] Yes 317] 488] Mo 8
200| 450] Yes 213| 702| No. 16
10.0] 300 Yes 12.0| 82.2| No.30
10.0] 200 Yes 75| B97| MNo. 50
20| 100] Yes 51| 948| No. 200

£ Not wihin specifications.

[Alon Asphalt PG 76-22 Binder Percent, (%) Asphalt Spec. Grav.

[Anti Strip = None
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