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APPENDIX A: Site Reports



NCHRP 9-811 - Task 8
SMA Construction Project No. 1

L ocation and Background

This project was constructed in May of 1997. NCAT staff were on-site from May
5to May 8, 1997. While at the job-site, the contractor was constructing the middle of
three lanes. Because construction was on the middle lane, paving operations were
conducted at night. Placement of the SMA consisted of milling 38 mm (1.5in) of
existing pavement and filling with 38 mm of SMA. After completion of SMA placement,
an open-graded friction course was to be placed on top of the SMA.
SMA MixtureInformation

While on this project, two different job-mix-formulas (IMF) were used (JMF-01-1
and IMF-01-2). There were two primary differences between the two IMF. First, two
different sources of asphalt binder were used; however, both were a PG 76-22.
Secondly, the contractor changed a source of No. 7 stone. Thiswas not aresult of
problems with the mixture, but the contractor decided to use a source of coarse aggregate
that could be obtained nearer the plant site. Tables 1.1 and 1.2 presents information for
each JMF, while Table 1.3 presents the two gradations for the JMF’s used on this project.
Both of these gradations are 12.5 mm nominal maximum aggregate size. A column
within Table 1.3 is entitled “Recommended Limits.” This column shows the
recommended gradation limits from the Phase | SMA mixture design procedure. Both

mixtures utilized a crushed granite aggregate. Properties for the coarse and fine portions



of the aggregates are presented in Tables 1.4 and 1.5, respectively. Only the asphalt
cement used for IMF-01-2 was sampled at the project. Properties of this binder are
presented in Table 1.6. Cellulose fibers were used in aloose form for this project.
Plant Information

The plant utilized for this project was an Astec Double-Barrel drum plant. The
aggregate entered the drum opposite the flame, therefore the aggregate moved opposite
the direction of the exhaust gas stream (counter-flow). The dust collection system
consisted of only abaghouse. Baghouse fines were sent to a storage silo before being
reintroduced into the mixture. The baghouse fines constituted a portion of thefiller
(fraction smaller than the 0.075 mm sieve).

This plant utilized three silos for different constituents of the mixture. Onesilo
was used for lime (anti-strip), one for marble dust (mineral filler), and one for the
baghouse fines. Both the lime and marble dust were brought to the plant-site in trucks
and pneumatically blown into their respective silos. Each was then augered into the
outside drum of the facility. The fiber was stored in bales next to the plant. Introduction
of the fiber consisted of placing bails manually (forklift) into an automated hopper. This
hopper had blades that rotated in opposite directions to make sure the fiber was of a
consistency to auger to the outside barrel of the drum.

Laydown Procedures
Paving on this project was accomplished at night. Observation of the laydown

procedures occurred on the night of May 8, 1997. The ambient temperature was
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approximately 58°F with amoderate wind. Table 1.7 presents information obtained from
this observation.
Problems Encountered On-Site

The only problem with the mixture encountered while on the job-site was fat-
spots on the roadway. This occurred on the night of May 6, 1997. A sample of mixture
was obtained from some of the mixture that showed these fat-spots (Sample 4). Results
of testing on this sample showed high draindown values (0.8 percent). The section of
pavement with fat spots was milled and replaced.
Sampling

Materias obtained from this site include: each aggregate used in both mixtures,
mineral filler, fiber, the asphalt binder used with IMF-01-2, and loose mixture. Table 1.8
presents the times and dates that each of the samples were obtained along with the
average draindown values for each sample. Tables 1.9 through 1.16 present the results of

testing performed on the samples obtained.



Table1.1: Site1 SMA Mixture Data for JMF-01-1

JMF |.D. Number:

Dates Used:

Number of Aggregate Stockpiles Used:

Design Voidsin Coarse Aggregate:
Type Asphalt Binder Used:
Modifier Type:

Design Asphalt Binder Content:
Supplier of Asphalt Binder:

Type Fiber Used:

Form of Fiber:

Design Percentage of Fiber:

Type Minera Filler Used:

Design Percentage of Mineral Filler:

Type Anti-Strip Additive Used:
Design Percentage of Anti-Strip:
Compaction Method:
Compactive Effort:

Laboratory Mixing Temperature:

Laboratory Compaction Temperature:

Design Voidsin Total Mix:

Design Mixture Density:

Design Voidsin Mineral Aggregate:

Design Voids Filled With Asphalt:
Design Marshall Stability:

Design Flow (0.01 in):

Loaded Wheel Test @ Design Asphalt Content:

013X120+12.5SMA-1
May5& 6

4

38.3 percent*

PG 76-22

Stylink (Koch)

6.0 percent

Shell Oil Company, Lithonia, Ga
Slag Wool (Sloss)
Loose

0.4 percent of total mix
Marble Dust (RO4)
8.0 percent

Lime

1.0 percent

Marshall Hammer

50 Blows per side
335°F

325°F

3.7 percent

151.6 pcf

17.9 percent

79.3 percent

2110 Ibs

14.0

3.41 mm

* Value reported by agency.




Table1.2: Site1 SMA Mixture Datafor JM F-01-2
JMF I.D. Number: 120 _12.5SMA-1
Dates Used: May 7 & 8
Number of Aggregate Stockpiles Used: 4
Design Voids in Coarse Aggregate: 39.1 percent*
Type Asphalt Binder Used: PG 76-22
Modifier Type: Stylink (Koch)
Design Asphalt Binder Content: 5.9 percent
Supplier of Asphalt Binder: Shell Oil Company
Type Fiber Used: Slag Wool (Sloss)
Form of Fiber: Loose
Design Percentage of Fiber: 0.4 percent of total mix
Type Minera Filler Used: Marble Dust (RO4)
Design Percentage of Mineral Filler: 8.0 percent
Type Anti-Strip Additive Used: Lime
Design Percentage of Anti-Strip: 1.0 percent
Compaction Method: Marshall Hammer
Compactive Effort: 50 Blows per side
Laboratory Mixing Temperature: 335°F
Laboratory Compaction Temperature: 325°F
Design Voidsin Total Mix: 3.1 percent
Design Mixture Density: 154.7 pcf
Design Voidsin Mineral Aggregate: 17.6 percent
Design Voids Filled With Asphalt: 82.0 percent
Design Marshall Stability: 2120 Ibs
Design Flow (0.01 in): 13.6
Loaded Wheel Test @ Design Asphalt Content: 3.63mm

* Value reported by agency.



Table 1.3: Site 1 Design Gradationsfor Both IMF

Sieve Sieve Size, Recommended Percent Passing
mm Limits IMF-01-1 MMF-01-2
Yain. 19.0 100 100 100
Y%in. 12.5 85-95 98 93
% in. 9.5 75 max. 70 70
No. 4 4.75 20-28 28 29
No. 8 2.36 16-24 19 19
No. 16 1.18 15 16
No. 30 0.600 12-16 14 14
No. 50 0.300 12-15 13 13
No. 100 0.150 12 12
No. 200 0.075 8-10 10 10
Table 1.4: Coarse Aggregate Propertiesfor Sitel
Test No. 7's No. 7's No. 89's
JMF-01-1 JMF-01-02 (Both JMF)
Los Angeles Abrasion, % Loss 19 18
Flat & Elongated, %
3tol 11 12 25
5to1l
Bulk/Apparent Specific Gravity 2.710/2.741 2.824/2.858 2.824/2.8p
Absorption, % 0.42 0.40 0.40
Soundness (5 Cycles), % Loss
Sodium Sulfate) 0.8 0.2 0.2
Crushed Content, %
One Face 100 100 100
Two Face 100 100 100

Data not provided by the agency are represented by blank data fields.




Table 1.5: Fine Aggregate Propertiesfor Site 1

Tes Boih I
Bulk/Apparent Specific Gravity 2.822/2.854
Absorption, % 0.41
Soundness (5 Cycles), % Loss

Sodium Sulfate

Angularity, % 48.5
Liquid Limit, %
Plasticity Index, %

Data not provided by the agency are represented by blank datafields.




Table 1.6: Site 1 Asphalt Binder Properties
SHRFP ASPHALT BINDER GRADING SUMMARY

ASPHALT: Site 1
OPERATOR: Wilsen
PROJECT: NCHRP 9-8
DATE: 10/20/97

Orgimdl . | . RTFOT _ ' RTFOT + PAV residue
Flash Pt: --- °C Time/Temp after PAV: 20 HRS AT 100°C
] Loss:0.13 % . i
Vis@135:2087 cP Physical Hardening Index: ---
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Table1.7: Laydown Information for Site 1

Manufacturer of Paver:
Other Equipment Used:
Number of Rollers Used:

Temperature of Mixture When Delivered (Truck):

Temperature of Mixture Right Behind Paver:

Type Breskdown Roller:
Number of Passes By Breakdown Roller:

Temperature of Mixture Before Breakdown Roller
Began Compaction:

Temperature of Mixture After Breakdown Roller
Ended Compaction:

Type Intermediate Roller:
Number of Passes By Intermediate Roller:

Temperature of Mixture After Intermediate Roller
Ended Compaction:

Type Finish Roller:

Temperature of Mixture After Finish Roller Ended
Compaction:

Roadtec

Roadtec Shuttle-Buggy

3 (Breskdown/I ntermediate/Finish)

308°F (1% measurement)
287°F (2™ measurement)

325°F (1% measurement)
322°F (2™ measurement)

Vibratory
4

293°F

232°F

Static Steel Wheel
5

204°F

Static Steel Wheel

165°F

Comments.

10

The mixture seemed to have sufficient workability. Loose mixture was occasionally
shoveled to level places next to the longitudinal joint. No mixture was sticking to any of
therollers or truck beds. A few fat spots were noted on the pavement surface while
observing the paving operations.
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Table 1.8: Sampling Times and Datesfor Loose Mix From Site 1

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6

Date Obtained May 5 May 6 May 7 May 7 May 7 May 8

Time Obtained 10:30 pm 8:30 pm 1:10 am 8:30 pm 10:30 pm 1:30am

Temperature of Mixture

in Truck, °F 350 360 350 350 350 350
Truck Load of the
Day’s Production** N/A 4 32 5 33 16
Average Draindown, % 0.3 0.8 0.7 0.8 0.9 1.2
i When paving at night (early p.m. to early a.m.) a day’s production extends over two days (see samples 2 and

3).



Table 1.14: Results of Loaded Wheel Testing

Site No. 1
Specimen| VTM Rut Depth Rut Depth Rut Depth |
No. % at 1000 at 4000 at 8000
Cycles (mm) | Cycles (mm) | Cycles (mm)
R1 5.2 2.93 3.96 472
R2 5.6 2.90 3.67 4.02
R3 53 3.52 4.31 479
R4 59 3.26 4.23 4.87
Average 5.5 3.15 4.04 4.60
Std. Dev. 0.32 0.294 0.290 0.391

* The mixture used for this testing was obtained from JMF-01-2.

Table 1.15: Results of Superpave Analysis Testing

Site No. 1
Test Temp. [Test
Test deg. C Result Rep. 1 Rep. 2 | Average | Std. Dev.
Frequency Sweep @ G*
Constant Height Delta
Simple Shear Test @ Strain Rate, mm/mm

Constant Height

Final Strain, mm

Creep Compliance

Strain Rate, mm/mm

Final Strain, mm

Tensile Strength

Strength

* The mixture used for this testing was obtained from JMF-01-2.




Table 1.13: Results of SGC Compactions For IMF-01-2

SITE NUMBER: 1 MATERIALS: Limestone/Marble Dust/Siag Wool! PG 76-22 COARSE AGGREGATE INFORMATION Percant Coarse Aggregate 710 DATE
Apparert Speciiic Gravity of he Agg (Gsa) = TBulk Specific Gravity of the Agg. {Gsb) = Bulk Sp. Gravity of CA (Gca), 2.808] a/ere8
AC Sp. Gr (Gb)= 1028 2841 278 Unit Wi Of CA in DRC (pef) 108.6
Unit Wi Of CA in DRC (kg/m3 {
WEIGHTS HEIGHTS EST_BULK GRAVITIES SPECIFIC GRAVITIES CORR_% Gmm VOLUMES AT Ndes
Sample | Replicale InAr | InWaler| SSO Nind Ndes | Nmax Nini Ndes Nenax Bulk Cormeciion Aggregate AC by VM VCA drc | VCA VGA drg|
Number oms gms gms | (8Gyr) |(100Gy)| (188 Gyr)| (8 Gyr) (100Gy) | (188 Gyr) Gmb Gmm | Faclor Nini Ndes | Nmax Volume Volume | at Ndes %
mm mm mm % % % 23 % %
A ] [ %) E F [ H T 3 K L "] N [ P [ R B i3 U Y F3
[5) D 5 D GmbEst | 40 | K'O | "G | (106CIKO CKo 100
- ‘ G787 H17.67 1767 FE Gmb Meas. Gsb) Gb)
1 2 IJMF-01-1 SAMPLES
1 3

_[IMF-01-1 SAMPLES |

1 i [ | 1 I | I | | 1 1 1 ] 1 1 |

5 ) ) X
5 3 B2 | 47770 | 285768 | 47639 |

‘--mmm—
2 1 55 1506941300131 5i1ie
nnmﬂﬂm

input By:

Checked By. A
SSD = Salurated Surface Ory oG = cublc cortimetar Grmb = Bulk Speciic Gravity of Compacted Mixture G = Bulk Speciic Gravity of Aggregale VITM = Voids in Tolal Mix
TMD = Thworetica Mainum Density AC = Asphait Cemant Grivm = Theoretical Maximum Density of Mixture Gb = Specific Gravity of Asphait Cement VMA = Voids in Mineral Aggregale
gm = gram pef = pounds per cubic foot Gsa = Apparen! Specfic Gravity of Agaregate VCA = Voids in Coarse Agaregale VFA = Voids Filed With Asphall Gement

€T



Table 1.12: Results of SGC Compactions For IMF-01-1

SITE NUMBER: 1 MATERIALS: Limestone/Marble Dust/Slag Wool/ PG 76-22 COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 72.0] DATE:
Apparent Specific Gravity of the Agg. (Gsa) = TBuk Specific Gravity of the Agg. (Gsb) = Buik Sp. Gravity of CA (Gca): 2775 4/16/38
AC Sp. Gr (Gb)= 1.028 2813 2.750 Unit Wt. Of CA in DRC (pcf) 104 3:
Unit Wt. Of CA in DRC (kg/m3): 1670.7
Asphait WEIGHTS HEIGHTS EST. BULK GRAVITIES SPECIFIC GRAVITIES CORR. % Grm VOLUMES AT Ndes VOIbS
Sample | Replicate| Content | InAir [in Water| SSD Nini Ndes Nmax Nini Ndes Nmax Bulk TMD | Comrection Aggregate AC by VT™M VMA VFA VCA | VCA drc | VCA VCA drc3
Number s % ams. ams gms. (8 Gyr) |(100 Gyn)} (158 Gyr){ (B Gyn) (100 Gyr} {158 Gyr) Gmb Gmm Factor Nini | Ndes | Nmax Volume Volume atNdes | at Ndes at Ndes % %
mm mm mm % % % cc % % % %
A B [ D E F G H | J K L M N [¢) P Q R S T U v w X Y Fi
D [5] [¢] D GmbEst | J*O[K*OfL*O ] (100-C)'K'O| _C'K'O 100-Q 100-S 1 -U]
G*17.687 H“17£I 1°17.67 F-| (Gmb Meas. - sGsb (Gb _\-l —
1 1 5.7 112.8 2.164 2.440 2514 2.554 1.030_| 67.3 | 06.4 86.2 13.0 1.8 13.8 B8.7 385 30.7 0.968
1 2 57 1105 2.164 2.444 2515 2.554 1028 | 87.2 | 965 88.3 138 15 137 8.0 385 39.7 0.968
1 3 5.7 112.3 2.154 2.432 2.510 2.554 1.032 87.0 | 98.3 85.1 13.9 1.7 13.9 87.7 38.8 39.7 0.971
2 1 57 1178 2.064 2.328 2.435 2.559 1.048 843 | 851 835 135 49 18.5 708 404 397 1.018
2 2 57 1187 | 2030 | 2284 2.382 2.559 1.043 827 | 831 | 817 | 132 89 183 622 | 417 | 307 1.050
2 3 57 117.9 115.8 2.012 2.273 2312 2.427 2.559 1.050 825 | 63. 04.8 81.8 13.2 6.8 18.2 82.8 41.6 39.7 1.047
3 1 58 47937 | 28213 | 480268 | 130.7 118.7 2.076 2324 2.419 2.554 1.041 848 | 047 829 13.7 53 171 80.2 40.9 39.7 1.028
3 2 58 47882 | 28286 ! 4806.0 | 130.8 1164 | | 2018 [ 2333 2427 | 2554 | 1.040 845 | 850 83.1 [ 137 5.0 188 704 | 407 | 397 1.024
3 3 5.8 4781.3 | 28364 | 47913 131.8 118.7 114.8 2.056 2.318 2.357 2.446 2.554 1.038 835 | 942 | 958 824 13.8 58 17.6 87.0 41.2 39.7 1.037

* VCA drc determined at NCAT laboratory on materials obtained from project. Value differs slightly from that reported by agency.

Gmb = Bulk Specific Gravity of Compactad Mixture
Gmm = Theoretical Maximum Density of Mixture
S) Gravi

Gsa=

of

ate

Checked By: A Cooley

Gsb = Bulk Specific Gravity of Aggregate  VTM = Voids in Total Mix
Gb = Specific Gravity of Asphatt Cement

VCA = Voids in Coarse

ake

VMA = Voids in Mineral Aggregate
it

VFA = Voids Filled With As;

T



Table 1.11: Results of Marshall Hammer Compactions for IMF-01-2

Marshall Hammer: 50 Blows per Side

SITE NUMBER: 1 MATERIALS: Limestene/Marble Dust/Slag Wools PG 76-22 COARSE AGGREGATE INFORMATION Parcent Coarse Aggregata: 71.0 DATE:
Apparent Spacific Gravity of the Agg. (Gsa) = Bulk Specific Gravity of the Agg. (Gsb) = Bulk Sp. Gravity of CA (Gea) 2.808 4/16/98
IAC Sp. Gr. (Gb) = 1.028 2.841 2778 Unit Wt. Of CA in DRC (pcf): 106.6
Unit Wt Of CAin DRC (kg/m 17076
Asphalt WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Sample | Replicate| Content In Alr In Water 88D Volume Bulk T™D Aggregate AC vy Unit AL VMA VFA VCA VCA dre | VCANVCA drc
Number % gms gms gms [~ Gmb Gmm Volume Volume Waeight % % % % % %
ce % pef
A B C D E F G H | J K L M N o] P a R
F-E D {100-C) * H C*H H*624 | 100(1-H/l}| 100-J 100 { N-M)
[<] Gsb Gh N
1 1
il 2 JMF-01-1 SAMPLES
1 3
2 1
2 2 JMF-01-1 SAMPLES
2 3
3 1
3 2 JMF-01-1 SAMPLES
3 3
4 1 6.7 1132.8 §70.2 1137.0 46868 2427 2.587 813 11.0 151.4 6.2 16.7 63.0 41.5 38.1 1.061
4 2 57 1118.1 6506 11268 467.2 2.383 2.587 823 10.3 149.3 75 17.7 57.6 42.2 3041 1.078
4 3 5.7 1158.6 685.4 1171.8 486.4 2.382 2.587 B82.4 13.2 148.6 79 17.6 55.0 42.1 38.1 1.076
5 2 SAMPLES NGT OBTAINED
8 2 58 1154.3 681.0 1158.0 477.0 2.420 2.566 83.4 13.7 151.0 57 16.6 858 41.4 3591 1.059
6 3 5.8 1163.7 £578.5 11569 478.4 2.412 2.566 82.9 13.6 150.5 6.0 171 64,9 41.8 39.1 1.068
Input By: Checked By: A. Cooley
SSD = Saturated Surface Dry c¢ = cubic centimeter Gmb = Bulk Specific Gravity of Compactsd Mixture Gsb = Builk Specific Gravity of Aggregata VTM = Vaids in Total Mix
[TMD = Theoretical Maximum Density AG = Asphait Cemant Gmm = Theoratical Maximum Density of Mixture Gb = Specific Gravity of Asphalt Cament VMA = Voids in Mineral Aggregate
lgm = gram pcf = pounds per cubic foot Gsa = Apparent Specfic Gravity of Aggregate VCA = Voids in Coarse Aggregate VFA = Voids Filled With Asphalt Cement

<1



Table 1.10: Results of Marshall Hammer Compactions For IMF-01-1

Marshall Hammaer: 50 Blows per Side

I&E NUMBER:

|lgm = gram

pcf = pounds per cubic foot

Gsa = Apparent Specfic Gravity of Aggregate

VCA = Vioids in Coarse Aggregate

1 MATERIALS: Limestone/Marble Dust’Slag Wool/ PG 76-22 COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 720 DATE:
Apparent Specific Gravity of the Agg. (Gsa) =  |Bulk Specific Gravity of the Agg. {Gsh) = Bulk Sp. Gravity of CA (Gea): 2775| 4M6/08
IAC Sp. Gr. (Gb) = 1.028 2813 2.750 Unit Wt. Of CA in DRC {pcf): 104.3
. Unit Wi. Of CA in DRC {kg/im3) _ 1670.7
Asphalt WEIGHTS MIX VCOLUME SPECIFIC GRAVITIES VOLUMES vQOIDS
Sampie | Replicate] Content | InAir | inWater| SSD Volume Bulk TMD Aggregate AC by Unft VTM VMA VFA VCA VCA drc | VCANVCA drc
Number % gms gms gms o Gmb Gmm Volume Volume Waight % % % % % %
[~ % pcf
A B C D E F [€] H ] J K L M N 0 P Q R
F-E D (100-C)" H C“H H*62.4 [100(1-HM| 100-J 100 { N-M)
[€) Gsh Gb N
1 1 5.7 1152.7 688.5 1153.3 464.8 2480 2554 85.0 114 1548 29 15,0 80.6 39.3 39.7 0.974
1 2 5.7 1153.5 685.6 1156.9 471.3 2.447 2.554 85.1 103 162.7 4.2 14.9 71.9 39.3 39.7 0.988
1 3 5.7 1153.9 681.0 1167.8 476.8 2420 2554 83.0 134 161.0 5.2 17.0 69.2 40.8 38.7 1.027
2 1 5.7 1150.6 673.5 1153.7 480.2 2.396 2.513 82.2 104 149.5 6.4 17.8 82.0 414 39.7 1,022
2 2 57 1158.4 678.7 1161.9 483.2 2.397 2513 83.2 108 149.8 63 16.8 62.3 41.3 39.7 1.041
2 3 5.7 1148.6 674.4 1153.5 478.1 2.387 2.513 822 13.2 149.6 63 178 64.6 40.68 30.7 1.021
3 1 58 1166.5 688.6 1188.5 480.8 2426 2513 83.1 13.7 151.4 50 16.9 68.0 40.7 30.7 1.025
3 2 58 1165.2 B687.2 1166.9 479.7 2429 2.513 832 114 151.8 49 168 69.3 40.8 30.7 4.023
3 3 58 11585 | 6798 | 1183.1 483.5 2398 2513 83.2 10.8 149.6 6.1 16.8 63.6 41.4 30.7 1.022
4 1
4 2 JMF-01-2 SAMPLES
4 3
5 1
5 2 JMF-01-2 SAMPLES
5 3
& 1
<] 2 JMF-01-2 SAMPLES
5] 3
Input By: Chacked By: A Cooley
SSD = Saturated Surface Dry ¢t = cubic centimeter Gmb = Bulk Specific Gravity of Compacted Mixture Gsb = Bulk Specific Gravity of Aggregate VTM = Voids in Total Mix
TMD = Theoretical Maximum Density AC = Asphalt Cernent Gmm = Theoretical Maximum Density of Mixture Gb = Specific Gravity of Asphalt Cement VMA = Voids in Mineral Aggregate

VFA = Voids Filled With Agphalt Cement

* VGA drc determined at NCAT laboratary on materials obtained from project. Value differs slightly from that reported by agency.

o1



Table 1.9: Gradations For Samples Obtained In-Field

Sit 1
Sample: 1
I Loose Mix Samples Marshal Compacted ph Gyratorty Compacted Samples
Sieve JMF Sud. Diff, From S, Std.
mm__|% Passingl Rep 1 Rep2 Rep3 | Average | Deviaion| JMF Rep 1 Rep2 Rep3 | Average | Deviation] Rep 1 Rep 2 Rep 3 | Averzge | Deviation
A 8 [of o] E F [€] H J K L M ] P Q R S T
B-F
250 160.0 1000 100.0 100.0 100.0 0.00 00 1000 100.0 100.0 100.0 0.00 100.0 100.0 100.0 100.0 0.00
190 100.0 1000 100.0 100.0 100.0 0.00 0.¢ 1000 100.0 100.0 100.0 0.00 100.0 100.0 100.0 100.0 0.00
128 8.0 94.9 947 923 94.0 1.45 4.0 95.9 951 928 B46 1.55 5.1 96.0 947 953 067
95 700 686 680 62.9 86.5 313 35 768 721 69.6 708 1.25 707 685 885 696 110
475 28.0 307 318 295 07 1.15 27 35 35.0 326 a7 1.21 X ) 36 336 342 053
236 19.0 205 211 108 205 0.65 -15 209 221 2086 212 0.70 230 234 227 2320 0.35
1.18 15.0 17.5 120 16.9 17.5 0.55 -25 16.6 17.6 6.3 168 0.68 19.3 196 190 19.3 0.30
0.60 14.0 16.1 187 15.6 16.1 0.55 -2 14.9 18,7 4.4 150 0.66 17.5 17.8 17.2 17.5 0.30
0.30 13.0 15.4 158 149 154 045 -2.4 139 14.6 13.5 140 0.56 16.5 16.8 16.1 16.5 035
0.150 120 14.5 147 139 14.4 042 -24 13.0 13.6 2.6 131 0.50 15.3 157 148 15.3 045
0.075 100 121 121 11.4 11.9 0.40 -1.9 10.8 11.2 0.6 109 0.31 12.7 13.3 12,1 12.7 0.60
Sie 1
Sample. 2
[ Loose Mix Compacted [ Gyratorly Comp
Sieve JMFE Std. Bif. From Std. Std.
mm_ | % Passhgu Rep 1 Rep 2 Rep3 | Avemge | Daviation JMF Rep 1 Rep 2 Rep 3 | Average | Deviation] Rep 1 Rep 2 Rep 3 | Awverage | Deviation
A B [ ] E F G H o K L M N P Q R ] T
B-F
250 100.0 100.6 100.0 1000 100.0 0.00 [ X3 1000 100.0 100.0 100.0 0.00 100.0 100.0 100.0 100 0 0.00
19.0 100.0 100.0 100.0 100.0 100.0 Q.00 oo 1000 100.0 100.0 100.0 0.00 100.0 1060 100.0 000 0.00
125 98.0 919 Q3.2 1.5 92.2 0.8g 58 2.8 95.5 95.0 4.4 1.44 051 Q17 054 4.7 o9
9.5 70.9 81.5 620 629 62.4 08t 76 672 722 69.3 BO8 254 646 646 540 647 017
4.75 28.0 24.0 254 250 24.8 072 32 2913 308 303 anA 076 283 274 275 277 049
2.38 19.0 159 167 16.7 16.4 046 26 18.0 18.9 187 185 047 18.0 17.6 182 7.9 031
1.18 150 13.5 140 140 138 029 12 141 14.7 145 144 0.3 15.1 14.4 148 14.8 038
.60 14.0 123 127 128 12.6 0.26 1.4 123 2.9 127 126 0.31 13.4 128 132 131 0.3
0.30 13.0 11.7 120 124 1.9 021 1.1 1t.4 1.9 1s 117 026 125 1.9 122 12.2 030
0.150 120 11.0 1.2 112 11.1 012 0.9 10.6 11.1 10.9 109 025 16 1.0 114 1.3 031
0.075 10.0 9.0 0.0 8.9 9.0 006 1.0 8.8 9.1 9.1 8.9 0,29 0.4 a7 92 9.1 038
Site: 1
Sample: 3
Loose Mix pl Marshal Compacted p Gyratorty Compacted pl
Sieva JMF Std Diff. From Std Std.
mm |%Passing] Rep1 | Rep2 | Rep3 | Average | Deviation| JMF Rap 1 Rep2 | Rep3 | Average | Deviation| Rop 1 Rep2 | Rep3 | Average | Deviation
A B c D E F G H J K L M N P Q R E] T
B-F
250 100.0 100.0 100.0 1000 100.0 0.00 [ X1] 1C0.0 100.0 100.0 100.0 0.00 100.0 100.0 100.0 100.0 0.00
19.0 100.0 100.0 100.0 1000 10090 0.00 o 21] 1000 100.0 100.0 100.0 0.00 100.0 100.0 100.0 100.0 0.00
125 .1} 97.2 96.2 96.4 96.6 053 14 97.9 96.9 96.5 97.1 072 965 96.2 96.4 96.4 015
95 700 712 707 68.2 70.0 161 0.0 174 75.4 742 757 1.62 72.4 721 723 723 016
475 28.0 20.5 297 ins 302 046 22 4.9 356 325 243 163 315 322 325 a2 0.51
2.36 19.0 18.3 177 17.7 179 0.35 11 209 204 19.0 20.1 0.98 19.4 19.8 198 19.8 020
118 150 15.0 14.7 14.6 14.8 021 02 162 157 148 156 0.71 15.8 16.9 159 16.8 017
0.60 14.0 125 133 132 123 015 07 14.1 136 128 135 0.66 138 14.0 141 14.0 015
0.30 13.0 42.8 128 12.4 12.6 020 0.4 13.4 128 1.8 125 0.68 128 131 131 1.0 017
0.150 120 19 1.0 11.7 11.8 012 02 12.2 11.8 1.0 1"z Q.61 119 12.2 123 12.1 021
0.075 10.0 7.4 o8 9.5 8.9 1.31 14 6.8 9.5 (1] 94 0.40 87 10.0 100 L] 047

LT



Table 1.9 (Continued): Gradations For Samples Obtained In-Field

Site: 1
Sample: 4
Loose Mix Samples Marshall C: d Samples Gyratorty Compacled Sampies
Sieve JMF Std. Diff. From| Std Std.
mm__| % Passing] Rep1 Rep 2 Rep3 | Average | Deviation JMF Rep 1 Rep 2 Rep3 | Average | Deviation|f Rep 1 Rep 2 Rep 3 | Average | Devialion
A 2] [+ D E F G H J K 3 M N P Q R [ T
B-F
25.0 100.0 1000 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 100.0 0.00 10040 100.0 1000 100.0 0.00
150 100.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 1000 100.0 100.0 0.00 1000 100.0 100.0 100.0 0.00
125 930 922 933 92.6 %2.8 0.55 0.2 93.4 89.5 M. 913 197 : 2] 955 80 4 925 268
95 70,0 62.4 685 68.1 66.3 an 37 720 874 B5.7 58.4 3.28 66.1 63.9 63.5 64.5 1.40
475 280 251 266 27.3 26.3 142 27 32.6 288 267 294 299 273 27.8 268 273 0.50
236 19.0 154 16.5 16.4 16.1 0.61 29 19.1 166 156 174 1.80 16.9 171 166 16.9 025
118 18.0 129 14.0 138 12,6 0.59 24 14.8 130 121 133 1.37 13.8 14,0 135 13.8 025
0.80 14.0 18 128 12,6 124 0.53 16 129 114 10.7 17 1.12 123 12,6 12.0 123 030
0.30 13.0 13 123 120 1.9 0.51 11 t2.0 107 10.0 10.9 1.0t 11.6 11.9 113 116 030
0.150 120 107 11.6 1.4 11.2 047 0.8 t1.2 10.0 94 10.2 092 108 111 10.5 108 030
0.075 10.0 8.8 9.6 9.3 9.2 0.40 0.8 9.1 8.1 7.0 8.4 0.64 88 9,2 8.5 8.8 0.35
Site: 1
Sample: 5
Loose Mix Samples Marshall Compacted Samples Gyratorty Compacted Samples
Sieve JMF Std. Oiff. From Std. Std.
mm__| % Passi Rep 1 Rep 2 Rep 3 | Average ] Deviation JMF Rep 1 Rep 2 Rep3 | Average | Deviation] Rep1 Rep 2 Rep3 | Average | Deviation
A B c o] E F G H J K L M N P Q R 3 T
B-F
250 100.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 100.0 0.00
19.0 100.0 100.6 100.0 1000 100.0 0.00 0.0 100.0 100.0 100.0 100.0 0.00
125 93.0 96.7 829 g58 951 1.99 -2.1 934 84.1 939 938 0.36
9.5 70.0 721 655 709 695 3.52 0.5 SAMPLES NOT OBTAINED 687.7 67.7 712 68.9 202
4.75 29.0 30.7 277 325 30.3 242 -1.3 2a4 280 307 290 1.46
2.36 19.0 18.4 167 191 18.1 1.23 09 170 165 19.0 178 1.32
1.18 16.0 15.4 138 159 15.0 1.10 1.0 138 122 158 139 1.70
0.60 14.0 141 126 144 137 .98 03 123 1.8 14.0 12.7 116
0.30 13.0 134 12.0 137 120 0.91 0.0 1.6 1.0 132 11.9 1.15
0.150 12.0 127 11.3 127 12.2 0.81 -0.2 10.8 10.2 122 111 1.03
0.075 1.0 10.4 9.0 10.2 9.9 0.76 0.1 8.7 B2 9.6 8.8 0.71
1
B
Loose Mix Samples Marshall Cor p Gyratorty Compacted Samples
Sieve JMF Std. Diff. From| Std. Std.
mm__[% Passing] Rep 1 Rep 2 Rep3 | Average | Deviation| JMF Rep 1 Rep 2 Rep3 | Average | Deviaton] Rep 1 Rep2 Rep3 | Average | Deviation
A B8 (4 D E F [<] H J K L M N P [*] R S T
B-F
250 100.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 100.0 0.00 100.0 100.0 100.0 100.0 0.00
19.0 100.0 100.0 100.0 100.0 100.0 0.00 00 100.0 100.0 100.0 100.0 0.00 100.0 100.0 100.0 100.0 0.00
125 93.0 95.1 833 933 938 1.04 09 928 904 922 91.8 1.28 938 934 935 835 a.10
8.5 700 71.4 68.0 66.7 B8.7 243 13 740 €8.6 70.0 70.9 2.60 649 671 68.9 67.0 2.00
475 290 29.7 273 267 279 1.589 11 39 09 R 318 0.58 271 281 29.4 28.2 1.15
236 19.0 18.4 16.3 16.3 17.0 1.21 20 18.5 17.86 179 18.0 0.46 168 171 17.7 17.2 0.46
1.18 15.0 15.4 13.6 136 14.2 1.04 0.8 145 136 139 140 046 137 13.9 14.4 14.0 0.36
0.60 140 141 124 124 13.0 098 1.0 127 119 121 12.2 042 122 124 129 2.5 0.38
030 130 134 18 118 12.3 0.92 0.7 11.8 11.0 112 113 c.42 14 16 121 1.7 0.36
0.150 120 1258 11 1.1 11.6 o 0.4 108 10.3 10.5 106 03 a7 108 T 113 1.1 0.35
0.075 10.0 8.7 89 90 92 0.44 0.8 8.8 8.3 8.5 85 0.256 8.6 8.5 9.2 8.8 0.38
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Table 2.5: Site 2A Asphalt Binder Properties

ASPHALT: Site 2
OPERATOR: Wilson
PROJECT: NCHRP 9-8
DATE: 10/21/97

SHRP ASPHALT BINDER GRADING SUMMARY

| Original RTFOT RTFOT + PAY residue
Flash Pt. - °C . Time/Teap afier PAV: 20 HRS AT 100°C
Vis@135:1833 cP Loss 013 % Physical Hardening Index: -
HIGH TEMPERATURE GRADING LOW TEMPERATURE GRADING
o K33 ORIGINAL. RTFOT” 6 T | RrrEorspav )T ) RIFOT +PAY
e B Dystie Shear 7'} ¥ /Dy Snear i, bEL | - “Dyuismic Sheéaf - v Flexurat Creep DE
P 10 radfs (1.5 sz < 10mads(t.5HD ) D P lUMS(‘.S'}LZL rﬂP {at 60"sec) (lmm/xmm
94 o4 -10 37 0
88 -16 34 £
82 82 0.78e8 1.4514 22 3 -12
78 78 1.40C8 25245 28 »n 783 -18 211 0.372 7048
7o m D34 p3 1180 -24
64 84 4G z -0
i 5 ] = 46 | 10 3%
i 52 | s2 s § s 2
46 46 L8 13 -48

GRADE:_PG 76-28

NCAT

6T



20

NCHRP 9-811 - Task 8
SMA Construction Project No. 2

L ocation and Background

Site No. 2 was constructed in May of 1997. NCAT staff were on-site from May
19 to May 23, 1997. This project called for a38 mm (1.5 in) overlay of an existing
pavement. Within the extent of this project, the interstate was a four-lane divided
highway. While at the project, paving was accomplished on both the inside and outside
lanes on the eastbound side.
SMA Mixture Information

The SMA mixture used for this project was a 12.5 mm nomina maximum
aggregate size mix. Information about the mixtureis presented in Table 2.1. The
aggregate used to produce the mixture was a crushed basalt gravel. Figures2.1 and 2.2
show this aggregate before and after crushing, respectively. The design gradation is
presented in Table 2.2. Properties of the coarse and fine aggregates are presented in
Tables 2.3 and 2.4, respectively. A PG 76-28 asphalt binder was used for this mixture.
Properties of this binder are presented in Table 2.5. No stabilizing fibers were used on
this project.
Plant Information

Thefacility used to produce the SMA mixture was a Barber-Greene batch plant.
However, several modifications were made to this plant. The screen decks had been

removed. The aggregate exiting the hot elevator fell straight into aweigh hopper. From
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the weigh hopper, the aggregate fell into a pugmill where the asphalt was immediately
injected and the mixture was mixed. There was no “dry” mixing time in the pugmill.
The “wet” mixing time was from 15 to 20 seconds.

This facility utilized only one storage silo, which was for the mineral filler. The
mineral filler was blown from the storage silo straight to the pugmill. Hydrated lime was
used as an anti-stripping agent, but it was pneumatically blown from a truck. The lime
was added at a pugmill located along the cold feed conveyor belt. This pugmill mixed the
cold feed aggregate and lime with water before sending them to the dryer.

Laydown Procedures

Paving operations were observed on May 20 and May 21, 1997. On both days, it
was overcast with an ambient temperature of approximatély. 78dditional
information about the observed laydown procedures are presented in Table 2.6.

For this project, “belly” dump trucks were used. The trucks would drop the
mixture in windrows onto the existing pavement. A windrow elevator was attached to the
front of the paver to pick the mixture up and deposit it into the paver.

When paving the outside lane, the paver was utilizing a front-mounted extendable
screed. With the extensions, the paver was pulling a width of 6.7 m (22 ft). This s
illustrated in Figure 2.3. In one pull, the contractor was paving both the lane width and
the shoulder width.

For longitudinal joint construction, the contractor was utilizing a tapered joint.

This is illustrated in Figure 2.4.
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For the two days of observation, the contractor was using two rollers (16-ton and
12-ton) to compact the mixture; however, two different rolling patterns were used. On
May 20", the contractor was using four passes by the 16-ton roller for breakdown. The
roller would alternate between vibratory and static mode. The first pass would bein
vibratory mode, the second in static, the third in vibratory, and the last in static. The 12-
ton roller was used as the finish roller and made two passesin a static mode.

On May 219, the contractor was again using the 16 ton roller for breakdown, but
was making two passes in a static mode. The 12-ton roller would then make four passes
alternating between vibratory and static modes. The first pass was made in a vibratory
mode, the second in static, the third in vibratory, and the last in static.

Problems Encountered On-Site

No problems were encountered with the mixture while on the job site. However,
mixture was noticed to be sticking to trucks when emptying onto the roadway. Releasing
agents were being used.

Sampling

Samples obtained from this project included: each aggregate used to within the
mixture, mineral filler, asphalt binder, loose mixture, and ten cores. Table 2.7 presents
the times and dates that the loose mix samples were obtained along with average
draindown values for each sample. Quality control practicesin this state require an
independent laboratory to perform testing. As part of quality control, specimens were

compacted with the Marshall hammer (50 blows per side). Therefore, NCAT personnel
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did not compact specimens using the Marshall hammer for this project. However, the data
and specimens accumulated by the independent |aboratory were obtained. Tables 2.8
through 2.13 present the results of testing performed in the field and in the laboratory.
Table 2.9 reflects the times and dates that the independent contractor compacted Marshall

specimens.



Table2.1: Site2 SMA Mixture Information

JMF 1.D. Number:

Dates on Project:

Number of Aggregate Stockpiles Used:
Design Voidsin Coarse Aggregate:
Type Asphalt Binder Used:
Modifier Type:

Design Asphalt Binder Content:
Supplier of Asphalt Binder:

Type Fiber Used:

Form of Fiber:

Design Percentage of Fiber:

Type Mineral Filler Used:

Design Percentage of Minera Filler:
Type Anti-Strip Additive Used:
Design Percentage of Anti-Strip:
Compaction Method:

Compactive Effort:

Laboratory Mixing Temperature:
Laboratory Compaction Temperature:
Design Voidsin Total Mix:

Design Mixture Density:

Design Voidsin Mineral Aggregate:
Design Voids Filled With Asphalt:
Design Marshall Stability:

Design Flow (0.01 in):

Loaded Whedl Test @ Design Asphalt Content:

197-255

May 19 through 23, 1997
3

41.3 percent*

PG 76-28

Styrelf

7.1 percent

Koch

None

N/A

N/A

Limestone Dust
4.6 percent
Hydrated Lime
1.0 percent
Marshall Hammer
50 Blows per side
325°F

300°F

3.7 percent

144.2 pcf

17.5 percent

78.9 percent
2590 Ibs

15

* Performed at NCAT laboratory on materials obtained from the project.
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Table 2.2: Design Gradation for Site 2

Sieve Size Sieve Size, mm Reccl)_rm]r?ided Percent Passing
Yain. 19.0 100 100
% in. 125 85-95 100
% in. 9.5 75 max. 87
No. 4 4.75 20-28 30
No. 8 2.36 16-24 19
No. 16 1.18 15
No. 30 0.600 12-16 13
No. 50 0.300 12-15 11
No. 100 0.150 9
No. 200 0.075 8-10 8

25
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Table 2.3: Coarse Aggregate Propertiesfor Site 2

Test Combined Aggregates

Los Angeles Abrasion, % Loss 20.6
Flat & Elongated, %

3tol

5tol
Bulk/Apparent Specific Gravity 2.595/
Absorption, %
Soundness (5 Cycles), % Loss

Sodium Sulfate 3
Crushed Content, %
One Face 100*

Two Face 98.5

Data not provided by the agency represented by blank datafields.

Performed at NCAT laboratory on materials obtained from the project.

Table 2.4: Fine Aggregate Propertiesfor Site 2

Test Combined Aggregates

Bulk/Apparent Specific Gravity 2.595/
Absorption, %

Soundness (5 Cycles), % Loss

Sodium Sulfate 3
Angularity, % 47.9*
Liquid Limit, % NL
Plasticity Index, % NP

Data not provided by agency represented by blank datafields.

Performed at NCAT laboratory on materials obtained from the project.




Table 2.6: Laydown Information from Site 2

Manufacturer of Paver: Blaw Knox

Other Equipment Used: Windrow Elevator

Number of Rollers Used: 2

Temperature of Mixture When Delivered (Truck): 335°F (May 20™)
340°F (May 21%)

Temperature of Mixture After Finish Roller Ended 270°F (May 20™)

Compaction: 278°F (May 21%)

Comments:

The mixture was noticed to be sticking to trucks.

Table 2.7: Sampling Times and Datesfor Loose Mix Samples From Site 2

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6

Date Obtained May 19 May 20 May 20 May 21 May 21 May 21

Time Obtained 1235pm | 10:15am | 1:15pm 9:20am | 11:20am | 4:45pm

Temperature of Mixture

in Truck, °F 335 335 340 325 335 340

Average Draindown, % 0.9 1.4 1.2 1.3 1.0 0.8




Table 2.8: Gradations For Samples Obtained In-Field

Site: 2
Sample: 1
Loose Mix Samples Aversge Marshall Compacted Samples Gyratory Compacted Sampies
Sieva JMF Std. Diff. Framj Core S8t 5/49/87 Sid. Diff. From| Sta. Oiff. From:
mm_ | % Passing] Rep 1 Rep 2 | Average | Deviation JMF __ } Gradation| 12:45 12:45 | Average | Deviation| Cores Rep 1 Rep 2 | Average | Deviation | Cores
A B C D F G H ] J K M N [s] P Q s T U
B-F 1-M 1-S
25.0 100.0 1900 100.0 100.0 0.00 00 1000 100.0 100.0 100.0 0.00 00 100.0 100.0 100.0 0.00 0.0
19.0 100.0 1000 100.0 100.0 0.00 00 1000 100.0 100.0 100.0 0.00 00 100.0 100.0 100.0 0.00 0.0
125 100.0 99.8 100.0 999 0.14 0.1 99.8 997 100.0 9o 021 02 90.9 908 008 0.07 03
85 87.0 86.3 86.6 86.5 o 0.8 87.8 8.9 86.3 87.6 1.64 00 86.8 84.1 85,5 191 2.2
4.76 30.0 201 332 312 290 -12 369 363 36.1 6.2 0.14 02 338 331 335 048 28
2.36 18.0 19.5 226 21.2 1.98 22 243 231 224 228 0.49 15 225 224 225 0.07 1.8
118 150 169 185 172 184 22 19.5 178 173 176 038 19 180 18.0 180 [HEn0) 15
0.50 13.0 137 16.0 14.9 1.63 -19 166 14.9 143 146 0.42 20 153 155 154 0.14 12
0.30 1.0 120 140 130 141 240 14.3 127 124 124 0.42 19 132 136 134 Q.28 a8
2,180 2.0 101 118 "o 1.20 20 121 10.4 9.9 102 038 20 1.0 1.3 "2 .21 1.0
0.075 8.0 B.0 a3 8.7 0.92 0.7 9.8 8.1 7.7 7.9 0.28 18 88 8.9 88 0.21 1.1
Siter 2
Sample: 2
Loose Mix Samples Average | Marshall Compacted Samples Gyratory Com, Samples
Sieve JMF SK. Diff. From] Cors S297 52191 Std. Diff. From| St Diff. From
mm_|% Passing] Rep1 | Rep2 | Average | Deviaton| JMF JGradation] 13:45 13:45 | Average | Deviation| Cores || Rep1 | Rep2 | Avemage ] Deviation| Cores
A B < ] F G H 1 J K M N [e] P Q K] T ]
BF 1000 M -5
250 1000 1000 100.0 100.0 0.00 00 1000 1000 100.0 100.0 0.00 0.0 1000 100.0 100.0 0.00 a.n
18.0 t00.0 100.0 100.0 100.0 0.00 a0 1000 t00.0 100.0 100.0 0.00 0o 1000 100.0 100.0 0.00 0.0
128 100.0 99.8 g9.8 907 0.14 0.3 908 90.6 100.0 90.8 0.28 -0.2 0.6 100.0 0.e Q.28 0.2
95 87.0 85.3 arz 865 0.99 0.5 87.8 847 863 855 113 24 86.1 869 86.0 1.27 18
475 an.o 0.2 321 312 134 12 36.0 347 M3 us 0.28 15 314 324 s omn 41
2.38 15.0 19.4 20.1 188 0.48 08 243 224 223 224 0.07 18 201 21.0 206 0.64 a7
1.18 15.0 16.3 18.0 157 048 07 19.5 173 173 173 0.00 22 15.7 164 161 048 34
0.60 130 13.0 13.6 13.3 0.42 0.3 16.6 14.3 14.4 144 0.07 22 13.2 138 13.8 042 3
0.30 11.0 11.2 1.8 1n5 042 05 14.3 121 121 124 0.00 22 113 1.8 1.8 0.35 285
0,150 a0 93 97 a5 028 05 121 98 98 a8 D0.00 23 92 a6 a4 0.28 27
0.075 30 7.2 7.6 74 0.28 0.6 9.8 7.5 75 7.5 0.00 23 7.2 T4 7.3 0.14 25
Site: 2
Sample: 3
Loose M Samples Average Gyratory C Sampies
Sieve JMF S Diff. Fromjj Core Std Diff. From|
mm | % Passin: Rep 1 Rep2 | Average | Deviation] JMF [(Gradationl Rep 1 Rep2 | Averago | Deviation| Cores
A B [*] D F G H | [ Q 3 T Y]
8-F -5
250 100.0 100 ¢ 106.0 100.0 .00 0.0 1000 100.0 100.0 100.0 0.00 (X
190 100.0 1000 100.0 100.0 000 0.0 1000 100.0 100.0 100.0 0.00 Q0
12.5 100.0 100 ¢ 99.8 88e 0.14 01 99.§ 100.0 95.2 976 338 20
a5 a7.0 833 857 845 170 25 87.8 838 849 Bd4dq 0.78 33
475 30.0 r7 27 277 a.0a 23 A6 0 a7 262 300 1.06 B+
2.36 19.0 17.7 170 17.4 0.49 1.7 243 19.% 18.4 188 049 55
118 15.0 13.8 13.0 13.3 0.42 1.7 19.5 148 1390 142 042 §3
0.60 13.0 1.2 107 1L 0.36 24 166 1@ 113 1.6 035 50
0.20 1.0 9.4 8.0 9.2 0.28 18 143 X ] 9.4 9.6 o2a 47
Q.150 30 T8 79 79 oo7 12 121 81 77 79 024 43
0075 8.0 6.2 5.9 6.1 0.21 2.0 9.8 6.3 6.0 6.2 021 37
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Table 2.8 (Continued): Gradations For Samples Obtained In-Field

Site =2
Sample: 4
|| Loose Mix §arnples Average Gyralory Compactod Samples
Sieve JMF Sid. Diff. From,)| Core Std. DIiff. From
M Yo FPassin Rep 1 Rep 2 Average | Deviation JMF Gradation Rep 1 Rep 2 Averapge | Dewviation Cores
A B C =] F G - 1 P [« =3 U
B-F i-8
25.0 100.0 1000 10.0 55.0 63.64 450 1000 100.0 100.G 100 .0 0.00 o0
19.0 100.0 100.0 100.0 100.0O O D0 0.0 100.0 100.0 100.0 100.0 Q.00 Q.0
12.5 100.0 99.8 a99.7 86.8 007 0.3 99.6 99.5 100.C 99.8 0.35 -0.2
9.5 87.0 85.0 as.4 as5.2 0.28 1.8 87 .6 B6.7 Ba3.8 853 2.05 2.4
4.75 30.0 27.0 28.2 27.56 O.85 2.4 36.0 31.1 28.9 30.0 1.56 5.0
236 16O 17.9 17.9 17.9 .00 1.1 =24.2 19.9 19.2 19.6 0.49 4.7
1.18 16.0 14.1 14.2 14.2 0.07 o9 19.5 15.3 15.Q 152 021 4.3
.60 13.0 11.9 11.9 11.9 0.00 i1 16.6 12.8 12 5 12.6 0.a7 4.0
030 14.0 10.2 102 10.2 0.00 o8 14.3 10.5 10.6 10.6 0.07 3.8
0. 150 9.0 8.4 6.4 8.4 0.00 0.6 12.1 a6 8.7 87 o.Q7 3.5
0.075S 8.0 5.6 8.8 8.8 0 .00 1.4 9.8 & 5 6.8 5.7 0.21 3.2
Site: 2
Sampie: 5
H Loose Mix Sampies Average § yratory Compacted Samplas
Sieva JMF Sk Diff. From Core Sid. Diff. From
mumn % Passin Rep 1 Rep 2 Average | Deviation JME Gradaticn Rep 1 Rep 2 Average | Deviation Cores
L B [=] [=] F S H | P [«] S T (V]
B-F -5
25.0 1000 100.0 100.0 100.0 .00 0.0 100.0 100.0 100.0 100.0 0.00 0.0
19.0 100.0 10C.0 100.0 1000 .00 o0 100.0 100.0 100.0 100.Q Q.0 0.0
12.5 1600 29.7 o008 29.8 0.07 0.3 v9.6 996 100.0 09.8 .28 0.2
o5 a87.0 84.3 81.7 83.0 1.84 4.0 87.6 86.7 858 a6 3 0.64 1.4
4. 75 30.0 Z2D.4 2B 4 28 .4 0.00 1.6 38.0 338 32 % 33.0 1.20 3.1
2.38 19.0 19.6 18.7 19.7 0.07 -0.6 243 23.6 22.5 231 078 1.2
1.18 15.0 16.0 16.1 16.1 0.07 -1.1 9.5 18.9 18.0 18.5 0. 84 1.0
o.6CG 13.0 14 0 14.1 14 1 0.07F -1.1 15.6 16.2 15.5 15.9 Q.49 0.7
a_3C 11.0 12.4 12.6 2.5 O.14 -1.5 +4.3 14.2 13.7 14.0 Q.35 O.4
0.150 o.0 10.8 10.8 1108 o.00 -1.8 2.1 121 116 11.8 0.35 0.3
0.075 8.0 8.8 5.8 5.8 0.00 -0.8 3.8 9.7 9.3 9.5 Q.28 0.3
Site: =2
Sample: [=3
Loose Mix Samples Avarage | Syratory Compacted Samples
Sieve JRF Std. Diff. From Caore Std. Diff. From
mm e Passi Rep 1 Rep 2 Avarage | Deviation JRFE Gradation Rep 1 Rep 2 Average | Deviation Cores
A =Y [« [5] [ [<] H 1 P Q 5 T (V]
B-F I-S
25.0 100.0 100.0 100.0 $00.0 0.00 0.0 100 O 100.0 100.0 1c0.0 Q.00 a0
19.0 100.0 100.0 100.0 100.0 0.00 0.0 100.C 100.0 100.0 1000 .00 Q.0
1265 100.0 99.6 99.8 997 0.14 03 996 100.0 1000 1600 QG0 -0.4
9.5 ar.o BG&.5 89 5 Ba oo 212 -1.0 B87.6 a7.z2 8280 87.6 0.57 0.0
4.75 30.0 31.8 32.5 3z1 0. 654 -2.1 35.0 341 340 34 .1 0.7 2.0
2.26 19.0 21.0 21.8 21.4 0.57 -z2.4 243 228 231 230 021 1.3
1.18 150 168.9 17.8 17.4 0 .54 -2.4 19.5 17.9 15.4 18.2 0.35 1.3
0.60 13.0 145 15.4 150 0 54 -2.0 16.6 15.0 15.6 15.3 0.42 1.3
0.30 11.0 12.7 13.6 122 0.64 -2.2 14.3 127 13.5 13.1 0.57 1.2
C. 150 8.0 10.6 11.3 11.0 0.a9 -2.C 121 10.4 11.4 10.9 071 1.2
C.075 2.0 £ 4 9.0 8.7 0. .42 -0.7 9.8 8.1 9.3 8.7 0.85 1.1
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Table 2.9: Results of Marshall Hammer Compactions

Marshall Hammer: 50 Blows per Side

SITE NUMBER: 2 MATERIALS: Basall/Limestone Dust/PG 76-22 COARSE AGGREGATE INFORMATION Percent Coarse Aggregate 710 DATE:
Apparent Specific Gravity of the Agg. (Gsa) = Bulk Specific Gravity of the Agg. (Gsb} = Bulk Sp. Gravity of CA (Gea): 2.645 2/11/98
AC Sp. Gr. {Gb)=  1.028 2725 2629 Unit Wt. Of CA in DRC (pcfy: 96.8
Unit Wt. Of CA in DRC (kg'm3)  1550.6
Asphalt WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Sample | Replicate| Content In Air | tn Water S8D Volume Bulk TMD Aggregate AC by Unit VIM VMA VFA VCA VCA drc | VCAVCA drc
Number % gms gms gms cc Gmb Gmm Volume Volume Weight % % % % % %
cc % pef
A 8 C 8] E F G H ! J K L M N (o] P Q R
F-E D (100-C) " H CH H*62.4 |100(1-H/)| 100-J 100 ( N-M)
€] Gsb Gb N
5/19/97 1 70 2.296 2.444 81.2 15.6 143.3 6.1 18.8 67.7 42.7 413 1.033
5/19/97 2 7.0 2,272 2.444 80.4 15.4 141.8 7.0 19.6 64.1 43.3 413 1.047
5/19/97 3 7.0 2.295 2.444 81.2 15.6 143.2 6.1 18.8 67.6 427 413 1.033

5/21/97 1 6.6 2.292 2447 81.4 14.8 143.0 6.3 18.6 66.0 42.6 413 1.030
5/21197 2 6.6 2.269 2447 80.6 14.7 141.6 7.3 19.4 62.6 431 413 1.044
5/21197 3 6.6 2.263 2.447 80.4 14.6 141.2 75 19.6 61.7 433 41,3 1.048

input By: Checked By:  A. Cooley
SSD = Saturated Surface Dry cc = cubic centimeler Gmb = Bulk Specific Gravity of Compacted Mixture Gsb = Bulk Specific Gravity of Aggregate VTM = Voids in Tolal Mix
TMD = Theoretical Maximum Density AC = Asphalt Cement Gmm = Theoretical Maximum Density of Mixture Gb = Specific Gravity of Asphalt Cement VMA = Vpids in Minerat Aggregate
|lgm = gram pef = pounds per cubic foot Gsa = Apparent Specfic Gravity of Aggregate VCA = Volids in Coarse Aggregate \FA = Voids Filled With Asphalt Cement

* Data Obtained from Contractor

0e



Table 2.10: Results of SGC Compactions

SITE NUMBER: 2 MATERIALS: Basalt’Limestone Dust/ PG 76-22

Apparent Specific: Gravity of the Agg. (Gsa) = Buik Specific Gravity of the Agg. (Gsb) =
IAC Sp. Gr. (Gb)=  1.028 2725 2820

WEIGHTS HEIGHTS EST. BULK GRAVITIES

COARSE AGGREGATE INFORMATION

Percent Coarse Aggregate:

Eulk Sp. Gravity of GA (Gea):

Unit We. Of CA In DRC (pef):

SPECIFIC GRAVITIES

Asphak
Sample n Water| Noes Nemax
Number oms oGy | (158Gyn
mm mm

Buk
Gmb

™D
Gmm

CORR. % Gmm VOLUMES AT Ndes
Aggreqate [ AC by

VM
& Ndas

[ 4 | 3 |57 ] 4360 ] 23428 | “21,3
[ 8 | 1 ] 59 |49 25128 ]

| 84483 |
| 5 1 2 | 50 §4Mds7] 24051 | 44834 |
[ 6 | 3 | 59 | 44432 25447 | 44536 |

Gmb = Buk Spacific Gravity of Compacted Mixture
Gmm = Thecretical Maximum DM Mixture
Gsa = G of

Gsb = Bulk Speciic Gravity of Aggregate ~ VTM
Gb = Specific Gravity of Asphalt Cement  VMA = Vioids in Mineral AQgregate
VCA = Voids in Coarse

VFA = Voids Filled Wikth

1€



Table 2.11: Results of Loaded Wheel Testing

32

Site No.. 2

Specimen| VIM Rut Depth Rut Depth Rut Depth
No. % at 1000 at 4000 at 8000

Cycles {mm) ]| Cycles {mmj}{ Cycles {(mm)

R1 9.5 2.01 4.3 5.48
R2 7.3 2.47 296 4.04
R3 7.5 3.61 4.66 5.18
R4 10.1 2.48 522 5.91

Average B.6 2.64 4.29 5.15

Std. Dev. 1.41 0.681 0.961 0.800

Table 2.12: Results of Superpave Analysis Testing

Site No.: 2
Test Temp. |Test
Test deg. C Result Rep. 1 Rep.2 | Average | Std. Dev.
Frequency Sweep @ G*
Constant Height Delta
Simple Shear Test @ Strain Rate, mm/mm
Constant Height Final Strain, mm

Creep Compliance

Tensile Strength

Strain Rate, mm/mm

Final Strain, mm

Strength




Table 2.13: Results of Rut Testing on Cores Obtained In-Field

Site No.: 2
Percent Passing
Sieve Core Core Core Care Core Core Core Core Core Core
mm 1 2 3 4 5 6 7 <] 9 10 Average [Sid. Dey.
250 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0.00
19.0 100.0 100.0 100.0 99.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0.08
12.5 99.6 100.0 99.5 99.0 99.9 99.7 100.0 99.4 9g.3 99.6 996 0.32
9.5 92.1 88.4 86.1 87.3 383 86.4 85.7 883 86.3 87.3 87.6 1.86
475 404 36.2 367 37.3 36.8 329 3341 383 347 338 36.0 2.40
2.36 26.1 239 244 25.2 249 217 224 26.7 244 229 243 1.59
1.18 20.8 19.2 19.6 20.3 19.8 17.1 17.9 219 19.6 18.4 19.5 1.41
0.60 17.6 16.2 16.7 17.3 16.8 14.4 15.2 18.0 16.8 18.7 16.6 1.30
0.30 15.5 13.8 14.5 14.9 14.4 12.3 12.9 16.6 14.5 13.6 14.3 1.24
0.150 12.9 1.5 121 126 12.2 10.7 10.8 14.7 12.2 11.5 12.1 1.16
0.075 10.6 9.3 9.8 10.3 5.8 8.6 8.6 121 949 9.3 9.8 1.03
Gmb 2.285 2207 2.186 2212 2.199 2215 2.239 2.237 2.338 2.288 2.241 0.05
lunit weight, pef ||  142.6 137.7 136.4 138.0 137.2 138.2 139.7 139.5 1459 142.8 139.8 3.03
[(VTM, % 6.7 9.9 16.7 9.7 10.2 87 7.7 7.8 36 5.7 8.1 2.25

€e
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Figure 2.3: Paver With Front-Mounted Extendable Screed Used For Site 2
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P A

Figure2.4: Tapered Longitudinal Joit Used For Site 2
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NCHRP 9-811 - Task 8
SMA Construction Project No. 3

L ocation and Background

Site No. 3 was constructed in May of 1997. NCAT staff were on-site from May
27 to May 29, 1997. This project called for milling 25 mm (1 in) of existing pavement
and filling with 38 mm (1.5 in) of SMA. Within the extent of this project, the interstate
was afour-lane divided highway. While at the project, paving was accomplished in the
outside lane on the southbound side.
SMA Mixture Information

The SMA mixture used for this project was a 12.5 mm nomina maximum
aggregate size mix. Information about the mixtureis presented in Table 3.1. Aggregates
used for this project consisted of a crushed “river rock”. The design gradation for the
mixture is presented in Table 3.2. Properties of the coarse and fine aggregates are
presented in Tables 3.3 and 3.4, respectively. An AC-20 asphalt binder was used for this
mixture. Properties of this binder are presented in Table 3.5.
Plant Information

The facility used to produce the SMA mixture was a CMI drum plant. The dust
collection system for this plant consisted of both a primary collector (knockout box) and a
secondary collector (baghouse). The combined collector fines were added back to the
mixing process by an auger chute to the drum.

The contractor did not use storage silos for either the mineral filler or fiber. The
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mineral filler was placed into a separate aggregate bin and metered onto the cold feed
conveyor belt. The fibers used for this project were in the form of a pellet. Bags of
pellets were emptied into an aggregate bin, transported to the mixing process by a
conveyor belt, and introduced at the point recycled asphalt pavement (RAP) would be
introduced.

Laydown Procedures

Paving operations were observed on May 28, 1997. For this project, “belly”
dump trucks were used. The trucks would drop the mixture in windrows onto the
existing pavement. A windrow elevator was attached to the front of the paver to pick the
mixture up and deposit it into the paver.

For longitudinal joint construction, the contractor was utilizing a tapered joint.
Additional information about the observed laydown procedures are presented in Table
3.5.

Problems Encountered On-Site

No problems were encountered with the mixture while on the job site.
Sampling

Samples obtained from this project include: each aggregate used to fabricate the
mixture, mineral filler, fiber, asphalt binder, loose mixture, and ten cores. Table 3.8
presents the times and dates that the loose mix samples were obtained. As part of the
quality control program, Marshall specimens were compacted using 50 blows per side.

For this state, the quality control practices are to obtain samples at the paving location.
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Samples were then taken to a laboratory for testing. Tables 3.8 through 3.13 present the
results of testing performed on the loose mix and cores. Because the state was
compacting Marshall specimens, NCAT personnel did not perform thistest. Thisis

reflected in Table 3.9.



Table3.1: Site3 SMA Mixture Information

JMF 1.D. Number:

Dates Used:

Number of Aggregate Stockpiles Used:
Design Voidsin Coarse Aggregate:
Type Asphalt Binder Used:
Modifier Type:

Design Asphalt Binder Content:
Supplier of Asphalt Binder:

Type Fiber Used:

Form of Fiber:

Design Percentage of Fiber:

Type Mineral Filler Used:

Design Percentage of Minera Filler:
Type Anti-Strip Additive Used:
Design Percentage of Anti-Strip:
Compaction Method:

Compactive Effort:

Laboratory Mixing Temperature:

Laboratory Compaction Temperature:

Design Voids in Total Mix:

Design Mixture Density:

Design Voids in Mineral Aggregate:
Design Voids Filled With Asphalt:
Design Marshall Stability:

Design Flow (0.01 in):

Retained Tensile Strength:

Loaded Wheel Test @ Design Asphalt Content:

MV-AMD2-97
May 27 through 29
4
42.6 percent*
AC-20
None
7.4 percent
Chevron
Cellulose
Pellet (66/34 Bitumen Granulation)
0.46 percent
Perlite
11.0 percent
Liquid (Ad-Here LOF 65-100)
1.0 percent
Marshall Hammer
50 Blows per side
312 + 20F
292 £R0
3.4 percent
131.7 pcf
17.1 percent

80.1 percent

1510 Ibs

13.3

88.8 percent

* Performed at NCAT laboratory on materials obtained from the project.
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Table 3.2: Design Gradation for Site 3

Sieve Size Sieve Size, mm Rec"m”?mded Percent Passing
Limits
Yain. 19.0 100 100
% in. 125 85-95 86
% in. 9.5 75 max. 67
No. 4 4.75 20-28 27
No. 8 2.36 16-24 17
No. 30 0.600 12-16 14
No. 50 0.300 12-15 13
No. 200 0.075 8-10 9.7

Table 3.3: Coar se Aggregate Propertiesfor Site 3

Test Combined Gradation

Los Angeles Abrasion, % Loss 23.2*

Flat & Elongated, %

3tol 47*

5to1 3*
Bulk/Apparent Specific Gravity 2.346/2.549
Absorption, % 3.39

Soundness (5 Cycles), % Loss
Sodium Sulfate
Crushed Content, %
One Face

Two Face

Data not provided by agency represented by blank data fields.
* Performed at NCAT laboratory on materials obtained from the project.
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Table 3.4: Fine Aggregate Propertiesfor Site 3

Test Results
Bulk/Apparent Specific Gravity 2.353/2.608*
Absorption, % 4.2*

Soundness (5 Cycles), % Loss

Sodium Sulfate
Angularity, % 48.9*
Liquid Limit, %

Plasticity Index, %

Data not provided by agency represented by blank datafields.

* Performed at NCAT laboratory on materials obtained from the project.



Table 3.5: Site 3 Asphalt Binder Properties

SHRP ASPHALT BINDER GRADING SUMMARY

ASPHALT: Site 3
OPERATOR: Wilson
PROJECT: NCHRP 9-8
DATE: 106/17/97
Original = RTFOT RTFOT + PAY residue
Flash Pt: --- °C Time/Temp after PAV: 20 HRS AT 100°C
. Loss:+0.023 % ] ]
Vis@135:517 cP Physical Hardening Index: ---
% HIGH TEMPERATURE GRAD[NG Lt LOW TEMPERATURE GRADING i
s f T B RTFOT b e E "'!RTEOHPAV " g} xﬁor-:-mvr*-v e e
®R F E - R b E ' . L .
A LM - Dynmmnm AR M R DynmmcSk:ar TE M F!c:mml&ecp SRR 5 SR
D '3; l:OradIs(ISBz) D f‘%; 1O radfe (1.5 Ha) - -1:: (o 60 30¢) - (1zom/min}
Glsins (Pa) : i k. Gsind (MPaY - a ) s Stlﬂ'ncss(MPa;s m,Slope: ~F . Faifure Strain -
: i3 220 kPa o SRS SPY- - - [T N I 4 0800 | x10%
o4 | o4 g0 § 0
88 | es e 4 28
B2 B2 2 25 1620 -12 o8 X5 1.46802
ol B . 3 B 2423 a8
o 70 0.54066 1.3411 3 | 19 3447 24
64 &4 1.3432 29916 A0 16 4758 -3
8 568 3.0133 6.7420 -8 13 B473 -36
7 K s2 10 42
6 | . 53 7 -8
GRADE: PG 64-22



Table 3.6: Laydown Information from Site 3

Manufacturer of Paver: Blaw Knox

Other Equipment Used: Windrow Elevator
Number of Rollers Used: 3 (Breakdown/I ntermediate/Finish)
Type of Breakdown Roller: 30-ton Static Steel Wheel
Number of Passes By Breskdown Roller: 3

Type of Intermediate Roller: 30-ton Static Steel Whee
Number of Passes By Intermediate Roller: 2

Type Finish Roller: 30-ton Static Steel Wheel
Number of Passes By Finish Roller: Smooth Irregularities
Temperature of Mixture After Finish Roller Ended

Compaction:

Comments:

The contractor was using areleasing agent. During the observation of the paving
operations, it was noted that this pavement looked porous. The surface voids seemed large
by visible inspection.

Table 3.7: Sampling Times and Datesfor L oose Mix Samples From Site 3

Samplel | Sample2 | Sample3 [ Sample4 | Sample5 | Sample6

Date Obtained May27 | May27 | May27 | May28 | May28 | May28
Time Obtained 9.20am | 220pm | 450pm | 7:45am | 10:50am | 2:30pm
Day’s Tonnage N/A 1031 N/A 399 1180 2089
Iflj‘gﬁer ature of Mixture in 330 N/A N/A 315 300 300
Average Draindown, % 01 0.1 0.2 0.1 0.1 0.1

N/A - Not Available



Table 3.8: Gradations For Samples Obtained In-field

Site: 3
Sample: 1
Loose Mix Samples Average Marshall Compacted Samples Gyratory Compacted Samples
Sieve JMF Std. Diff. From Core 5/28/97 5/28/97 Std. Diff. From Std. Diff. From
mm_ | % Passingl Rep 1 Rep 2 Average | Deviation JMF Gradation P1 P2 Average | Dewviation Cores Rep 1 Rep 2 Average | Deviation Cores
A B C D F G H | J K M N o] P Q S T u
B-F I-M -S
25.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 Q.00 0.0
19.0 100.0 100.0 100.0 100.¢ 0.00 0.0 99.9 100.0 100.0 100.0 0.00 -0.1 100.0 100.0 100.0 0.00 -0.1
125 86.0 88.0 893 88.7 0.92 2.7 89.5 920 87.9 90.0 2.90 -0.5 87.0 88.7 87.9 1.20 1.6
a5 67.0 66.9 69.1 68.0 1.56 -1.0 747 738 79.2 76.5 382 -1.8 69.0 69.4 69.2 0.28 55
4.75 27.0 29.9 33.0 31.5 2.19 -4.5 40.6 37.2 34.3 35.8 2.05 4.9 35.2 35.4 35.3 0.14 53
2.36 17.0 18.9 20.0 19.5 0.78 -2.5 26.2 225 20.5 215 1.41 4.7 220 225 223 0.35 4.0
1.18 15.9 17.0 16.5 0.78 209 17.5 15.8 16.7 1.20 4.2 17.6 18.1 17.9 Q.35 3.0
.60 14.0 14.3 154 14.9 0.78 -0.9 175 15.0 133 14.2 1.20 3.4 15.3 15.7 155 0.28 2.0
0.30 13.0 13.2 142 13.7 0.71 0.7 15.0 13.3 11.7 125 1.13 25 13.7 14.1 13.9 0.28 1.1
0.150 123 13.2 12.8 0.64 129 11.8 10.3 11.1 1.06 1.9 12.2 12,6 12.4 0.28 0.5
0.075 9.7 10.7 11.6 11.2 0.64 -1.5 10.8 10.1 8.7 9.4 0.99 1.4 10.6 11.0 10.8 0.28 0.0
Site: 3
Sample: 2
|| Loose Mix Samples Average Marshall Compacted Samples Gyratory Compacted Sam rgles
Sieve JMF Std. Diff. From Core 5/28/97 5/28/97 Std. Diff. From, Std. Diff. From
mm_ | % Passlng] Rep 1 Rep 2 Average | Deviation JMF Gradation| P4 P5 Average | Deviation| Cores Rep 1 Rep 2 Average | Deviation| Cores
A 8 [+ D G H ] J K M N [¢] P Q S T U
B-F 100.0 I-M 1-S
25.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 0.00 0.0
19.0 100.0 100.0 100.0 100.0 0.00 0.0 99.9 100.0 100.0 100.0 0.00 -0.1 100.0 100.0 100.0 0.00 -0.1
12.5 86.0 82.7 855 84.1 1.8 1.9 89.5 90.7 80.2 90.5 0.35 -1.0 883 87.4 87.9 0.64 1.6
9.5 67.0 62.4 66.9 64.7 3.18 23 747 709 69.3 70.1 1.13 4.6 70.5 68.7 69.6 1.27 5.1
4.75 270 28.1 293 287 0.85 -1.7 406 367 36.2 36.5 0.35 4.2 349 337 343 0.85 6.3
2.36 17.0 17.6 18.1 17.8 0.35 -0.9 26.2 221 227 22.4 0.42 3.8 21.8 21.2 21.8 0.42 4.7
1.18 14.9 153 151 0.28 20.9 171 18.2 17.7 0.78 32 17.3 17.0 17.2 0.21 3.7
a.60 14.0 13.3 138 13.6 0.35 0.4 17.5 14.7 168 15.3 078 23 14.9 14.7 14.8 0.14 27
0.30 13.0 12.2 126 12.4 0.28 0.6 15.0 13.% 14.4 13.8 0.92 13 13.3 13.1 13.2 0.14 1.8
0.150 11.2 11.4 11.3 0.14 12.9 11.6 12.7 12.2 0.78 08 11.8 11.8 11.8 0.00 11
0.075 97 9.7 9.9 9.8 0.14 -0.1 10.8 9.9 10.8 10.4 0.64 0.4 10.0 10.2 10.1 0.14 0.7
Site: 3
Sample: 3
Loose Mix Samples Average Marshall Compacted P Gyratory Compacted Samples
Sieve JMF Std. Diff. From Core 5/29/97 5/29/97 Std. Diff. From) Std. Diff. From
mm | % Passingl Rep 1 Rep 2 Average | Deviation JMF Gradation| Pt P2 Average | Deviation Cores Rep 1 Rep 2 Average | Deviation Cores
A =] [} D F G H | J K M N o P Q S U
B-F I-M -8
250 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 0.00 0.0
19.0 100.0 100.0 100.0 100.0 0.00 0.0 99.9 100.0 100.0 100.0 0.00 -0.1 100.0 100.0 100.0 0.00 -0.1
12.5 86.0 851 86.1 856 0.71 0.4 89.5 86.6 89.3 88.0 1.91 1.5 88.3 88.0 88.2 .21 1.3
9.5 67.0 64.2 856 64.9 0.99 2.1 74.7 69.5 69.6 69.6 0.07 52 70.8 66.9 68.9 276 59
4.75 27.0 299 289 29.4 0.74 -24 40.6 359 36.2 36.1 0.21 46 35.3 3341 342 1.56 6.4
2.36 17.0 17.8 171 17.5 0.49 -0.5 26.2 227 229 228 0.14 34 21.6 205 211 0.78 52
1.18 14.9 143 14.6 0.42 209 17.8 18.1 18.0 021 29 17.2 16.2 16.7 0.71 4.2
0.60 140 134 127 131 0.49 0.9 17.5 15.4 15.8 156 0.28 1.9 14.8 14.0 14.4 0.57 31
0.30 13.0 12.3 1.6 12.0 0.49 1.1 156.0 139 143 141 0.28 09 13.2 12.6 129 0.42 21
0.150 11.1 105 10.8 0.42 12.9 12.4 128 126 0.28 03 11.8 11.2 11.5 042 1.4
0.075 9.7 95 g3 94 0.14 03 10.8 10.5 11.0 10.8 0.35 0.0 10.0 9.4 9.7 0.42 1.1

or



Table 3.8(Continued): Gradations for Samples Obtained In-Field

Site: 3
Sample 4
[| Loose Mix Samples Average Marshall Compacted Samples Gy y Cor i Samples
Sieve JMF Std. Diff. From|| Core 5726197 5/20/07 Std Diff From Std. Diff. From|
mm__| % Passin, Rep 1 Rep 2 Average | Deviation JMF Gradalion P4 P5 Average | Deviation| Coras Rep 1 Rep 2 Average | Deviation| Cores
A B [+ D F G H | J K M [=] P Q 8 T U
B-F I-M -5
250 100.0 100.¢ 100.0 100.0 .00 0.0 100.0 100.0 1000 100.0 0.00 0.0 1000 100.0 100.0 0.00 a.6
19.0 100.0 100.0 100.0 100.9 .00 0.0 99.9 100.0 100.0 100.0 0.00 0.1 10090 100.0 100.0 .00 0.1
12.5 86.0 ar4 84.8 86.1 1.84 -0.1 895 892 86.8 88.1 1.77 1.4 B7.2 88.6 879 .99 1.6
f X1 €7.0 68.6 66.4 67.5 1.56 -0.& 74.7 7o 69.7 70.4 0.92 4.4 70.5 €9.7 70.1 C.57 46
4.75 27.0 29.1 28.3 28.7 .57 -1.7 40.6 378 I5.4 36.6 1.70 4.0 436 330 38.3 7.50 2.3
236 17.0 17.2 16.7 17.0 0.42 0.0 26.2 235 21.5 225 1.41 3.7 20.8 19.5 201 .78 6.2
1.18 14.3 13.7 14.0 G.42 209 18.6 16.7 17.7 1.34 3.2 16.1 5.4 15.8 0.49 5.4
0.60 14.0 12.7 12.1 12.4 0.42 1.6 17.5 16.2 14.2 15.2 1.4% 23 13.7 132 135 0.35 4.1
0.30 13.0 1.4 109 11.2 ¢35 1e 150 148 12.8 13.6 1.41 1.4 122 118 119 0.42 a1
0.150 10.1 9.6 9.9 0.35 12.9 131 1.1 121 1.41 0.8 10.6 10.2 104 0.28 2.5
0.078 9.7 8.6 8.1 8.4 .35 1.4 10.8 112 9.5 10.4 1.20 0.4 9.0 8.8 8.8 0.28 2.0
Site: 2
Sample: S
Loose Mix Samples Average Gyratory Compacted Samples
Siave JMF Sid. Diff. From| Core Sid. Diff. From)|
mm | % Passingl Rep 1 Rep 2 Average | Deviation JMF Gradation Rep 1 Rep 2 Average | Devialion | Cores
A B C D F G H ! P Q S T V]
B-F -S
250 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 100.0 ¢.00 o.a
19.0 100.0 100.0 100.¢ 100.0 0.00 0.0 99.9 1G0.0 100.0 100.0 ¢.00 -0
125 86.0 85.5 859 85.7 0.28 0.3 89.5 B86.9 65.7 86.3 ¢.85 3.z
9.8 67.0 B84.4 85.7 65.1 0.92 1.8 747 897 B88.9 689.3 0.57 5.4
475 27.0 281 29.1 286 0.71 -1.6 40.6 35.8 346 351 G.71 55
236 17.0 188 17.8 17.2 0.49 -0.1 262 2156 211 213 .28 49
1.18 14.0 14.5 14.3 0.35 20.9 17.0 16.5 6.8 .35 4.1
0.60 14.0 125 129 12.7 0.28 1.3 17.8 14.6 14.1 t4.4 0.35 3.2
0.30 13.0 114 118 11.8 0.28 1.4 15.0 13.0 128 128 a0.28 2.2
0.150 10.3 106 10.5 0.21 12.9 11.6 11.4 1.5 0.14 1.4
0.075 9.7 8.9 9.2 9.0 0.23 0.7 10.8 8.9 9.7 9.8 0.14 1.0
Site: 3
Sample: 5]
Loosa Mix Samples. Average Gyratory Compacted Samples
Siave JMF Sua. Ciff. Fremf Core Std. Diff. From|
mm__| % Passing]l Rep 1 Rep2 | Average | Deviation JMF Gradation Rep 1 Rep 2 Average | Deviation: Cores
A B [ [+ F G H | P c S T [V}
B-F -8
250 100.0 100.0 100.0 100.0 0.00 0.0 100.0 10C.0 100.0 100.0 0.00 0.0
19.0 100.0 100.0 100.0 100.0 0.00 0.0 89.9 10C.0 100.0 100.0 0.00 -0.1
125 86.C 858 821 84.0 2.62 21 89.5 as.5 852 868 224 26
9.5 67.¢ 68.3 64.1 66.2 2.97 0.8 74.7 68.9 70.7 608 1.24 4.9
475 27.¢ 30.3 298 300 0.48 =30 40.6 34.3 350 346 0.49 6.0
2.36 17.0 19.6 19.1 19.4 0.35 -2.4 26.2 21.8 229 224 079 39
1.18 16.9 165 16.7 0.28 209 7.5 18.5 18.¢ 0.69 29
0.60 140 154 150 152 028 -1.2 17.5 152 16.1 158 063 19
0.30 13.0 14.3 14.0 142 0.21 -1.2 15.0 137 14.5 14.% 0.57 09
0.160 134 128 13.0 D21 129 12.4 13.0 12.7 0.45 0.2
0.075 97 11.3 11.1 11.2 0.14 -1.5 10.8B 10.3 111 10.7 0.58 0.1

Ly



Table 3.9: Results of Marshall Hammer Compactions

Marshall Hammern 50 Blows per Side

[SITE NUMBER: 3 I MATERIALS: Rivar Rock/Peiite/Cellulosa/AC-20 ICOARSE AGGREGATE INFORMATION Percant Coarse Aggreqgate: 730 DATE:
Eflective Specific Gravity of Agg. (Gsa): Bulk Specific Gravity of the Agg. (Gsb) = Bulk Sp. Gravity of CA (Gca): 2.346 1/30/98
IAC Sp. Gr. (Gh) = 1.001 2417 2.356 Unlt Wt. Of CA in DRC (pef): 84.0
Unit Wt. OFCA in DRC (kg/m3  1344.8
Asphalt WEIGHTS MIXVOLUME |  SPECIFIC GRAVITIES VOLUMES VOIDS
Sample | Replicate| Content In Alr | in Water §sD Volume Bulk T™MD Aggregate AC by Unit VM VMA VFA VCA VCAdr; | VCAVCAdr
Number % gms gms gms -4 Gmb Gmm Volume Volume Weight % % % L % %
cc % pef
A B [+ D E F G H | J K L M N [¢] p G R
F-E D 100-C)*H C'H H* 624 [100(1-HNY 100-J 100 (N-M}
G Gsh Gb N
(r——— e~ -
5/28/67-P1 1 7.5 2000 2.198 2.3 18.7 131.0 4.5 17.7 745 39.6 42.6 0.929
5/28/97-P2) 2 7.5 2.084 2.198 aly 15.8 130.0 5.2 18.3 716 40.0 426 0.938
5/28/97-P3| 3 7.5 2.085 2.198 82.1 156.7 130.7 4.7 179 73.8 39.7 428 4.931
5/28)07-P4/ 1 18 2088 2.190 81.7 15.8 130.2 4.7 18.3 74.0 40.0 42.6 0.938
5/28/97-P5 2 78 2.104 2.180 824 160 131.3 3.9 17.6 77.7 38.5 426 0.927

5/20/87-P2 2 8 1.669 2194 78.0 1538 124.7 8.9 20 59.5 427 428 1.002

5/20/97-P3 3 7.9 1.985 2184 77.9 15.8 124.5 9.1 22.1 £0.0 428 42.6 1.005
5/20/87-P4 1 78 1.906 2104 779 16.8 1248 9.0 22 £6.1 42. 426 1,004
5/20/97-P5 2 79 2.018 2194 788 159 126.0 8.0 212 623 42 4268 0.984
5/20/67-P5 3 7.3 1.965 2194 6.1 15.5 1226 104 23.3 65.2 43.7 428 1.025

e —————

input By: Chacked By: A Coolay
SD = Saturated Surface Dry oc = cubic centimater Gmb = Bulk Specific Gravity of Compacted Mixture Gsb = Bulk Specific Gravity of Aggregate VTM = Voids in Total Mix
MD = Theoretical Maximum Dengity AC = Asphali Cement Gmm = Theoretical Maximum Density of Mixture Gb = Specific Gravity of Asphait Cement VMA = Vaids in Mineral Aggregate
m = gram pof = pounds per cublic foot Gsa = Apparent Specfic Gravity ofAﬁregate VCA = Voids in Coarss Ama VFA = Voids Filéed With Asphait Cememt

** Data Cbtained From Contractor



Table 3.10: Results of SGC Compactions

SITE NUMBER: 3 MATERIALS: River Rock/Perite/ComiosWAC-20 COARSE AGGREGATE INFORMATION Percert Caarse Aggregate: 73.0) DATE:
[Efiective Specific Gravity of Agg. (Gse): JBuk Speciic Gravily of the Agg. (Gsb) = Bukk Sp. Gravky of CA (Gea): 2.348| 2188
AC 5p. Gr. (Gb} = 1.001 2417 2.358 Unit Wt. Of CA in DRC (pef): 840
Unk Wi OfCANDRC (kgymd) ___13458) === |
‘Asphak WEIGHTS HEIGHTS €ST, BULK GRAVITIES SPECIFIC GRAVITIES CORR. % Gmm VOLUMES AT Ndes VOIDS
Sample | Rephicate| Content [ InAir | In Water] SSD Nl | Noss | Nmax Nini Ndes Nmax Buk TMD | Comection Aggregate | AC by VM VA VFA VCA ™ | VCA drc [VCA VCA drdd
Number % gms oms oms | @Gy |(100Gyr|(1586m| (8 GY 100Gy | (158 Gy Gmb Gmm | Factor | Ninl | Ndes | Nmax|  Vome Volume | atNdes | atNdes | &t Noes % %
mm mm om % % % cc % % % %
A 8 [ D E F G H I J K L [1] N 0 P [") R S T 1] v W X Y Z
D ) ] o GmbEst | O | K*O[ L°O [ apCyK*CQ| _CKC 100 100-5 100(v-L))
— GTer HAT.67 Ti7.67 FE Gmb Meas. | (Gsb] () - v L
1 1 7.9 | 41885 | 22030 | 41980 | 1203 | 1154 1.832 2,050 2101 2178 | 1023 | 86.0 | 084 820 16.8 36 18.0 80.0 398 428 0.835
1 ] 7.9 | 43108 43238 | 1387 | 1203 1.764 2.028 2.106 2178 | 1.039 | 651 | 967 [+¥] 168 33 7.8 812 308 28 0,091
1 3 79 | 42188 | 22275 | 42344 | 1344 | 1182 1.776 2.020 3902 2178 [ 1.041 | 648 | 965 B2.1 16.8 35 17.5 80.3 39.8 428 0.004
2 1 78 | 41580 [ 21583 | 41723 | 1343 | 1173 1.752 2.000 2.062 2184 1028 | 825 | 944 805 16.3 58 0.5 T1.3 408 428 0.981
2 2 79 | 41512 | 21908 | 41803 | 1926 | 197.0 | 1150 1.788 2.008 2.043 210 2184 | {033 | 696 | 9.0 | 966 816 | 184 50 17100 | Tad | 408 42.0 0.963
2 3 7.9 | 41380 ["2782.6 [ 4152.0 | 1345 | 1170 | 1156 1.741 2.002 2.023 2163 2184 {040 | 828 953 [ 903 1.3 16.4 [%4 187 74.9 404 426 0.548
3 1 80 | 40735 | 20853 | 40055 | 1308 | 1147 1.782 2010 2037 2184 | 1013 | 848 ] 9.2 794 18.3 8.8 208 67.2 9.7 42.6 0.978
3 2 8.0 | 40758 [ 2113.0 | 4002.1 | 1314 | 1158 | 1755 | teee 2080 2164 | 1034 | 631 | 043 | | 84 __| 185 57 1 o6 | J12" | 410 | 428 | o083
3 3 8.0 | 4087 | 20089 | 4083.1 1 1314 | 1187 1.738 1970 2,050 2184 | 1.045 | 630 | 543 503 8.5 5.7 19.7 71.0 4.0 426 0.964
4 1 78 | 41058 | 20045 | 41250 | 1272 | 1128 1.827 2,080 2.021 2188 | 0081 | 820 | 925 790 15.8 75 21.0 84.1 420 428 0.987
1 2 78 41480 | 21401 | 41750 | 1272 | 1128 | I 1848 " 2080 2008 | 2186 0680 | &27 | 832 | 1798 | 159 88 | 204 | 67 | 418 428 | 0075
4 3 7.8 | 41338 | 21215 | 41665 | 1272 | 1128 1.599 2.074 2.021 2196 | 0.075 | €20 | 25 78.0 5.8 75 Z1.0 [7X] 420 42.0 0.966
5 1 75 | 41344 | 21248 | 41500 | 1335 | 1175 1.753 1.981 2.042 2186 | 1025 | 822 | 934 80.1 153 86 19.9 ] 412 2.8 0968
3 2 75 | 47208 | 21960 | 4149.1 | 1946 | 11790 | 1788 | teme 12051 2196 | 1095 | 622 | w8 | 1 %04 | 154 6z | 198 885 | 410 | 426 | owez
5 3 75 | 41488 [ 21473 [ 4170.1 | 1381 | 1101 1.738 1.972 2051 2.188 1000 | 827 | @38 80.4 5.4 82 10.6 685 41.0 42.8 0.962
[ 1 80 | 40087 | 21320 | 41080 | 1287 | 113.6 1.788 2042 2073 2100 | 1015 | 829 | 047 809 16.6 53 9.1 721 408 42.8 0,055
8 2 60 | 41283 | 21774 ] 41439 | 1312 | 1151 | | 1781__| 2000 2.100 2100 | 1034 | 841 060 | | #8188 a1 181 | 773 | e | a28 | ousr
8 3 80 | 40763 | 21560 | 4ceee | 1286 | 1135 1780 2092 2111 2190 [T1.069 | 644 | 604 a3 16.9 36 177 79.5 30.0 2.0 0.029
Checked By: A
CC  CUBIC Conbmetor Gmb = Bulk Specific Gravity of Compacted Mixire  Gsb = Bulk Specific Graviy of Agregate  VTM = Voids in Total Mix

Gmm = Thearetical Maximum
Gsa = Gi

Density of Mixture
of

G = Specific

Gravity of Asphakt Cement
VCA = Voids in Coarse

VMA = Vokds in Mineral Aggregata

VFA = Voids Filed With

6V



Table 3.11: Results of Loaded Wheel Testing

Site No.: 3
Specimen| VTM Rut Depth Rut Depth Rut Depth
No. % at 1000 at 4000 at 8000
Cycles (mm)| Cycles (mm) | Cycles (mm)
R1 NOT TESTED - SAMPLE DAMAGED
R2 3.4 2.65 293 4.88
R3 3.4 2.97 3.10 5.21
R4 3.7 240 3.00 448
Average 3.5 2.67 3.01 4.86
Std. Dev. 0.17 0.286 0.085 0.366

Table 3.12: Results of Superpave Analysis Testing
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Site No.: 3
Test Temp. |Test
Test deg. C Result Rep. 1 Rep.2 | Average | Std. Dev.
Frequency Sweep @ G*
Constant Height Delta

Simple Shear Test @
Constant Height
Creep Compliance

Tensile Strength

Strain Rate, mm/mm

Final Strain, mm

Strain Rate, mm/mm

Final Strain, mm

Strength




Table 3.13: Results of Testing on Cores Obtained In-Field

Site No. 3
Percent Passing
Sieve Core Core Core Core Core Core Core Core Core Core
mm 6-2 5-1 4-2 3-2 2-2 1-1 21 3-1 4-1 5-2  |Average [Std.Dev.
25.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0.00
19.0 99.7 100.0 99.5 100.0 100.0 100.0 100.0 100.0 100.0 995 99.9 0.22
12,5 87.6 90.9 87.3 92.0 88.5 90.8 922 87.6 88.4 89.3 89.5 1.87
9.5 72.7 77.0 72.4 77.4 747 75.0 79.3 731 72.7 72.8 74.7 2.43
4.75 39.0 428 414 42.0 426 394 41.9 38.1 37.9 411 40.6 1.85
2.36 238 28.2 27.3 26.9 278 25.3 26.6 25.0 241 274 26.2 1.57
1.18 18.8 222 217 21.2 22.0 19.8 21.1 19.9 19.9 22.2 20.9 1.20
0.60 15.8 18.3 18.1 17.7 18.3 16.3 17.7 16.8 17.4 18.8 175 0.96
0.30 136 154 154 15.0 156.5 13.8 15.3 14.4 15.5 16.2 15.0 0.82
0.150 11.6 13.0 13.0 12.9 134 11.7 13.5 122 13.8 14.1 12.9 0.85
0.075 9.5 10.7 10.8 10.7 11.3 9.7 11.5 10.2 11.8 1.7 10.8 0.80
Gmb 2.048 2.029 2.013 2.037 2.067 2.011 1.998 1.995 1.997 2.024 2.022 0.02
Unit Weight, pcf || 127.8 126.6 125.6 1271 129.0 125.5 1247 124.5 124.6 126.3 126.2 1.49
IVTM, % 6.3 7.2 7.9 6.8 5.4 8.0 8.6 8.7 8.7 74 7.5 1.10

TS
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NCHRP 9-811 - Task 8
SMA Construction Project No. 4
L ocation and Background

Construction project No. 4 was constructed in June of 1997. NCAT staff were on
site between June 10 and June 13, 1997. Two contractors were working together on this
project. One contractor was supplying the SMA mixture, while another contractor was
placing the mixture on the roadway.

This project consisted of milling 38 mm (1.5 in) of existing pavement and filling
with 38 mm of SMA. Thisinterstate consisted of three northbound lanes and three
southbound lanes. Thefirst day that NCAT staff were on this project, the contractor was
paving the outside lane on the southbound side. Paving for this stretch of pavement was
during the day. The contractor then switched to paving on the inside lane on the
northbound side which was constructed at night. After completion of SMA placement, an
open-graded friction course was to be placed over the SMA layer.

SMA Mixture Information

The SMA mixture used for this project was a 12.5 mm nomina maximum
aggregate size mixture. Information about this SMA mixture is presented in Table 4.1.
This mixture was designed to have an asphalt content of 5.9 percent; however, the DOT
had changed this value to 5.7 percent. Design values given in Table 4.1 represent values
at 5.7 percent asphalt. A crushed granite was used to produce this mixture. The design

gradation is presented in Table 4.2. Properties of the coarse and fine aggregates are
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presented in Tables 4.3 and 4.4, respectively. A PG 76-22 asphalt binder was used for
thismixture. Properties of thisbinder are presented in Table 4.5. Mineral fibersina
loose form were used in the mixture.

Plant Information

The facility used for this project was a 3-ton batch plant. The dust collection
system consisted of a primary collector (vertical cyclone) and a secondary collector
(baghouse). Fines collected from both dust collectors were reintroduced back into the
mixing process at the hot elevator.

This plant utilized two storage silos. One silo was used for the mineral filler and
one for the hydrated lime. The hydrated lime was used as an anti-stripping additive. The
mineral filler was added back to the mixture at the weigh hopper through a pneumatic
line. The lime was also added to the weigh hopper by a pneumatic line.

Bales of fiber were manually (forklift) introduced into a hopper (Figure 4.1) to be
broken down and subsequently blown to the weigh hopper.

Laydown Procedures

Paving operations were observed on the night of June 12, 1997. The ambient
temperature was approximately 70°F. The DOT project manager on this site said that the
SMA mixture was very sensitive to temperature. At atemperature of approximately
335°F, the mixture was workable and the paving operations went smooth. At
temperatures higher than 340°F and lower than 325°F, the mixture was difficult to work

with. Outside this range, the contractor had difficulty obtaining density. Table 4.6



presents additional information obtained while observing the paving operations.

Two rollers were used in tandem for compaction. The two rollers were side-by-
side behind the paver. Each roller made three passes in the vibratory mode and two
passes in static mode.

During the observation of the rolling patterns, afat spot appeared on the
pavement’s surface. While watching the rollers pass back and forth over this spot, the fat
spot continued to grow. This fat spot was approximately 100 mm (4 in) in diameter when
it was first noticed and had a final diameter was approximately 200 mm (8 in) after
completion of rolling.

Problems Encountered On-Site

During the two nights that NCAT staff were on site, the plant had problems with
the introduction of the mineral filler. Two samples were obtained from some mixture that
had the mineral filler problems (Samples 4 and 5). Sample 4 was obtained on the night of
June 11 and Sample 5 was obtained on the night of June 12, 1997. Therefore, this
constitutes two different lots of SMA mixture. Both of these samples showed high
draindown values (2 to 3 percent).

While observing the paving operations on the night of June 12, 1997, the DOT
project manager pointed out a fat spot from the previous night’'s paving. This fat-spot
was approximately 20 cm wide by 91 cm long (8 x 36 in). In talking to him, it was
estimated that this fat spot probably came from the truck that Sample 4 was obtained or

from a load of mixture in close proximity. This assumption could be made because
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Sample 4 was one of the last |oads produced on the night of June 11,1997. The fat spot
was located within the last 100 ft. of that night’s paving.
Sampling

Samples obtained while at this project include: each aggregate used to produce the
mixture, mineral filler, fiber, asphalt binder, loose mixture, and ten cores. Each of these
materials were brought back to the NCAT laboratory for additional testing. A total of six
loose mix samples were obtained. Table 4.7 presents the dates and times that these loose
mix samples were obtained along with the average draindown values. Tables 4.8 through

4.13 present the results of testing performed on all samples.



Table4.1: Site4 SMA Mixture Information

JMF 1.D. Number:

Dates on Project:

Number of Aggregate Stockpiles Used:
Design Voidsin Coarse Aggregate:
Type Asphalt Binder Used:
Modifier Type:

Design Asphalt Binder Content:
Supplier of Asphalt Binder:

Type Fiber Used:

Form of Fiber:

Design Percentage of Fiber:

Type Mineral Filler Used:

Design Percentage of Minera Filler:
Type Anti-Strip Additive Used:
Design Percentage of Anti-Strip:
Compaction Method:

Compactive Effort:

Laboratory Mixing Temperature:
Laboratory Compaction Temperature:
Design Voidsin Total Mix:

Design Mixture Density:

Design Voidsin Mineral Aggregate:
Design Voids Filled With Asphalt:
Design Marshall Stability:

Design Flow (0.01 in):

Design Laboratory Draindown:

Loaded Wheel Test @ Design Asphalt Content:

024_12.5SMA-2
June 10 to 13, 1997
3

38.5 percent

PG 76-22

SBS

5.7 percent
Amoco Oil Co.
Slag Wool (Sloss)
Loose

0.4 percent of total mix
Marble Dust

10.0

Hydrated Lime
1.0 percent
Marshall Hammer
50 Blows per side
340°F

325°F

4.1 percent

145.5 pcf

17.1 percent

75.1 percent

1537 Ibs

11.2

0.03 percent

2.22




Table 4.2: Design Gradation for Site 4

Sieve Size Sieve Size, mm Reccl)_rprm?gded Percent Passing
Yain. 19.0 100 100
Y in. 125 85-95 94
% in. 9.5 75 max. 69
No. 4 4.75 20-28 29
No. 8 2.36 16-24 19
No. 16 1.18 17
No. 30 0.600 12-16 16
No. 50 0.300 12-15 14
No. 100 0.150 —-—- 12
No. 200 0.075 8-10 10
Table 4.3: Coarse Aggregate Propertiesfor Site4
Test 78's 7's
Los Angeles Abrasion, % Loss 42 42
Flat & Elongated, %
3tol 10 9
5tol
Bulk/Apparent Specific Gravity 2.595/2.644 2.595/2.644
Absorption, % 0.75 0.75
Soundness (5 Cycles), % Loss
Sodium Sulfate 1.1 11
Crushed Content, %
One Face 100 100
Two Face 100 100

Data not provided by agency is presented by blank data field.
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Table 4.4: Fine Aggregate Propertiesfor Site4

Test W10's
Bulk/Apparent Specific Gravity 2.599/2.623
Absorption, % 0.49

Soundness (5 Cycles), % Loss

Sodium Sulfate
Angularity, % 46.7*
Liquid Limit, %

Plasticity Index, %

Data not provided by agency is represented by blank datafields.

* Performed at NCAT laboratory on materials obtained from project.
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Table 4.5: Site 4 Asphalt Binder Properties
SHRP ASPHALT BINDER GRADING SUMMARY

ASPHALT: Site 4
OPERATOR: Wilson
PROJECT: NCHRP 9-8
DATE; 10/21/97
Original RIFOT . RTFOT + PAV residue
Flash Pt: --- °C Time/Temp after PAV: 20 HRS AT 100°C
. . Loss:0.25 % . .
Visi@ 135:1691 ¢P Physical Hardening Index: +--
- HIGH T EMPERATUR,E GRADING L LOW TEMPER.ATURE GRADIING
c i Tﬁ_’-l ' ORfGiNAL ;m:o‘r ¢ | v | =mmoripav | jrf- RTEB‘I‘+PAV
RO wp.F . ) R EET 1R : T
A 2C DymmncShmr : Dynm:icSh:a’r §oA Mt DymnmcShear M FlexumlCmep DT
D wmdfs(iil%z} L G emdle (hS ey -k D '«,ﬁlé_ 10 mds(I.5Hey S| P - fatsﬁm} N {lmm.’mm} :
o ' Gisn&(kPa) SOl Grinswem . f TR U GendiMPa)y | o] s,saﬂnmwpa); - m.$lope i _.,_Fa.msuam' :
s 10kPa C 3 ZMkPa ' g S00DKPa__ o ' 300 MPa 20300 LT e 0%
oe § o4 10 § 37 0
) 45 1 o4 5
g2 | e2 08334 1537 22 | a 1100 42 157 0.324 2.4606
76 76 15073 2.743€ ~2é i a7 A8
o 1 7o 34 {25 012 24
54 I 64 a0 > 4115 20
=2 §| &8 <45 | 19 5360 28
sz § w2 52 | 18 42
@ | 46 B8 13 48
GRADE:_ PG 76-22
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Table 4.6: Laydown Information from Site 4

Manufacturer of Paver:
Other Equipment Used:

Number of Rollers Used:

Blaw Knox
Roadtec Shuttle-Buggy
2

Temperature of Mixture When Delivered (Truck): 328°F (1% measurement)

320°F (2™ measurement)

Temperature of Mixture Right Behind Paver: 289°F (1% measurement)

305°F (2™ measurement)
Sizes of Rollers: 10 & 12 tons

Rolling Pattern (each roller):

3 passesin vibratory mode and 2 passesin

static mode
Temperature of Mixture After Finish Roller Ended 155°F
Compaction:
Comments:

A few fat spots were noted on the pavement surface.

The mixture seemed to have sufficient workability at the time of observation. Persons on-
site said that the mixture had been sticking to some trucks. This occurred even though the
trucks were using areleasing agent (Hydra-Slide). No mixture was sticking to the rollers.

Table4.7: Sampling Times and Dates for Loose Mix Samples From Site 4

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
Date Obtained June 10 June 10 June 11 June 12 June 12 June 12
Time Obtained 10:30am | 2:15pm 9:15pm | 1215am | 345am | 9:50pm
Temperature of Mixture 340 350 340 325 340 360
in Truck, °F
Truck Load of the
Day’s Production 5 30 4 25 4l 9
Average Draindown, % 1.0 0.7 0.8 2.7 2.8 0.8




Table 4.8: Gradations For Samples Obtained In-Field

Site: 4
Sampla: 1
F Lonse Mix Samples Average || Marshall Compacted Samples Gyratory Compacted Samples
Sieve JMF Sid. Diff. Fram Care Sitd Diff. From Std. Diff. From
mm__{% Passi Rep 1 Rep 2 Average | Deviation JMF Gradation Rep 1 Rep 2 Average | Deviation | Cores Rep 1 Rep 2 Average | Deviation{ Cores
A B C D F G H | J K N [5] P Q S T u
B-F 1-M -8
250 100.0 100.0 100.0 1000 0.00 0.0 1000 1000 100.0 100.0 0.00 0.0 100.0 1000 100.0 0.00 [N ¢]
19.0 100.0 1000 100.0 1000 0.00 0.0 99549 1000 100.0 100.0 0.00 0.1 100.0 100.0 100.0 0.00 -D1
125 94.0 95.2 95.6 o95.4 0.28 -1.4 96.6 97.2 97.0 871 .14 -0.5 956 96.2 5.9 0.42 0.7
as B9.0 673 71.0 592 282 0.2 7rz 78.3 787 TrQ 1.84 0.2 718 2.1 1.9 0.35 54
4.75 29.0 za6 282 288 0.42 oA 330 41.8 37.7 397 2.76 -6.7 337 34.4 34.% 0.49 -1.1
2.38 19.0 20.3 2086 20.5 o.21 -1.5 21.9 28.4 272 233 168 -6.4 235 251 24.3 113 -2.4
1.18 17.0 18.6 18.9 188 0.21 -1.8 20.0 254 236 245 1.27 4.5 204 218 211 0.09 -11
0.60 16.0 18.0 183 18.2 021 2.2 12.4 235 219 227 1.13 =33 19.0 202 19.6 Q.85 0.2
0.30 14.0 17.2 17.4 17.3 0.14 -3.3 183 21.0 188 204 0.85 21 17.0 156 16.3 0.99 20
0.150 12.0 14.6 4.9 i4.a 0.21 28 16.2 16.4 156 16.0 0.57 -0.8 13.2 131 132 0.07 2.1
0.075 10.0 10.1 30.4 10.3 0.21 0.3 10.8 10.8 103 10.6 Q.35 0.2 10.0 0.1 10.1 0.07 0.7
Site: 4
Sample: 2
|| Loose Mix Samples Averapge || A Compacted Sam Gyratory Compacted Samgpies
Sieve JMF Sta. Diff. From Std. Diff. From Sid. Diff. From
mm | % Passingl Rep 1 Rep 2 Average | Deviation JME Gradation| Rep 1 Rep 2 Average | Deviation| Cores Rep 1 Rep 2 Average | Deviation| Cores
A Z] [& [s] F G H 1 J K M N =) P Q s T U
B8-F 100.0 1-M IS
25.0 100.0 100.0 100.0 100.0 g.00 0.0 100.0 100.0 100.0 100.0 g.00 G0 100.0 100.0 $00.0 0.00 0.0
18.0 100.0 100.0 100.0 100.0 0.00 9.0 99.9 100.0 1000 100.0 0.00 -01 100.0 100.0 100.0 0.00 0.1
125 840 243 96.1 85.2 1.27 -1.2 96.6 97.7 a7.3 975 0.2e 0.9 B6.2 86.3 96.3 0.07 0.4
2.5 69.0 70.3 715 709 0.85 -1.9 772 77.4 76.4 769 0N 0.3 721 7.2 .7 0.64 56
475 290 289 293 291 0.28 -0.1 33.0 38.3 40.0 38.2 1.20 6.2 M4 351 34.8 0.49 -1.8
2.36 19.0 21.0 2186 213 0.42 23 219 27.2 281 277 C.64 -5.8 251 253 252 014 -33
1.18 170 168.5 20.2 19.9 0.49 -2.9 20.0 24.0 246 243 .42 -43 218 226 22.2 057 -22
0.80 18.0 15.0 198 193 0.42 =33 19.4 22.4 23.0 227 Q.42 -3.3 202 212 20.7 o7 -13
0.30 14.0 18.1 18.8 18.5 0.49 <5 183 20.3 208 208 0.35 2.2 156 194 17.5 2.69 0.8
0.150 120 154 159 15.7 0.38 -3.7 152 16.1 16.5 16.3 .28 -1.1 131 157 14.4 184 0.8
0.075 10.0 10.6 10.9 10.8 0.31 -OjB 10.8 10.8 11.1 11.0 0.21 -0.2 101 106 10.4 035 0.4
Site: 4
Sample: 3
Loose Mix Samples Average Mazrshall Compacted Samples Gyralery Compacted Sampies
Sieve JMF Std. Diff. Fram| Core Std (IS% From| S, Diff. From)
mm__ | % Passingl Rep 1 Rep 2 Average | Deviation JMF dation; Rep 1 Rep 2 Average | Deviation| Cores Rep 1 Rep 2 Average | Ceviation| Cores
A B [o] D F G H | J K M N (8] P Q S T u
B-F 1-M 1-S
250 100.0 100.0 100.0 1000 0.00 [oX o) 100.0 100.0 000 100.0 .00 0.0 100.0 100.0 1000 Q.00 Qo
19.0 100.0 100.0 100.0 100.¢ .00 0.0 998 100.0 1000 100.0 0.00 =01 100.0 100.0 100.0 Q.00 -0.1
125 a4.0 96 5 a56 96.1 0.64 21 96.6 96.0 g97.4 967 0.99 0.1 081 ST.0 96.6 0.54 0.1
9.5 69.0 727 70.0 71.4 1.91 -2.3 7r.2 767 77.5 7 Q.57 0.1 732 75.0 74.1 1.27 a1
4.75 29.0 290 293 202 0.21 -0.1 330 35.7 37.5 386 1.27 -26 356 337 34.6 1.27 -1.6
236 19.0 22.0 219 220 0.07 P Nel 219 26.0 26.7 26.4 0.49 4.5 26.3 24.4 254 134 35
1.18 17.0 20.8 20.4 20.5 0.14 -3.5 20.0 233 238 236 0.35 -38 235 217 22,7 1.34 -2.6
0 .80 160 201 19.9 200 0.14 -4.0 19.4 220 22.4 22.2 0.28 28 22.4 205 218 134 -21
030 14.0 19.2 19.0 181 0.14 -8.1 1B.3 20.2 206 204 0.28 2.1 20.6 188 19.7 1.27 -1.4
D.150 120 16.2 16.0 16.1 0.14 -4.1 15.2 16.5 16.7 166 0.14 -1.4 16.6 14.9 15.8 120 -0&
0.075 10.0 11.2 11.1 11.2 0.07 -1.2 10.8 11.4 11.85 18 0.07 -0.7 11.8 5.9 10.9 1.34 -0.1
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Table 4.8(Continued): Gradations For Samples Obtained In-Field

Siter _ 4
Sampia: 4
Loosa Mix Samplas Avarage Marshall Compacted Samplas Gyratory Compacled Samples
Sieve JMF Sta. Difl. From] Core Std. Diff. From| E Diff. From
mm % Passi Regp 1 Rep 2 Average | Deviation JBAF Gradalion, Rep 1 Rep 2 Averapoe | Deviation]  Coras Rep 1 Rep2 Average | Deviation; Cores
A B [+ D F G H i J K M N [+] P Q 3 T 3]
B-F I-M -5
25.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 1000 0.00 0.0 100.0 100.0 100.0 0.co [+ 20]
190 100.0 100.¢ 160 100.¢ 6.0 a.c 28.9 1900 1000 100.C 0.00 0.1 100.0 1068 piias] 0.co -9.1
12.5 84.0 Bd 2 963 8953 1.43 -1 3 o6 6 87 4 o5 7 8571 0.49 0.4 896.0 a5.4 957 042 0.8
8.5 8.0 68 7 699 883 0.85 -0.3 T2 1.6 e 713 0.49 6.0 71.3 69.3 70.3 1.41 5.8
475 280 26.4 263 264 007 27 33.0 a7 329 333 0.57 -0.3 303 202 20.8 0.718 .z
238 19.0 17.8 176 ire .00 1.4 2.8 218 214 218 0.28 0.3 203 18.5 188 .87 20
1.18 17.0 16.8 16.8 16.9 0.07 0.1 20.0 ig.9 187 16.8 0.14 1.2 18.3 17.5 1ra Q.87 2.t
0.60 16.0 16.7 16.6 167 0.o7 0.6 16.4 17.7 17.8 178 0.14 1.8 174 18.5 17.0 0.84 24
030 14.0 18.2 14.3 153 1.34 -1.3 1B3 182 161 16.2 007 2.2 18.2 154 15.8 8.57 25
0160 120 142 58 2.t a4 0.1 18.2 133 132 133 Qo7 20 13.6 1298 13.3 0.49 20
0.075 10.0 9.8 8.9 a4 .64 0.6 10.8 8.9 8.8 B9 Q.07 1.9 9.3 8.8 9.1 O.?‘E 1.7
Siter: <
Sampls: £
Loose Mix Samples Avarage | Marshall Compacted §Larnples Gyratory Compacted Samples
Siave Sd. Diff. Fromf Com Std. Diit. From| Std. Diff. From
mm Rep 1 Rep 2 | Average | Deviation JMF Gradation] Rep1 Rep2 | Average |Deviation]| Cores §| Rept Rep 2 Averaga | Deviation| Cores
A C D F G H ] o (.3 M N [<] [ ) [ T u
B.F 10 -8
25.0 1000 1009 100.0 100.0 2.00 0.0 100.¢ $00.0 100.0 180.0 ©.00 co 100.0 100G 10040 0.00 o0
19.0 100.0 100.0 100.0 100.0 0.90 0.0 89.9 100.0 100.0 1000 0.00 -0.1 100.0 2995 893 0.35 a2
12.5 4.0 4.6 93.6 a4.1 a7 0.1 66.6 853 (¥ | o941 1.77 z8 4.2 943 B3 0.07 2.4
85 £9.0 654 83.1 848 233 43 77.2 B7.3 88.9 881 1.13 8.1 84.8 566 858 1.20 1.5
4.75 29.0 24.0 223 232 1.20 59 330 301 308 30.5 C.45 28 282 208 285 0.42 3.5
236 18.0 150 4.2 148 0.57 4.4 219 18.3 19.1 187 .57 32 19.4 195 19.5 0.07 2.4
1.18 170 14.5 136 141 0.84 30 20.0 16,0 16.8 16.4 057 3.6 17.4 178 17.6 0.07 26
480 18.0 143 138 138 &.57 2.1 19.4 15.0 5.8 154 6.57 40 18.7 168 168 0.07 286
0.30 14.0 14.0 3.2 1386 0.57 0.4 18.3 13 146 4.3 G.49 4.1 159 160 160 a.o7 24
0.150 12.0 12.9 12.0 2.5 0.64 -0.4 15.2 118 124 12 Q.42 a1 138 13.8 138 0.00 1.6
0.075 10.0 9.5 a.7 9.1 0.57 0.9 10.8 8.2 8.6 B4 0.28 2.4 .4 8.3 0.4 0.07 1.4
Site: 4
Sample: [
[ Loose Mix Samples A ) Marshal Compacled Samples Gyratory T ctod ph
Sleve JMF Std. Diff. From Caore Sta Diff. From Std. Diff. From|
mm_ % Passlnqu Rep 1 Rep 2 Averags | Daviation IMF Gradation Rep 1 Rep 2 Avergge | Deviation| Cores Rep 1 Rep 2 Average | Deviatlon| Cores
A =3 c D F (] H ! J LS M N [+] P Q s T )
B-F M S
250 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 1000 0.00 Q.0 100.0 100.0 100.0 0.00 0.0
19.0 100.0 100.0 100.0 100.0+ 0.00 0.0 99.9 100.0 100.0 100.0 0.00 0.1 100.0 100.0 100.0 0.00 ~£.1
25 94.0 860 973 o711 04.28 =31 96.6 96.5 97.0 96.8 0.35 3.1 88.1 852 87.2 .34 0.6
8.8 69.¢ 751 775 763 1.7¢ 7.3 77.2 TG4 777 71 Q.82 0.2 789 8.8 irg 1.4% 8.7
4.75 20.0 314 328 321 0.99 <31 33.0 37.0 38.2 376 0.85 4.6 ars gg 371 Q.28 -4.1
2.36 19.0 23.3 241 23.7 0.57 4.7 218 268 269 287 0.28 A48 272 28.5 26.9 048 ~-5.0
1.18 17.0 218 22.6 223 Q.49 53 2006 23.7 239 pick: | a.14 -3.8 245 245 243 G35 -2
¢.60 16.0 243 2z1 1.7 057 8.7 194 =25 227 226 0.14 3.2 23.5 23.1 232 ¢.28 -3.9
0.30 14.0 205 21.2 209 0.49 6.9 183 20.8 20.9 209 0.07 2.5 221 21.7 219 0.28 -36
0150 12.0 17.2 178 17.6 042 55 162 167 16.7 18.7 0.00 -1.6 7.9 7.7 17.8 D.14 -2.6
$5.075 10.8 113 11.7 11.5 0.28 -1.5 108 108 108 08 5.00 o0 1.7 1.7 11.7 .00 -0.9
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Table 4.9: Results of Marshall Hammer Compactions

Marshall Hammer: 50 Blows per Side

SITE NUMBER: 4 MATERIALS: Granite\PG 76-22\Marble Dusf\Slag wool COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 7.0 DATE:
Apparent Specific Gravity of the Agg. (Gsa) = | Bulk Specific Gravity of the Agg. (Gsb) = Bulk Sp. Gravity of CA (Gca): 2595, 21198
IAC Sp. Gr. (Gb)=  1.028 2639 2588 Unit Wt. Of CA in DRC (pef): 99.6)
Unit Wt. Of CA in DRC (kg/m3) 1595.4
Asphalt WEIGHTS MIX VOLUME | SPECIFIC GRAVITIES VOLUMES VOIDS
Sample | Replicate| Content { InAir | InWater | SSD Volume Bulk TMD Aggregate AC by Unit V™ VMA VFA VCA VCA drc | VCAWVCA drc
Number % gms gms gms cc Gmb Gmm Volume Volume Weight % % % % % %
cc % pef
A B [4] D E F G H 1 J K L M N [o] P Q R
F-E D (100-C)* H C*'H H* 624 [100(1-H1)] 100-J 100 ( N-M)
G Gsb Gb N
1 1 5.7 11948 | 6883 | 1107.2 510.9 2.330 2.424 85.2 13.0 1459 35 14.8 76.2 30.7 38.5 031
1 2 5.7 12190 | 6964 | 12218 525.4 2.320 2.424 84.5 12.9 1448 4.3 15.6 723 40.1 38.5 044
3 2.327 .5
2 2 5.9 1206.5 686.0 1208.9 519.9 2.321 2418 84.4 13.3 144.8 4.0 15.8 74.2 40.2 38.5 1.047
2 3 5.8 1210.3 691.4 12133 521.9 2319 2.418 84.3 13.3 144.7 4.4 15.7 73.9 40.3 385 1.048
3 1 5.8 1200.8 688.0 1203.4 515.4 2.330 2.419 84.8 13.1 1454 37 15.2 7.7 39.9 38.5 1.038
3 2 58 11674 686.3 1189.6 513.3 2333 2419 84.9 13.1 1456 36 15.1 76.3 39.9 38.5 1.038
3

Input By:

Checked By: A, Cooley

ISSD = Saturated Surface Dry
TMD = Theoretical Maximum Density

m = gram

cc = cubic centimeter
AC = Asphalt Cement

pef = pounds per cubic foot

Gmb = Bulk Specific Gravity of Compacted Mixture
Gmm = Theoretical Maximum Density of Mixture

Gsa = Apparent Specfic Gravity of Aﬁregate

Gsb = Bulk Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement

VCA = Voids in Coarse Agregale

VTM = Voids in Total Mix
VMA = Voids in Mineral Aggregate
VFA = Voids Filied With Asphalt Cement
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Table 4.10: Results of SGC Compactions

ISITE NUMBER: 4 MATERIALS: Granke\PG 76-22Marble DustiSiag wool COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 719 DATE
Apparent Spedific Gravky of T Aga. (Gsa) = “TBuk Spociic Gravily of the Agy. (Gsb) = Buk §p. Gravity of CA (Gea): 2505 2108
ac sp.Gr. GOy = 1.028 2839 2588 Unk Wi, Of CA n DRC (pef): %6
Unk We. Of CA in DR (kgim3): 15954
Asphak WEIGHTS HEIGHTS EST_BULK GRAVITEES SPECIFIC GRAVITIES CORR. % Gmm VOLUMES AT Ndes. VOios
Spmpie |Replicats] Content | InAK | InWaler] SSD | M | Ndes | Nmax Nied Ndes ‘Nmax Buk TMD Aggregale | ACby VM | VA VFA VCA | VCA drc | VGA VCA dn]
Number % gms | gms | oms | (8Gyn) |00 Gy (158 Gyd)| (8GyD | (100G | (158G Gmb Gmm | Factor | Nini | Ndes | Nmax| Volme | Volwme | atNdes | atNdes | atNdes % %
o | me mm % %1% o % % % %
A ) ) € F < H i K T ] N c P 1 Q1 R s T U W X z
D ) ) T 0| K O] L*0 | (100CIKD| _CKQ_ | 100G | 1005 | 100(V-0)
1767 F17.87 F-E mb Meas, — (Gsb) [E5) v
[ 1 57 | 47756 | 2754.8 | 47816 | 1365 | 1184 2280 2358 2424 | 1032 | 649 | 012 859 131 28 141 502 392 | 385 1.020
1 2 S7 | 47134 | 27158 | 41161 1348 | 1175 228 2351 2424 _| 1036 | BA5 | 970 867 130 30 [T 7890 383 | 385 1023
1 3 $7 | 46772 | 20002 | 4680.1 | 1344 | 1180 2243 2348 2426 | 1043 | 848 965 853 3.0 35 147 765 | 390 385 1,030
2 1 SO | 46408 | 20058 | 4643.4 | 1202 | 1130 2324 2383 2418 | 1025 | 982 | 965 86.6 137 15 134 89.1 387 385 1.005
z 2z T9 | 46966 | 20016 | 4839.9 | 1313 | 1134 231 2350 2416 | 1006 | 860 | 064 865 138 1.6 135 883 387 | 385 1.067
2 3 SO | 46146 | 2087.7 | 46172 | 133.0 | 1150 | 1128 2271 2,321 2302 2418 | 1030 | 837 | 9681 0690 85.1 134 32 i) 78.3 368 | 385 1.064
K] 1 8 | 4671.7 | 2707.1 .8 ] 1318 | 1146 2008 2307 2373 2419 | 1020 | 853 | 96.1 8.4 134 1.9 138 86,0 38.8 38.5 1.010
3 i £8 | 46553 | 2088.7 | 40627 | 1324 | 1154 18600 3283 2.356 2419 | 1032 | B8l wid ] 18 | 133 26 | 142 | 81T | 383 EX) F02]
3 3 58 | 46747 | 2007.8 | 46809 | 1334 | 1163 1.963 2278 2.357 2478 | 1035 | 848 [ 94 258 33 28 42 820 392 365 1.020
4 1 57 | 46278 | 25020 | 4643.2 | 1385 | 1214 1.891 2,157 . 2.257 2430 | 1048 | 814 ] G20 822 125 74 17.8 50.9 418 385 1.086
[y 2 5.7 | 48422 | 26150 | 46815 | 1405 | 1230 | | 1870 2138 V2248 2430 | 1050 1 800|924 1| 8@ | 124 1 76 1 181 534 20 385 1.003
< 3 57 | 48140 | 26168 | 44063 | 1415 | 1238 1846 2113 2352 2430 | 1066 | 809 | 027 825 128 73 kTY:) 591 19 | 385 .99
5 1 5.7 | 4S77.1 | 2553.8 | 4009.4 | 414 | 1234 1.832 2000 2.227 2433 | 1081 | 790 | 91.5 81.1 123 85 189 5.0 428 385 1.108
F) 57| 46665 | 26214 | 4711.8 | 1454 | 1285 1816 2,088 2232 2433 | 1066 | 768 | 918 313 124 82 187 558 424 385 1108
5 3 57 | 45758 | 25065 | 46074 | 1398 | 1215 393 1854 2133 772 2.200 2433 | 104y | 80.0 | 920 | 937 518 2.4 3.0 134 56.8 $22 | 385 1099
8 1 58 | 46468 | 27074 | 4848.1 | 1281 | 1120 2053 2348 2.304 2417 | 1020 ] 86.6 | 99.1 87.1 135 0.9 12.9 82.7 383 385 0.906
[ 2 5B | 46380 | 20066 | 48418 | 1707 | 1128 | 2o | 2321 | 12388 2417 | 1025|858 | 087 868 134 13 | 132 | 806 | 385 365 1.002
3 3 58 | 46562 | 26007 | 40633 [ 1321 | 1154 1565 2283 2360 2417 | 1034 | 8531 917 =0 133 23 143 834 302 385 1618
Checked By: A Cooley ____

Gmb = Bulk Speciic Gravily of Compacted Mbture
“Thearstical Density of

Maximon
G

Mode

Gsb = Buk Specific Gravily of Aggregate  VTM = Woids iy Total Mix

Gb = Specific Gravity of Asphalt Cement
VCA = Volds In Coarse

VMA = In Mingral Aggregate
VFA = Voids Fi

Med With




Table 4.11: Results of Loaded Wheel Testing

Site No.;

Specimen
No.

4

Rut Depth
at 1000
Cycles (mm)

Rut Depth
at 4000
Cycles (mm)

Rut Depth
at 8000
Cycles (mm)

R1
R2
R3
R4

2.1
1.9
1.5
2.9

25
2.1
1.8
3.2

3.6
2.5
2.4
4.0

Average
Std. Dev.

2.10
0.581

2.37
0.616

Table 1.15: Results of Superpave Analysis Testing

3.13
0.789
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Site No.: 4
Test Temp. |Test
Test deg.C Result Rep. 1 Rep.2 | Average | Std. Dev.
Frequency Sweep @ G*
Constant Height Delta
Simple Shear Test @ Strain Rate, mm/mm
Constant Height Final Strain, mm

Creep Compliance

Tensile Strength

Strain Rate, mm/mm

Final Strain, mm

Strength




Table 4.13: Results of Testing on Cores Obtained In-Field

Site No.: 4
Percent Passing
Sieve Core Core Core Core Core Core Core Core Core Core
mm 1 2 3 4 5 6 7 8 9 10 Average (Std. Dev.
25.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0.00
19.0 99.9 100.0 100.0 100.0 100.0 100.0 99.8 100.0 100.0 99.7 99.9 0.11
12.5 96.1 96.6 96.0 96.8 96.9 98.3 96.4 96.9 97.3 94.8 96.6 0.91
95 773 754 77.0 74.5 79.3 79.9 793 781 78.8 725 77.2 2.4
4.75 329 321 33.0 303 31.0 329 358 364 34.0 31.2 33.0 1.99
2.36 229 19.3 21.2 19.0 18.4 223 25.0 26.4 233 21.0 219 2.62
1.18 21.2 17.2 19.2 17.0 16.7 20.4 229 246 21.6 19.5 20.0 2.63
0.60 20.6 16.5 18.6 16.3 16.0 19.6 222 24.0 21.0 18.8 19.4 2.66
0.30 19.7 154 17.5 15.3 15.1 18.5 21.0 229 20.1 17.9 18.3 2.63
0.150 16.1 12.4 14.7 12.5 126 15.4 171 19.0 17.2 15.4 156.2 2.24
0.075 114 8.8 10.3 8.5 9.2 10.5 11.8 13.6 12.6 11.2 10.8 1.66
Gmb 2.191 2.143 2.162 2.176 2.123 2.244 2.221 2.210 2.200 2.189 2.186 0.04
[lunit Weight, pof | 136.7 133.7 134.9 135.8 132.5 140.0 138.6 137.9 137.3 136.6 136.4 2.26
IvT™, % 9.6 116 10.8 10.2 12.4 75 8.4 8.9 9.3 9.7 9.8 147

99



67

Figure4.1: Hopper Utilized for Fiber Introduction at Site 4
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NCHRP 9-811 - Task 8
SMA Construction Project No. 5

L ocation and Background

Construction project No. 5 was constructed in July of 1997. NCAT
representatives were on-site between July 21 and 24, 1997. This project consisted of a 38
mm (1.5 in) overlay of SMA. The pavement structure under the overlay consisted of a
concrete pavement with several asphalt concrete overlays.
SMA Mixture Information

The SMA mixture used for this project was a 19.0 mm nomina maximum
aggregate size mixture; however, 100 percent of the aggregate blend passed the 19.0 mm
sieve. This SMA mixture was the only one encountered during the field evaluation that
was designed using the Superpave gyratory compactor. The design was conducted using
158 revolutions. Additional information about this SMA mixture is presented in Table
5.1. Thedesign gradation is provided in Table 5.2. Aggregates used for this project were
alimestone. Properties of the coarse and fine aggregates used in this mixture are
presented in Tables 5.3 and 5.4, respectively, while properties of the asphalt binder used
ispresented in Table 5.5. Aggregates used for this project were alimestone. A pelletized
cellulose fiber was used for this project. However, the pellets did not contain any asphalt.
They were held together by a small amount of glue.

Plant I nformation
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The plant used for this project was a Standard Havens drum plant. The aggregate
entered the plant under the flame and therefore moved with the flame (parallel flow). The
dust collection system consisted of a knockout box at the end of the drum and a baghouse
as the secondary collector. Baghouse fines did constitute part of the minera filler.

The mineral filler was stockpiled (Figure 5.1) and added via an aggregate bin onto
the cold feed conveyor belt. The fibers were introduced into afiber hopper designed to
blow the fibersinto the drum (Figure 5.2). This hopper had metal arms (Figure 5.3) that
rotated in different directions to break up the pellets (Figure 5.4) to be pneumatically
blown to the drum. The contractor calibrated the amount of fibers being transported
through the hopper and regulated the amount of SMA mixture being produced to ensure
that 0.3 percent of fiber (total mixture) was added.

Laydown Procedures

Observation of the laydown procedures occurred on July 22, 1997. The ambient
temperature was approximately 85° F. The contractor informed the NCAT
representatives that the paver speed on the inside lane was 21 feet per minute (fpm) and
the paver speed on the outside lane was 27 fpm. The longitudinal joints were vertical.
Table 5.6 presents additional information obtained from this observation.

Problems Encountered On-Site
No problems were encountered with the mixture or laydown operations while on-

site.
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Sampling
Samples obtained from this project include: each aggregate used in the mixture,
mineral filler, fiber, asphalt binder, loose mix, and ten cores. Table 5.7 presents the times
and dates that the loose mix samples were obtained along with the average draindown
values for each sample. Tables 5.8 through 5.13 present the results of testing performed

on the samples brought back to the NCAT laboratory.



Table5.1: Site5 SMA Mixture Data

JMF |.D. Number:

Dates Used:

Number of Aggregate Stockpiles Used:

Design Voidsin Coarse Aggregate:
Type Asphalt Binder Used:
Modifier Type:

Design Asphalt Binder Content:
Supplier of Asphalt Binder:

Type Fiber Used:

Form of Fiber:

Design Percentage of Fiber:

Type Minera Filler Used:

Design Percentage of Mineral Filler:

Type Anti-Strip Additive Used:
Design Percentage of Anti-Strip:
Compaction Method:
Compactive Effort:

Laboratory Mixing Temperature:

Laboratory Compaction Temperature:

Design Voidsin Total Mix:

Design Mixture Density:

Design Voidsin Mineral Aggregate:
Design Voids Filled With Asphalt:
Design Marshall Stability:

Design Flow (0.01 in):

Loaded Whedl Test @ Design Asphalt Content:

E96131SMAO1F
July 21 to 24, 1997
3

41.9 percent*

PG 70-22
Unmodified

6.5 percent

Citgo Asphalt
Cellulose

Pellets

0.3 percent
Limestone Dust

11 percent

Liquid (Arca600L)
0.2 percent
Superpave Gyratory Compactor
100 revolutions
324 - 337°F

299 - 310°F

3.4 percent

148.4 pcf

19.4 percent

79.4 percent

* Performed at NCAT laboratory on materials obtained from project.
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Table5.2: Site5 Design Gradation
Sieve Sieve Size, Recor_nmended % Passing
mm Limits
Yain. 19.0 100 100
Y in. 125 85-95 96.0
% in. 9.5 75 max. 83.0
No. 4 4.75 20-28 33.0
No. 8 2.36 16-24 19.0
No. 16 1.18 ——-- 16.0
No. 30 0.600 12-16 15.0
No. 50 0.300 12-15 14.0
No. 100 0.150 ———- 12.0
No. 200 0.075 8-10 9.0

Table5.3: Coarse Aggregate Propertiesfor Site5

Test Combined Aggregates

Los Angeles Abrasion, % Loss 25.2*

Flat & Elongated, %

3tol

5to1 5.0
Bulk/Apparent Specific Gravity 2.675/2.714
Absorption, % 0.5

Soundness (5 Cycles), % Loss

Sodium Sulfate

Crushed Content, %
One Face 100

Two Face 100

Data not provided by the agency are represented by blank data fields.

* Determined at NCAT laboratory on materials obtained from project.
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Table5.4: Fine Aggregate Propertiesfor Site5

Test No. 8's
Bulk/Apparent Specific Gravity 2.663/
Absorption, %
Soundness (5 Cycles), % Loss
Sodium Sulfate
Angularity, % 46.2*

Liquid Limit, %

Plagticity Index, %

Data not provided by the agency are represented by blank datafields.

* Determined at NCAT laboratory on materials obtained from project.
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Table 5.5: Site 5 Asphalt Binder Properties
SHRP ASPHALT BINDER GRADING SUMMARY

ASPHALT: Site 5
OPERATOR: Wilson
PROJECT: NCHRP 3-8
DATE: 10/21/97

Original _ RTFOT RTFOT + PAV residue
Flash Pt: — *°C Time/Temp after PAV: 20 HRS AT |X0°C
Loss: 6.15 %
Vis@135:562 cP Physical Hardening Index: ---
HIGH TEMPER.A'IURE GRAD[NG R LOW TEMPER.ATURE GRADING
6 b e Griomar RTFOT i G T R]TOT+PAV ER | RH0T+PAV
A hf:P -"'Dymmsm 2 i)}mmSheu -i--_ B3 i)}mcSheax R sz; __lFlcxmd:Czwp toooro
‘i wmaﬁm} g wmdxsu,sﬁz) D2 | ontGsHn | p L g (6dm) (1mmfmm}
94 § o4 ':"io 34 0
g | es s | m
8z | &2 2 | 28 3636 12 293 D250 02245
75 K= Q557D 1.3065 -28 | 25 S350 18
Fiv] 70 120658 2.8856 ~34 p] -24
B4 § B4 1 913 | 13 20
s | = <6 | 18 26
s2 { s 52 | 13 £
45 45 &8 10 -8

GRADE:_PG 70-22

17
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Table 5.6: Laydown Information for Site 5

Manufacturer of Paver:

Other Equipment Used:

Number of Rollers Used:

Temperature of Mixture When Delivered (Truck):

Temperature of Mixture Right Behind Paver:

Type Breakdown Roller:
Number of Passes By Breakdown Roller:

Temperature of Mixture Before Breakdown Roller
Began Compaction:

Temperature of Mixture After Breakdown Roller
Ended Compaction:

Type Intermediate Roller:

Number of Passes By Intermediate Roller:
Type Finish Roller:

Number of Passes By Finish Roller:

Temperature of Mixture After Finish Roller Ended
Compaction:

Blaw Knox
Material Transfer Device

3

289°F (1% measurement)
285°F (2™ measurement)

Static Steel Wheel (10 ton)
5

285°F

245°F

Static Steel Wheel (10 ton)
4
Static Steel Wheel (10 ton)
5

206°F

Comments:

Observations showed that the breakdown roller did pick up some mix on thefirst pass;
however, there was not alarge amount (more like small popouts). The material transfer
device was essentially aslat conveyor to move the mixture. It did not re-mix the mixture.




Table5.7: Sampling Times and Datesfor Loose Mix From Site5

Sample 1 Sample 2 Sample 3 Sample 4 Sample Sample 6*
5*

Date Obtained 7/21/97 7/21/97 7122197 722097 | 720097 | 7128197
Time Obtained 9:20am | 11:15am | 7:36am | 10:30am | 12:00pm | 4:30pm
Temperaiure of Mixiure 305 305 315 305 N/A N/A
in Truck, °F
Day’s Tonnage 585 700 210 739 N/A N/A
Truck Load of the 24 33 10 36 N/A N/A
Day’s Production
Average Draindown, % 0.1 0.1 0.2 0.2 N/A N/A

N/A - Not available

* Samples obtained and tested by contractor. Loose mixture and compacted samples sent to NCAT.
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Table 5.8: Gradations For Samples Obtained In-Field

Site: 5
Sample: 1
Loose Mix Samples Average rshall Compacted Samples Gyratory Gompacted
Sieve JMF Std. Diff. From}| Core Std. Diff. From| Std. Qiff. Fram|
mm__| % Passing] Rep 1 Rep2 | Average | Deviation| JMF jGradationi Rep 1 Rep 2 | Average | Deviation| Cores Rep 1 Rep2 | Average | Deviation| Cores
A B [«] D F G H | J K M N [s] P Q S Y
B-F 1-M IS
250 1000 1000 100.0 100.0 0.00 00 100.0 100.0 100.0 1000 [iX0+] 0.0 1000 100.0 100.0 0.00 00
19.0 100.0 100.0 100.0 100.0 0.00 0.0 989 100.0 100.0 100.0 0.00 -0.1 £00.0 100.0 100.0 0.00 01
125 96.0 M5 o7.4 96.0 2,06 0.0 97,2 g5.8 96.4 96.1 0.42 1.1 96.5 96,6 96.6 0.07 06
8.5 83.0 778 60.1 79.0 1.63 41 833 a1.3 60.4 80.9 0.64 25 80.5 795 80.0 o.M 33
475 330 204 304 299 071 31 385 378 38.2 371 1.20 06 36.6 351 3590 1.08 0.6
2368 190 168 16.9 188 o021 23 209 219 217 218 0.14 08 218 208 213 o -04
1.18 16.0 14.2 14.5 14.4 o1 .7 176 17.6 17.4 17.5 0.14 0.1 17.8 17.1 17.5 0.57 0.1
0.60 15.0 13.0 13.3 132 ¢21 1.9 159 15.4 153 15.4 0.07 06 15.9 15.1 15.5 0.57 0.4
0.30 14.0 18 2.2 120 0.28 2.0 14.4 135 13.5 135 0.00 0.9 14.2 132 13.7 0.7 0.7
¢.150 120 104 10.7 106 021 1.5 125 15 11.4 115 0.07 1.1 121 115 1.8 0.42 0.7
0.075 9.0 8.0 8.3 8.2 0.21 0.9 10.0 89 8.9 8.9 0.00 1.1 0.4 8.1 9.3 0.21 0.8
Site: 5
Sample: 2
Loase Mix Sampk Average Marshall Compacted Samples Ey'akxy C
Sieve JMF Std. [ Diff. From| Core Std. | Diff. From| Std. | Diff. From
mm__| % Passing] Rep 1 Rep2 | Average | Deviation JMF Gradation Rep 1 Rep2 | Average | Deviation| Cores Rep 1 Rep 2 Average | Deviation| Cores
A B [*] [2] F [<] H 1 J K M N Q P < S T V]
B-F 100.0 I-M -8
250 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 0.00 0.0
19.0 100.0 100.0 100.0 100.0 0.00 0.0 99.8 100.0 100.0 100.0 0.00 -0.1 100.0 100.0 100.0 0.00 -0.1
12.5 96.0 96.8 871 87.0 0.14 -1.0 er.z2 871 971 971 0.00 01 ar.8 951 96.4 1.86 a7
9.5 83.0 781 76.6 774 1.06 6.7 833 801 2.0 811 1.34 23 822 783 80.2 275 31
478 330 282 280 261 0.14 49 365 357 377 36,7 1.4 -0.2 350 345 347 0.37 1.8
238 190 184 164 164 0.00 28 209 203 214 209 078 0.0 211 206 208 032 0.0
1.18 6.0 141 142 142 0.07 19 174 16.2 171 187 0.84 10 173 169 171 034 a5
0.60 5.0 129 131 13.0 0.14 2.0 15.9 14.1 15.0 146 0.64 14 153 149 15.1 033 ag
0.30 14.0 1.7 120 1.9 0.21 2.2 14.4 12.2 13.1 2.7 0.64 18 13.6 131 134 0.33 1.1
0.150 20 103 105 104 0.14 16 125 10.3 11.0 10.7 049 1.9 1148 113 118 031 1.0
0.075 9.0 8.0 8.3 8.2 0.21 0.9 10.0 8.0 8.6 8.3 0.42 1.7 8.2 8.8 9.1 0.22 0.9
Site: 5
Sample: 3
| Loose Mix p Average A Compacted Samples Gyratory Cor Samples
Sleve JMF Std. Diff. Fremf  Core Std, Diff. From Std. | Diff. From
mm__| % Passil Rep 1 Rep2 | Average | Deviaton| JMF JGradalion| Rep1 Rep2 | Average | Deviation| Cores Rep 1 Rep2 | Average | Deviation| Cores
A B [+ [s] F G H | J K M N o] P Q S T u
B-F 1-M -8
250 100.0 1000 100.0 100.0 0.00 Y 100.0 1000 100.0 100.0 0.00 Q.0 100.0 100.0 100.0 0.00 0.0
19.0 100.0 100.0 100.0 100.0 0.00 00 999 1000 100.0 100.0 0.00 -0.1 100.0 100.0 100.0 0.00 -0.1
12.5 960 960 a8 1 ar1 148 -11 97.2 976 981 §57.9 035 0.7 96.9 95.8 96.4 078 0.8
9.5 630 828 83.1 830 0.21 0.1 83.3 84.8 areé 862 1.88 28 825 825 2.5 0.00 08
415 33.0 326 321 324 0.35 0B 36.5 40.4 393 399 078 -34 36.4 353 5.9 0.78 06
236 19.0 18.0 1786 17.8 0.28 12 209 227 222 225 035 -16 214 295 21.0 0.64 0.1
1.18 16.0 18.5 161 183 028 07 176 181 176 179 035 0.2 176 18.8 17.2 067 04
0.60 15.0 14.2 138 141 0.21 08 15.9 15.8 18.3 16.6 0.3% 04 15.6 15.0 156.3 0.42 06
0.30 140 130 127 129 021 12 144 138 134 13.7 .35 08 13.9 133 13.6 042 0.8
0.150 12.0 116 1.1 113 028 o7 125 11.8 14 1.6 0.28 09 11.8 11.4 11.8 028 098
0.075 9.0 91 8.8 9.0 0.21 01 10.0 9.2 8.8 9.0 0.26 1.0 9.3 8.9 9.1 028 0.9
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Table 5.8(Continued): Gradations For Samples Obtained In-Field

Site: 5
Sample: 4
Locse Mix Samples Average Marshall Compacted Gyratory Compacted Samples
Sigve JMF Std. Diff. From| Cora Std. Diff. From| Std. Qiff. From
mm__|% Passing] Rep 1 Rep 2 | Average | Deviation| JMF_ fGmdationj Rep 1 Rep2 | Average | Daviation| Cofes Rep 1 Rep 2 | Average | Deviation| Cores
A B C D F G H ] J K M N Q P Q S T u
B-F 1-M -5
250 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 100.0 0.00 00 100.0 100.0 100.0 0.00 0.0
18.0 100.0 100.¢ 100.0 100.0 0.00 00 99.9 100.0 100.0 100.0 0.00 -0.1 100.0 100.0 100.0 0.00 -01
125 96.0 957 96.0 95.9 0.21 0.2 972 96.3 959 96.1 0.28 1.1 96.3 96.0 96.2 o1 10
9.5 830 808 80.8 80.8 0.00 22 833 633 838 836 042 -0.3 826 81.6 821 on 1.2
475 N0 31.0 34 311 0.07 20 385 38.6 36.8 377 127 -1.2 368 36.5 6.2 0.49 03
238 19.0 17.2 16.8 170 0.28 2.0 209 222 213 218 0.64 -09 209 211 21.0 0.14 -0.1
1.18 16.0 146 146 147 0.14 13 178 17.8 1689 17.4 0.64 0.3 174 171 171 0.00 05
0.60 15.0 13.6 134 1356 0.14 15 169 15.5 14.7 151 0.57 0.8 161 151 151 0.00 08
0.30 14.0 125 123 12.4 0.14 16 4.4 13.4 13.0 13.2 0.28 1.2 133 133 133 0.00 11
0.150 120 109 10.8 109 Q.07 1.2 25 11.3 10.7 11.0 042 15 113 113 113 0.00 12
0.075 9.0 8.6 8.5 8.6 0.07 04 10.0 8.7 8.2 8.5 0.35 16 8.8 8.8 8.8 Q.00 1.2
Site: 5
Sample: 5
Loose Mix Samples Average || Marshall Compacted Sampk Gyratory Ci d Sampl
Sieve JMF Std. Diff. From] Core Stid. Diff. From| Std. Diff. From
mm | % Passingl Rep 1 Rep 2 | Avarage | Deviation JMF I Gradation] Rep 1 Rep2 | Average | Deviation| Cores Rep 1 Rep2 | Average | Deviation| Cores
A 8 =) [1] £ G H 1 J K M N Q [ Q E T u
B-F 1M -5
25.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 100.0 0.00 0.0 100,0 100.0 100.0 0.00 0.0
19.0 100.0 100.0 100.0 100.0 0.00 0.0 99.9 100.0 100.0 1000 0.00 041 100.0 100.0 1000 0.00 01
12.8 06.0 96.6 973 7.0 0.49 -098 87.2 673 96.7 a7.0 0.42 02 97.7 97.0 97.4 049 0.2
a5 B3O 79.9 814 80.7 1.06 23 B33 841 818 830 163 04 827 834 83.1 049 0.3
4.75 33.0 3286 327 27 0.07 03 36.5 414 38.0 40.2 173 A7 30.2 395 39.4 0.21 -29
238 18.0 171 17.4 17.3 0.21 18 208 23.4 215 225 135 -1.8 223 225 224 014 -1.5
1.18 16.0 147 14.8 148 007 13 17.6 18.6 171 17.9 1.09 0.2 17.8 18.0 18.0 0.07 03
@.80 150 136 13.7 137 0.07 14 15.9 16.4 148 16.6 115 03 18.7 15.8 158 0.07 0.2
0.30 14.0 125 126 125 0.00 15 144 146 129 137 147 07 13.9 140 14.0 Q.07 0.5
0.150 20 11.0 11.0 1.0 0.00 1.0 125 126 10.9 11.8 122 0B 118 me 119 0.07 0.7
0.075 8.0 8.7 8.7 8.7 0.00 0.3 10.0 10.1 8.2 9.1 1.34 0.9 $.2 9.2 9.2 0.00 0.8
Site: k]
Sample: [
Loose Mix p Average Marshail Compacied Samples Gyratory Compagcted Samples
Sieve JMF Std. Dift. From|| Core Sid. Oiff. From| Std Diff. From|
mm_|% Passingl Rep1 Rep2 | Average | Deviation| JMF | Gradation] Rep 1 Rep2 | Average | Deviation] Cores Rep 1 Rep2 | Average | Deviation| Cores
A 8 C o] F G H | J K M N [s] P [o] S T V]
B-F 1-M -8
25.0 100.0 100 0 100.D 100.0 0.00 0.0 100.0 100.0 100.0 100.0 0.00 00 100.0 100.0 100.0 0.00 a.0
18.0 100.0 1000 100.0 100.0 0.00 00 99.9 100.0 1000 100.0 0.00 0.1 100.0 100.0 100.0 0.00 0.1
125 860 a7.0 955 B6.3 1.06 -0.3 97.2 946 96.5 957 1.10 1.4 a7.2 976 974 0.28 -0.2
9.5 830 80.9 81.5 B1.2 0.42 18 £3.3 801 795 798 0.45 38 ez3 80.6 81.6 1.06 18
475 33.0 3.0 339 33.5 0.64 -0.5 365 Ky R 403 359 6.24 06 379 378 378 0.21 -1.3
2.36 19.0 17.6 17.8 177 a.14 13 209 213 231 222 1.30 -13 210 218 214 0.57 0.5
1.18 16.0 149 161 15.0 0.14 10 176 17.0 18.7 17.8 121 0.2 17.5 1786 176 0.07 Q1
0.60 150 137 138 138 0.07 13 1589 15.1 165 158 0.98 01 15.4 156 155 0.07 DR
0.30 14.0 125 126 12.6 0.07 15 144 136 146 14.0 0.80 0.4 137 138 138 0.07 07
0150 120 1.0 111 11 0.07 ['}:] 125 18 125 12,3 0.53 0.4 1.7 18 118 0.07 LX)
0075 9.0 8.7 8.7 87 0.00 0.3 10.0 9.3 97 8.5 0.28 0.5 9.1 93 9.2 0.14 0.8

8L



Table 5.9: Results of Marshall Hammer Compactions

Marshall Hammer: 50 Blows per Side

SITE NUMBER: 5 MATERIALS Granite/Limestone Dust/Cellulose/PG 70-22 COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 67.0 DATE:
Apparent Specific Gravity of the Agg. (Gsa) = Bulk Specific Gravity of the Agg. (Gsb) = Bulk Sp. Gravity of CA (Gca): 2663 2/23/98
AC Sp. Gr. (Gb)=  1.035 2714 2675 Unit Wt. Of CA in DRC (pcf): 965
Unit Wt. Of CA in DRC (kg/m3) 15458
Asphalt WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Sample | Replicate| Content InAir | InWater{ SSD Volume Bulk T™MD Aggregate AC by Unit VM VMA VFA VCA VCA drc | VCAVCA drc
Number % gms gms gms cc Gmb Gmm Volume Volume Weight % % % % % %
cC % pef
A B C D E F G H | J K L M N O P Q R
F-E (100-C)* H C'H H*62.4 [100(1-H/M)] 100-J 100 ( N-M)
Gsb Gb N
1 1 6.2 1225.0 79.7 13.7 1418 6.6 20.3 67.5 46.4 41.9 1.107

4 2 6.4 1211.0 687.8 1213.6 525.8

Checked By: A Cooley

Input By:
SSD = Saturated Surface Dry ¢c = cubic centimeter
TMD = Theoretical Maximum Density AC = Asphalt Cement
llgm = gram pcf = pounds per cubic foot

Gmb = Bulk Specific Gravity of Compacted Mixture
Gmm = Theoretical Maximum Density of Mixture
Gsa = Apparent Specfic Gravity of Aggregate

Gsb = Bulk Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement

VCA = Voids in Coarse Aggregate

VTM = Voids in Total Mix
VMA = Voids in Mineral Aggregate

VFA = Voids Filled With Asphalt Cement

* Samples 5 and 6 were compacted by the contractor and sent to NCAT.
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Table 5.10: Results of SGC Compactions

-m —zmnm
[ 83 | 45564 | 25013 | 4568

SITE NUMBER: 5 MATERIALS: Grantalt imestone DustCefuiose/PG 70-22 COARSE AGGREGATE INFORMATION Percent Coarse Aggregate 67.0 DATE
Apparent Specific Gravity of the Agg. (Gsa) = Bulk Specific Gravity of the Agg. (Gsb) = Bulk Sp. Gravity of CA (Gea) 2.683] 4r16/98
AC Sp.Gr (Gb) = 1.035 TH 2.675 Unit We. Of CA in DRC (pef): 96.5,
Unit Wt Of CA in DRC (kg/ma): 1545.5)
Asphalt WEIGHTS HEIGHTS EST BULK GRAVITIES SPECIFIC GRAVITIES| CORR. % Gmm VOLUMES AT Ndes VOIDS
Sample | Repli Content [ InAir | in Water| SS0 Nini | Ndes | Nmax Nini Ndes. Nmax Buk TMD | Correction Aggregate Cby VIM | VMA VCA | VCA drc | VGA VCA dr]
Number % gms gms gms (8 Gyr) | (100 Gyr)| (158 Gyr}| (8 Gyr} (100 Gyn) (158 Gyr) Gmb Gmm Factor Nini | Ndes | Nmax Volume Volume at Ndes | at Ndes % %
mm mm mm % % % oc % % %
A ] C D € F [ H ¥ J K T M N [3] P Q R S T [1] v X Y z
0 2] D D GrbEsl | J°0 [K*O| L 0] (I0CCrK'e| CK 100-Q | 1008
G*17.67 H7.87 1"17.67 FE Gmb Meas. {Gsb) Gt}
1 52| 45790 | T16.4 1.857 2.228 2207 245 830 | BAA 80.5 138 56 08 ) 0 1093
i Z 82| 45774 45864 | 1322 | 1168 1.050 2.218 2.267 2433 820 | 938 50.0 17 6.2 200 462 419 1.102
1 3 6.2 4591.0 | 26043 | 46043 | 133.0 116,9 1954 2.223 2,296 2490 82,0 | 644 80.5 13.8 5.6 19.5 45.8 419 1.094

5 1 82 | 45650 12718 | 1135 | 1117 2.024 2278 2313 2308 2.448 mm 967 140 448 18.3 735 45.0 419 1.074
2 82 | 45480 | | [ 9281 | 1144 | 1125 | 2008 | 224m | 2287 | 2373 | 2440 -liiil 90| 818 | 140 | a7 | 182 | 741 | 440 4.9 | 1073
s | 3 | 62 | 45040 1268 | 1146 [ 1128 1.987 2224 2.260 2371 2440 | 104w | 49| 953 w88 518 14.0 47 18.2 74.1 24.9 41.9 1.072
[ ] 82 | 48280 1265 | 1138 | 1121 2.021 2.288 2.335 2.300 2.448
e[| =2 | ez | 4820 T [ 1208 | 1146 | 1126 | 2023 | 20288 | 2326 | 230 | 2448 |
] 3 62 | 48280 1205 | 1142 | 1124 2022 2203 2.330 2.308 2.448
Checked Cool
Satrated Surface Dry CC W CUbIC Contimetar Gmb = Bulk Specinic Gravity of Compacied Mbdura  GSb = Bulk Specific Gravity of Aggregale  VTM = Voids in Total Mix
AC= AwhallClmen\ Gmm = Theotetical Maximum Dunsny of Mixture Gb = Specific Gravity of Asphalt Cement VMA = Voids in Mineral Aggrogate
cubk foot Gsa = Apparent S| G VCA = Voids in Coarse VFA = Voids Filed Wikh Coment

'Sammsmemmmwmmmwmwmt
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Table 5.11: Results of Loaded Wheel Testing

81

Site No. 5
Specimen| VTM Rut Depth Rut Depth Rut Depth
No. % at 1000 at 4000 at 8000
Cycles (mm) | Cycles (mm)} | Cycles (mm)
R1 4.5 2.55 4.49 5.31
R2 5.0 2.41 3.32 4.35
R3 5.0 1.27 2.08 2.89
R4 5.7 0.47 1.44 1.58
Average 5.0 1.68 2.83 3.53
Std. Dev. 0.51 0.987 1.353 1.638

Table 5.12: Results of Superpave Analysis Testing

Site No.: 5
Test Temp. |Test
Test deg. C Result Rep. 1 Rep. 2 | Average | Std. Dev.
Frequency Sweep @ G*
Constant Height Delta

Simple Shear Test @
Constant Height
Creep Compliance

Tensile Strength

Strain Rate, mm/mm

Final Strain, mm

Strain Rate, mm/mm

Final Strain, mm

Strength




Table 5.13: Results of Testing on Cores Obtained In-Field

Site No.: 5
Percent Passing
Sieve Core Core Core Core Core Core Core Core Core Core
mm 1 2 3 4 5 6 7 8 9 10 Average |[Std. Dev.
25.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0.00
19.0 100.0 100.0 100.0 100.0 100.0 100.0 99.4 100.0 100.0 100.0 99.9 0.19
12.5 97.6 92.7 98.7 97.0 98.4 99.4 96.3 96.9 96.1 98.6 97.2 1.92
9.5 86.2 76.2 83.1 84.4 84.4 85.7 81.9 86.6 81.5 83.1 83.3 3.04
475 371 359 35.0 376 38.8 38.7 348 372 33.5 36.3 36.5 1.72
2.36 20.5 20.2 20.6 21.5 220 214 20.1 20.9 20.4 211 209 0.62
1.18 174 16.6 17.5 17.8 18.7 18.2 17.2 17.7 17.5 17.8 17.6 0.56
0.60 15.7 14.7 15.9 15.9 16.9 16.5 15.6 16.0 16.0 16.1 15.9 0.58
0.30 14.2 13.1 14.5 143 15.3 15.0 14.1 14.5 14.6 14.5 14.4 0.58
0.150 12.3 11.2 12.7 12.3 134 13.1 12.2 12.7 12.8 12.6 12.5 0.60
0.075 9.7 8.7 10.1 9.8 10.7 10.6 9.8 10.2 104 10.2 10.0 0.57
Gmb 2.181 2.188 2.155 2.181 2.183 2.258 2.189 2.220 2.189 2.205 2.195 0.03
[[Unit Weight, pcf 136.1 136.5 134.5 136.1 136.2 140.9 136.6 138.5 136.6 137.6 137.0 1.73
{VTM, % 10.4 10.2 11.5 10.4 10.4 7.6 10.4 9.2 10.4 9.8 10.0 1.03
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Figure5.1: Mineral Filler Stockpile Used At Site 5



at Sites



“ Figure5.3: Metal Arms Within Fiber Hopper
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b,
a4
Figure 5.4: Broken-Up Fiber Pellets
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NCHRP 9-811 - Task 8
SMA Construction Project No. 6

L ocation and Background

Project No. 6 was constructed in August of 1997. NCAT staff was on-site from
August 4 to August 7, 1997. This project called for a44 mm (1.75 in) overlay of an
existing pavement. The existing pavement consisted of a continuously reinforced
concrete pavement with many asphalt concrete patches. Before placing the SMA, the
asphalt concrete patches were milled down to the concrete pavement. A leveling course
was placed on the ramps and where needed along the roadway.
SMA MixtureInformation

Table 6.1 presents information about the SMA mixture used for this project. As
can be seen in Table 6.2 (Design Gradation), this particular state does not use the 12.5
mm (%2 in) sieve; however, based on the design gradation, this mixture would probably be
considered a 12.5 mm nominal maximum aggregate size mixture. The aggregates used
for this mixture were a rhyolite. Only two stockpiles were used to blend the gradation.
Both aggregates would be considered coarse aggregates. Properties for these two
aggregates are presented in Table 6.3. The mineral filler used was a dolomite dust
created from crushing operations. The fiber was a cellulose that was in the form of a
pellets that consisted of 66 percent asphalt and 34 percent cellulose. The asphalt binder

was a Multi-Grade 20-40. Its properties are presented in Table 6.4.
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Before the arrival of NCAT personnel, the DOT changed the gradation of the
mixture. Design VMA for this mixture was 20.0 percent. The DOT thought that this
high value may require too much asphalt to be added to the mixture in order to reduce the
voidsin total mix. To accomplish the reductionin VMA, the DOT increased the percent
passing the 4.75 mm (No. 4) sieve by one percent. Thiswas done to try and reduce the
VMA to 19.0 percent. Based on conversations with the DOT, this change appeared to
work well.

Plant Information

The plant used for this project was a Cedar Rapids drum mixer. The dust
collection system consisted of avertical cyclone (primary) collector and a baghouse
(secondary). For this project, the contractor selected to waste the baghouse fines;
therefore, the baghouse fines were not included as mineral filler.

Both the mineral filler and fibers were introduced into the mixture within the
drum. They wereintroduced at the point of asphalt injection to minimize the amount of
filler and fiber entering the exhaust gas stream within the drum. The mineral filler was
stored in asilo from which it was augered to the drum. A hopper was used for the
introduction of the fiber pellets. Large bags of pellets (Figure 6.1) were emptied into the
hopper. The pellets were then blown pneumatically to the introduction point.

The state in which this project took place only allows contractors to produce
mixtures at temperatures less than 325°F for air quality purposes. For thisreason, the

mixture was produced at a temperature of less than 325°F even though the mixing



89

temperature for the asphalt binder was 340°F.
Laydown Procedures

Paving operations were observed on August 6, 1997. This day was sunny with an
ambient temperature of approximately 95°F. For this project, the contractor used three
12-ton steel wheel rollers, all in astatic mode. Thiswas aresult of problems encountered
before NCAT's visit. Apparently, the contractor began the project using the breakdown
roller in a vibratory mode. Under vibratory mode, the contractor indicated that the
mixture was tender. The contractor also indicated that large fat-spots were encountered
on the roadway while the breakdown roller was in vibratory mode. However, when the
contractor changed the breakdown roller to static mode, the tenderness fat-spot problems
ceased. Additional information obtained while observing the paving operations is
presented in Table 6.5.
Problems Encountered On-Site

Besides the problems with tenderness and fat-spots encountered prior to NCAT’s
visit, no problems were encountered.
Sampling

Samples obtained from this project include: each aggregate used in the mixture,
mineral filler, fiber, asphalt binder, loose mix, and five cores. Only five cores were
obtained because the contractor removed traffic control on the project before the cores
could be obtained. Table 6.6 presents the times and dates that the loose mix samples

were obtained along with the average draindown values. Tables 6.7 through 6.12 provide



the results of testing performed on the different samples subsequent to bringing these

samples back to NCAT's laboratory.
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Table6.1: Site 6 SMA Mixture Data
JMF 1.D. Number: 729
Dates Used: August 4 through 6, 1997
Number of Aggregate Stockpiles Used: 2
Design Voidsin Coarse Aggregate: 42.3*
Type Asphalt Binder Used: Multi-Grade 20-40
Modifier Type: N/A
Design Asphalt Binder Content: 7.1 percent
Supplier of Asphalt Binder: Asphalt Materias, Inc.
Type Fiber Used: Cellulose
Form of Fiber: Pellet (66/34 bitumen granulation)
Design Percentage of Fiber: 0.3 percent
Type Mineral Filler Used: Dolomite Dust
Design Percentage of Minera Filler: 15.0 percent
Type Anti-Strip Additive Used: Liquid
Design Percentage of Anti-Strip: 1.0 percent
Compaction Method: Marshall Hammer
Compactive Effort: 51 Blows per Side
Laboratory Mixing Temperature: 340°F
Laboratory Compaction Temperature: 290°F
Design Voidsin Total Mix: 4.0 percent
Design Mixture Density: 147.7 pcf
Design Voidsin Mineral Aggregate: 20.0 percent
Design Voids Filled With Asphalt: 80.0 percent
Design Marshall Stability:
Design Flow (0.01 in):
Loaded Whedl Test @ Design Asphalt Content:

* Determined at NCAT laboratory on materials obtained from project.
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Table 6.2: Site 6 Design Gradation

Sieve Sieve Size, Recor_nmended % Passing
mm Limits
%in. 224 100
Yain. 19.0 100
% in. 16.0 99.9
Y in. 125 85-95
% in. 9.5 75 max. 66.7
No. 4 4.75 20-28 26.1
No. 8 2.36 16-24
No. 10 2.00 16.2
No. 30 0.600 12-16
No. 40 0.425 -—-- 15.4
No. 50 0.300 12-15
No. 80 0.180 15.2
No. 200 0.075 8-10 11.1
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Table 6.3: Coar se Aggregate Propertiesfor Site 6

Test WD ¥ WD Type D
Los Angeles Abrasion, % Loss 16 16
Flat & Elongated, %
3ol 9.8* 30.7*
5to1l 2.5* 6.1*
Bulk/Apparent Specific Gravity 2.726/---- 2.726/----
Absorption, %
Soundness (5 Cycles), % Loss
Magnesium Sulfate 5 5
Crushed Content, %
One Face| 100 100
Two Face 100 100

Data not provided by the agency are represented by blank data fields.

*Determined at NCAT laboratory on materials obtained from project.
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Table 6.4: Site 6 Asphalt Binder Properties
SHRP ASPHALT BINDER GRADING SUMMARY

ASPHALT: Site 6
OPERATOR: Wilson
PROJECT: NCHRP 9-8
DATE: 10/21/97
Original RITFOT RTFOT + PAV residue
Flash Pt: --- °C Time/Temp after PAV: 20 HRS AT 100°C
i Loss:0.29 % ]
Vis@135:1234 cP Physical Hardening Index: —-
HIGH TEMPERATURE GRADING 5 - LOW TEMPERATURE GRADING
G | 1E ORIGINAL | RTFOT 6§ 1| rrrorerav | T :  RTFOT4PAV
R | mr u - I 1 R fE R : E T :
A °c Dynamic Shear. . Dynamic Shear - A M Dynamic Shear M . Flexural Creep - DT
' D 10 rad/s (1.5 Hz) 10mds(L5H) § D | 01:: 1 10tads(1.5Hz) P (at 60 sec) - (mm/min)
“E : . E e - ] : i “’C R PEEDY FEET o : B ey
G'/sins (kPa) " GsinG (kPa) R " G'sins (MPa) S, Stiffness(MPa) < ‘| - m, Slope . [ . Failure Strain
> 1.00kPa > 220kPa -<'5000 kPa OOMPa | »0300 3 10%
o4 | o4 .10 § 3 0
88 46 | 28 5
82 | & 2 | == 1745 42 123 030 1386
76 76 1.0829 -28 2 2539 -18 Sample broke at loading
70 | 70 0.8458 22662 34 | 19 3720 24
64 || 64 1.7140 4.4325 < | 18 5220 0
S8 S8 -46 13 -36
52 | 52 52 10 42
% | 4 58 7 48
GRADE:_PG 64-22

v6
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Table 6.5: Laydown Information for Site 6

Manufacturer of Paver:
Other Equipment Used:
Number of Rollers Used:

Temperature of Mixture Right Behind Paver:

Type Breakdown Roller:
Number of Passes By Breakdown Roller:

Temperature of Mixture Before Breakdown Roller
Began Compaction:

Type Intermediate Roller:
Number of Passes By Intermediate Roller:
Type Finish Raller:

Number of Passes By Finish Roller:

Cedar Rapids
None
3

280°F (1% measurement)
260°F (2™ measurement)

Static Sted Wheel (12 ton)
4

275°F

Static Steel Whed (12 ton)
4
Static Steel Whedl (12 ton)
3

Comments:

When the breakdown roller got too close to the paver, it began to pick up mix.
Similar to Site 5, the amount was not large. 1t was more like small popouts.
While observing paving, it was noticed that several trucks had mixture sticking to
the beds. The contractor was using rel easing agents.

Table 6.6;: Sampling Times and Datesfor Loose Mix From Site 6
Samplel | Sample2 | Sample3 | Sample4 | Sample5 | Sample 6
Date Obtained 8497 | 8497 | 897 | 8597 | 86097 | 86197
Time Obtained 10:35am 3:15pm 11:15am 4:15pm 9:50am 1:50pm
st e | W | @ | s | a0 | a0 | ao
Day's Tonnage 372 871 N/A 860 185 551
,Ob/\overage Draindown, N/A 01 0.1 0.03 0.04 0.03

N/A - Not available.




Table 6.7: Gradations For Samples Obtained In-Field

Site: G
Sample: 1
Loose Mix Samples Average Marshall Cos p Gyratorty Compacted Samy
Sicve JMF Std. Diff. Fromll Core Sua. Oiff. From| Std. Diff. From
mm__ | % Passin Rep 1 Rep 2 Average | Deviation JMF Gr i Rep 1 Rep2 | Average | Deviation] Cores Rep 1 Rep 2 Average | Deviation] Cores
A B C D F G H i J K M N [¢] P Q ] T u
B-F M I-S
25.0 100.0 100.0 10C.0 1C0C.0 100.0 0.00 0.0 100.0 100.0 100.0 0.00 0.0
18.0 100.0 Q9.9 100.0 1000 100.0 0.00 -0.1 100.0 100.0 1000 ©0.00 -0.1
125 85.0 93.3 939 925 83.2 0.88 Q.1 924 90.2 91.3 1.56 20
95 668.7 74.7 738 77.9 75.9 2.90 -1.1 T2.1 69.2 70.7 2.08 41
4.75 26.1 Sampiles Not Tesled 339 35.4 36.1 asa 0.48 -i.B 326 31.8 3241 078 19
2.36 18.0 22.0 221 225 223 0.28 +0.3 20.7 20.2 205 0.35 1.6
1.18 16.0 19.4 18.7 18.2 19.0 0.35 04 18.0 176 17.8 0.28 16
0.60 15.8 18.4 176 18.0 17.8 0.28 0.6 17.0 16.5 16.8 0.35 1.7
0.30 153 17.89 16.9 17.4 17.2 0.35 07 184 158 16.1 0.42 18
0.150 130 16.9 16.2 16.6 16.4 0.28 05 15.7 147 16.2 0.7 1.7
0.075 11.1 12.9 13.4 14.0 13.7 0.42 -0.8 12.8 11.4 1%1 .99 0.8
Site: 6
Sample: 2
Loose Mix Samples Average A C Sampk Gyratorty C ]

Sieve JMF EII Std. Diff. From}] Core Std. | Diif. From Std. Diff. From|
mm_ | % Passin, Rep 1 Rep 2 Average | Deviation JSMF Gradation Rep 1 Rep 2 Average | Deviation] Cores Rep 1 Rep 2 Average | Deviation| Cores
A B (& D F G H | J K M N ] P Q 5 T U

B-F 100.0 1-M 1-S
250 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 1000 0.00 00
19.0 100.0 100.¢ 100.0 100.0 0.00 0.0 99.9 Samples Cestroyed During 1000 100.0 100.0 0.00 0.1
12.5 85.0 1.7 93.1 2.4 0.99 -7.4 93.3 Extrusion 931 a1.8 926 ©.92 09
a5 66.7 733 74.9 741 143 74 747 74.0 735 738 Q.35 1.0
4.75 26.1 31.0 31.0 31.0 0.00 4.9 330 3386 aza 35 o21 [eX]
2.36 18.0 19.4 198 198 0.28 -1.6 220 211 211 211 ¢.00 [1%°]
1.18 16.0 176 18.0 17.8 Q.28 -1.8 19.4 18.0 18.2 18.1 14 13
0.60 158 17.0 17.3 17.2 .21 -1.4 18.4 17.0 17.2 17.1 G114 13
Q.30 15.3 16.6 17.0 16.8 0.28 -1.5 17.9 16.4 16.6 1656 0.14 1.4
0150 13.¢ 16.1 18.7 164 0.42 -3.4 169 15.9 16.2 16.1 a2 08
0.075 11.1 12.8 13.9 13.4 0.78 2.3 12.9 12.9 13.2 13.1 0.21 -0.1
Shte: 6
Sample: 3
Loose Mix Samples Average Marshail Compacted Samples Gyralorty Compacied Samples
Sieve JMF Std. Diff. Fram Core Sid Diff. From Sid. Diff. From
mm_ | % Passing| Rep? Rep 2 Average | Deviation JMF Gradation| Rep 1 Rep 2 Average | Devialion | Cores Rep 1 Rap 2 Average | Deviation Cores
A B C D F L] H 1 J K M N 0 P Q S T U
B-F I-M -S
25.0 100.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 0.00 0.0
19.0 100.0 99.9 99.8 10G.0 998.9 0.14 .0 100.0 100.0 100.0 0.00 -0.1
12.5 85.0 93.3 883 912 3958 205 38 a2.2 B86.3 80.8 2.05 28
a5 66.7 74.7 67.7 €88 68.3 C.78 6.5 68.2 56.5 67.4 1.20 7.4
4.75 26.1 Samples Not Tested 339 316 323 320 0.49 20 305 3¢3 304 0.14 a5
2.36 180 22.0 205 21.0 20.8 0.25 1.3 200 19.8 19.9 0.14 21
1.18 16.0 19.4 7.7 18.2 18.0 0.35 1.5 17.3 17.2 17.3 0.07 22
0.60 158 18.4 16.7 171 1.9 0.28 1.5 16.3 16.3 16.3 0.00 21
0.30 15.3 17.9 162 16.6 16.4 0.28 1.5 15.6 158 15.7 0.14 22
0.150 13.0 189 168 16.2 16.9 0.42 10 146 15.4 15.0 0.64 19
0.075 11.1 129 129 136 133 0.49 -0.3 10.9 12,8 11.9 1.34 1.1
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Table 6.7(Continued): Gradations For Samples Obtained In-Field

<]
4
Loose Mix Samples Average Marshall Compacted Samples Gyratorty Compacted Samples
Sieve JMF Sid. Diff. From Core Std. Diff. From Std. Diff. From
mm_ | % Passingy Rep 1 Rep 2 Average | Deviation JMF Gradation Rep 1 Rep 2 Average | Dewviation Coras Rep 1 Rep 2 Average | Deviation Cores
A B C D F G H L dJ [ad M N o P Q S T U
B-F 1-M -5
25.0 100.0 100.0 100.0 100.0 0.00 a.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 Q.00 0.0
18.0 100.0 100.0 100.0 100.0 0.00 0.0 99.9 100.0 100.0 100.0 0.00 01 100.0 100.0 100.0 Q.00 -0.1
125 850 280.7 909 508 0.t4 -5.8 833 929 916 923 0.02 11 893 90.0 897 0. 49 37
9.5 66.7 69.3 70.6 700 0.92 -3.2 4.7 729 716 723 0.92 25 68.5 67.2 67.8 0.92 6.9
4.75 26.1 2886 30.4 300 084 -38 a3zg 326 31.7 322 0.64 1B 306 303 205 [+ -3} 3.5
2.36 18.0 19.1 201 195 0.7 -1.6 220 207 20.1 204 0.42 186 19.7 19.9 19.8 0.14 22
1.18 18.0 17.2 18.2 17.7 071 1.7 194 177 171 17.4 0.42 20 17.0 7.2 171 014 23
0.60 15.8 16.6 17.6 171 0.71 -1.3 18.4 166 16.1 16.4 0.35 21 16.0 16.2 16.1 a14 23
0.30 153 16.2 17.2 16.7 071 -1.4 17.9 16.0 156 158 0.28 21 15.4 15.7 156 a.21 2.3
0.150 13.0 15.7 16.7 16.2 0.71 -3.2 16.9 15.7 15.2 15.6 0.35 1.4 15.0 18.3 15.2 .21 17
0.075 11.1 12.8 13.5 13.1 064 -2.0 129 134 125 13.0 0.64 0.0 12.2 126 12.4 0.28 0.5
Sita: 5
Sample: 5
| Leose Mix Samples Average Comj led Samples Gyratarty Compacted Samples
Sleve JMF Std. Diff. Fromi Core Std. Diff. From Std. Diff. From}j
mm [ % Passi Rep 1 Rep2 | Average | Deviation| JMF {6 i Rep 1 Rep2 | Average | Deviation| Cores Rep 1 Rep 2 | Average | Deviation| Cores
A B C D F G H ! J K M N o P Q S T [¥]
B-F 1-M 1-S
250 100.0 100.0 100.0 100.0 0.00 0.0 100.0 1000 100.0 100.0 0.00 0.0 100.0 100.0 100.0 0.00 0.0
18.0 100.0 100.0 100.0 100.0 0.00 0.0 6.8 100.0 299 100.0 .07 00 166.0 100.0 100.0 .00 0.1
12.5 85.0 90.9 90.5 20.7 028 57 833 88.9 2926 00.8 282 26 90.4 90.1 90.3 0.1 3.1
8.5 656.7 67.7 67.3 67.5 0.28 0.8 4.7 73.6 750 743 ¢.98 c4 €8.9 69.1 85.0 6.14 57
4.75 26.1 29.6 283 200 0.92 -29 339 a3.e 335 a7 .28 02 31.0 30.9 31.0 0.07 3.0
2.36 18.0 19.1 18.4 18.8 0.49 0.8 22.0 21.% 21.2 21.4 ¢.21 0.7 204 20.0 262 0.28 1.8
t.18 16.0 173 18.6 17.0 0.49 -1.0 19.4 184 18.1 18.3 0.21 1.2 17.7 17.4 17.8 0.21 1.9
0.60 15.8 18.7 18.1 16.4 0.42 0.8 18.4 17.2 17.0 17.2 0.21 1.3 16.7 16.4 16.6 0.21 1.9
0.30 153 183 157 18.0 0.42 -0.7 17.9 16.7 16.4 166 021 13 16.t 15.9 16.0 0.14 1.9
0.150 13.0 15.8 153 1586 0.35 -2.6 16.9 16.1 15.9 160 0.14 0.9 15.2 151 182 b.07 1.7
0.075 11.1 12.2 11.7 12.0 035 -0.9 12.9 12._.5 13._4 12.6 0.07 0.5 11.4 11.4 11.4 0.00 1.5
Site: 6
Sample: -]
il Looss Mix p Average | Marshall Cc cled Samples Gyralorty Compacled Samples
Sieve JMF Std. Diff. Froml Cone Sid. Diff. From Ste. Diff. From|
mm__| % Passi Rep 1 Rep2 | Average | Deviation JMF__fGradation] Rep 1 Rep2 ! Average | Deviation | Cores Rep 1 Rep2 | Aversge | Deviation | Cores
A B [o] D F [<] H ] J K M [=] P Q S T Y]
B-F M 1-S
250 100.0 100.¢ 106.0 100.0 0.00 0.0 100.0 100.0 100.¢ 100.0 0.00 0.0 100.0 100.0 100.0 0.00 00
19.0 100.0 100.0 100.0 100.¢ 0.0¢ 0.0 g9g.9 100.0 99.4 99.7 D.42 0.2 100.0 100.0 100.0 0.00 -01
12.5 850 931 90.8 92.0 1.63 6.9 933 89.0 937 91.4 332 20 ar.s 922 90.0 311 33
9.5 66.7 727 68.3 70.5 an -38 74.7 68.0 75.5 71.8 8.30 3.0 B84 8B 704 876 3968 T
4.75 261 316 29.6 30.6 1.41 -4.5 339 315 35.4 335 278 05 29.3 309 30.1 1.13 38
2.36 18.0 21.0 19.3 20.2 1.20 22 220 186 221 20.9 1.77 1.2 187 186 19.2 0.64 29
1.18 16.0 19.0 17.4 18.2 113 22 194 16.6 18.7 17.7 1.48 18 16.1 16.7 16.4 042 30
0.60 15.8 18.3 168 17.6 1.06 18 198.4 15.5 17.5 16.5 1.41 1.9 15.1 15.6 15.4 0.35 3
0.30 153 17.9 16.4 17.2 1.06 -t 9 179 149 18.9 159 1.41 20 14.4 14.9 147 0.35 32
0.150 13.0 17.2 15.9 16.6 0.92 -3.6 169 14.2 16.2 15.2 1.41 1.7 13.2 13.9 136 049 33
0.075 11.1 131 12.4 12.8 0.49 -1.7 12.9 10.5 12.5 11.5 1.41 1.4 5.9 9.8 9.4 .64 3.6
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Table 6.8: Results of Marshall Hammer Compactions

Marshall Hammer: 50 Blows per Side

SITE NUMBER: 6 MATERIALS: Rhyolite/LMS Dust/Cellulose Pellets/Multigrade COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 73.9 DATE:
Effective Specific Gravity of the Agg. (Gsa) = Bulk Specific Gravity of the Agg. (Gsb) = Bulk Sp. Gravity of CA (Gca): 2724 4/15/98
IAC Sp. Gr. (Gb) = 1.030 2752 2752 Unit Wt. Of CA in DRC (pcf): 979
Unit Wt. Of CA in DRC (kg/m3)  1568.8
Asphalt WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Sample | Replicate| Content [ InAir | InWater| SSD Volume Bulk TMD Aggregate AC by Unit V™M VMA VFA VCA VCA drc | VCANVCA dre
Number % gms gms gms cc Gmb Gmm Volume Volume Weight % % % % % %
cc % pcf
A B [+ D E F G H | J K L M N Q P Q R
F-E D {100-C)* H C*H H*62.4 [100(1-H/N)| 100-J 100 ( N-M)
G Gsb Gb N
1 1 73 1188.0 694.4 1190.1 495.7 2.397 2.480 80.7 17.0 149.5 3.4 19.3 82.6 39.7 423 0.938
1 2 7.3 1187.4 694.9 1189.8 494.9 2.399 2480 80.8 149.7 3.3 19.2 83.0 39.7 423
2.382 80.2 148.6

[71199.3 | 694.3 | 12022 |

2.361 2513 80.1

Sample destroyed during extruding

Sample destroyed during extruding

Checked By:

A. Cooley

Input By:
SSD = Saturated Surface Dry

gm = gram

TMD = Theoretical Maximum Density

cc = cubic centimeter
AC = Asphalt Cement
pcf = pounds per cubic foot

VTM = Voids in Total Mix
VMA = Voids in Mineral Aggregate

Gsb = Bulk Specific Gravity of Aggregate

Gmb = Bulk Specific Gravity of Compacted Mixture
Gb = Specific Gravity of Asphalt Cement

Gmm = Theoretical Maximum Density of Mixture

VFA = Voids Filled With Asphalt Cement

Gsa = Apparent Specfic Gravity of Aggregate VCA = Voids in Coarse Aggregate

=
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Table 6.9: Results of SGC Compactions

SITE NUMBER: 6 MATERIALS: Rhyokte/LMS Dust/Cellulose Peliets/Multigrade COARSE AGGREGATE INFORMATION Percent Coarse Aggregate 73.9) DATE
Effective Specific Gravity of the Agg. (Gsa) = [Buil Specific Gravity of the Agg. (Gsb) = Bulk Sp. Gravity of CA (Gea): 2724 4715798
[AC Sp. Gr. (Gb) = 1.030 2752 2752 Unit Wt. Of CA in DRC (pcf): 97.9
Unit Wt. Of CA in DRC (kg/m3): 1568.2
‘Asphatt WEIGHTS HEIGHTS EST. BULK GRAVITIES SPECIFIC GRAVITIES CORR._% Gmm VOLUMES AT Noes VOIDS
Sample | Replicate] Content [ In Air | In Water| SSD Niv | Ndes | Nmax Nim Ndes Nmax Bulk TMD | Correction, Aggregate | AC by VM VMA VFA VCA | VCA drc | VCA VCA drd)
Number % gms gms gms | (8Gyr) [(100Gyn)|(158 Gyr)| (8 Gyn (100Gyn) | (158 Gyn Gmb Gmm | Factor | Nini | Noes | Nmax| Volume Volume | alNdes | atNdes | atNdes % %
mm mm mm % %. % % %.
A B C 0 E F G H | J K t ] N 3] P Q U v X Y F3
[5) [5) ) 3] GmbEst | J°0 [ KO 100-Q | 100-S
Gi7.67 H17.67 17.67 F-E Gmb Meas. -
1 1 7.3 | 4607.2 | 2656.7 | 46127 | 1232 | 1114 2116 2.340 2.355 2480 | 1006 | 859 | 950 793 167 50 207 757 408 424 0.962
1 2 7.3 | 45609 | 2624.8 | 45791 | 1234 | 1121 2.096 2.307 2338 2480 | 1014 | 857 | 943 78.8 16.6 57 212 734 412 424 0.972
1 3 73 | 45441 | 26557 | 45500 | 1213 | 1117 2.120 2.302 2.399 2480 | 1042 | 89.1 | 96.7 80.8 17.0 33 192 82.9 39.7 23 G.936
2 1 6.7 | 46021 | 26519 | 46222 | 1281 | 114.3 2.085 2.218 2.336 2525 1025 | 838 | 925 792 15.2 75 208 64.0 409 424 0.965
2 2 6.7 4650.0 | 2681.9 | 4661.7 | 1273 | 1149 | | 2067 | 2200 | | 2349 2.525 1026 | 840 | 830 1 796 | 153 | 70 | 204 | 857 | 406 | 424 | 00957
2 3 6.7 | 4699.0 | 27406 | 4708.0 | 1272 | 114.8 2.000 2316 2.388 2525 1.031 | 854 | 846 81.0 155 54 19.0 716 39.5 424 0.933
3 1 71 | 4648.1 | 2718.7 | 48595 | 1255 | 114.8 2.006 2.291 2.395 2492 1.045 | 87.9 | 96.1 80.8 185 3.9 192 79.7 39.6 424 0.836
I 3 | 2 | 71 | 4830.0 | 2714.6 | 4649.0 | 1278 | 1149 | | 2057 | 2285 ] | 2398 | 2492 1050 | 86.7 | 96.2 | ) 810 | 165 | 38 | 190 | 802 | 398 | 424 | 0.034
3 3 71 | 47685 | 2796.4 | 4779.8 | 1205 | 116.8 2,084 2311 2,405 2492 1.041 | 87.0 | 965 812 16.6 35 188 814 39.4 24 0.930
4 1 7.0 | 4574.8 | 2627.8 | 45951 | 1242 | 1124 2.084 2.303 2325 2.508 1.010 | 840 | 9238 788 15.8 72 214 66.4 413 424 0.975
I 4 | 2 | 70 [ 44137 | 25284 | 44418 | 1193 | 1082 | | 2084 | 2308 | [ 2308 2.508 1.000 | 835 | 921 | | 780 | 157 | 79 | 220 | 64t | 418 | 424 | 0886
1 3
5 1 73 | 45825 | 26827 | 45882 | 1239 | 1121 2.003 2.313 2405 2488 | 1040 | 675 | 96.7 81.0 7.0 33 19.0 82.4 395 424 0.933
5 3 73 | 4601.9 | 26854 | 46089 | 1242 | 1128 | [ 2007 | 2307 | | 2392 | 2488 | 1037 | 674 | 962 | | s06 | 170 | 38 | 194 | 802 | 398 | 424 | 0840
5 3 73 | 46060 | 2707.4 | 46140 | 125.7 | 113.6 | 1124 2074 2.285 2319 2416 2488 | 1042 | 868 | 96,1 | 97.1 80.5 16.9 39 195 79.9 39.0 424 0.041
6 1 74 | 46222 | 26610 | 4648.9 | 1267 | 1148 2.084 2.282 2.325 2,502 1019 | 841 | 929 782 16.7 7.4 218 67.5 41.6 424 0.981
6 2 74 4352.3 | 2516.1 | 4365.7 | 1178 | 1067 | | 2089 | 2308 | | 2353 2.502 1019 | 851 | 940 | | 792" | 168 | 80 | 208 | 714 | 408 ]| 424 | 00865
[ 3 74 | 43653 | 2552.7 | 43736 | 1201 | 1082 | 107.0 2,057 2.283 2.300 2.397 2.502 1038 | 854 | 948 | 9538 79.8 17.0 52 202 741 40.4 424 0.954
: Checked By: _A. Cooley
aturated Surface Dry oc = cubic centimeter Gmb = Bulk Specific Gravity of Compacted Mixture  Gsb = Bulk Specific Gravity of Aggregate  VTM = Voids in Total Mix

[T™ ‘heoretical Maximum Density
jm = gram

AC = Asphalt Cement Gmm = Theoretical Maximum Density of Mixture Gb = Specific Gravity of Asphalt Cement VMA = Voids in Mineral Aggregate
cubic foot Gsa = Apparent S Gravity of jate VCA = Voids in Coarse Af VFA = Voids Filled With Asphalt Cement
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Table 6.10: Results of Loaded Wheel Testing

100

Site No.: 6
Specimen| VTM | RutDepth | RutDepth | RutDepth
No. % at 1000 at 4000 at 8000
Cycles (mm) | Cycles (mm) | Cycles (mm)
R1 2.4 2.01 3.54 4.03
R2 2.8 2.68 428 5.15
R3 2.1 2.85 4.88 5.65
R4 2.7 2.85 5.15 5.25
Average 2.5 2.60 4.46 5.02
Std. Dev. 0.29 0.400 0.714 0.694
Table 6.11: Results of Superpave Analysis Testing
Site No.: 6
Test Temp. |Test
Test deg. C Result Rep. 1 Rep. 2 | Average | Std. Dev.
Frequency Sweep @ G*
Constant Height Delta

Simple Shear Test @
Constant Height
Creep Compliance

Tensile Strength

Strain Rate, mm/mm

Final Strain, mm

Strain Rate, mm/mm

Final Strain, mm

Strength
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Table 6.12: Results of Testing on Cores Obtained In-Field

Site No.: B
Percent Passing
Sieve Core Core Core Core Core
mm 1 2 3 4 5 Average [Sid. Dev.
25.0 100.0 100.0 100.0 100.0 100.0 100.0 0.00
18.0 100.0 99.8 99.9 99.9 100.0 99.9 0.08
12.5 924 93.3 953 92.1 93.5 93.3 1.25
9.5 738 731 774 74.7 74.7 4.7 1.63
475 335 336 34.2 338 34.6 339 0.46
2.36 215 215 222 223 22.6 220 0.50
1.18 18.9 18.9 19.5 19.8 19.9 19.4 0.48
0.60 17.9 17.9 18.4 18.9 19.0 18.4 0.53
0.30 17.3 17.4 178 18.4 18.5 17.9 0.55
0.150 16.5 16.4 16.8 17.1 17.6 16.9 0.49
0.075 13.0 12.8 12.8 12.4 13.6 129 0.44
Gmb 2.329 2.345 2.309 2.371 2.357 2.342 0.02
Unit Weight, pcf 145.3 146.3 144 1 148.0 1471 1486.2 1.51
VTM, % 6.0 54 6.8 43 49 55 0.97




102

!

Figure 6.1: Bags of Fiber Pellets Used At Site No. 6 o
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NCHRP 9-811 - Task 8
SMA Construction Project No. 7

L ocation and Background

Construction Project No. 7 was constructed in August of 1997. NCAT
representatives were on-site from August 18 to August 20, 1997. Placement of the SMA
consisted of milling an existing asphalt concrete layer down to a Portland cement
concrete pavement and filling with 50 mm (2 in) of conventional binder course and 44
mm (1% in) of SMA.
SMA MixtureInformation

The SMA mixture used for this project was a 19.0 mm nominal maximum
aggregate mixture. Information about the mixture is presented in Table 7.1. Limestone
and traprock were the aggregates used to produce the mixture. Table 7.2 presents the
design gradation. Tables 7.3 and 7.4 provide the properties of the aggregates used in the
mixture. The asphalt binder used for this project was a PG 64-28. Properties of this
binder are presented in Table 7.5. Values in this table represent testing performed by
NCAT on samples of the binder obtained from the job-site. Based on this testing, the
asphalt binder was a PG 64-22.
Plant Information

The plant used for this project was a Standard Havens 4-ton batch plant. This

facility utilized a storage silo for the storing and introduction of the mineral filler. The
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mineral filler was blown from atruck into the silo where it was augered into the weigh
hopper above the pugmill. The fiber wasin aloose form asbales. It was blown from a
fiber hopper into the weigh hopper above the pugmill. Thisfacility did not use storage

silos for the completed mixture.

Laydown Procedures

Paving operations were not observed for this project.
Problems Encountered On-Site

No problems were encountered.
Sampling

Samples obtained while at this project included: each aggregate used to produce
the mixture, minera filler, fiber, asphalt binder, and loose mixture. Table 7.6 presents
the times and dates that the loose mix samples were obtained along with the average
draindown values. Testing results completed on samples obtained from the project are

presented in Tables 7.7 through 7.11.



Table7.1: Site 7 SMA Mixture Information

JMF I.D. Number:

Dates on Project:

Number of Aggregate Stockpiles Used:

Design Voidsin Coarse Aggregate:
Type Asphalt Binder Used:
Modifier Type:

Design Asphalt Binder Content:
Supplier of Asphalt Binder:

Type Fiber Used:

Form of Fiber:

Design Percentage of Fiber:

Type Minera Filler Used:

Design Percentage of Mineral Filler:

Type Anti-Strip Additive Used:
Design Percentage of Anti-Strip:
Compaction Method:
Compactive Effort:

Laboratory Mixing Temperature:

Laboratory Compaction Temperature:

Design Voidsin Total Mix:

Design Mixture Density:

Design Voidsin Mineral Aggregate:
Design Voids Filled With Asphalt:
Design Marshall Stability:

Design Laboratory Draindown:

Loaded Whedl Test @ Design Asphalt Content:

August 18 - 20, 1997
3

44.0*

PG 64-28

SBS

6.5 percent
Polymer Asphalt Products
Cellulose

Loose

0.3 percent
Limestone dust
9.2 percent

None

N/A

Marshall Hammer
50 Blows per Side
330-340°F
312-324°F

4.3 percent

142.2 pcf

17.5 percent

75.5 percent

2182 Ibs

* Determined at NCAT |aboratory on materials obtained from project.
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Table 7.2: Design Gradation for Site 7

Sieve Size Sieve Size, mm Reccl)_rprm?gded Percent Passing
Yain. 19.0 100 100.0
Y in. 125 85-95 87.0
% in. 9.5 75 max. 63.1
No. 4 4.75 20-28 27.5
No. 8 2.36 16-24 20.0
No. 16 1.18 16.3
No. 30 0.600 12-16 141
No. 50 0.300 12-15 131
No. 100 0.150 —-—- 11.4
No. 200 0.075 8-10 8.9
Table 7.3: Coarse Aggregate Propertiesfor Site 7
Test Limestone Traprock
Los Angeles Abrasion, % Loss 23 19
Flat & Elongated, %
3tol 27.6* 43.3*
5tol 9.9* 17.5*

Bulk/Apparent Specific Gravity

2.616/2.734*

2.610/2.645%

Absorption, % 1.7* 0.5*
Soundness (5 Cycles), % Loss
Method Similar to AASHTO T103 2.7-6.2 0.1
Crushed Content, %
One Face 100* 100*
Two Face 100* 100*

Data not provided by agency is presented by blank data field.

* Determined at NCAT laboratory on materials obtained from project.
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Table 7.4: Fine Aggregate Propertiesfor Site 7

Test Traprock
Bulk/Apparent Specific Gravity 2.499/2.652*
Absorption, % 2.3*

Soundness (5 Cycles), % Loss

Method Similar to AASHTO T103 0.1
Angularity, % 45.7*
Liquid Limit, %

Plasticity Index, % NP

Data not provided by agency is represented by blank data
fields.

* Determined at NCAT laboratory on materials obtained from project.




Table 7.5: Site 7 Asphalt Binder Properties
SHRP ASPHALT BINDER GRADING SUMMARY

ASPHALT: Site 7
OPERATOR: Wilson
PROJECT: NCHRP 9-8
DATE: 10/21/97

Flash Pt: —- °C Time/Temp after PAV: 20 HRS AT 100°C

] Loss:0.56 % . .
Vis@135: 608 cP Physicat Hardening Index: ---

ReFoTsRAY. | T | s

mupma |
ol

£
g

8
E]

p--=] 1150 -12 126 0.371 21738

8
S

70 0.6880 1.6431
64 1.31C3 30088

6241
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F R EBRE
&
&1 2|8

GRADE:_PG 64-22
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Table 7.6: Sampling Times and Dates for L oose Mix Samples From Site 7

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
Date Obtained 81897 | 81997 | s1o97 | 82097 | 8097 | e20i97
Time Obtained 9:09pm 1:15am 2:18am 6:14pm 8:25om | 10:35pm
L?ﬁf‘i? of Mixture | a5, 350 351 371 395 345
Er;;'; 'E,?i‘égggi 1068 1560 1790 864 1021 1383
Average Draindown, % N/A N/A N/A 0.03 0.05 0.05

N/A - Not available.



Table 7.7: Gradations For Samples Obtained In-Field

Site: 7
Sample: 1
Loose Mix Samples Marshall Compacted S H Gyralorty ted Samples
Sieve JMF Std. Diff. From| Sta. Std
mm_ [ % Passingl Rep 1 Rep 2 | Average | Deviation| JMF Rep 1 Rep2 | Average | Deviation| Rep1 Rep 2 | Average | Devialion
A B C D F ] H J K M P [+] s T
B-F
250 100.0 100.0 100.0 $00.0 0.00 Q.0 100.0 10090 1000 0.00 100.0 100.0 100.0 0.00
19.0 100.0 100.0 100.0 100.0 0.00 Qo 100.0 100.0 100.0 0.00 100.0 100.0 100.¢ 000
125 87.0 B9.1 91.4 90.3 1.63 -3.3 80.5 918 91.2 0.92 92.0 9.5 9t.3 1.06
85 63.1 70.5 725 7.5 1.41 -8.4 743 744 74.4 0.07 737 73.6 737 0.07
475 275 341 338 340 0,21 8.5 39.6 408 40.2 0.85 389 Tl 380 127
2.38 20.0 250 245 248 0.35 -4.8 27.2 277 27.5 0.35 278 265 271 0.78
1.18 16.3 204 19.8 20.0 0.21 -3.7 208 21.0 20.9 0.14 219 209 214 0.7
0.60 141 172 168 17.0 028 -29 173 17.2 17.2 0.14 184 175 180 0.64
0.30 13.1 154 15.0 162 028 =241 149 15.0 15.0 0.07 16.1 153 15.7 057
0.150 1.4 43 13.6 140 049 -2.6 135 134 135 0.07 14.7 13.8 143 0.64
0.075 B9 125 1.6 121 0.64 -3.2 116 11.3 115 0.21 12.6 11.7 122 0.64
Site: 7
Sample: 2
Loose Mix p p Gyratorty Compacted Samples
Sieve JMF Std. | Diff. From Std. Sid.
mm_|% Passing] Rep 1 Rep2 | Average | Deviation | JMF Rep { Rep2 | Average | Ceviation| Rep 1 Rep2 | Average | Deviation
A B c D F G H J K M N P Q S T
B-F
25.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 0.00 100.0 100.0 100.0 0.00
19.0 100.0 100.0 8997 9.9 0.2t 0.2 9.7 1000 989 0.21 100.0 100.0 100.0 0.00
125 87.0 87.8 893 80.6 1.06 -1.6 896 02.6 911 212 91.0 91.2 9.1 014
9.5 631 68.3 67.0 87.7 0.92 4.6 727 76.9 748 297 70.2 74.0 721 269
4.75 275 309 298 30.4 0.78 2.9 e 40.5 39.2 184 385 365 36.5 0.00
236 20.0 22 213 217 057 -1.7 242 27.0 256 108 252 248 249 0.42
1.18 16.3 16.8 18.0 184 0.57 2.1 18.7 21.3 20.0 1.84 201 198 200 0.21
¢80 141 16.8 16.0 16.4 0.57 23 16.7 18.5 171 1.98 173 171 172 0.14
0.30 13.1 15.8 14.9 163 0.49 22 141 17.0 15.6 205 15.7 155 15.6 .14
0.150 11.4 14.5 13.8 14.2 0.48 28 13.0 15.6 143 1.84 4.4 143 14.4 0.07
0.075 8.9 127 12.0 12.4 0.49 -3.5 11.1 13.7 12.4 1.84 124 124 12.4 0.¢0
Site: 7
Sample: 3
Loose Mix Samples Marshall Comp Sampk Gyratorty Comp Samples
Sieve JMF Sig Diff. From| Std. Std.
mm_ | % Passingli Rep 1 Rep2 | Average | Devialion; JMF Rep 1 Rep2 | Average | Deviation] Rep 1 Rep2 | Average | Deviation
A B [+] 5] F [¢] H J K M N [ Q E] T
B-F
25.0 100.0 100.0 1000 100.0 0.00 100.0 100.0 100.0 0.00
18.0 1000 100.0 100.0 100.0 0.00 100.0 100.0 100.0 0.00
12.6 87.0 92,5 934 93.0 0.64 1.9 al1s a1.7 0.28
95 63.1 75.4 763 75.9 0.64 749 730 74.0 1.34
4.75 27.5 Samples Mot Tested 40.0 405 40.3 0.35 36.8 360 354 0.57
2.38 20.0 263 263 263 0.00 247 242 245 0.35
1.18 16.3 203 205 204 0.14 19.8 19.4 19.5 0.28
0.60 14.1 17 17.5 17.3 028 17.0 16.6 16.8 .28
0.30 131 15.3 15.9 15.8 042 155 149 152 0,42
0.150 114 13.9 14.5 14.2 0.42 14.4 1356 14.0 0.64
0.075 B.9 11.8 125 12.2 049 12.5 1.6 12.1 0.64
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Table 7.7(Continued): Gradations For Samples Obtained In-Field

Site: 7
Sample: 4
1 Loose Mix S | Marshall Compacted p Gyratorty Compacted Samples
Sieve JMF Std. Diff. From) Std. Std.
mm__|% Passingl Rep 1 Rep2 | Average | Deviation| JMF Rep 1 Rep2 | Average { Deviationj] Rep 1 Rep2 | Average | Deviation
A B C D F G H J K M N P Q S T
B-F
25.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 0.00 100.0 100.0 100.0 0.00
19.0 100.0 99.7 100.0 99.9 0.21 0.2 99.2 100.0 996 0.57 100.0 100.0 100.0 0.00
125 87.0 89.5 90.3 89.9 0.57 -2.9 92.1 928 925 0.49 91.0 86.6 88.8 3.11
9.5 63.1 68.3 69.0 68.7 0.49 -56 76.8 76.8 76.8 0.00 719 69.3 706 1.84
4.75 275 32.8 318 323 0.71 -4.8 416 419 41.8 0.21 36.9 36.9 36.9 0.00
2.36 20.0 229 221 225 0.57 -25 265 278 272 0.92 245 257 251 0.85
1.18 16.3 18.7 18.0 18.4 0.49 =21 202 215 209 0.92 19.2 203 19.8 0.78
0.60 14.1 16.5 158 16.2 0.49 2.1 16.9 183 176 0.99 16.3 174 16.9 0.78
0.30 13.1 153 145 149 0.57 -1.8 15.2 16.7 16.0 1.06 145 158 15.2 0.92
0.150 1.4 141 135 13.8 0.42 24 13.8 154 146 1.13 13.1 14.5 13.8 0.99
0.075 8.9 12.0 11.7 11.9 0.21 -3.0 11.7 13.4 12.6 1.20 11.1 12.5 11.8 0.99
7
5
| Loose Mix p Marshall C: d Samples Gyratorty Com Sampl
Sieve JMF Std. Diff. From Std. Std.
mm_{% Passlng“ Rep 1 Rep2 | Average | Deviation| JMF Rep 1 Rep2 | Average | Deviationfi Rep 1 Rep2 | Average | Deviation
A B [+] D F G H J K M N P Q S T
B-F
25.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 0.00 100.0 100.0 100.0 0.00
19.0 100.0 098 100.0 99.9 0.14 0.1 100.0 100.0 100.0 0.00 100.0 100.0 100.0 0.00
125 87.0 87.3 838 856 247 15 87.9 914 89.7 247 0.3 87.7 89.0 1.84
9.5 63.1 64.2 598 62.0 3N 11 66.9 70.0 68.5 219 66.9 643 65.6 1.84
475 275 28.0 270 275 0.71 0.0 335 327 331 0.57 31.4 3t9 317 0.35
2.36 20.0 19.8 19.2 185 0.42 0.5 216 212 214 0.28 22.0 218 219 0.14
1.18 16.3 16.1 15.7 159 0.28 0.4 16.4 16.2 16.3 0.14 17.2 17.0 171 0.14
0.60 14.1 14.5 142 144 0.21 -0.3 13.9 13.9 13.9 0.00 14.8 146 147 0.14
0.30 131 13.6 134 135 0.14 0.4 126 126 126 0.00 135 132 134 0.21
0.150 1.4 12.8 126 127 0.14 -13 11.6 118 1.7 0.14 12.6 12.1 124 035
0.075 8.9 11.3 11.1 11.2 0.14 -2.3 9.9 10.2 10.1 0.21 11.0 10.3 10.7 0.49
Site: 7
Sample: 6
Loose Mix Marshall C d Samp Gyratorty C:
Sieve JMF Std. Diff. From| Std. Std.
mm | % Passingf Rep 1 Rep 2 | Average | Deviation JMF Rep 1 Rep2 | Average [ Deviation] Rep 1 Rep2 | Average | Deviation
A B [+] D F G H J K M N P Q S T
B-F
25.0 100.0 100.0 100.0 100.0 0.00 100.0 100.0 100.0 0.00
19.0 100.0 99.3 100.0 997 0.49 100.0 99.6 99.8 0.28
125 87.0 81.9 91.1 9.5 0.57 90.1 89.5 89.8 042
9.5 63.1 736 735 736 0.07 7.2 69.0 701 1.56
475 275 Samples Not Tested 40.1 388 395 0.92 373 36.4 369 0.64
2.36 20.0 271 26.1 266 0.71 263 257 26.0 0.42
1.18 16.3 207 19.8 203 0.64 204 201 203 0.21
0.60 141 17.2 16.4 16.8 0.57 17.0 16.9 17.0 0.07
0.30 131 16.2 14.5 14.9 0.49 15.0 14.9 150 0.07
0.150 114 139 13.1 135 0.57 135 13.4 13.5 0.07
0.075 8.9 12.1 11.3 11.7 0.57 11.2 11.5 11.4 0.21

T1T



Table 7.8: Results of Marshall Hammer Compactions

Marshall Hammer: 50 Blows per Side

SITE NUMBER: 7 MATERIALS: Limestone/Traprock/Limestone Dust/Cellulose/PG64-28 |COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 725 DATE:
Apparent Specific Gravity of the Agg. (Gsa) =  |Bulk Specific Gravity of the Agg. (Gsb) = Bulk Sp. Gravity of CA (Gea): 2612 4/15/98
AC Sp. Gr. (Gb)=  1.023 2,694 2.569 Unit Wt. Of CA in DRC (pcf): 91.2
Unit Wt. Of CAin DRC (kg/m3)  1461.4
Asphalt WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Sample | Replicate} Content InAir | InWater| SSD Volume Bulk T™MD Aggregate AC by Unit VTM VMA VFA VCA VCA drc | VCAVCA drc
Number % gms gms ams cc Gmb Gmm Volume Volume Weight % % % % % %
cc % pcf
A B C D E F G H | J K L M N [¢] P Q R
F-E D (100-C) * H C'H H*62.4 [100(1-H/I)| 100-J 100 (N-M)
[¢] Gsb Gb N
1 1 6.4 1188.4 682.1 1189.0 506.9 2.344 2.390 85.4 14.7 146.3 1.9 146 86.9 39.1 44.0 0.889
1 2 6.4 1202.1 687.6 1203.2 515.6 2331 2.390 84.9 14.6 145.5 24 15.1 83.7 39.4 44.0 0.896
1 3 6.4 1206.8 692.4 1207.8 515.4 2341 2.390 85.3 14.6 146.1 2.0 14.7 86.1 39.2 44.0 0.890
2 1 6.3 1185.5 669.7 1186.5 516.8 2.294 2.384 B3.7 14.1 143.1 3.8 16.3 76.9 40.3 44.0 0.917
2 2 6.3 1191.4 676.0 1192.8 516.8 2.305 2.384 84.1 14.2 143.9 3.3 159 79.3 40.0 44.0 0.910
2 3 6.3 1200.6 681.0 1202.2 521.2 2.304 2.384 84.0 14.2 143.7 3.4 16.0 78.9 40.1 44.0 0.911
3 1 6.4 1190.1 673.0 1191.3 518.3 2.296 2.380 83.7 14.4 143.3 3.5 16.3 78.4 40.3 44.0 0.917
3 2 64 1188.1 675.2 1189.5 514.3 2310 2.380 84.2 14.5 144.2 29 15.8 81.5 40.0 44.0 0.909
3 3 6.4 1200.3 683.2 1202.4 519.2 2.312 2.380 84.2 14.5 144.3 2.9 158 81.8 39.9 440 0.908
4 1 6.1 1196.3 682.0 1196.9 514.9 2.323 2.388 84.9 13.9 145.0 2.7 16.1 82.0 394 44.0 0.897
4 2 6.1 1196.5 682.9 1197.3 514.4 2.326 2.388 85.0 13.9 145.1 26 15.0 82.7 394 44.0 0.895
4 3 6.1 1190.1 679.4 1191.0 511.6 2.326 2.388 85.0 13.9 145.2 2.6 15.0 82.7 39.4 44.0 0.895
5 1 6.1 1188.2 676.3 1191.4 515.1 2.307 2.405 84.3 13.8 143.9 4.1 15.7 74.0 39.9 44.0 0.906
5 2 6.1 1175.3 664.4 1179.1 514.7 2.283 2.405 83.5 13.6 142.5 5.1 16.5 69.4 40.5 44.0 0.920
5 3 6.1 1200.7 | 676.6 1206.3 529.7 2.267 2.405 82.9 13.5 141.4 5.7 17.1 66.5 40.9 44.0 0.930
6 1 6.1 1191.9 680.6 1193.0 5124 2.326 2.392 85.0 13.9 145.1 2.8 15.0 81.6 39.4 44.0 0.895
6 2 6.1 1196.3 684.2 1198.0 513.8 2.328 2.392 85.1 13.9 145.3 2.7 14.9 82.1 39.3 44.0 0.894
6 3 6.1 1187.4 680.8 1188.9 508.1 2.337 2.392 85.4 13.9 145.8 2.3 14.6 84.2 391 44.0 0.889

Input By: A. Cooley

Checked By: A, Cooley

SSD = Saturated Surface Dry
TMD = Theoretical Maximum Density

gm = gram

cc = cubic centimeter
AC = Asphalt Cement
pef = pounds per cubic foot

Gmb = Bulk Specific Gravity of Compacted Mixture
Gmm = Theoretical Maximum Density of Mixture

Gsa = Apparent Specfic Gravity of Aggregate

Gsb = Bulk Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement

VCA = Voids in Coarse Aggregate

VTM = Voids in Total Mix
VMA = Voids in Mineral Aggregate

VFA = Voids Filled With Asphalt Cement

A"



Table 7.10: Results of Loaded Wheel Testing

113

Site No.: 7

Specimen| VTM Rut Depth RGf‘f)“epth Rut Depth
No. % at 1000 at 4000 at 8000

Cycles (mm) | Cycles (mm) | Cycles (mm)

R1 2.3 0.82 1.51 2.22
R2 25 1.57 2.13 270
R3 2.0 0.84 1.41 1.80
R4 2.7 0.78 1.79 2.25

Average 1.00 1.71 2.24

Std. Dev. 0.379 0.323 0.368

Table 7.11: Results of Superpave Analysis Testing

Site No.: 7

Test Temp. |Test
Test deg. C Result Rep. 1 Rep.2 | Average | Std. Dev.
Frequency Sweep @ G*
Constant Height Delta
Simple Shear Test @ Strain Rate, mm/mm
Constant Height Final Strain, mm
Creep Compliance Strain Rate, mm/mm

Final Strain, mm

Tensile Strength Strength




Table 7.9: Results of SGC Compactions

SITE NUMBER: 7 MATERIALS: Limestone/Traprock/Limestone Dust/Cellulose/PGé4-28 COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 725 DATE!
Apparent Specific Gravity of the Agg. (Gsa) = Butk Specific Gravity of the Agg. (Gsb) = Bulk Sp. Gravity of CA (Gca): 2612, 4/15/98
AC Sp. Gr. (Gb) =  1.023 2,694 2569 Unit Wt. Of CA in DRC (pef): 912
Unit Wt. Of CA in DRC (kg/m3): 14614
Asphalt WEIGHTS HEIGHTS EST. BULK GRAVITIES SPECIFIC GRAVITIES] CORR_ % Gmm VOLUMES AT Ndes VOIDS
Sample | Replicate| Content | In Air | in Water] SSD Nini | Ndes | Nmax Nini Ndes Nmax Bulk TMD | Correction Aggregate | AC by VM VMA VFA VCA [ VCA drc | VCA VCA drg
Number % gms gms. gms (8 Gyr) [(100 Gyr)| (158 Gyr)] (8 Gyn) (100 Gyr} (158 Gyr) Gmb Gmm Factor Nini | Ndes { Nmax Volume Volume | atNdes | at Ndes at Ndes % %
mm mm mm % % % cc % % % %
A B [ D E F G H [ J K L ™ N 9] P Q R S T U v W X Y Z
[5) 0 ) D GmbEst[ J*OTK*O[ L0 (100-CfKO[ _CKO | 100Q | 100-S | 100(V-U
G*17.67 H'17.67 T17.67 23 Gmb Meas (Gsb) Gh) v
. I8 — _H_ ..
1 1 64 | 4537.9 1277 1 111t 2.011 2311 2354 2.390 1.019 | 857 | 985 85.8 147 15 14.2 895 38.8 44.0 0.883
1 2 64 | 4587.9 1284 | 1115 2022 2.328 2.362 2300 | 1014 | 858 | 988 88.0 148 12 14.0 915 38.6 440 0.878
1 3 64 | 46011 1289 | 1124 2.020 2.316 2.357 2.390 1018 | 86.0 | 96.6 859 147 14 14.1 90.3 38.8 44.0 0881
2 1 63 | 4531.1 1201 | 1126 1.988 2.217 2.333 2.384 1.024 | 853 | 97.8 85.1 144 2.2 149 85.8 393 440 0.894
2 2 63 45188 1284 | 1125 | 1992 | 2273 | 2328 | 2384 1024 | 856 | 97.6 | ] 849 | 143 24 151 | 844 39.5 440 0.887
2 3 63 | 44958 1278 | 1118 1.991 2276 2.331 2.384 1.025 | 856 | 91.8 85.0 144 22 15.0 853 304 240 0.855
3 1 64 | 45751 | 2615.8 | 4579.1 | 1302 | 1136 1.988 2.219 2.330 2.380 1.023 | 854 | 97.9 84.9 14.6 2.1 15.1 86.2 395 440 0.897
3 2 6.4 | 44464 | 25308 | 44515 | 1270 | 1117 1.981 2.253 | 2326 | 2380 1033 | 860 | 87.7 | | 87 | 146 23 153 | 851 39.6 440 0.899
3 3 6.4 | 45054 | 2576.7 | 45105 | 127.9 | 1122 1.993 2272 2.330 2.380 1025 | 850 | 97.9 84.9 14.6 2.1 5.1 86.0 395 44.0 0.897
4 1 8.1 | 46005 | 2650.7 | 4603.1 | 1300 | 1135 | 111.8 2.003 2204 2.329 2.367 2388 1017 | 853 | 97.6 | 99.1 852 13.9 24 14.8 84.1 392 440 0.862
4 2 61| 4599.1 | 26465 | 46031 | 1206 | 1133 | 2008 | 2201 2351 | 2.388 1.023 | 86.1 | 964 859 | 140 16 141 | 889 | 387 440 | 0.880
4 3 61 | 45007 | 2656.0 | 45028 | 120.7 | 1132 | 1114 2.003 2.285 2.332 2.370 2.388 1016 | 853 | 7.7 | 993 853 13.0 23 147 84.3 39.2 340 0.891
5 1 6.1 | 46184 | 26357 | 46255 | 1335 | 1163 1.858 2.247 2.321 2405 1.033 | 84.1 | 965 84.8 13.8 35 152 77.0 395 44.0 0.808
5 2 6.4 46129 | 26319 | 4618.2 | 1313 1159 | | 1988 | 2252 | 2322 | 2405 1.031 852 | 968 | | 849 | 138 34 151 [ 7713 395 | 440 | 0897
5 3 6.1 | 45518 | 2611.2 | 45570 | 1200 | 113.7 1.997 2.285 2.338 2.405 1.032 | 857 | 97.2 85.5 13.9 28 14.5 80.9 39.1 44.0 0.888
6 1 61 | 45657 | 2636.3 | 4568.4 | 127.7 | 1114 2.023 2319 2.363 2.392 1019 | 862 | 988 86.4 14.1 12 13.6 91.1 384 44.0 0.873
6 2 6.1 4530.1 | 2622.1 | 45428 | 1275 | 1108 | 1 2015 2318 | 2363 | 2392 1.019 | 859 | 988 | | 884 | 1a1 1.2 138 | 912 | 384 | 440 | 0873 |
6 3 6.1 | 45428 | 26256 | 4546.1 | 1273 | 110.7 2.019 2.322 2.365 2.302 1019 | 86.0 | 089 86.5 4.1 11 135 918 38.3 44.0 0.872
- A. Keeter Checked By: A, Cooley
SSD = Saturated Surface Dry cc = cublc centimeter Gmb = Bulk Specific Gravity of Compacted Mixture  Gsb = Bulk Specific Gravity of Aggregate VTM = Voids in Total Mix
ITMD = Theoretical Maximum Density = Asphalt Cement Gmm = Theoretical Maximum Density of Mixture Gb = Specific Gravity of Asphalt Cement 'VMA = Voids in Mineral Aggregate
m = gram cubic foot Gsa = Apparent S Gravity of ate VCA = Voids in Coarse ate VFA = Voids Filled With Asphalt Cement

4%’
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NCHRP 9-811 - Task 8
SMA Construction Project No. 8

L ocation and Background

Construction Project No. 8 was constructed in August of 1997. NCAT
representatives were on-site from August 21 to August 23, 1997. Placement of the SMA
consisted of milling an existing asphalt concrete layer down to a Portland cement
concrete pavement and filling with 100 mm (4 in) of conventional binder course and 44
mm (1% in) of SMA.
SMA Mixture Information

The SMA mixture used for this project was a 19.0 mm nominal maximum
aggregate size mixture. Information about the mixture is presented in Table 8.1.
Limestone and traprock were the predominant aggregates used to produce the mixture.
Table 8.2 presents the design gradation. Tables 8.3 and 8.4 provide the properties of
these aggregates. The asphalt binder used for this project was a PG 64-28. Properties of
this binder are presented in Table 8.5.
Plant Information

The plant used for this project was a batch plant. This facility utilized a storage
silo for the mineral filler. The filler was blown from a truck into the silo where it was
augered into the weigh hopper of the plant. The fiber was in a loose form as bales. It was
blown from a fiber hopper into the weigh hopper above the pugmill.

Laydown Procedures
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Paving operations were not observed for this project.
Problems Encountered On-Site

No problems were encountered.

Sampling

Samples obtained while at this project included: each aggregate used to produce
the mixture, minera filler, fiber, asphalt binder, and loose mixture along with average
draindown values for each sample. Table 8.6 presents the times and dates that the loose
mix samples were obtained. Tables 8.7 through 8.11 present testing results accomplished

on samples obtained from this site.



Table8.1: Site 8 SMA Mixture Information

JMF 1.D. Number:

Dates on Project:

Number of Aggregate Stockpiles Used:
Design Voidsin Coarse Aggregate:
Type Asphalt Binder Used:
Modifier Type:

Design Asphalt Binder Content:
Supplier of Asphalt Binder:

Type Fiber Used:

Form of Fiber:

Design Percentage of Fiber:

Type Mineral Filler Used:

Design Percentage of Minera Filler:
Type Anti-Strip Additive Used:
Design Percentage of Anti-Strip:
Compaction Method:

Compactive Effort:

Laboratory Mixing Temperature:
Laboratory Compaction Temperature:
Design Voidsin Total Mix:

Design Mixture Density:

Design Voidsin Mineral Aggregate:
Design Voids Filled With Asphalt:
Design Marshall Stability:

Design Laboratory Draindown:

Loaded Whedl Test @ Design Asphalt Content:

August 21 - 23, 1997
3

42.6*

PG 64-28

SBS

6.0 percent
Koch
Cellulose
Loose

0.3 percent
Limestone dust
10.0 percent

None

Marshall Hammer
50 Blows per Side
368°F

340°F

4.3 percent

144.3 pcf

17.7 percent

75.9 percent

1801 Ibs

* Determined at NCAT |aboratory on materials obtained from project.

117



Table 8.2: Design Gradation for Site 8

Sieve Size Sieve Size, mm Reccl)_rprm?gded Percent Passing
Yain. 19.0 100 100.0
Y in. 125 85-95 89.9
% in. 9.5 75 max. 63.3
No. 4 4.75 20-28 26.2
No. 8 2.36 16-24 19.5
No. 16 1.18 16.0
No. 30 0.600 12-16 14.3
No. 50 0.300 12-15 135
No. 100 0.150 —-—- 119
No. 200 0.075 8-10 9.5
Table 8.3: Coarse Aggregate Propertiesfor Site 8
Test Limestone Traprock
Los Angeles Abrasion, % Loss 28 19
Flat & Elongated, %
3tol 16.0* 43.5%
5tol 0.0* 11.2*
Bulk/Apparent Specific Gravity 2.640/2.733* 2.604*
Absorption, % 1.3* 2.671*
Soundness (5 Cycles), % Loss 1.0*
Method Similar to AASHTO T103 0.1 0.1
Crushed Content, %
One Face 100* 100*
Two Face 100* 100*

Data not provided by agency is presented by blank data field.

* Determined at NCAT laboratory on materials obtained from project.

118



119

Table 8.4: Fine Aggregate Propertiesfor Site 8

Test Traprock
Bulk/Apparent Specific Gravity 2.401/2.658*
Absorption, % 4.0*

Soundness (5 Cycles), % Loss

Method Similar to AASHTO T103 0.1
Angularity, % 42.3*
Liquid Limit, %

Plasticity Index, % NP

Data not provided by agency is represented by blank datafields.
* Determined at NCAT laboratory on materials obtained from project.
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Table 8.6: Sampling Times and Datesfor Loose Mix Samples From Site 8

Samplel | Sample2 | Sample3 | Sample4 | Sample5 | Sample 6
Date Obtained 821/97 | 82297 | 822097 | 82397 | 8/23/97 | 8/23/97
Time Obtained 7:30pm 9:05pm 11:40pm 12:10am | 7:30pm | 10:00pm
Temperature of
Mixturein Truck, °F 365 360 30 30 .
Truc'k Load of t.he 125 358 644 924 137 420
Day’'s Production

i 0,

Draindown, % 0.02 0.00 0.1 0.00 0.02 01




Table 8.5: Site 8 Asphalt Binder Properties
SHRP ASPHALT BINDER GRADING SUMMARY

ASPHALT: Site 8
OPERATOR: Wilson
PROJECT: NCHRP 9-8
DATE: 10/21/97

Original RTFOT RTFOT + PAV residue
Flash Pt; --- °C Time/Temp after PAV: 20 HRS AT 100°C
. ) Loss:0.90 % ] )
Vis@133: 891 cP Physical Hardening Index: ---
HIGH TEMPERATURE GRADING LOW TEMPERATURE GRADING
G TE ORIGINAL RTFOT G T RTFOT +PAV T RTFOT + PAV
R MP R E E
A °C Dynamic Shear ic. Shear A M Dynamic Shear M Flexural Creep BT
D 10 rad/s (1.5 Hz) 10 rad/s (1.5 Hz) D P 10 rad/s (1.5 Hz) P (at 60 sec) (lmm/min)
E E °C °C
Gfsind (kPa) Gsins (kPa) G'siné (MPa) S, Stiffness{MPa) < m, Slope Failure Strain
> 1.00 kPa > 220kPa < 5000 kPa 300 MPa = 0.300 > 1.0%
o4 o4 -10 31 0
88 88 -16 28 6
82 82 -2 25 -12
76 76 28 2 1722 -18 132 0.204 658
70 70 0.8058 1.7782 34 19 2475 -24
64 64 1.4557 3.3475 -40 16 3410 -0
58 58 -46 13 4717 36
52 52 52 10 6361 42
45 46 £8 7 -48

GRADE:_PG 64-28

-

Tct



Table 8.7: Gradations For Samples Obtained In-Field

Site: 8
Sample: 1
toose Mix Samples Marshail Compacted Samples Gyratorty Comp Samples
Sieve JMF Std. Diff. From Std. Std.
mm__| % Passing|l Rep 1 Rep 2 | Average | Deviation JMF Rep 1 Rep 2 Average | Daviationf Rep 1 Rep2 | Average | Daviation
A B C D F G H J K M N P Q S T
B-F
250 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 0.00 100.0 100.0 100.0 0.00
19.0 100.0 100.0 100.0 100.0 0.00 0.0 $00.0 100.0 100.0 0.00 100.0 100.0 100.0 0.00
125 B9.9 93.0 g1.8 924 a8s -25 951 a51 951 0.00 .0 81.2 926 1.98
9.5 633 67.5 69.6 68,6 1.48 -53 757 4.7 75.2 0.71 69.5 70.6 70.4 0.78
4,75 26.2 208 298 208 0.00 -36 a7 386 382 0.64 34.4 344 34.4 0.00
236 19.5 N7 219 218 0.t4 -23 256 25.8 257 014 247 24.6 24.7 0.07
118 16.0 18.1 18.2 18.2 0.07 -22 201 20.3 20.2 014 19.9 19.7 19.8 0.14
0.60 143 162 163 16.3 0.07 =20 173 17.5 17.4 0.14 17.3 17.2 173 0.07
0.30 135 181 152 1652 a.07 -17 15.7 158 15.8 0.14 168 158 157 0.14
0.150 11.9 14.1 14.1 141 0.00 22 145 14.6 146 0.07 14.5 143 14.4 0.14
0.075 9.5 12.1 11.8 12.0 0.21 -2.8 12.3 12.2 12.3 0.07 11.9 12.0 12.0 0.07
= = ==
Site: 8
Sample: 2
Loose Mix Samples Marshali Compacted Sampi Gyratorty Compacted Samples
Siave JMF Std. Diff. From Std. Std.
mm__ | % Passing|| Rep1 Rep2 | Average | Deviation] JMF Rep 1 Rep 2 Average | Deviation|] Rep 1 Rep2 | Average | Deviation
A B [+] D F G H J K M N P Q E] T
B-F
250 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 0.00 100.0 100.0 100.0 0.00
19.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 000 100.0 0.00 100.0 100.0 100.0 .00
125 89.9 89.8 225 91.2 1.91 1.3 4.2 95.0 94.6 0.57 94.8 927 938 1.48
95 633 649 65.7 65.3 057 20 769 74.0 755 2.05 76.1 723 742 2,69
475 26.2 259 278 26.9 1.34 £.7 373 352 36.3 1.48 33.2 334 333 0.14
236 195 185 200 193 1.08 03 250 237 244 0.92 228 230 229 0.14
1.18 180 165 17.0 183 1.08 0.3 169.8 187 193 0.85 18.4 185 185 0.07
0.60 143 13.8 153 14.6 1.06 03 174 16.1 16.8 0.92 16.0 16.0 16.0 0.00
0.30 135 128 14.3 13.6 1.06 0.1 16.1 14.6 15.4 1.06 14.6 14.6 14.6 0.00
0.150 1.9 119 134 12.7 1.06 OB 154 136 146 127 135 133 13.4 0.14
0.075 9.5 9.5 11.4 10.5 1.34 0.8 13.2 1.4 12.3 1.27 113 10.8 11.1 0.35
Site: 8
Sample: 3
1 Loose Mix ples Marshall Comp Sampl Gyratorty Compacled Samples
Sieve JMF Sid. Diff. From) Std. Std.
mm_|% Passinng Rep 1 Rep2 | Average | Deviaticn| JMF Rep 1 Rep2 | Average | Deviation| Rep 1 Rep2 | Average | Deviation
A B c o] F G H J K M P Q S T
B-F
250 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 0.c0 100.0 100.0 100.0 0.00
190 100.0 o998 100.0 899 0.14 01 100.0 100.0 400.0 0.00 296 100.0 898 0.28
125 89.9 91.3 92.8 e21 1.06 2.1 93.7 92.5 931 0.85 93.0 84.0 B35 an
9.5 63.3 654 67.8 £6.6 1.70 -33 744 726 735 1.27 67.5 7 696 2,97
475 262 298 30.4 30.2 0.35 4.0 38.1 36.1 ari 1.41 33.9 as7 348 127
2.36 19.5 22.3 227 225 0.28 -3.0 259 24.8 25.4 0.78 245 26,0 253 1.06
118 18.0 187 188 188 0.07 28 205 197 201 0.57 201 211 206 0.71
0,60 143 16.7 16.8 16.8 0.07 2.5 17.7 17.0 17.4 0.49 17.7 184 181 0.48
0.30 135 167 16.6 167 0.07 22 16.3 15.7 16.0 0.42 165 171 16.8 0.42
0.150 118 14.6 14.5 14.6 .07 27 15.4 14.8 16.1 0.42 162 16.8 185 0.42
0.075 9.5 12.1 11.9 12.0 0.14 -25 13.4 12.7 12.1 .49 13.¢ 13.6 13.3 0.42

act



Table 8.7(Continued): Gradations For Samples Obtained In-Field

Site: 8
Sample: 4
l.oose Mix Samples Marshall Compacied Samples Gyratorty Comp 4 Samp}
Sieva JUMF Std Diff. From| Std. St
mm {% Passin, Rep 1 Rep 2 | Aversge | Deviation JMF Rep 1§ Rep2 Average | Daviationf Rep 1 Rep2 | Average i Deviaten
A 8 C D F G H J K M N 4 Q B T
B-F
250 100.0 10040 100.0 i00.0 0.00 a.g 100.0 1000 100.0 0.00 100.0 100.0 100.0 .00
18.0 1000 1000 1000 100.0 0.9¢ 06 99 1080 10600 0.07 100.0 808 9940 0.4
125 Bo.g 94.4 91.9 93.2 177 -33 929 942 841 021 928 93.2 93.0 0.28
95 833 713 884 500 205 5.8 755 740 748 1.08 7t8 888 704 205
4.75 26.2 35 280 293 1.77 3.1 363 369 356 042 23 318 321 0.35
236 185 229 3.8 2t 148 -16 240 241 24 0407 230 220 225 0.71
1.18 16.0 187 166 1.7 1.48 1.7 8.7 189 18.8 0.14 18.6 17.7 18.2 0.84
0.60 143 17.0 5.0 6.0 1.41 -1.7 6.2 163 ig3 o7 163 155 159 0.57
6.36 13.5 16.0 140 150 141 -1.5 4.7 14.9 14.8 .14 16,4 142 14.7 o964
0.180 118 16.0 131 141 .34 -2.2 i3.7 13.7 137 000 141 131 136 0.71
0.075 95 12.7 10.8 11.8 134 -2.3 109 10.6 30.8 921 117 10.8 113 9.64
Ske: 8
Sample. 5
Loose Mix Samples Marshall Compacted Sarmples Gyratorty Comy d P
Sisve JMF Std. { Gifft. From Std. Sid.
mm__|% Passingl| Rep Rep 2 | Average | Deviation JMF Rep 1 Rep 2 Average | Deviationll Rep 1 Rep2 | Aversge | Devialion
A B [+] D F G H 4 K M N P Q ) T
2-F
250 100.0 100.0 1600 100.0 6.00 00 100.¢ 160.0 100.0 0.00 160.0 100.0 100.0 0.00
190 100.0 100.0 100.0 100.0 Q.00 0.0 100.0 1000 100.0 0.00 100.0 100.0 1000 000
125 889 3.2 835 3.4 021 =34 838 8439 943 0.92 50 94 8 94.9 0.14
2.5 633 $43.9 886 828 821 -85 742 759 751 1.20 714 71.3 7.2 214
475 26.2 298 30.2 30.0 0.28 3.8 36.5 378 371 0.78 332 339 336 049
236 195 214 2t5 M8 4.07 -2.0 244 246 245 0.13 233 2356 225 0.2
118 16.0 18.4 18.3 6.4 Q.07 2.4 19.6 19,9 19.8 0.21 0.4 198.7 196 o2
050 14.3 17.0 168 16.9 8.14 2.8 17.4 178 17.5 0.14 73 17.6 175 &2
0.30 135 16.1 159 16.0 0.14 2.5 16.2 16.4 16.3 0.14 162 16.6 16.4 028
0.150 11.9 152 4.9 154 021 -32 184 185 168 8.07 154 189 187 0.35
0.075 5.5 12.8 12.5 127 0.21 -3.2 134 134 134 0.00 13.3 14.1 13.7 0.57
Site: 8
Sample: 8
H Loose Mix Samples Marshall Compacted Samples Gyratorty Compacted Samples
Sieve JMF Std. | Diff. From| Std. ER
mm % Passlng!lﬁ Rep 1 Rep2 | Average | Deviation| JMF Rep 1 Rep2 | Average | Devigtion)] Rep 1 Rep2 | Average | Devialion
A B C 1] £ G H J [3 M A P [+} S T
a8-F
250 100.0 100.0 100.0 100.0 0.00 0.0 Ho.o 100.0 106.0 0.00 100.0 180.8 160.0 000
180 100.0 99.7 987 537 .00 03 100.¢ 100.0 1G0.0 G.00 $00.0 98.9 1000 o.or
125 839 895 i3 ) 20.7 1.70 -G8 3.5 939 937 0.28 0.4 926 at.s .58
8.5 63.3 64.1 6.0 65.1 1.34 -1.8 72.2 7286 724 0.28 69.9 59.9 69.9 0.00
475 282 271 2713 272 Q.14 -1.0 344 358 35.1 0.99 322 34.0 a3 127
2.36 1856 20,0 200 200 Q.00 -0.5 23.0 237 234 0.43 224 239 222 1.08
1.18 16.0 158 187 8.8 0.4 -08 183 87 185 0.28 182 15.4 183 8.85
0.60 143 15.2 15.1 15.2 0.07 -0.8 18.0 16.2 16.1 0.14 158 17.0 16.4 0.88
430 135 143 142 143 Q47 0.8 148 49 149 0.07 1845 15.5 159 ot
0.150 119 134 13.5 13.5 a.or7 -1.6 13.9 137 133 0.14 136 144 140 D57
$.075 2.5 11.6 115 116 907 Al 120 415 118 0.35 118 12.2 119 D.42

ect



Table 8.8: Results of Marshall Hammer Compactions

Marshall Hammer: 50 Blows per Side

SITE NUMBER: 8 MATERIALS: Limestone/Traprock/Limestone Dust/Cellulose/PG64-28 [COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 73.8 DATE:
Apparent Specific Gravity of the Agg. (Gsa) =  |Bulk Specific Gravity of the Agg. (Gsb) = Bulk Sp. Gravity of CA (Gca): 2,625 4/15/98
AC Sp. Gr. (Gb) = 1.026 2.705 2578 Unit Wt. Of CAin DRC (pcf): 93.9
Unit Wt. Of CAin DRC (kg/m3)  1504.1
Asphait WEIGHTS MIX VOLUME SPECIFIC GRAVITIE VOLUMES VOIDS
Sample | Replicate| Content | InAir | InWater| SSD Volume Bulk TMD Aggregate AC by Unit VM VMA VFA VCA VCA drc | VCAVCA drc
Number % gms gms gms cc Gmb Gmm Valume Volume Weight % % % % % %
cc % pef
A 8 [ D E F G H | J K L M N 0] P Q R
F-E D (100-C)*H C*H H*62.4 [100(1-H/1)[ 100-J 100 ( N-M)
G Gsb Gb N
1 1 6.3 1207 .4 696.0 1209.3 5133 2.352 2447 85.5 143 146.8 3.9 14.5 73.2 38.0 426 0.891
1 2 6.3 1197.8 687.7 1199.3 511.6 2.341 2.447 85.1 14.3 146.1 4.3 14.9 70.9 38.3 42.6 0.898
1 3 6.3 1199.1 689.5 1202.2 5127 2.339 2.447 85.1 14.3 145.9 4.4 14.9 70.4 38.4 42.6 0.899
2 1 57 1227.6 699.0 1230.6 531.6 2.309 2.436 84.4 12.9 144.1 5.2 15.6 66.6 388 426 0.910
2 2 57 1208.2 686.2 12111 524.9 2.302 2.436 84.2 12.9 143.6 5.5 15.8 85.2 39.0 426 0.915
2 3 5.7 1200.1 682.7 1204.0 521.3 2.302 2.436 84.2 12.9 143.7 5.5 15.8 65.3 39.0 42.6 0.914
3 1 6.3 1191.8 684.5 1194.5 510.0 2.337 2.432 85.0 14.2 145.8 3.9 15.0 74.0 38.4 426 0.901
3 2 6.3 1193.8 684.1 1196.8 512.7 2.329 2.432 84.7 14.2 145.3 4.2 15.3 72.3 38.6 42.6 0.906
3 3 6.3 1197.2 686.2 1200.1 513.9 2.330 2.432 84.7 14.2 1454 4.2 15.3 72.5 38.6 426 0.905
4 1 6.1 1187.7 675.5 1191.5 516.0 2.302 2.433 83.8 13.7 1436 5.4 16.2 66.6 39.2 426 0.920
4 2 6.1 1185.7 674.4 1189.1 514.7 2.304 2433 83.9 13.7 143.7 5.3 16.1 67.0 39.2 42.6 0.919
4 3 6.1 1199.9 682.5 1202.8 520.3 2.306 2.433 84.0 13.7 143.9 52 16.0 67.4 39.1 42.6 0.917
5 1 6.1 1189.7 682.3 1192.1 509.8 2334 2428 85.0 13.9 1456 3.9 15.0 74.1 38.4 42.6 0.901
5 2 6.1 1187.0 680.4 1189.8 509.4 2330 2428 84.9 13.9 145.4 4.0 15.1 73.4 38.5 42.6 0.903
5 3 8.1 1188.4 680.7 1191.8 510.9 2.326 2428 84.7 13.9 1451 4.2 15.3 72.6 38.6 42.6 0.905
6 1 6.0 1193.5 682.8 1197.3 514.5 2.320 2433 84.6 13.6 144.8 4.7 15.4 69.8 38.7 42.6 0.907
6 2 6.0 1196.8 681.8 1203.2 521.4 2.295 2433 83.7 13.4 143.2 5.7 16.3 65.3 39.3 426 0.923
[ 3 6.0 1221.2 692.2 1228.3 536.1 2.278 2433 83.1 13.3 142.1 6.4 16.9 624 39.8 42.6 0.933
[nput By: Checked By:  A. Cooley
SSD = Saturated Surface Dry ¢c = cubic centimeter Gmb = Bulk Specific Gravity of C Mixture Gsb = Bulk Specific Gravity of Aggregate VTM = Voids in Total Mix
TMD = Theoretical Maximum Density AC = Asphait Cement Gmm = Theoretical Maximum Density of Mixture Gb = Specific Gravity of Asphalt Cement VMA = Voids in Mineral Aggregate
m = gram pef = pounds per cubic foot Gsa = Apparent Specfic Gravity of Aggregate VCA = Voids in Coarse Aggregate VFA = Voids Filled With Asphalt Cement

14’



Table 8.9: Results of SGC Compactions

SITE NUMBER: 8 MATERIALS: Limestone/Traprock/Limestone Dust/Celiulose/PG64-28 ‘COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 73.8 DATE:
Apparent Specific Gravity of the Agg. (Gsa) = [Bulk Specific Gravity of the Agg. (Gsb) = Bulk Sp. Gravity of CA (Gca) 2.625 4/15/98
AC Sp. Gr. (Gb)=  1.025 2705 2578 Unit Wi. Of CA in DRC (pcf): 93.9)
Unit Wi. Of CA in DRC (kg/m3): 1503.8)
Asphalt WEIGHTS HEIGHTS EST. BULK GRAVITIES SPECIFIC GRAVITIES CORR. % Gmm VOLUMES AT Ndes VOIDS
Sample | Replicate| Content | InAir | In Water| SSD Nini Ndes Nmax Nini Ndes Nmax Bulk TMD | Correction Aggregate AC by al’l VMA VFA VCA VCA drc | VCA VCA drc|
Number % ams | gms | oms | (8Gyn [(100Gyn[(158Gyn| (8Gyn (100Gyn) | (158Gyn Gmb Gmm | Faclor | Nini [ Ndes | Nmax| Volume | Volume | atNdes | atNdes | atNdes % %
mm mm mm % % % cc % % %
A B C D E F G H ] J K L M N [¢] P Q R S u v w X Y Z
) 3] D GmbEsL [ J*O [ K O| L"O | (100CyK'O 100Q | 100-S | 100(v-U,
G17.67 H7.67 17,67 F-E GmoMeas. | (Gsb) ©Gb) v
1 63 | 4556.7 | 2647.0 | 45636 | 1279 | 1118 2017 2307 2.380 2447 - 0| 67.2 865 28 135 79.6 373 227 0.874

--__IE‘ZE

2 T 2 | 57 | 45038 26564 | 45687 |
|57 1 46085 1 26673 |

Checked By: _ A. Cooley

finput By:

[SSD = Saturated Surface Dry cc = cubic centimeter Gmb = Bulk Specific Gravity of Compacted Mixture ~ Gsb = Bulk Specific Gravity of Aggregate ~ VT!
[TMD = Theoretical Maximum Density AC = Aspnan Cement Gmm = Theoretical Maximum Density of Mixture

jgm = gram ds per cubic foot Gsa = Apparent Specfic Gravity of Aggregate

Gb = Specific Gravity of Asphalt Cement VMA = Voids in Mineral Aggregate
VCA = Voids in Coarse Aggregate - VFA = Voids Filled With Asphalt Cement

qct



Table 8.10: Results of Loaded Wheel Testing

126

Site No.: 8
Specimen] VIM | RutDepth | RutDepth | RutDepth
No. % at 1000 at 4000 at 8000
Cycles (mm) | Cycles (mm) [ Cycles (mm)
R1 2.3 0.34 1.32 1.83
R2 2.6 0.15 0.97 1.67
R3 2.7 0.71 1.69 2.22
R4 3.3 1.03 3.06 3.78
Average 2.7 0.56 1.76 2.38
|std.Dev.| 044 0.392 0.915 0.965
Table 8.11: Results of Superpave Analysis Testing
Site No.: 8
Test Temp. [Test
Test deg. C Result Rep. 1 Rep.2 | Average | Std. Dev.
Frequency Sweep @ G*
Constant Height Delta

Simple Shear Test @
Constant Height
Creep Compliance

Tensile Strength

Strain Rate, mm/mm

Final Strain, mm

Strain Rate, mm/mm

Final Strain, mm

Strength
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NCHRP 9-811 - Task 8
SMA Construction Project No. 9
L ocation and Background

Construction Project No. 9 was constructed in September of 1997. NCAT
personnel were on-site from September 10 to September 15, 1997. This project consisted
of placing approximately 4000 tons of SMA. Within the extent of this project, the
interstate was a divided four-lane roadway.

Thiswasthefirst SMA project performed by this state DOT, therefore the mix
design for this project was conducted by NCAT using the SMA mixture design method
developed under Phase | of NCHRP Project 9-8. In addition to the mixture design,
NCAT was responsible for the quality control testing for this project.

Field construction for this project consisted of overlaying an existing roadway
with 44 mm (1.75in) of SMA.

SMA Mixture Information

The SMA mixture used for this project was a 12.5 mm nomina maximum
aggregate size mixture. Constituents of the mixture included crushed granite, agricultural
limefiller, hydrated lime, cellulose fiber, and a PG 76-22 asphalt binder. Additional
information about the mixtureis presented in Table 9.1. The design gradation is shown
in Table 9.2. Properties of the coarse and fine aggregate are presented in Table 9.3 and
9.4, respectively.

The mineral filler used for this project (agricultural lime) did not conform to
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AASHTO M17 (as specified by the mixture design procedure developed under Phase |).
Table 9.5 shows that the gradation of thisfiller is outside the recommended limits of
AASHTO M17. Ascan be seen from thistable, the agricultural lime was coarser than the
recommended grading. The contractor wished to use this source of mineral filler because
it was coarse enough to be fed to the mixture from an aggregate bin. Since the filler
could be fed from an aggregate bin, a separate silo did not have to be constructed to store
and introduce the mineral filler. Because of the filler's coarseness, some concerns were
expressed prior to the mix design about using this source of filler. Therefore, NCAT
contacted the Virginia Asphalt Pavement Association (VAPA). This source of filler had
been used on numerous projects within the state of Virginia. Based on this contact,
NCAT was informed that the filler had been used successfully on projects within Virginia
and therefore was selected for SMA construction project No. 9.

The asphalt binder used for this project was a PG 76-22 modified with Stylink.
Properties of this binder are presented in Table 9.6
Plant Information

The facility used to produce the SMA mixture was a GenCor-Bituma drum plant.
The only modification made to this plant was the addition of a hopper for the introduction
of the fiber (Figure 9.1). This hopper used weight loss over time to keep the amount of
fiber entering the production process consistent.

The mineral filler used for this project was introduced via an aggregate bin. To

ensure the mineral filler stayed dry, the contractor stored it in a large shop building on the
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plant yard. The front-end operator transferred the mineral filler directly to the aggregate
bin asrequired. By storing the mineral filler in the large shop building, the contractor
assured it was kept dry.

Laydown Procedures

Paving operations were observed each day that the project was on-going. For this
project, the contractor used a Material Transfer Device (MTV) between the unloading
trucks and the paver. During the project, the MTV did break down for several hours.
The contractor decided to continue placement of the SMA without the MTV by dumping
the SMA directly into the paver. While this occurred, segregation problems did occur.
Based on avisua inspection by NCAT personnel, it appeared that the segregation
occurred at the end of each truck load. Small segregated spots (several 1 to 1.3 meter (3
to 4 feet) diameter spots transversely across the pavement) occurred at approximately
every 36 to 43 meters (120 to 140 feet). After discussing the segregation problems with
the contractor, a mutual decision was made to stop placement until the MTV was
repaired.

Paving speeds of between 6.1 and 11.6 m/min (20 to 38 ft/min) were used during
this project. The paving speed of 6.1 m/min was used on the first day of placement and
subsequently increased every day to the 11.6 m/min as the contractor gained confidence
with placing the SMA mixture. Based on visual observations by NCAT representatives,
it appeared that the surface texture of the completed mat became rougher as the paver

Speed increased. It appeared that portions of the mat were coarser than others
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(segregation of the mortar from the coarse aggregate) along with spots that looked like the
mixture had pulled under the screed. Thiswas probably due to mortar sticking to the

screed. As the amount of mortar would build up on the screed, it would form a “clump.”
Before the clumps would break off, they would pull mixture forming small trenches in the
mat. When the clumps of mortar would break off the screed, it would form small fat
spots of between 8 and 15 cm (3 and 6 inches) in diameter.

Four rollers were used for compacting the placed mat. Each weighing 10 to 12
tons. The breakdown roller would make 5 passes, with the first pass for the outside,
middle and inside of the lane being in vibratory mode. The remaining 2 passes were in
static mode. The contractor did do a good job of keeping the breakdown roller right
behind the paver. After the breakdown roller finished, the second roller would make 7
passes, again with the first pass for each third of the lane in vibratory mode. Both the
third roller and finish roller made 9 passes, all in static mode.

Problems Encountered On-Site

Besides the problem described concerning the breakdown of the MTV, no
problems were encountered.
Sampling

Samples obtained while at this project included: each aggregate used to produce
the mixture, mineral filler, fiber, asphalt binder, loose mixtures, and ten cores. Table 9.7
presents the times and dates that each loose mix sample was obtained along with the

average draindown value for each sample. Tables 9.8 through 9.13 present testing results
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accomplished on samples obtained from this site.
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Table9.1: Site9 SMA MixtureInformation
JMF 1.D. Number: 97606
Dates on Project: 9/10/97 through 9/15/97
Number of Aggregate Stockpiles Used: 3
Design Voidsin Coarse Aggregate: 40.9 percent
Type Asphalt Binder Used: PG 76-22
Modifier Type: Stylink
Design Asphalt Binder Content: 6.0 percent
Supplier of Asphalt Binder: Koch
Type Fiber Used: Cellulose
Form of Fiber: Loose
Design Percentage of Fiber: 0.3 percent
Type Mineral Filler Used: Agricultural Lime
Design Percentage of Minera Filler: 10.0 percent
Type Anti-Strip Additive Used: Hydrated Lime
Design Percentage of Anti-Strip: 1.0 percent
Compaction Method: Marshall Hammer
Compactive Effort: 50 Blows per Side
Laboratory Mixing Temperature: 307 to 320°F
Laboratory Compaction Temperature: 268 to 282°F
Design Voidsin Total Mix: 3.6 percent
Design Mixture Density: 152.6 pcf
Design Voidsin Mineral Aggregate: 17.4 percent
Design Voids Filled With Asphalt: 79.2 percent
Design Marshall Stability: 2183 1bs
Design Flow (0.01 in): 13.2
Loaded Whedl Test @ Design Asphalt Content:




Table 9.2: Design Gradation for Site 9

Sieve Size Sieve Size, mm Rec‘)m”?mded Percent Passing
Limits
Yain. 19.0 100 100.0
% in. 125 85-95 100.0
% in. 9.5 75 max. 75.5
No. 4 4.75 20-28 27.5
No. 8 2.36 16-24 20.7
No. 16 1.18 17.1
No. 30 0.600 12-16 15.2
No. 50 0.300 12-15 13.7
No. 100 0.150 -—-- 114
No. 200 0.075 8-10 8.5
Table 9.3: Coarse Aggregate Propertiesfor Site9
Test Source
Los Angeles Abrasion, % Loss 27
Flat & Elongated, %
3tol 0
5to1 0
Bulk/Apparent Specific Gravity ---12.84
Absorption, % 0.3
Soundness (5 Cycles), % Loss
Sodium Sulfate 1.2
Crushed Content, %
One Face 100
Two Face 100

Data not provided by the agency represented by blank (ﬂata
fields.
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Table 9.4: Fine Aggregate Propertiesfor Site 9

Test Source
Bulk/Apparent Specific Gravity 2.819/2.872*
Absorption, % 0.01*

Soundness (5 Cycles), % Loss

Sodium Sulfate

Liquid Limit, %

Plasticity Index, %

Angularity, % 49.3*

Data not provided by agency represented by blank datafields.

* Determined at NCAT laboratory on materials obtained from project.

Table9.5: Mineral Filler Gradation and AASHTO M17 Limits
Sieve Size, mm Mineral Filler AASHTO M17
Gradation Limits
4.75 100.0 -
2.36 100.0
1.18 96.0
0.60 92.6 100
0.30 86.4 95-100
0.16 814
0.075 52.6 70-100

134



Table 9.6: Site 9 Asphalt binder Properties

ASPHALT: Site 9
OPERATOR: Wilson
PROJECT: NCHRP 9-8
DATE: 10/21/97

SHRP ASPHALT BINDER GRADING SUMMARY

Original RTFOT RTFOT + PAV residue
Flash Pt: --- °C Time/Temp after PAV: 20 HRS AT 100°C
] Loss:0.12 % ] ]
Vis@135:2791 cP Physical Hardening Index: ---

HIGH TEMPERATURE GRADING LOW TEMPERATURE GRADING
G TE ORIGINAL RTFOT G T RTFOT +PAV T RTFOT + PAV
R MP R E E :
A °c ic Shear Dynamic Shear A M Dynamic Shear M Flexural Creep DT
D 10 rad/s (1.5 Hz) 10rad/s (1.5 Hz) b o}:: 10 rad/s (1.5 Hz) P (at 60 sec) {1mm/min}
E E °C

GTsinG (kPa) G'fsiné (kPa) G'sind (MPa) S, Stiffness(MPa) < m; Slope Failure Strain
2> 1.00kPa > 2.20kPa < 5000 kPa 300 MPa > 0.300 2 1.0%

94 || o4 10 § 37 0

88 46 | 34
82 | 82 09414 1.8271 2 | 1243 12 12 0314 2828
76 || 76 1.5603 3.0886 28 28 1797 -18
70 1| 70 34 | 2 2525 -24
64 | 64 <« | 2 345 30
58 | s8 46 19 4978 36
52 | 52 52 16 6908 42
46 || 46 58 13 48

GRADE:_PG 76-22

GET
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Table 9.7: Sampling Times and Datesfor L oose Mix Samples From Site 9

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
Date Obtained 9/12/97 9/12/97 9/13/97 9/13/97 9/15/97 9/16/97
Time Obtained 10:55am | 2:27pm | 10:51am | 1:30pm 9:15am 9:20am
Temperature of Mixture | 54, 360 370 370 345 355
in Truck, °F
Days Production 10 45 ° A ° i
Day’s Tonnage 217 977 130 637 132 130
Draindown, % 0.04 0.1 0.1 0.01 0.1 0.00




Table 9.8: Gradations for Samples Obtained In-Field

Site: 9
Sample 1
Loose Mix Samples || Average Marshall Compacted Samgples Gyraterty Compacied Samples
Sieve JMF Diff. Fremf] Core Sd. Diff. From Std Diff. From
mm | % Passingl]l Rep 1 JMF _ [IGradationjl Repi Rep2 | Average | Deviation | Cares Rep 1 Rep2 | Average | Deviation| Cores
A B c H | J K M N 8] P Q ] T u
B-F i-M -5
25.0 100.Q 100.0 0.0 100.0 100.0 100.0 100.0 ©.00 0.0
19.0 100.0 100.0 0.0 100.0 100.0 100.0 100.0 0.00 0.0
125 100.0 99.5 0.5 980 95.8 98.6 0g9.2 0.8% -0.2
95 755 704 5.1 78.6 80.8 789 80.4 0.64 -1.7
475 27.8 305 30 335 381 380 386 0.78 -5.1 Sampies Not Tested
2.26 20.7 197 1.0 218 261 251 256 ar -39
1.18 171 183 213 205 20.9 0.57 -26
0.80 15.2 16.6 19.4 18.8 19.0 057 -2.4
0.30 13.7 137 0.0 15.7 183 77 18.0 042 -2.3
0.150 114 140 167 16.5 16.6 0.14 =2.6
0.075 856 B.9 -0.4 10.7 13.0 12,9 13.0 0.07 -2.2
Site: 9
Sampie: 2
Loose Mix Samples | Average Marshall Compacted Cyratorty Compacted
Skeve JMF Diff. From| Core Std. Diff. From Std. Diff. From
mm__[% Passingll Rep 1 JMF ( i Rep 1 Rep2 | Average | Deviation Cores Rep 1 Rep 2 | Average | Deviation| Cores
A B C H | J K M N [¢] P Q ] T 1]
B-F 100.0 I-M I-S
250 100.0 100.0 [+R¢] 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 0.00 0o
190 100.0 100.0 ¢.o 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 0.00 0.0
125 100.0 100.0 [+X1] 99.0 99.7 98.2 a9.0 1.08 0.0 99.4 99.2 99.3 0.14 0.3
9.5 75.5 724 34 78.68 795 794 795 .07 0.8 819 821 £23 057 a7
4.75 275 28.0 06 a3s 37.6 36.4 37.0 0.85 -35 36.7 342 355 177 -20
2.36 207 17.0 a7 21.8 241 233 237 057 20 240 224 232 1.13 -1.5
1.18 171 18.3 19.0 18.8 i89 014 -0.6 19.6 18.5 19.1 0.78 0.7
0.60 18.2 168 171 17.0 171 0.07 0.4 17.8 16.9 17.4 0.64 08
0.30 137 120 17 15.7 158 162 16.0 028 0.3 16.8 16.1 165 0.49 -08
0.150 114 14.0 141 150 146 0.64 -05 15.7 14.3 15.0 0.59 «1,0
0.0756 8.5 7.7 0.8 10.7 10.8 11.6 11.2 0.57 -0.5 12.9 14 12.2 1.08 -1.4
Site: 9
Sample: 3
Lacse Mix Samples || Average Marshall Compacted Gyratory Compacted Samples
Sieve JMF Diff. Fromfi Core Std. Diff. From; Std Diff, From
mm__| % Passingf Rep 1 JMF N Gradation]] Rep 1 Rep2 | Average | Deviation | Cores Rep 1 Rep2 | Average | Devialion] Cores
A 8 C H ] J K M N Q P Q s T U
B-F I-M I-S
25.0 100.0 100.0 0.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 0.00 00
19.0 100.0 100.0 0.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 998 989 0.14 0.1
12.5 100.0 g9.5 0.5 88.0 98.4 99.0 997 0.42 03 988 947 088 0.07 0.2
9.5 765 704 51 766 80.5 80.1 803 0.28 -1.7 BD.3 7756 78.9 +.98 -0.3
4.75 275 305 -3.0 3315 397 38.9 39.3 0.57 -5.8 380 73 377 049 -4.2
2.26 207 19.7 1.0 218 26.8 26.3 266 0.35 4.8 257 259 . 258 0.14 -4.1
1.18 17.1 18.3 218 26 217 0.14 -34 209 214 212 0.35 2.8
0.60 16.2 16.6 19.8 197 198 0.07 -3.2 189 19.7 19.3 0.57 -27
0.30 13.7 137 0.0 187 188 188 187 0.14 -3.0 17.5 18.9 18.2 0.98 -2.5
©.150 114 14.0 16.5 173 16.9 0.57 29 154 167 16.1 0.92 -20
0076 85 8.9 -0.4 10.7 129 135 13.2 0.42 2.5 12.0 13.1 12.6 0.78 -1.8

LET



Table 9.8 (Continued): Gradations For Samples Obtained In-Field

Site: 9
Sample: 4
Loose Mix Samples ! Average Marshall Compacted Samples Gyratorty Compaeted Samples
Sieve IMF Diff, Fromyl  Core Std. Ciff. From| Std. Diff. Fram
mm__ | % Passingll Rep 1 JMF  {Gradation|] Rept Rep 2 | Average | Deviation | Cores Rep 1 Rep2 | Average | Deviation | Cores
A B c H | Jd K M N o] P Q S T U
B-F I-M -5
250 100.0 100.0 0.0 160.0 #VALUE!] 100.0 100.0 100.0 0.00 0.0
19.0 100.0 100.0 .0 100.0 #VALUEH] 100.0 1000 100.0 0.00 0.0
12.5 100.0 993 07 990 #VALUE! 029.8 9.0 99.4 0.57 -0.4
9.5 755 T44 1.1 786 #VALUE!] 77.2 Al 775 0.3% 1.2
475 215 275 0.0 335 Samples Not Tested 335 31.e 326 31.8 113 17
236 207 17.0 37 21 #VALUE! 19.5 227 211 226 0.6
1.18 171 183 #VALUE! 154 189 17.2 2.47 1.2
0.60 152 166 #VALUE! 137 17.4 15.8 2.82 11
0.30 137 118 1.9 167 #VALUE! 12.8 16.6 14.7 269 1.0
0.150 11.4 140 #VALUE! 10.8 16.0 138 361 0.6
0.075 8.5 7.7 0.8 10.7 #VALUE! 79 13.0 10.5 3.61 0.3
Site: 9
Sampla: 5
Loose Mix Samples || Average Marshall Compacted Samples Gyratorty Ci d S |
Slave JMF Diff, Fremj| Core Std. Diff. From| Std. Diff. From
mm_|*% Passing]l Rep 1 JMF_ HGradation|| Rep Rep2 | Average | Deviation | Cores Rep 1 Rep2 | Average | Deviation] Cores
A B c H 1 J K M N [2) P Q s T 1]
B-F i-M -8
250 100.0 100.0 0.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 0.00 0.0
19.0 100.0 100.0 0.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 0.00 0.0
125 100.0 98.9 1.1 99.0 904 93.6 99.5 0.14 -0.5 98.6 994 99.0 0.57 0.0
8.5 75.5 2.7 28 78.8 80.4 828 816 1.70 -3.0 78,6 75.2 76.9 2.40 17
475 275 261 14 335 373 arse 375 a2t -4.0 353 51 352 0.14 17
236 207 16.6 4.1 218 243 24t 242 0.14 25 235 237 236 0.14 1.9
1.18 171 182 18.5 19.2 19.4 0.2 -1.0 19.4 19.6 18.5 0.14 1.2
0.60 15.2 16.6 17.6 174 174 038 -0.8 17.7 177 17.7 0.00 =11
0.30 13.7 11.9 18 18.7 164 16.8 16.1 0.42 -04 16.8 16.4 16.5 0.14 08
0.150 14 40 145 139 142 042 -0.2 14.9 145 147 Q.28 D7
0.075 8.5 77 0.8 107 1.3 10.8 11.1 0.36 -0.3 11.7 11.4 11.6 0.21 0.8
Site: 9
Sampla: [
Loose Mix Samples || Average Marshall Compacted Gyratorty Compacted Samples
Sieve JMF Diff. From|l Core S1a Diff. From| Std. Diff. From
mm_ | % Passingll Rep 1 JMF__[|Gradationll Rep 1 Rep2 | Average | Deviation | Cores Rep 1 Rep2 | Average | Deviation| Cores
A B [«] H | J K M N [e] P Q S T 0]
B-F I-M -5
250 100.0 100.0 0.0 1000 100.0 100.0 100.0 0.00 00 100.0 100.0 100.0 0.00 0.0
19.0 100.0 100.0 Q.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 1000 0.00 0.0
12.5 100.0 100.0 0.0 9.0 989 99.4 9.2 0.35 0.2 99.1 99.4 90.3 0.21 -03
8.5 755 778 23 78.6 818 615 81.7 0.21 -3.0 79.8 79.3 79.6 0.35 0.9
475 275 321 4B 335 399 381 s 0.57 6.0 387 37.7 g 0.71 -3.7
238 207 210 03 218 264 254 259 0.71 “+2 249 247 248 0.14 -3.1
1.18 171 18.3 21.2 203 20.8 0.64 2.4 202 201 20.2 0.07 -18
0.60 15.2 166 191 18.2 18.7 0.64 <21 16.2 18.1 182 0.07 -1.6
0.30 137 142 05 15.7 178 16.9 17.4 0.64 1.7 169 16.9 169 0.00 -1.2
0.150 114 140 16.1 15.0 16.6 0.78 -1.5 14.9 18.1 15.0 014 1.0
0.075 8.5 8.2 -0.7 10.7 12.6 113 12.0 0.92 -1.2 11.7 11.8 11.8 0.07 -1.0
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Table 9.8: Results of Marshall Hammer Compactions

Marshall Hammer: 50 Blows per Side

SITE NUMBER: 9 MATERIALS: Granite\PG 76-22\Agricultrual Lime/Cellulose COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 725 DATE:
Apparent Specific Gravity of the Agg. (Gsa) = TBulk Specific Gravity of the Agg. (Gsb) = Butk Sp. Gravity of CA (Gca): 2.790 4/15/98
AC Sp. Gr. (Gb)=  1.028 2831 2785 Unit Wt. Of CA in DRC (pcf): 1028
Unit Wt. Of CAin DRC (kg/m3)  1646.7|
Asphalt WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Sample | Replicate| Content In Air | In Water SSD Volume Bulk TMD Aggregate AC by Unit VM VMA VFA VCA VCA drc | VCAVCA dre
Number % gms gams gms cc Gmb Gmm Volume Volume Weight % % % % % %
cc % pef
A B c D E F G H I J K L M N ] P Q R
F-E D (100-C) " H C*H H*62.4 [100(1-HN) 100-J 100 (N-M)
G Gsb Gb N
1 1 6.3 12273 730.1 1229.9 499.8 2.456 2.552 82.6 15.0 153.2 3.8 17.4 782 40.2 40.9 0.982
1 2 6.3 1255.4 745.7 1257.6 511.9 2452 2.552 82.5 15.0 163.0 3.9 17.5 77.7 40.3 40.9 0.984
1 3 6.3 1235.0 733.7 1237.7 504.0 2450 2.652 82.5 14.9 152.9 4.0 17.5 773 40.3 40.9 0.985
2 1 6.0 1235.8 734.1 1238.9 504.8 2.448 2.548 826 14.4 152.8 3.9 17.4 775 40.2 409 0.983
2 2 6.0 1228.4 729.7 1231.5 501.8 2.448 2.548 82.6 14.4 162.8 3.9 174 775 40.2 40.9 0.983
2 3 6.0 1234.5 732.0 1237.4 505.4 2.443 2.548 824 14.4 162.4 4.1 17.6 76.5 40.4 40.9 0.986
3 1 5.9 1238.3 741.7 1240.0 498.3 2.485 2.552 83.9 14.3 155.1 2.6 16.1 83.7 39.3 40.9 0.959
3 2 5.9 1247.7 747.2 12498.2 502.0 2.485 2.552 84.0 14.3 1565.1 2.6 16.0 838 39.2 40.9 0.959
3 3 5.9 1224.4 733.5 1226.5 493.0 2484 2.552 83.9 14.3 155.0 27 16.1 834 39.3 40.9 0.960
4 1 6.6 1237.4 734.2 12403 506.1 2.445 2.558 82.0 15.6 152.6 4.4 18.0 754 40.6 40.9 0.993
4 2 6.6 1246.6 740.4 1250.1 509.7 2.446 2.558 82.0 15.7 152.6 4.4 18.0 756 40.6 40.9 0.993
4 3 6.6 1234.7 734.5 1237.5 503.0 2.455 2.558 82.3 15.7 153.2 4.0 17,7 771 40.4 40.9 0.988
5 1 6.3 1271.7 753.9 1274.8 520.9 2441 2.550 82.1 15.0 152.3 4.3 17.9 76.2 40.6 409 0.981
5 2 €.3 1218.2 723.9 1220.7 496.8 2.452 2.550 82.5 15.1 153.0 3.8 175 78.1 40.3 40.9 0.985
5 3 6.3 1236.2 732.4 1238.9 506.5 2441 2.550 82.1 15.0 152.3 4.3 17.9 76.0 40.6 40.9 0.992
8 1 6.1 1194.3 713.9 1199.1 485.2 2.461 2.558 83.0 14.6 153.6 3.8 17.0 77.8 39.9 40.9
82.2

finput By: Checked By: _A. Cooley

SSD = Saturated Surface Dry cc = cubic centimeter Gmb = Bulk Specific Gravity of Compacted Mixture Gsb = Bulk Specific Gravity of Aggregate VTM = Voids in Total Mix

 TMD = Theoretical Maximum Density AC = Asphalt Cement Gmm = Theoretical Maximum Density of Mixture Gb = Specific Gravity of Asphalt Cement VMA = Voids in Mineral Aggregate

gm = gram pef = pounds per cubic foot Gsa = Apparent Specfic Gravity of Aggregate VCA = Voids in Coarse Aggregate VFA = Voids Filled With Asphalit Cement
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Table 9.10: Results of SCG Compactions

SITE NUMBER: 9 MATERIALS: Granite\PG 76-22\Agricultrual Lime/Cellulose COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 725 DATE:
Apparent Specific Gravity of the Agg. (Gsa) = Bulk Specific Gravity of the Agg. (Gsb) = Bulk Sp. Gravity of CA (Gca): 2.790] 4/15/08
AC Sp. Gr. (Gb)=  1.028 2.831 2.785 Unit Wt. Of CA in DRC (pcf): 102.8
Unit Wt. Of CA in DRC (kg/m3): 1646.7
‘Asphalt WEIGHTS HEIGHTS EST. BULK GRAVITIES SPECIFIC GRAVITIES CORR. % Gmm VOLUMES AT Ndes VOIDS
Sampie Replicate| Content | InAir | InWater] SSD Nini | Ndes | Nmax Nini Ndes Nmax Buk TMD | Correction Aggregate | AC by VM VMA VFA VCA [ VCA drc [VCA VCA drc}
Number % gms gms oms. (8 Gyr) | (100 Gyn| (158 Gyr)} (8 Gyr) {100 Gyr} (158 Gyr) Gmb Gmm Factor Nini | Ndes | Nmax Volume Volume | atNdes | atNdes at Ndes % %
mm mm mm % %. % cc % % %
A B [ D E F G H 1 J K L M N 9] P Q R S T [1] v X Y Z
5] D ) D GmbEst [ J°O | K*O| L*O | (100-CyK'O] CK'O_ | 100-Q [ 100-S
G™17.67 H17.67 17.67 i Gmb Meas (Gsb) Gb) v
e o ——— AR —}====f—_ - o
1 1 6.3 | 4897.5 | 2955.1 | 40023 | 127.0 | 1114 2.182 2488 2515 2,552 1.011_| 864 | 986 4. 154 14 15.4 90.6 38.8 40.9 0.947
1 2 €3 | 49104 | 2064.2 | 40140 | 1288 | 1123 2157 2474 2518 2552 | 1.018 | 86.0 | 987 4. 15.4 13 153 914 38.7 40.9 0.945
1 3 6.3 | 4960.6 | 2091.0 | 49633 | 1292 | 1128 2173 2.489 2518 2.552 1011 | 861 | 96.6 34 154 14 15.3 90.9 38.7 409 0.947
2 1 6.0 | 4949.8 | 2076.0 | 49540 | 133.0 | 1149 2.108 2438 2.504 2548 | 1.027 | 849 | 983 845 146 1.7 15.5 83.7 388 409 0.949
2 2 8.0 4924.0 | 29614 | 49260 | 131.8 | 1140 | I 2114 | 2444 | | 2504 | 2548 1.024 | 850 | 98.3 | I 845 | 146 | 17 | 155 | 888 | 388 | 409 | 0.049
2 3 6.0 | 4924.2 | 2961.8 | 49206 | 1319 | 1147 2.113 2429 2.502 2548 | 1030 | 854 | 982 845 146 18 155 865 38.9 40.9 0.950
3 1 59 | 4897.9 | 2966.2 | 48093 | 1245 | 1103 2.228 2513 2534 2552 1.008 | 88.0 | 993 85.6 145 0.7 14.4 95.0 38.0 408 0.930
3 2 5.9 4914.0 | 20747 | 49158 | 1255 | 1109 | | 2216 | 2507 | 12532 2.552 1.010 | 87.7 | 99.2 | { 55 | 145 | 08 | 145 | ©45 | 381 | 400 | 0831
3 3 50 | 4909.7 | 2071.8 | 40108 | 1241 | 110.6 2.239 2512 2.532 2.552 1.008 | 884 | 992 85.6 145 0.8 144 94.6 38.1 40.9 0.631
4 1 6.8 | 4935.7 | 2060.5 | 4942.8 | 1344 | 116.1 2,078 2.408 2480 2.558 1035 | 841 973 835 16.0 27 16.5 83.9 396 40.9 0.967
4 2 8.6 49142 | 20544 | 49202 [ 1321 1143 | | 2105 | 2433 | 2500 2.558 1.027 | 846 | 87.7 838 | 160 | 23 | 162 | 859 | 393 | 409 | 0961
4 3 8.6 | 4884.7 | 20505 | 48882 | 1305 | 1128 | 1108 2118 2.451 2.495 2.521 2558 1010 | 83.7 | 96.8 | 985 83.0 15.9 3.2 7.0 811 399 40.9 0.975
5 1 6.3 | 48739 | 2039.2 | 4877.0 | 1280 | 111.2 2.155 2.480 2515 2550 1.014 | 857 | 986 848 15.4 14 15.4 91.1 38.8 40.9 0.847
5 2 8.3 4938.0 | 2079.1 | 49401 | 1200 [ 1121 | [ 2186 | 2403 | | 2518 2550 | 1010 | 858 ) 98.7 | 847 | 154 | 13 | 153 | 918 | 387 | 408 | 0045
5 3 6.3 | 4883.8 | 2953.7 | 48856 | 1287 | 1116 | 1104 2147 2476 2.503 2528 2.550 1010 | 85.0 | 981 | 991 84.1 153 19 15.9 87.8 39.1 40.9 0.656
[} 1 6.1 | 4817.2 | 30045 | 49628 | 127.0 | 1121 2.148 2432 2480 2.558 1012 | 849 | 962 82.9 14.8 3.8 174 75 40.0 40.9 0.877
6 F3 61 | 4761.5 | 2066.2 | 40064 | 1262 | 111.1 | | 2135 | 2425 | | 2454 2558 | 1.012 | 845 | 959 | |87 | 146 | 41 | 173 | 785 | 401 | 409 | 0980
3 3 61 | 4765.6 | 2072.2 | 49104 | 1268 | 110.9 2.127 2432 2,459 2.558 1.011_| 84.1 | 961 82.9 14.6 39 7.1 773 40.0 408 0.978
Checked By: _A. Cooley
¢ = cubic centimeter 'Gmb = Buk Specific Gravity of Compacted Mixture  Gsb = Bulk Specific Gravity of Aggregate  VTM = Voids in Total Mix
[TMD = Theoretical Maximum Density AC = Asphalt Cement ‘Gmm = Theoretical Maximum Density of Mixture Gb = Specific Gravity of Asphalt Cement VMA = Voids in Mineral Aggregate
m = gram = pounds per cubic Gsa = Apparent Sj VCA = Voids in Coarse ate VFA = Voids Filled With Asphalt Cement

orT



Table 9.11: Results of Loaded Wheel Testing
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Site No.: 9
Specimen| VIM Rut Depth Rut Depth Rut Depth
No. % at 1000 at 4000 at 8000
Cycles (mm)| Cycles (mm) | Cycles (mm)
R1 0.6 0.78 1.32 1.53
R2 0.6 0.80 1.06 1.23
R3 0.8 1.96 2.33 2.59
R4 0.8 0.79 1.29 1.55
Average 0.7 1.08 1.50 1.73
Std. Dev. 0.09 0.585 0.565 0.595
Table 9.12: Results of Superpave Analysis Testing
Site No.: g
Test Temp. |Test
Test deg. C Result Rep. 1 Rep.2 | Average | Std. Dev.
Frequency Sweep @ G*
Constant Height Delta
Simple Shear Test @ Strain Rate, mm/mm

Constant Height
Creep Compliance

Tensile Strength

Final Strain, mm

Strain Rate, mm/mm

Final Strain, mm

Strength




Table 9.13: Results of Testing on Cores Obtained In-Field

Site No.: 9
Percent Passing
Sieve Core Core Core Core Core Core Core Core Core Core
mm 1 2 3 4 5 6 7 8 9 10 Average |Std. Dev.
25.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0.00
18.0 100.0 100.0 99.9 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0.03
12.5 98.5 99.6 98.3 98.7 99.5 99.1 97.7 99.2 99.6 99.4 99.0 0.64
9.5 76.9 78.8 784 80.7 79.5 79.0 779 77.3 78.9 79.0 78.6 1.09
4.75 34.2 35.6 35.3 349 32.8 324 301 33.1 323 339 335 1.67
2.36 227 228 226 227 214 211 20.1 21.5 20.7 219 218 0.95
1.18 18.8 18.7 18.5 18.5 17.7 17.7 19.8 18.0 17.2 18.4 18.3 0.73
0.60 171 16.9 16.8 16.5 16.0 16.0 18.1 16.3 15.5 16.8 16.6 0.72
0.30 16.0 16.0 15.8 15.5 15.1 15.2 17.3 156.4 14.6 16.0 15.7 0.73
0.150 14.0 14.2 13.9 13.8 134 13.9 15.8 13.8 12.9 14.6 14.0 0.77
0.075 105 10.8 104 10.7 10.2 10.8 127 10.4 9.6 111 10.7 0.81
Gmb 2.414 2.348 2.409 2.327 2.355 2.357 2.345 2.389 2.332 2.412 2.369 0.03
Unit Weight, pcf 150.6 146.5 150.3 145.2 147.0 147 1 146.3 1491 145.5 150.5 147.8 212
[VTM, % 5.3 7.9 5.5 8.7 7.6 7.5 8.0 6.3 8.5 5.4 7.1 1.32

[A4"



143

NCHRP 9-811 - Task 8
SMA Construction Project No. 10

L ocation and Background

Construction project 10 was constructed during September and October of 1997.
NCAT staff were on-site between September 29 and October 1, 1997.

The contractor for this project had two plants within the vicinity of the project.
For the northern end of the project, one plant produce the mixture and while on the
southern end another plant was to produce the SMA. NCAT personnel were scheduled to
arrive at the project as the contractor switched to the southern plant. Upon arrival, the
contractor was having difficulty producing the proper gradation for the SMA mixture.
Severa control strips were placed to try and produce the proper gradation. Eventually,
production of the SMA mixture had to be moved back to the northern plant. Sampling
and testing were conducted at this northern plant.
SMA Mixture Information

The SMA mixture used for this project was a 12.5 mm nomina maximum
aggregate size mixture. Information about the mixture is presented in Table 10.1.
Aggregates used for this project consisted of atraprock and natural sand. The design
gradation for the mixture is presented in Table 10.2. Properties of the coarse and fine
aggregates are presented in Tables 10.3 and 10.4, respectively. A PG 76-22 asphalt
binder was used for this mixture. This binder was air-blown to achieve the PG 76-22

grading. Properties of this binder are presented in Table 10.5.
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Plant Information

The plant used to produce the SMA for this project was an Astec drum plant. The
dust collection system consisted of avertical cyclone and a baghouse. The collected dust
was returned to the mixture and therefore constituted a portion of thefiller.

Minera filler for the mixture was stored in asilo. This storage silo was located
directly above the cold feed conveyor belt. A rotary valve allowed the mineral filler to
fall onto the cold feed belt at a controlled rate. The fiber was introduced to the mixture
from a hopper similar to the hopper used at sites4 and 9. Bales of fiber were introduced
into the hopper where the bales were broken up into aform that could be blown. Once
broken up the fibers were blown to a coater for mixing with the SMA mixture. The
contractor said that the fiber was introduced in a uniform manner. The hopper would use
amass |oss versus time to introduce the desired amount of fiver.

Laydown Procedures

Paving operations were observed on the night of October 1, 1997. The ambient
temperature was 55°F. Additional information about the laydown procedures are
presented in Table 10.6
Problems Encountered On-Site

No problems were encountered while producing the SMA mixture besides the
aforementioned problems with the SMA gradation at the second plant.

Sampling
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Samples obtained from this project included: each aggregate used in the mixture,
mineral filler, fiber, asphalt binder, loose mix, and ten cores. Table 10.7 presents the
times and dates that the loose mix samples were obtained along with average draindown
values. Tables 10.8 through 10.13 presents testing results from samples obtained from

this site.



Table 10.1: Site 10 SMA Mixture Information

JMF |.D. Number:

Dates on Project:

Number of Aggregate Stockpiles Used:

Design Voidsin Coarse Aggregate:
Type Asphalt Binder Used:
Modifier Type:

Design Asphalt Binder Content:
Supplier of Asphalt Binder:

Type Fiber Used:

Form of Fiber:

Design Percentage of Fiber:

Type Minera Filler Used:

Design Percentage of Mineral Filler:

Type Anti-Strip Additive Used:
Design Percentage of Anti-Strip:
Compaction Method:
Compactive Effort:

Laboratory Mixing Temperature:

Laboratory Compaction Temperature:

Design Voidsin Total Mix:

Design Mixture Density:

Design Voidsin Mineral Aggregate:
Design Voids Filled With Asphalt:
Design Marshall Stability:

Design Flow (0.01 in):

Loaded Whedl Test @ Design Asphalt Content:

7006-97-26
9/29 to 10/1/97
3

42.9*

PG 76-22
Air-Blown
6.10 percent
Koch
Cellulose
Loose

0.3 percent of total mixture
Limestone dust
9.0 percent
Liquid

0.5 percent
Marshall

50 Blows per face

3.2 percent
156 pcf
18.9 percent

83.1 percent

* Determined at NCAT |aboratory on materials obtained from project.
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Table 10.2: Design Gradation for Site 10
Sieve Size Sieve Size, mm Percent Passing

Yain. 19.0 100
%in. 12.5 86
¥ in. 9.5 74
No. 4 4.75 28
No. 8 2.36 19
No. 16 1.18
No. 30 0.600 15
No. 50 0.300
No. 100 0.150
No. 200 0.075 8

Table 10.3: Coarse Aggregate Propertiesfor Site 10

Test 68's Traprock 8's Traprock

Los Angeles Abrasion, % Loss 13.0 17.4

Flat & Elongated, %

3tol 21.2* 16.9*

5to1 3.1* 0.4*
Bulk/Apparent Specific Gravity 2.930/3.006 2.920/3.004
Absorption, % 0.9 1.0

Soundness (5 Cycles), % Loss
Sodium Sulfate
Crushed Content, %
One Face 100* 100*

Two Face 100* 100*

Data not provided by the agency represented by blank data fields.

* Determined at NCAT laboratory on materials obtained from project.
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Table 10.4: Fine Aggregate Propertiesfor Site 10

Test Natural Sand
Bulk/Apparent Specific Gravity 2.610/2.846*
Absorption, % 3.2*

Soundness (5 Cycles), % Loss

Sodium Sulfate
Angularity, % 47.1*
Liquid Limit, %

Plasticity Index, %

Data not provided by agency represented by blank data
fields.

* Determined at NCAT |aboratory on materials obtained from project.
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Table 10.6: Laydown Information from Site 10

Manufacturer of Paver: Roadtec
Other Equipment Used: Shuttlebuggy
Number of Rollers Used: 3
Temperature of Mixture When Delivered (Truck): 320°F
Temperature of Mixture After Finish Roller Ended 275°F
Compaction:

Comments:

The mixture was noticed to be sticking to trucks. Releasing Agents were used.

Table 10.7: Sampling Times and Datesfor Loose Mix Samples From Site 10

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
Date Obtained 9/29/97 9/30/97 9/30/97 9/30/97 10/1/97 10/1/97
Time Obtained 10:30pm 12:30am 2:30am 10:30pm 9:27pm 11:20pm
_Temperattire of Mixture 305 330 335 340 310 320
in Truck, °F
Draindown, % 11 11 36 0.6 0.5 0.5




Table 10.8: Gradations for Samples Obtained In-field

Site 11
Sample 1
M Loose Mix p Average Marshall Compacted p Gyratory Compacted Samples
Sieve JMF Std Diff. From|| Core Std Diff. From Std Diff. From
mm__ | % Passin; Rep 1 Rep 2 | Average | Deviation JMF Gradation| Rep 1 Rep 2 | Average | Deviation| Cores Rep 1 Rep 2 Average | Deviation| Cores
A B C D F G H | J K M N [¢] P Q S T 9]
B-F -M -S
250 100.0 100.0 100.0 100.0 0.00 0.0 1000 1000 100.0 100.0 0.00 0.0 100.0 100.0 1000 0.00 0.0
19.0 100.0 98.2 99.9 991 1.20 09 992 98.4 992 98.8 0.57 04 1000 98.8 99.4 085 -0.2
125 90.0 89.9 92.0 91.0 148 -1.0 91.3 89.6 89.4 89.5 0.14 18 93.0 90.3 917 191 -04
95 59.2 60.7 60.6 60.7 0.07 -1.5 671 66.0 673 66.7 0.92 05 66.7 62.3 64.5 3N 26
4.75 27.0 29.1 282 287 0.64 -1.7 334 363 363 36.3 0.00 -29 348 319 334 205 0.0
2.36 215 220 200 210 141 05 234 254 245 250 0.64 -16 242 23.0 236 0.86 -0.2
1.18 174 18.6 16.2 17.4 170 0.0 185 202 18.9 19.6 0.92 -1.1 19.0 181 18.6 0.64 -0.1
0.60 127 17.0 142 156 198 -29 158 177 162 17.0 1.06 -1.2 16.1 154 158 0.49 0.0
0.30 10.7 159 1227 143 226 -36 134 16.1 142 15.2 1.34 -1.8 139 133 136 0.42 -0.2
0.150 88 136 107 122 205 -34 109 145 121 133 1.70 -2.4 17 12 115 0.35 05
0.075 75 116 9.1 10.4 1.77 -2.9 8.7 12.1 100 11.1 1.48 2.3 9.8 9.2 95 0.42 -0.8
Site: 1
Sample: 2
I Loose Mix p Average Marshall Ci p Gyratory Compacted p
Sieve JMF Std. Diff. From|| Core Std. Diff. From, Std Diff. From
mm_ | % Passi Rep 1 Rep 2 | Average | Deviation JMF  [|Gradation|] Rep 1 Rep2 | Average | Deviation| Cores Rep 1 Rep 2 | Average { Deviation| Cores
A 2] (%] o] G H | J K M N o] P Q S T U
B-F 100.0 I-M I-S
25.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 1000 0.00 0.0
19.0 100.0 999 99.9 99.9 0.00 01 99.2 98.9 98.8 98.9 0.07 03 99.4 100.0 99.7 0.42 -0.5
1256 90.0 940 941 941 0.07 4.1 913 938 911 925 1.9t -1.2 939 939 93.9 0.00 -2.6
95 592 640 621 631 1.34 -3.8 671 69.4 705 700 0.78 -28 64.5 671 65.8 1.84 13
4.75 270 296 289 293 0.49 23 334 36.1 363 36.2 0.14 -28 335 335 335 0.00 -0.1
2.36 215 204 199 202 0.35 14 234 243 246 245 0.2t -1.1 236 232 234 0.28 0.0
1.18 17.4 16.3 16.1 162 0.14 1.2 18.5 18.9 19.3 191 0.28 -0.6 18.9 180 185 0.64 01
0.60 127 143 141 142 0.14 -15 158 163 168 16.6 0.35 -08 16.4 1656 16.0 0.64 -0.2
0.30 107 126 126 126 0.00 -1.9 134 145 151 148 0.42 -1.4 148 136 142 0.85 -0.8
0.150 88 106 10.6 10.6 0.00 -1.8 109 125 13.2 129 0.49 -2.0 135 116 126 1.34 -1.7
0.075 75 8.9 9.0 9.0 0.07 -1.5 87 10.3 109 10.6 0.42 -1.9 15 9.7 10.6 1.27 -1.9
Site: 1"
Sample:
|| Loose Mix Samples Average Marshall Com d D Gyratory Ci d p
Sieve JMF Std Diff. From|| Core Std Diff. From Std. Diff. From
mm_ | % Passin; Rep t Rep 2 | Average | Deviation JMF  fGradation|| Rep 1 Rep 2 | Average | Deviation| Cores Rep 1 Rep 2 Average | Deviation| Cores
A B [o] D F G H | J K M N [o] P Q S T u
B-F I-M I-S
250 100.0 100.0 100.0 100.0 0.00 0.0 100.0 1000 100.0 100.0 0.00 00 100.0 100.0 100.0 0.00 0.0
19.0 100.0 977 99.9 98.8 1.56 1.2 99.2 98.3 993 98.8 071 04 1000 976 98.8 170 04
125 90.0 86.9 930 90.0 431 0.0 91.3 924 889 90.7 2.47 06 941 884 913 403 00
95 592 544 636 59.0 6.51 02 671 66.5 66.8 66.7 o 05 645 63.1 63.8 0.99 33
475 270 270 304 287 2.40 17 334 344 355 35.0 0.78 -1.6 333 3256 329 0.57 0.5
2.36 215 196 221 209 177 0.6 234 235 242 239 0.49 -0.5 237 234 236 0.21 -0.2
1.18 174 159 181 17.0 1.66 04 185 178 188 183 071 0.2 18.4 185 185 0.07 01
0.60 127 140 16.2 15.1 156 2.4 158 150 16.3 157 0.92 0.1 15.8 159 159 0.07 -0.1
0.30 107 125 14.9 137 170 -3.0 134 129 148 139 1.34 -0.5 13.8 139 139 007 0.5
0.150 88 105 127 116 156 -28 109 107 132 120 1.77 -11 118 120 1.9 0.14 -10
0.075 75 88 10.8 9.8 141 -2.3 8.7 91 111 101 1.41 -14 10.0 103 10.2 0.21 -1.4

0T



Table 10.8(Continued): Gradations For Samples Obtained In-Field

Site: 11
Sample: 4
Loose Mix Samples Average Marshall Compacted Samples Gyratory Compacted Samples
Sieve JMF Std. Diff. From:i Core Sid. Giff. From| Std Diff. From
mm__ | % Passingll Rep 1 Rep 2 Average | Deviation JMF Gradation Reg 1 Rep 2 Average | Deviatlicn| Cares Rep 1 Rep 2 Average | Deviation Cores
A B (o] D F G H | J K M N Q P Q S T u
B-F {-M -5
250 100.0 100.0 100.0 100.0 0.0a 0.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 1000 0.00 0.0
19.0 100.0 100.0 100.0 100.¢ 0.00 0.0 09.2 100.0 100.0 100.0 0.00 .08 %6.8 9.4 99.1 0.42 0.1
125 90.0 B86.1 89.5 87.8 240 22 813 S0.4 93.0 81.7 1.84 -0.4 848 ase 868 283 4.5
a5 502 521 87.0 54 B 348 4.7 &67.1 69.0 B6.7 €7.9 1.83 -0.7 58.2 a84.2 61.2 424 59
4.75 270 251 27.9 26.5 1.8 0.5 334 38.8 36.5 36.7 0.21 -3.3 30.8 33.2 320 1.70 1.4
2.36 215 18.5 21.0 19.8 1.77 1.8 234 26.1 250 256 0.78 -2.2 225 251 238 184 .4
1.18 17.4 155 16.9 16.2 0.99 1.2 18.5 208 19.6 20.2 0.85 -1.7 18.0 20.9 19.85 205 09
0.60 127 14.1 14.6 14.4 0.3% -1.7 15.8 8.2 17.0 17.6 0.85 -18 15.4 16.8 17.1 2.40 -1.3
0.30 10.7 12.3 125 12.4 0.14 -1.7 13.4 16.1 14.8 155 0.85 21 133 17.3 153 283 -1.9
0.150 B.8 10.4 102 10.3 0.14 -1.5 10.9 13.9 12.8 13.4 0.78 2.5 113 15.3 13.2 2.83 2.4
0.075 7.5 8.7 8.3 8.5 0.28 -1.0 8.7 11.5 10.4 11.0 0.78 -2.2 9.2 12.8 10.9 2.40 2.2
Site: 11
Sample: 5
Loose Mix Samples Average Marshall Compacted Samples Gyratory Compacted Samples
Sleve JMF Std. Diff. From| Core Std. Diff. From) Std. Ditf. From)|
mm__ | % Passi Rep 1 Reap 2 Average | Deviatlon JMF Gradation Rep 1 Rep 2 Average | Devialion Cores Rep 1 Rep 2 Average | Deviation Cores
A B c D F G H t J K M N Q P Q S T U
B-F 1-M [
25.0 100.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 100.0 0.00 0.0 1000 100.0 100.0 0.00 0.0
16.0 100.0 97.7 59.4 898.6 120 14 992 978 100.0 8.9 1.56 0.3 90.0 59.9 99.5 0.64 -0.3
12.5 890.0 88.8 89.1 88.0 1.63 21 81.3 91.0 91.5 1.3 0.35 0.0 92.8 80.9 M8 1.34 -0.8
9.5 59.2 55.8 53.4 54.6 1.70 4.6 67.1 67.6 66.9 67.3 0.49 =G.1 65.2 64.2 64.7 .71 2.4
4.75 210 25.0 252 251 014 1.9 Az 352 350 as.1 014 -1.7 335 az4 33.0 .78 0.4
2.36 21.5 18.1 183 18.2 0.14 3.3 23.4 3.9 24.5 24.2 0.42 .8 23.4 231 23.3 0.21 (1]
118 17.4 14.8 47 147 0.07 28 18.5 18.6 181 18.9 0.35 =G.4 18.5 18.2 16.4 0.21 0.1
0.60 12.7 13.0 12.9 13.0 0.07 0.3 15.8 16.0 16.5 18.3 0.35 -0.5 16.0 15.7 16.8 o1 -0.1
0.30 10.7 1.8 11.5 1.7 0.21 -1.0 13.4 14.2 14.5 14.4 0.21 0.9 14.2 13.8 14.0 .28 -0.6
0.150 B3 B9 9.6 9.8 .21 0.8 108 122 124 123 0.14 -t.4 12.0 121 12.1 c.07 -1.2
0.075 7.5 8.0 8.1 8.1 0.07 -0.8 8.7 9.9 10.2 10.1 0.21 -1.3 9.8 10.2 10.0 0.28 -1.3
Stte: 11
Sample: 5
Loose Mix Samples Average Marshall Compacted Sam Gyratory Compacted Samplas
Sleve JMF Sid. Oiff. From] Core Sid. Diff. From Std. Diff. From|
mm [ % Passing Rep1 Rep 2 Average | Deviation JMF Gradati Rep 1 Rep 2 Average | Deviation | Cores Rep 1 Rep 2 Average | Deviationy Cores
A B C D F <] H { J K M N Q [ Q 5 T u
B-F i-M I-S
250 10¢.0 100.0 100.0 100.0 0.00 0.0 100.0 100.0 100.0 100.0 0.00 o0 100.0 100.0 100.0 0.00 00
16.0 100.0 99.6 988 99.2 0.57 0.8 89.2 100.0 100.0 100.0 0.00 -0.8 99.0 8923 99,2 .21 0.0
12.5 90.0 0.8 89.2 90.0 1.13 0.0 91.3 89.1 00.8 €0.0 1.20 13 88.1 BB.7 88 4 0.42 29
9.5 592 61.8 56.9 594 3.46 -0.1 87. 827 64.0 63.4 002 38 g2.0 62.2 62.1 0.14 5.0
475 270 291 27.3 28.2 1.27 -1.2 33.4 33.0 31.4 322 113 1.2 319 azs 323 0.49 11
236 215 209 19.8 20.4 078 12 234 23.4 21.4 22.4 1.41 1.0 231 238 235 C.49 -0.1
1.18 17.4 16.8 158 16.3 0.71 11 18.5 8.4 166 175 134 1.1 18.0 19.3 18.7 ©.92 -0.1
0.60 127 14.9 13.7 14.3 0.85 -1.6 15.6 1589 14.1 5.0 1.27 0.8 15.2 169 16.1 1.20 -0.3
.30 10.7 134 121 12.8 0.92 21 134 140 126 133 0.99 0.1 13.0 15.4 14,2 1.7¢ -0.8
0.150 88 11.3 10.3 10.8 0.71 -2.0 10.9 12.1 10.9 1.5 0.85 -0.86 10.6 133 123 233 -1.4
0.075 7.5 9.5 8.7 9.1 0.57 -1.8 B.7 B.O 8.4 2 1.06 -0.4 3.7 11.6 10.2 2.05 -1.4

TGt



Table 10.9: Results of Marshall Hammer Compactions

Marshall Hammer: 50 Blows per Side

[SITE NUMBER: 10 MATERIALS: Traprock/Natural Sand/PG 76-22/L.imestone Dust/Cellulo [COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 720 DATE:
Apparent Specific Gravity of the Agg. (Gsa) =  {Bulk Specific Gravity of the Agg. (Gsb) = Bulk Sp. Gravity of CA (Gea): 3.005 4/15/98
AC Sp. Gr. (Gb) = 1.028 2.903 2.894 Unit Wt. Of CA in DRC (pef): 107.0
Unit Wt. Of CA in DRC (kg/m3)  1714.4
Asphait WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Sample | Replicate| Content | InAir | InWater | SSD Volume Bulk T™MD Aggregate AC by Unit VM VMA VFA VCA VCA drc | VCANVCA drc
Number % gms gms gms cc Gmb Gmm Volume Volume Weight % % % % % %
cc % pef
A B C D E F G H | J K L M N [¢) [ Q R
F-E D (100-C)* H C'H H*62.4 |100(1-HM)| 100 -4 100 ( N-M)
G Gsb N
1 1 6.7 1226.5 725.8 1230.1 504.3 2432 2.596 78.4 151.8 6.3 21.6 45.6 429 1.064
1 2 6.7 1227.2 726.7 1231.5 504.8 2431 2.596 78.4 151.7 64 1.064

1 3 6.7 1217.9 78.0

151.0

3

4 1 6.3 1209.2 721.6 1214.8 493.2 2.452 2.560 79.4 15.0 153.0 4.2 20.6 79.5 45.0 429 1.048
4 2 6.3 12123 720.6 1218.7 498.1 2.434 2.560 78.8 14.9 1519 4.8 21.2 76.8 454 429 1.058
4 3 6.3 1204.7 716.8 1212.4 495.6 2.431 2.560 78.7 14.9 151.7 5.0 21.3 76.3 454 42.9 1.059

"Input By:

Checked By:  A. Cooley
SSD = Saturated Surface Dry cc = cubic centimeter Gmb = Bulk Specific Gravity of Compacted Mixture Gsb = Bulk Specific Gravity of Aggregate VTM = Voids in Total Mix
[TMD = Theoretical Maximum Density AC = Asphalt Cement Gmm = Theoretical Maximum Density of Mixture Gb = Specific Gravity of Asphalt Cement VMA = Voids in Mineral Aggregate
m = gram pcf = pounds per cubic foot Gsa = Apparent Specfic Gravity of Aggregate VCA = Voids in Coarse Aggregate VFA = Voids Filled With Asphalt Cement

cst



Table 10.10: Results of SGC Compactions

[SITE NUMBER: 10 MATERIALS: Traprock/Natural Sand/PG 76-22/Limestone DustCellulose COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 72.0 DATE:
Apparent Specific Gravity of the Agg. (Gsa) = [Bulk Specific Gravity of the Agg. (Gsb) = Bulk Sp. Gravity of CA (Gca): 3.005 4115108
AC Sp. Gr. (Gb) = 1.028 2.903 2804 Unit Wt. Of CA in DRC (pef): 107.0
Unit Wt. Of CA in DRC (kg/m3): 1714.0]
Asphalt WEIGHTS HEIGHTS EST. BULK GRAVITIES SPECIFIC GRAVITIES CORR. % Gmm VOLUMES AT Ndes VOIDS
Sample | Replicate| Content [ InAir | InwWater}] SSD Nini Ndes Nmax Nini Ndes Nmax Bulk TMD | Comection Aggregate VTM VMA VFA VCA | VCA drc | VCA VCA drc]
Number % gms gms gms {8 Gyr) | (100 Gyr)| (158 Gyr)| (8 Gyr) (100 Gyr) {158 Gyr) Gmb Gmm Factor Nini | Ndes | Nmax Volume at Ndes | at Ndes at Ndes % %
mm mm mm % % % cc % % %
A B [3 [3) E F G H 1 J K [N M N ] P Q R S V] v W X Y Z
[5) [3) D ) GmbEsL| J°O [ KO L7 O (100-CYK'O 100-Q | 1005 | _100(V-U;
G767 H17.67 1*17.67 F-E Gmb Meas. (Gsb) [ v
e e — Csb) | — — —

1 1 6.7 . 45984 | 1236 | 111.2 2097 2.331 2411 2.596 1034 | 836 | 929 777 15. 71 223 68.0 46.1 429 1.074
1 2 6.7 | 4573.8 | 2688.0 | 45022 | 1207 | 1107 2144 2.338 2,402 2596 1027 | 849 | 925 774 15 75 28 66.9 483 429 1.079
1 3 6.7 | 45829 | 27057 | 4604.3 | 1219 | 1110 2127 2336 2414 2.506 1033 | 647 | 830 778 15. 7.0 222 66.4 46.0 429 1.073
2 1 65 | 4586.9 | 2758.1 | 45856 | 1192 | 1077 2178 2410 2498 2.589 1036 | 87.1 | 084 807 15.8 38 18.3 815 4.1 429 1.027
2 2 65 | 45670 | 27456 | 45743 | 1183 | 1068 2185 | 2420 | 2497 2589 1032 | 87.1| 965 | |87 | 158 | 35 | 193 | 817 | 441 | 4290 | 1027
2 3 6.5 | 46051 | 27834 | 46126 | 1182 | 106.9 2.205 2.438 2518 2580 1033 | 87.9 | 97.2 813 159 2.8 18.7 852 438 429 1.018
3 1 6.9 | 4558.0 | 27405 | 45644 | 1185 | 107.9 [ 1085 2.158 2390 2422 2498 2568 1032 | 86.7 | 96.1 | 97.3 794 16.6 3.9 208 80.9 45.0 429 1.048

I 3 2 | 69 [ 45127 | 27132 | 4517.1 | 1161 | 106.9 1047 | 2200 | 2380 | 2439 | 2502 2,568 1.026 870 | 054 ] 97.4 | 768 | 164 | 46 | 212 | 783 | 453 | 429 | 1057
3 3 6.9 | 45004 | 2606.7 | 45185 | 117.8 | 107.2 2.166 2.380 2,475 2.568 1040 | 877 | 964 79.8 16.6 3.6 204 823 248 429 1.044
4 1 6.3 | 4493.9 | 26645 | 45085 | 1197 | 1076 2125 2383 2437 2.560 1031 | 856 | 952 78.9 14.9 4.8 211 772 453 429 1.058

I— 4 | 2 | 63 | 44783 | 2640.0 | 44054 | 1198 | 1085 | | 215 | 233 | | 2414 | 2560 1033 | 854 | 043 [ |81 | 148 | 57 | 219 | 738 | 458 | 420 | 1088
4 3 63 | 46198 | 27294 | 46401 | 1222 | 1110 2,139 2.355 2418 2560 1027 | 858 | 944 78.3 14.8 5.6 217 744 457 429 1.068
5 1 6.2 | 48525 | 2834.5 | 4657.2 | 1169 | 1049 2252 2510 2,553 2593 1017 | 883 | 084 827 15.4 18 17.3 91.0 428 429 0.994
5 2 6.2 45980 | 28010 | 46023 | 1160 | 1040 | | 2243 | 2502 | | 2554 | 2593 1.021 883 | 965 | | 828 | 154 | 15 | 172 | ©12 | 426 | 428 | 0893
5 3 6.2 | 46245 | 2814.3 | 46301 | 1158 | 1046 2280 2502 2.547 2.583 1018 | 887 | 982 825 154 1.8 17.5 89.8 428 429 0.997
8 1 61 | 4583.2 | 2761.7 | 4592.7 | 1180 | 1064 2198 2438 2503 2,604 1.027 | 86.7 | 96.1 812 14.9 3.9 18.8 794 437 429 1.018
6 2 6.1 46498 | 280290 | 46590 | 119.7 1082 | | 2188 | 2432 | | 2505 2,604 1.030 870 | 96.2 | | 813 | 149 | 38 | 187 | 797 | 438 | 429 | 1017
[] 3 6.1 | 45610 | 27521 | 45719 | 1179 | 108.0 2189 2.435 2.506 2,604 1020 | 865 | 962 813 14.9 38 18.7 799 438 429 1.016

: Checked By: A.
[SSD = Saturated Surface Dry Gmb = Bulk Specific Gravity of Compacted Mixture ~ Gsb = Bulk Specific Gravity of Aggregate  VTM = Voids in Total Mix

[TMD = Theoretical Maximum Density

Gmm = Theoretical Maximum Density of Mixture Gb = Specific Gravity of Asphalt Cement VMA = Voids in Mineral Aggregate
m = gram " A

cubic foot Gsa = Apparent S| G of jate VCA = Voids in Coarse ate VFA = Voids Filed With As)

€atr
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Table 10.11: Results of Loaded Wheel Testing

Site No.: 10

Specimen Rut Depth Rut Depth Rut Depth
No. % at 1000 at 4000 at 8000
Cycles (mm) | Cycles (mm) | Cycles (mm)

R1 6.6 1.19 2.04 2.66

R2 49 2.06 2.89 3.59
R3 44 1.65 2.31 2.81
R4 5.2 1.75 2.43 3.04

Average 5.3 1.66 242 3.03
Std. Dev. 0.96 0.360 0355 0.408

Table 10.12: Results of Superpave Analysis Testing

Site No.: 10

Test Temp. [Test
Test deg. C Result Rep. 1 Rep.2 | Average | Std. Dev.
Frequency Sweep @ G*
Constant Height Deita
Simple Shear Test @ Strain Rate, mm/mm
Constant Height Final Strain, mm
Creep Compliance Strain Rate, mm/mm

Final Strain, mm

Tensile Strength Strength




Table 10.13: Results of Testing on Cores Obtained In-Field

Site No.: 10
Percent Passing
Sieve Core Core Core Core Core Core Core Core Core Core
mm 1 2 3 4 5 6 7 8 9 10 Average |Std. Dev.
25.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0.00
19.0 99.3 100.0 98.8 98.8 99.1 99.1 100.0 100.0 98.8 98.7 99.3 0.54
125 89.1 93.3 88.9 85.8 844 87.5 87.2 88.0 93.7 88.6 88.7 2.93
9.5 78.2 80.1 77.4 77.6 74.3 75.7 75.8 774 84.8 771 77.8 2.90
4.75 352 31.8 31.9 40.1 320 325 321 316 345 325 334 2.64
2.36 19.0 17.2 18.5 23.2 19.0 19.1 18.5 17.7 18.8 18.0 18.9 1.63
1.18 155 14.3 15.6 19.2 16.5 16.8 15.7 15.2 15.8 15.3 16.0 1.32
0.60 125 11.7 127 16.3 14.1 14,2 131 12.6 1341 126 13.3 1.29
0.30 9.5 9.2 10.0 13.3 117 11.8 10.5 10.1 10.5 10.0 10.7 1.25
0.150 7.8 7.5 83 1.4 10.1 10.1 8.9 8.5 8.9 8.4 9.0 1.20
0.075 6.7 6.3 7.1 9.7 8.8 8.8 7.5 7.3 7.7 7.2 7.7 1.06
Gmb 2.370 2.362 2.345 2.459 2.404 2.367 2.400 2.357 2.291 2.358 2.371 0.04
[lunit weight, pef || 147.9 147 .4 146.3 153.4 150.0 147.7 149.8 1471 143.0 1471 148.0 273
(VTM, % 9.0 9.3 9.9 5.6 77 9.1 7.8 9.5 12.0 9.4 8.9 1.67

qat
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NCHRP 9-811 - Task 8
SMA Construction Project No. 11

L ocation and Background

Construction project 11 was constructed during October 1997. NCAT staff were
on-site between October 6 and October 7, 1997

This project was located on afour-lane U.S. highway. During the time spent on
this project, the contractor was paving in the southbound lane. Construction consisted of
milling 38 mm (1.5 inches) and replacing with 38 mm of SMA. The underlying
pavement was an asphalt concrete pavement.
SMA Mixture Information

The SMA mixture used for this project was a 12.5 mm nomina maximum
aggregate size mixture. Information about the mixtureis presented in Table 11.1.
Aggregates used for this project consisted of alimestone and a manufactured sand. The
design gradation for the mixture is presented in Table 11.2. Properties of the coarse and
fine aggregates are presented in Tables 11.3 and 11.4, respectively. A PG 58-28 asphalt
binder was used for this mixture. Properties of this binder are presented in Table 11.5.
Cellulose in aloose form was used as a stabilizing additive.
Plant Information

The plant used to produce the SMA for this project was adrum plant. Mineral
filler for the mixture was stored in asilo. The mineral filler was augered from the storage

silo to the drum. The fiber was introduced to the mixture from a hopper. Bales of fiber
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were introduced into the hopper where the bales were broken up into aform that could be
blown. Once broken up the fibers were blown to the drum for mixing with the SMA
mixture.
Laydown Procedures

Paving operations were observed on the night of October 6, 1997. Additional
information about the laydown procedures are presented in Table 11.6
Problems Encountered On-Site

No problems were encountered while producing the SMA mixture.
Sampling

Samples obtained from this project included: each aggregate used to fabricate the
mixture, mineral filler, fiber, asphalt binder, loose mix, and ten cores. Table 11.7
presents the times and dates that the loose mix samples were obtained aong with the
average draindown values for each of the samples. Tables 11.8 through 11.13 presents

testing results from samples obtained from this site.



Table11.1: Site 11 SMA Mixture Information

JMF I.D. Number:

Dates on Project:

Number of Aggregate Stockpiles Used:
Design Voidsin Coarse Aggregate:
Type Asphalt Binder Used:
Modifier Type:

Design Asphalt Binder Content:
Supplier of Asphalt Binder:

Type Fiber Used:

Form of Fiber:

Design Percentage of Fiber:

Type Mineral Filler Used:

Design Percentage of Minera Filler:
Type Anti-Strip Additive Used:
Design Percentage of Anti-Strip:
Compaction Method:

Compactive Effort:

Laboratory Mixing Temperature:
Laboratory Compaction Temperature:
Design Voidsin Total Mix:

Design Mixture Density:

Design Voidsin Mineral Aggregate:
Design Voids Filled With Asphalt:
Design Marshall Stability:

Design Flow (0.01 in):

Loaded Whedl Test @ Design Asphalt Content:

October 6 and 7, 1997
5

40.0 percent

PG 58-28

None

6.7 percent

T™ Oil

Cellulose

Loose

0.3 percent of total mixture
Fly Ash

7.0 percent

None

N/A

Marshall Hammer
50 Blows per side
315°F

295°F

3.3 percent

145.0 pcf

17.2 percent

80.8 percent

158



Table 11.2: Design Gradation for Site 11
Sieve Size Sieve Size, mm Percent Passing

Yain. 19.0 100.0

% in. 125 90.0

3%in. 9.5 59.2

No. 4 4.75 27.0

No. 8 2.36 215
No. 16 1.18 17.4
No. 30 0.600 12.7
No. 50 0.300 10.7
No. 100 0.150 8.8
No. 200 0.075 7.5

Table 11.3: Coarse Aggregate Propertiesfor Site 11

Test Limestone

Los Angeles Abrasion, % Loss 33.0

Flat & Elongated, %

3to1l 7.0*

5to1 1.0*
Bulk/Apparent Specific Gravity 2.625/2.783*
Absorption, % 2.2*

Soundness (5 Cycles), % Loss
Sodium Sulfate
Crushed Content, %
One Face 100*

Two Face 100*

Data not provided by the agency represented by blank data fields.

* Determined at NCAT laboratory on materials obtained from project.

159
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Table 11.4: Fine Aggregate Propertiesfor Site 11

Test M an;;ic(;[ured Fines Crushed
Bulk/Apparent Specific Gravity 2.560/2.673* 2.481/2.740*
Absorption, % 1.7* 3.8*
Soundness (5 Cycles), % Loss
Sodium Sulfate
Angularity, % 43.5* 41.4*

Liquid Limit, %

Plasticity Index, %

Data not provided by agency represented by blank datafields.
* Determined at NCAT laboratory on materials obtained from project.




Table 10.5: Site 10 Asphalt Binder Properties
SHRP ASPHALT BINDER GRADING SUMMARY

ASPHALT: Site 10
OPERATOR: Wilson
PROJECT: NCHRP 9-8
DATE: 10/21/97

 Original

RTFOT

_ RTFOT+PAVreside

Flash Pt: - °C

Vis@135:1033 cP

Loss:0.25 %

Time/Temp after PAV: 20 HRS AT 100°C

Physical Hardening Ind

: i HIGH TEMPEKATUR.E GRADING

e LOW TEMPERATURE GRADENG

o e ORIGINAL" . 13-R’T’F61::? e - R.TFOT +PAV. ¢ e
£ I 10radls(l SHz) IOtadIs(lSHZ) mmd/s(lSHz) (tmm/min)
E ' G[sinaﬁdﬂa},'.-f? - Griagea) Y ;_:"Gsina(MPa) “Faiure Strain -

S S 100KPE - BTy - eEO0NPe ;1.
 os | o 0 | @ 0

88 | es : :',15:- 34 =

82 82 06435 1.8361 22 1 3t 1638 -12 26 0.347 0.2153

76 | 76 1.2762 38814 28 | s 2964 -18

70l 34 | 25 3081 24

84 J &4 o | » 2126 a0

g8 | s8 <6 | 19 5082 36

s2 | s2 52 | 16 608 42

% | 4 s | 13 48

GRADE:_PG 76-22

T9T



Table 11.5: Site 11 Asphalt Binder Properties
SHRP ASPHALT BINDER GRADING SUMMARY

ASPHALT: Site 11
OPERATOR: Wilson
PROJECT:NCHRP 9-8
DATE:10/17/97

- RTFOT -

. RTFOT +PAVresidue =~

Flash Pt. --- °C

Vis@135: 479 cP

Loss:0.23 %

Time/Temp after PAV: 20 HRS AT 100°C

Physical Hardening Index: ---

L HIGH TEMPERATURE GRADING

MOPRG

RTFOT

L °C . .DynaxmcShmt

10redis (1.5 Hz)

X It]xadls(lSHz} ,

Dymm o Sher |

G!smﬁ(RPa)

31 ookPa

G/sm&(kPa] 4
Uy 2 20kPa s

j&b>ﬁd?

LOWTEMPERATURE GRAD[NG

: RTFOT +PAV

R Sl

'lfﬁi‘mifs(t.S'Hz}i 2

e

B Sﬁﬂness(MPa} (2

*Failure Strain “.

£

82

82

3176 -12

75

7€

0.307 3241

4

b4

0.6731

1.6682

58 1.5108

3.7873

52

52

GRADE

:_PG 58-28

29T
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Table 11.6: Laydown Information from Site 11

Manufacturer of Paver:
Other Equipment Used:

Number of Rollers Used:

Temperature of Mixture When Delivered (Truck):

Temperature of Mixture When Compaction Begins:

Blaw Knox
Material Transfer Device

3
(2 Vibratory and 1 static)

290°F

280°F

Comments:

No mixture was observed sticking to the trucks.

Table 11.7: Sampling Times and Datesfor Loose Mix Samples From Site 11

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
Date Obtained 10/6/97 10/6/97 10/6/97 10/7/97 10/7/97 10/7/97
Time Obtained 6:50pm 8:50pm 11:05pm 7:30pm 10:00pm 11:30pm
i‘l;]e_lmrpilirlinirg of Mixture 300 300 206 206 294 290
Day’s Tonnage 250 605 1023 N/A 760 1078
Draindown, % 0.03 0.00 0.02 0.04 0.00 0.02

N/A - Not Available



Table 11.9: Results of Marshall Hammer Compaction

Marshall Hammer: 50 Blows per Side

SITE NUMBER: 11 MATERIALS: Limestone/Fly Ash/Cellulose/PG 58-28 COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 730 DATE:
Effective Specific Gravity of the Agg. (Gsa) = Bulk Specific Gravity of the Agg. (Gsb) = Bulk Sp. Gravity of CA (Gca): 2611 4/15/98
IAC Sp. Gr. (Gb)=  1.027 2.650 2620 Unit Wt. Of CA in DRC (pcf): 97.7
Unit Wt. Of CA in DRC (kg/m3)  1565.0
Asphalt WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Sample | Replicate| Content | InAir | inWater| SSD Volume Bulk TMD Aggregate AC by Unit VM VMA VFA VCA VCA drc | VCA/VCA drc
Number % ams gms gms cc Gmb Gmm Volume Volume Weight % % % % % %
cc % pef
A B C D E F G H | J K L M N [¢] P Q R
F-E D (100-C)}*H C'H H*62.4 [100{(1-H/)] 100-J 100 (N-M)
G Gsb Gb N
1 1 8.8 1192.4 5104 2,334 2412 83.0 15.5 145.7 3.2 17.0 81.0 40.0 0.979
1 2 68 1198.0 5104 2.345 2412 83.4 155 146.3 2.8 83.2

83.6 156

82.9

83.3 16.5
1216.0 518.0 2.342 2415 83.0 16.4
3 1 7.0 1187.2 682.2 1189.5 507.3 2.340 2425 83.1 16.0 146.0 35 16.8 784 39.2 40.0 0.979
3 2 7.0 1209.4 694.8 1211.9 5171 2.339 2425 83.0 15.9 145.9 3.6 17.0 79.1 39.2 40.0 0.980
3 3 7.0 1219.9 700.7 1221.2 520.5 2.344 2.425 83.2 16.0 146.2 34 16.8 80.1 39.1 40.0 0.976
4 1 72 1184.0 6822 1185.4 503.2 2.353 2423 16.5 146.8 29 16.7 82.6 40.0
4 2 72 1214.4 702.3 1216.4 514.1 2.362 2.423 16.6 147.4 2.5 16.3 846 40.0

145.3 48

1210.6 2.328 2.440 15.6 734 40.0
6 3 6.9 1204.6 1208.1 515.7 2.336 2.440 15.7 145.8 43 17.0 74.9 40.0
ulnpul By: Checked By:  A. Cooley

'SSD = Saturated Surface Dry
'TMD = Theoretical Maximum Density
m = gram

©C = cubic centimeter
AC = Asphalt Cement
pcf = pounds per cubic foot

Gmb = Bulk Specific Gravity of Compacted Mixture
Gmm = Theoretical Maximum Density of Mixture
Gsa = Apparent Specfic Gravity of Aggregate

Gsb = Bulk Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement
VCA = Voids in Coarse Aggregate

VTM = Voids in Total Mix

VMA = Vioids in Minerai Aggregate
VFA = Voids Filled With Asphalt Cement

121"



Table 11.10: Results of SGC Compactions

SITE NUMBER: " MATERIALS Limestone/Fly Ash/Cellulose/PG 58-28 COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 73.0 DATE:
Effective Specific Gravity of the Agg. (Gsa) = Bulk Specific Gravity of the Agg. (Gsb) = Bulk Sp. Gravity of CA (Gca): 28611 4/15/98
JAC Sp. Gr. (Gb) = 1.027 2.650 2.620 Unit Wt. Of CA in DRC (pcf): 977
Unit Wt. Of CA in DRC (kg/m3): 1565.0|
Asphalt WEIGHTS HEIGHTS EST. BULK GRAVITIES SPECIFIC GRAVITIES CORR. % Gmm VOLUMES AT Ndes VOIDS
Sample |Replicate| Content [ InAir [ inWater] SSD Nini Ndes Nmax Nini Ndes Nmax Bulk TMD | Correction Aggregate VIM VMA VFA VCA VCA drc | VCA VCA drc]
Number % gms gms gms (8 Gyr) | (100 Gyr){ (158 Gyr)] (8 Gyn) (100 Gyr) (158 Gyn) Gmb Gmm Factor Nini | Ndes | Nmax| Volume atNdes | at Ndes at Ndes % %
mm mm mm % % % cc % % %
A B [ ] E F G H ] J K L M N Q P Q R S V) v W X Y 2
D D D [3) GmbEst [ J*O[K¥O[ L* 07 (100-CyK*'0 100-Q 100-S 100(V-U)
G*17.67 H* _7..67 [*17.67 F-E_ [Gmb Meas. SGSb! v —
1 1 6.8 4576.0 4579.6 | 1274 1111 2.033 233t 2.369 2412 1.017 85.7 | 982 84.3 15.7 18 15.7 88.8 383 40.0 0.956
1 2 6.8 4554.4 4556.2 109.8 2.082 2.352 2.3% 2412 | 1.016 882 | 99.1 85.0 15.8 09 15.0 93.9 317 40.0 0.843
1 3 8.8 4563.4 4567.0 111.2 2.021 2.322 2.378 2412 1.024 85.8 | 98.8 84.6 15.7 14 15.4 90.9 38.0 40.0 0.951
2 1 7.2 4649.0 | 2720.7 | 46522 1251 1128 110.7 2103 2338 2317 2.407 2.415 1.013 88.2 | 98.0 | 997 83.8 18.8 20 162 871.5 38.8 40.0 0.965
21 2 1 72 4854.4 | 27008 | 4660.1 128.8 1124 1 2043 2343 2388 | 2415 | 1.018 882 | 988 845 | 187 | 12 | 155 | 92.3 38.1 400 0.852
2 3 7.2 46589 | 2714.9 | 46825 129.0 1121 2.044 2.352 2302 2415 1.017 88.1 | 99.1 84.7 16.8 0.9 15.3 93.8 37.9 40.0 0.948
3 1 7.0 4644.9 | 2707.1 | 46478 | 120.0 113.0 1118 2038 2.326 2.357 2.394 2.425 1.015 853 | 974 | 987 83.8 18.1 28 16.2 83.9 38.6 40.0 0.965
3 2 7.0 46555 | 2701.2 | 46585 128.0 1125 2058 2.342 | 2378 | 2425 1.018 8.2 | 98.1 I 844 | 182 | 18 | 156 877 | 382 | 400 | 0.954
3 3 7.0 48417 | 26924 | 48463 130.2 113.0 2.017 2.324 2.378 2.425 1.022 85.0 | 980 843 18.2 20 15.7 87.0 38.2 40.0 0.956
4 1 7.2 48524 | 2709.9 | 4657.2 | 128.6 1126 2.031 2.338 2.389 2423 1.022 857 | 98.6 846 16.7 1.4 154 90.9 38.0 400 0.850
4 2 72 4616.7 | 2601.7 | 46205 | 127.1 111.1 2.055 2.352 2.394 2.423 1018 | 8683 | 988 | 848 | 168 | 12 | 152 | 820 | 378 40.0 0.947
4 3 7.2 4739.9 | 2761.7 | 4747.9 | 1334 115.8 2.011 2.320 2.386 2.423 1.020 85.3 | 98.5 845 16.7 15 15.5 90.2 38.1 40.0 0.952
5 1 71 4593.8 | 2673.6 | 45983 | 1264 1111 2.024 2.340 2.387 2427 1.020 85.1 | 983 846 165 17 154 89.2 38.0 40.0 0.950
5 2 741 4682.7 | 2724.3 | 46876 | 1308 | 1138 | | 2024 2329 2385 | 2427 1.024 854 | 983 | 846 185 | 17 1 154 | 888 | 380 400 0.951
5 3 71 47088 | 27422 | 4712.7 | 1310 113.8 2.033 2.345 2.389 2.427 1.018 853 | 984 84.7 16.5 1.6 15.3 89.6 38.0 40.0 0.949
8 1 (X 46743 | 27203 | 46828 | 1318 114.0 2.010 2320 2.382 2.440 1.027 8468 | 976 846 16.0 24 15.4 845 38.0 40.0 0.850
6 2 8.9 46432 | 26986 | 46532 | 1316 | 114.0 | | 1.997 2305 2376 | 2440 | 1.031 843 | 974 84.4 16.0 26 15.6 83.0 382 400 0.854
8 3 6.8 47489 | 2780.3 | 47584 [ 133.2 115.9 2.018 2318 2.377 2.440 1.025 848 | 974 84.5 16.0 2.6 15.5 83.3 38.1 40.0 0.953
: Checked B) A
[SSD = Saturated Surface Dry c = cubic centimeter Gmb = Bulk Specific Gravity of Compacted Mixture  Gsb = Bulk Specific Gravity of Aggregate VT /oids in Total Mix

[TMD = Theoretical Maximum Density AC = Asphalt Cement
m = i

Gsa = Apparent S)

jate

Gmim = Theoretical Maximum Density of Mixture
Gravity of

Gb = Specific Gravity of Asphalt Cement VMA
VCA = Voids in Coarse

foids in Mineral Aggregate
VFA = Voids Filled With As)

Qo1
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Table 11.11: Results of Loaded Wheel Testing

Site No.: 11

Specimen Rut Depth Rut Depth Rut Depth
No. % at 1000 at 4000 at 8000
Cycles (mm)} | Cycles (mm) | Cycles (mm)
R1 1.7 1.16 2,70 3.73
R2 2.2 2.43 3.91 4.46
R3 24 2.16 4.00 5.27
R4 2.28 478 5.78

2.01 3.85 4.81
0.576 0.859 0.902

Average
Std. Dev.

Table 11.12: Results of Superpave Analysis Testing

Site No.: 11

Test Temp. |Test
Test deg.C Result Rep. 1 Rep.2 | Average | Std. Dev.
Frequency Sweep @ G*
Constant Height Delta
Simple Shear Test @ Strain Rate, mm/mm
Constant Height Final Strain, mm
Creep Compliance Strain Rate, mm/mm

Final Strain, mm

Tensile Strength Strength




Figure 11.13: Results of Testing on Cores Obtained In-Field

Site No.: 11
Percent Passing
Sieve Core Core Core Core Core Core Core Core Core Core
mm 1 27 28 29 30 12 32 33 34 35 Average |Std. Dev.
25.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0.00
19.0 99.3 98.6 99.3 99.3 100.0 99.4 98.7 99.0 100.0 98.2 99.2 0.58
12.5 90.8 93.2 92.1 92.7 91.3 89.6 90.5 92.4 92.0 88.2 91.3 1.54
9.5 69.0 67.5 67.6 701 66.8 65.9 64.9 68.1 67.2 64.0 67.1 1.83
475 354 332 332 329 326 33.6 33.0 33.6 33.7 325 334 0.82
2.36 245 232 23.0 225 220 238 231 24.2 238 235 23.4 0.76
1.18 19.4 18.3 18.4 17.7 17.3 18.8 18.2 19.3 18.9 18.7 18.5 0.66
0.60 16.5 16.6 15.9 15.3 14.9 15.9 15.5 16.2 16.0 15.8 15.8 0.46
0.30 14.1 13.3 14.0 13.3 13.0 13.2 13.2 13.3 134 13.2 13.4 0.36
0.150 11.4 10.9 11.8 11.1 10.9 10.4 10.7 10.5 10.8 10.5 10.9 0.44
0.075 9.2 8.7 9.6 9.0 8.0 8.2 8.5 8.2 8.5 8.3 8.7 0.47
Gmb 2.317 2.329 2.295 2.287 2.292 2.335 2.303 2.343 2.367 2.351 2.322 0.03
Unit Weight, pcf 144.6 145.3 143.2 142.7 143.0 145.7 143.7 146.2 147.7 146.7 144 .9 1.71
[(VTM, % 4.2 3.8 5.2 5.5 5.3 4.0 5.3 3.7 2.7 34 4.3 0.96
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TableB1l: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology

SMA Trial Gradation Summary

Mix:

GRADATION A--20% Passing 4.75 mm Sieve

4.75 mm Nominal Maximum Size/2.36 mm Break Point Sieve

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-11 MATERIALS:  Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 80 | DATE:
Bulk Specific Gravity of CA (Gca): 2.888 10-Feb-99
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 95.2
2.963 2918 2.887 Unit wt. of CA in DRC (kg/m3): 1525.0
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOoIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SsD Volume Bulk TMD Volume Volume Weight VM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) (Gmm (cc) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(FE) D (100-B) x | Bxl (1'x 62.4) 100(1-11J) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) o
4/2-A1 6.0 1174 4559.1 2637.0 4677.6 2040.6 2234 2628 727 131 1394 15.0 27.3 45.0 418 47.1 0.887
412-A2 6.0 1175 4555.3 2680.1 4680.0 1999.9 2278 2.628 74.2 133 1421 133 258 484 407 471 0.863
412-A3 6.0 117.0 4562.1 2680.7 4684.1 2003.4 2277 2.628 74.1 133 142.1 133 25.9 484 40.7 47.1 0.863
AVG 139 26.3 473 411 47.1 0.871
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm=gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
[TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = _Speific Gravity of Asphalt Cement
GRADATION B--24% Passing 4.75 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-11 MATERIALS:  Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 76 | DATE:
Bulk Specific Gravity of CA (Gca): 2888 10-Feb-99
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 95.2
2.963 2924 2.887 Unit wt. of CA in DRC (kg/m3): 1525.0
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOoIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SsD Volume Bulk TMD Volume Volume Weight VM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) (Gmm) (cc) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J L M N o P Q R S
(FE) D (100-B) x | Bxl (1'x 62.4) 100(1-11J) (100-K) 100(0-N)
[GE) G) (Gh) o
4/2-B1 6.0 1140 4561.2 2664.8 4645.9 19811 2.302 2633 75.0 134 1437 126 25.0 49.8 43.0 47.1 0.913
4/2-B2 6.0 1145 4569.3 26748 4659.2 1984.4 2303 2.633 75.0 134 1437 125 250 49.9 430 471 0913
4/2-B3 6.0 1146 4575.7 26817 4667.1 1985.4 2.305 2.633 75.0 135 1438 125 250 50.0 430 471 0.912
AVG 125 25.0 49.9 43.0 47.1 0.913
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm=gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = _Specific Gravity of Asphalt Cement
GRADATION C--28% Passing 4.75 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-1 MATERIALS:  Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 72| DATE:
Bulk Specific Gravity of CA (Gca): 2.888 10-Feb-99
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 95.2
2. 2.9 2.887 Unit wt. of CA in DRC (kg/m3): 1525.0
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOoIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SsD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA/VCA drc
(%) (mm) (gm) (gm) (gm) (] (Gmb) (Gmm) (c0) (%) (pcf) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(FE) D (100-B) x | Bxl (1'x 62.4) 100(1-1/J) (100-K) 100(0-N)
(F-E) (Gs) (Gh) o)
4/2-C1 6.0 1125 4564.5 2666.9 4628.2 1961.3 2327 2.624 75.8 136 1452 113 242 53.3 455 471 0.964
4/2-C2 6.0 1125 4574.7 2678.9 4635.9 1957.0 2338 2.624 76.1 13.6 145.9 109 239 54.3 45.2 47.1 0.959
4/2-C3 6.0 1116 4572.8 26731 4619.0 19459 2.350 2,624 76.5 13.7 146.6 104 235 555 44.9 47.1 0.953
AVG 109 239 544 45.2 47.1 0.959
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix

[TMD = Theoretical Maximum Density

AC = Asphalt Cement

Gsa = Apparent Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate
Gb = _Speific Gravity of Asphalt Cement




TableB2: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology
SMA Trial Gradation Summary (Continued)

Mix:

GRADATION D--32% Passing 4.75 mm Sieve

4.75 mm Nominal Maximum Size/2.36 mm Break Point Sieve

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-1 MATERIALS:  Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 68| DATE:
Bulk Specific Gravity of CA (Gca): 2.888 10-Feb-99
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 95.2
2.963 2.875 2.887 Unit wt. of CA in DRC (kg/m3): 1525.0
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (c9) (Gmb) (Gmm) (cc) (%) (pcf) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N [e] P Q R S
(F-E) D (100-B) x | Bxl (1'x 62.4) 100(1-1/9) (100-K) 100(0-N)
(F-B) (Gsb) (Gb) 0]
4/2-D1 6.0 1104 4595.1 2691.9 4624.6 1932.7 2378 2595 774 139 1484 84 226 62.9 474 47.1 1.005
4/2-D2 6.0 109.7 4562.0 2685.2 4605.1 1919.9 2.376 2.595 774 139 148.3 8.4 226 62.7 474 47.1 1.006
4/2-D3 6.0 1106 4563.5 2696.2 4623.9 1927.7 2.367 2.595 771 139 147.7 8.8 229 617 47.6 47.1 1.010
AVG 85 227 625 475 471 1.007
[Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
[TMD = Theoretical Maximum Density C = Asphalt Cement Gsa = Apparent Speific Gravity of Aggregate Gb = _Specific Gravity of Asphalt Cement




TableB3: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology

SMA Mix Design Summary
4.75 mm Nominal Maximum Size/2.36 mm Break Point Sieve

Mix:

OPTIMUM GRADATION - - 31% Passing 2.36 mm Sieve

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 69| DATE:
Bulk Specific Gravity of CA (Gca): 2.888 10-Feb-99
AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 95.20
2.963 2.925 2.887 Unit wt. of CA in DRC (kg/m3): 1525.0
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness In Air In Water SsD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) (Gmm) (cc) (%) (ppcf) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(F-E) D (100-B) x | Bxl (1x62.4) | 100(1-1/3) (100-K) 100(O-N)
(F-E) (Gsh) (Gb) o

5.5-1 55 110.5 4547.6 2700.6 4623.8 1923.2 2.365 2.656 774 12.7 147.6 11.0 22.6 515 46.6 47.1 0.989
5.5-2 55 1111 4547.6 2682.1 4621.9 1939.8 2.344 2.656 76.7 125 146.3 117 233 49.6 47.1 47.1 0.998
5.5-3 55 110.5 4542.6 2677.0 4601.9 1924.9 2.360 2.656 77.2 12.6 147.3 111 22.8 51.0 46.7 47.1 0.991
AVG 113 22.9 50.7 46.8 47.1 0.993
6.0-1 6.0 110.1 4566.6 2670.7 4591.7 1921.0 2.377 2.634 774 13.9 148.3 9.7 22.6 56.9 46.6 47.1 0.989
6.0-2 6.0 110.2 4564.8 2675.4 4596.2 1920.8 2377 2.634 774 13.9 148.3 9.8 22.6 56.8 46.6 47.1 0.989
6.0-3 6.0 109.8 4568.6 2678.3 4591.0 1912.7 2.389 2.634 71.8 13.9 149.0 9.3 22.2 58.1 46.4 47.1 0.983
AVG 9.6 225 57.2 46.5 47.1 0.987
6.5-1 6.5 109.4 4581.5 2684.8 4591.5 1906.7 2403 ERR 71.8 15.2 149.9 ERR 22.2 ERR 46.3 47.1 0.983
6.5-2 6.5 110.0 4587.8 2686.3 4603.1 1916.8 2.393 ERR 715 151 1494 ERR 225 ERR 46.5 47.1 0.987
6.5-3 6.5 108.8 4578.3 2685.0 4585.1 1900.1 2410 ERR 78.0 15.2 1504 ERR 22.0 ERR 46.2 47.1 0.979
AVG ERR 22.2 ERR 46.3 47.1 0.983
7.0-1 7.0 109.2 4621.5 2725.3 4627.0 1901.7 2430 2.591 78.3 16.5 151.6 6.2 21.7 714 46.0 47.1 0.976
7.0-2 7.0 109.6 4607.3 2706.0 4614.6 1908.6 2414 2.591 71.8 16.4 150.6 6.8 22.2 69.3 46.4 47.1 0.983
7.0-3 7.0 109.9 4608.9 2704.1 4617.8 1913.7 2.408 2.591 71.6 16.4 150.3 7.0 224 68.6 46.5 47.1 0.986
AVG 6.7 22.1 69.8 46.3 47.1 0.982
7.5-1 75 108.4 4596.6 2707.8 4601.0 1893.2 2428 2.570 71.8 17.7 1515 55 22.2 75.1 46.3 47.1 0.983
752 75 107.7 4548.9 2675.0 4553.6 1878.6 2421 2.570 77.6 17.7 151.1 58 224 74.2 46.5 47.1 0.986
7.5-3 7.5 107.8 4580.8 2707.2 4586.7 1879.5 2437 2.570 78.1 17.8 152.1 52 21.9 76.4 46.1 47.1 0.979
AVG 55 22.2 75.2 46.3 47.1 0.983

Computed By: G. FLOWERS Checked By: T.LYNN

SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Sp. Gr. = Specific Gravity
' TMD = Theoretical Maximum Density

cc = cubic centimeter
AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix
Gsa = Apparent Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate
Gb = Spexific Gravity of Asphalt Cement




TableB4: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology

SMA Mix Design Summary (Continued)

Mix:

OPTIMUM GRADATION - - 31% Passing 2.36 mm Sieve

4.75 mm Nominal Maximum Size/2.36 mm Break Point Sieve

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-I1 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 69| DATE:
Bulk Specific Gravity of CA (Gca): 2.888 10-Feb-99
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 95.20
2.963 2.922 2.887 Unit wt. of CA in DRC (kg/m3): 1525.0
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (co) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N (6] P Q R S
(F-E) D (100-B) x| Bx (I x 62.4) 100(2-1/9) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) o
8.0-1 8.0 109.6 4656.4 2748.7 4661.0 1912.3 2.435 2.547 776 18.9 151.9 4.4 224 80.4 46.5 47.1 0.986
8.0-2 8.0 109.4 4635.4 27284 4639.3 1910.9 2.426 2.547 713 18.9 1514 4.8 22.7 79.0 46.7 47.1 0.990
8.0-3 8.0 109.7 4631.2 27235 4635.9 19124 2422 2.547 772 18.8 151.1 4.9 22.8 78.4 46.8 47.1 0.992
AVG 4.7 22.6 79.3 46.6 47.1 0.989
8.5-1 85 109.6 4661.5 2754.6 4664.6 1910.0 2.441 2.527 714 20.2 152.3 34 22.6 84.9 46.6 47.1 0.989
8.5-2 85 109.7 4666.5 2759.4 4670.7 19113 2.442 2.527 774 20.2 152.4 34 22.6 85.0 46.6 47.1 0.989
853 85 109.3 4655.1 2755.0 4658.9 1903.9 2.445 2.527 715 20.2 152.6 3.2 22.5 85.6 46.5 47.1 0.987
AVG 3.3 22.6 85.2 46.6 47.1 0.989
9.0-1 9.0 109.4 4665.7 2758.5 4668.2 1909.7 2.443 2.507 77.0 21.4 152.5 25 23.0 88.9 46.9 47.1 0.994
9.0-2 9.0 109.3 4678.9 2773.1 4681.6 1908.5 2.452 2.507 713 215 153.0 2.2 22.7 90.3 46.7 47.1 0.991
9.0-3 9.0 109.5 4664.1 2754.1 4667.8 1913.7 2437 2.507 76.8 21.3 152.1 2.8 232 88.0 47.0 47.1 0.997
AVG 2.5 23.0 89.1 46.9 47.1 0.994
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Sp. Gr. = Specific Gravity
TMD = Theoretical Maximum Density

cc = cubic centimeter
AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix
Gsa = Apparent Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement




TableB5: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology
SMA Optimum Mix Summary

Mix:

4.75 mm Nominal Maximum Size/ 2.36 mm Break Point Sieve

OPTIMUM GRADATION - - 31% Passing 2.36 mm Sieve/OPTIMUM ASPHALT CONTENT- - 8.3%

Troxler SGC: 100 Gyrations

PROJECT: NCHRPO-8-1| MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 69| DATE:
Bulk Specific Gravity of CA (Gca): 2888| 10-Feb-99
AC Sp. Gr. (Gh) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 95.20
2.963 2.925 2.887 Unit wt. of CA in DRC (kg/m3): 1525.0
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (c0) (Gmb) (Gmm) (co) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(F-E) D (100-B) x | Bxl (1x62.4) | 1001-1/3) (100-K) 100(0-N)
(F-E) (Gsh) (Gh) [¢)
RUT 1 8.3 75.0 3214.3 1906.1 3216.0 1309.9 2.454 ERR 779 19.8 153.1 ERR 22.1 ERR 46.2 47.1 0.981
RUT 2 8.3 75.0 3201.3 1897.3 3206.8 1309.5 2.445 ERR 77.7 19.7 152.5 ERR 22.3 ERR 46.4 47.1 0.985
RUT 3 83 75.1 3197.3 1893.0 3199.3 1306.3 2.448 ERR 7.7 19.8 152.7 ERR 22.3 ERR 46.4 47.1 0.984
RUT 4 8.3 74.6 3195.2 1898.7 31974 1298.7 2.460 ERR 78.1 19.9 153.5 ERR 21.9 ERR 46.1 47.1 0.978
RUT 5 83 75.0 3200.7 1898.0 3202.5 1304.5 2.454 ERR 77.9 19.8 153.1 ERR 22.1 ERR 46.2 47.1 0.981
RUT 6 83 751 3199.3 1893.6 3201.2 1307.6 2.447 ERR 777 19.8 152.7 ERR 22.3 ERR 46.4 47.1 0.984
RUT 7 8.3 75.0 3200.8 1898.0 3202.6 1304.6 2.453 ERR 779 19.8 153.1 ERR 22.1 ERR 46.2 47.1 0.981
RUT 8 83 75.0 3198.4 1894.7 3200.3 1305.6 2.450 ERR 77.8 19.8 152.9 ERR 22.2 ERR 46.3 47.1 0.983
AVG ERR 22.1 ERR 46.3 47.1 0.982
10-1
10-2
AVG
30-1
30-2
AVG
50-1
50-2
AVG
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsh = Bulk Specific Gravity of Aggregate

Sp. Gr. = Specific Gravity

TMD = Theoretical Maximum Density

cc = cubic centimeter

AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix

Gsa = Apparent Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement




TableB6: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology

SMA Trial Gradation Summary

4.75 mm Nominal Maximum Size/1.18 mm Break Point Sieve

Mix:

GRADATION A--20% Passing 1.18 mm Sieve

Troxler SGC: 100 Gyrations

[TMD = Theoretical Maximum Density

AC = Asphalt Cement

Gsa = Apparent Specific Gravity of Aggregate

Gb = Spexific Gravity of Asphalt Cement

Effective Specific Gravity of Aggregate

PROJECT: NCHRP9-8-1I MATERIALS: Traprock/Dolcito/PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 80 | DATE:
Bulk Specific Gravity of CA (Gca) 2.888 10-Feb-99
[AC Sp. Gr. (Gh) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsh) = Unit wt. of CA in DRC (pcf): 96.9
2.960 2.88: 2.887 Unit wt. of CA in DRC (kg/m3): 1552.2
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SSD Volume Bulk T™MD Volume Volume Weight V™M VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) Gmm) (cc) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G ! J K L M N o P Q R S
(FE) D (100B) x| Bx| (1'x 62.4) 100(1-1/9) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) o
41-A1 6.0 1165 4659.4 2708.3 4735.8 2027.5 2.298 2.600 74.8 135 1434 116 25.2 53.9 40.2 46.2 0.869
41-A2 6.0 1165 4664.3 2710.1 4748.7 2038.6 2.288 2.600 74.5 134 1428 120 255 52.9 40.4 46.2 0.875
4/1-A3 6.0 116.7 4661.5 2711.0 4751.9 20409 2.284 2.600 744 134 1425 12.2 25.6 52.6 405 46.2 0.877
AVG 119 254 53.1 404 46.2 0.874
IComputed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
[TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = _Speific Gravity of Asphalt Cement
GRADATION B--24% Passing 1.18 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 76 | DATE:
Bulk Specific Gravity of CA (Gca) 2.888 10-Feb-99
[AC Sp. Gr. (Gh) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsh) = Unit wt. of CA in DRC (pcf): 97.2
2.960 2.889 2.887 Unit wt. of CA in DRC (kg/m3): 1557.0
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SSD Volume Bulk T™MD Volume Volume Weight V™M VMA VFA VCA VCA drc VCA /VCA drc
%) (mm) (am) (gm) (gm) () (Gmb) (Gmm) (c) ) (pch) ) ) ) %) %)
A B C D E F G ! J K L M N o P Q R S
(FE) D (100-B) x | Bx| (I'x 62.4) 100(1-1/9) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) o
4/1-B1 6.0 1139 4674.2 2725.2 4718.1 19929 2.345 2.606 76.4 13.7 146.4 10.0 236 57.7 420 46.0 0.912
4/1-B2 6.0 1137 4666.7 2722.8 4713.6 1990.8 2.344 2.606 76.3 13.7 1463 10.0 23.7 57.6 42.0 46.0 0.913
4/1-B3 6.0 1136 4666.6 27219 4709.5 1987.6 2.348 2.606 76.4 137 1465 9.9 236 57.9 419 46.0 0.911
AVG 10.0 23.6 57.7 420 46.0 0.912
IComputed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
[TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = _Specific Gravity of Asphalt Cement
GRADATION C--28% Passing 1.18 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 72| DATE:
Bulk Specific Gravity of CA (Gca) 2.888 10-Feb-99
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 96.5
2.960 2.889 2.887 Unit wt. of CA in DRC (kg/m3): 1545.8
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight V™M VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) (Gmm) (cq) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P R S
(FE) D (100-B) x | Bx (1'x 62.4) 100(1-119) (100-K) 100(0-N)
&5 (G (Gh) 0
4/1-C1 6.0 1118 4666.2 27433 4699.4 1956.1 2.385 2.606 7.7 139 1489 85 22.3 62.1 44.1 46.4 0.950
4/1-C2 6.0 1120 47129 271774 4737.4 1960.0 2.405 2.606 78.3 14.0 150.0 77 217 64.4 436 46.4 0.940
4/1-C3 6.0 1122 4718.8 2780.4 4741.8 19614 2.406 2.606 78.3 14.0 150.1 77 217 64.5 436 46.4 0.940
AVG 8.0 219 63.7 43.8 46.4 0.943
[Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry =gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Speific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse




TableB7: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology
SMA Trial Gradation Summary (continued)

Mix:

GRADATION C2--28% Passing 1.18 mm Sieve

4.75 mm Nominal Maximum Size/1.18 mm Break Point Sieve

Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-11 MATERIALS:  Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 72| DATE:
Bulk Specific Gravity of CA (Gca): 2.888 10-Feb-99
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 9.5
2.960 2.889 2.887 Unit wt. of CA in DRC (kg/m3): 1545.8
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) (Gmm) (cq) (%) (pcf) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(F-E) D (100-B) x | Bxl (I'x 62.4) 100(1-11J) (100-K) 100(0-N)
(F-E) (Gsb) (Gh) (]
4/1-C2-1 6.0 1110 4662.9 2736.4 4685.0 1948.6 2.393 2.606 779 14.0 149.3 82 221 63.0 43.9 46.4 0.946
4/1-C2-2 6.0 110.7 4660.8 2740.8 4678.9 1938.1 2405 2.606 783 14.0 150.1 7.7 217 64.4 43.6 46.4 0.940
4/1-C2-3 6.0 1110 4662.7 2736.0 46815 19455 2397 2.606 780 14.0 149.6 80 220 63.4 438 46.4 0.944
AVG 8.0 219 63.6 43.8 46.4 0.944
IComputed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = Specific Gravity of Asphalt Cement
GRADATION D--32% Passing 1.18 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-11 MATERIALS:  Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 68 | DATE:
Bulk Specific Gravity of CA (Gca): 2888  10-Feb-99
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 97.2
2.9 2890 2.887 Unit wt. of CA in DRC (kg/m3): 1557.0
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (cq) (Gmb) (Gmm) (cq) (%) (pch) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(F-E) D (100-B) x | Bxl (I'x 62.4) 100(1-11J) (100-K) 100(0-N)
(F-E) (Gsh) (Gh) 0]
4/1-D1 6.0 108.8 4667.3 2769.8 46754 1905.6 2449 2.606 79.7 14.3 1528 6.0 20.3 703 458 46.0 0.995
4/1-D2 6.0 109.0 4669.8 2769.2 4679.9 1910.7 2444 2.606 796 143 1525 6.2 204 69.6 45.9 46.0 0.997
4/1-D3 6.0 108.7 4663.5 2769.3 4673.1 1903.8 2450 2.606 79.8 143 1529 6.0 20.2 70.3 458 46.0 0.995
AVG 6.1 203 70.1 45.8 46.0 0.996
IComputed By: G. FLOWERS CheckedBy:  T.LYNN
SSD = Saturated Surface Dry gm = gram pef = pounds per cubic foot

Sp. Gr. = Specific Gravity
[TMD = Theoretical Maximum Density

cc = cubic centimeter
C = Asphalt Cement

in = inches

Gmb = Bulk Specific Gravity of Compacted Mix
Gmm = Theoretical Maximum Specific Gravity of Mix
Gsa = Apparent Specific Gravity of Aggregate

Gsb = Bulk Specific Gravity of Aggregate
Gse = Effective Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement




Table B8: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology

SMA Mix Design Summary

Mix:  4.75 mm Nominal Maximum Size/1.18 mm Break Point Sieve

OPTIMUM GRADATION - - 32% Passing 4.75 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-I1 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 68| DATE:
Bulk Specific Gravity of CA (Gca): 2.888| 10-Feb-99
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 97.2
2.960 2.932 2.887 Unit wt. of CA in DRC (kg/m3): 1557.0
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphalt Average Aggregate AC by Unit
Number | Content | Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VT™M VMA VFA VCA VCAdrc [VCA/VCA(
(%) (mm) (gm) (gm) (gm) (c) (Gmb) (Gmm) (co) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(F-E) D (100-B) x| Bxl (Ix62.4) | 100(1-1/9) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) o
551 55 109.3 4654.6 2767.5 4681.2 1913.7 2432 2.661 79.6 13.0 151.8 8.6 204 57.8 45.9 46.0 0.997
5.5-2 55 109.6 4640.2 2749.2 46734 1924.2 2411 2.661 789 12.9 150.5 9.4 211 555 46.3 46.0 1.007
5.5-3 55 109.7 4635.7 27445 4667.3 1922.8 2411 2.661 78.9 129 150.4 94 21.1 554 46.4 46.0 1.007
AVG 9.1 20.8 56.2 46.2 46.0 1.003
4/1-D1 6.0 108.8 4667.3 2769.8 4675.4 1905.6 2.449 2.639 79.7 14.3 152.8 7.2 20.3 64.5 45.8 46.0 0.995
4/1-D2 6.0 109.0 4669.8 2769.2 4679.9 1910.7 2.444 2.639 79.6 14.3 152.5 74 204 63.8 45.9 46.0 0.997
4/1-D3 6.0 108.7 4663.5 2769.3 4673.1 1903.8 2.450 2.639 79.8 14.3 152.9 7.2 20.2 64.5 45.8 46.0 0.995
AVG 7.3 20.3 64.3 45.8 46.0 0.996
6.5-1 6.5 109.6 4672.0 2764.1 4682.8 1918.7 2.435 2,617 789 154 1519 7.0 211 67.1 46.4 46.0 1.008
6.5-2 6.5 109.2 4696.1 2792.0 4703.1 1911.1 2.457 2,617 79.6 155 1533 6.1 204 70.1 45.9 46.0 0.997
6.5-3 6.5 109.5 4695.1 27885 4703.8 1915.3 2.451 2,617 794 155 153.0 6.3 20.6 69.3 46.0 46.0 1.000
AVG 6.5 20.7 68.8 46.1 46.0 1.002
7.0-1 7.0 108.4 4720.5 2810.4 4723.9 1913.5 2.467 2.596 79.5 16.8 153.9 5.0 205 75.8 46.0 46.0 0.999
7.0-2 7.0 108.9 4717.2 2822.4 4720.3 1897.9 2.485 2.596 80.1 16.9 155.1 4.3 19.9 78.6 45.6 46.0 0.990
7.0-3 7.0 108.9 4726.2 2820.8 4730.2 1909.4 2.475 2.596 79.7 16.9 154.5 4.7 20.3 77.0 45.8 46.0 0.995
AVG 4.6 20.2 77.2 45.8 46.0 0.995
7.5-1 75 109.1 4746.4 2842.9 47493 1906.4 2.490 2575 79.8 18.2 1554 33 20.2 83.6 45.8 46.0 0.994
7.5-2 75 108.5 4749.2 2846.0 4751.4 1905.4 2.492 2.575 79.9 18.2 155.5 32 20.1 84.1 45.7 46.0 0.993
753 75 109.3 47343 2837.0 4736.3 1899.3 2.493 2575 79.9 18.2 1555 3.2 20.1 84.1 45.7 46.0 0.993
AVG 3.2 20.2 83.9 45.7 46.0 0.993
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
[TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = Specific Gravity of Asphalt Cement




TableB9: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology

SMA Optimum Mix Summary

Mix:  4.75 mm Nominal Maximum Size/1.18 mm Break Point Sieve

OPTIMUM GRADATION - - 32% Passing 1.18 mm Sieve/OPTIMUM ASPHALT CONTENT- - 7.3% Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-I1 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 68| DATE:
Bulk Specific Gravity of CA (Gca): 2.888| 10-Feb-99
IAC Sp. Gr. (Gb) = 1.028 | Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 97.2
2.960 2.932 2.887 Unit wt. of CA in DRC (kg/m3): 1557.0
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphalt | Average Aggregate AC by Unit
Number Content | Thickness In Air In Water SsD Volume Bulk TMD Volume Volume Weight V™M VMA VFA VCA VCAdrc |VCA/VCA(
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (c) (%) (pcf) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(F-E) D (100-B) x | Bxl (I1x62.4) | 100(1-1/9) (100-K) 100(0-N)
(F-E) (Gsb) (Gb) o)
RUT 1 7.3 74.9 3244.9 1939.3 3249.5 1310.2 2477 2.583 79.5 17.6 1545 4.1 205 79.9 459 46.0 0.998
RUT 2 7.3 75.0 3251.6 1945.4 3255.2 1309.8 2483 2.583 79.7 17.6 154.9 39 20.3 80.8 45.8 46.0 0.995
RUT 3 7.3 75.0 3240.0 1931.0 3242.3 13113 2471 2.583 79.3 17.5 154.2 4.3 20.7 79.0 46.1 46.0 1.001
RUT 4 7.3 75.0 3242.9 1933.8 32454 13116 2472 2.583 794 17.6 154.3 4.3 20.6 79.2 46.0 46.0 1.000
RUT 5 7.3 75.0 3230.5 1924.8 3232.4 1307.6 2471 2.583 79.3 17.5 154.2 4.4 20.7 78.9 46.1 46.0 1.001
RUT 6 7.3 75.0 3241.6 1931.7 3246.3 1314.6 2.466 2.583 79.2 17.5 153.9 45 20.8 78.2 46.2 46.0 1.003
RUT 7 7.3 75.0 3242.5 1933.5 3244.1 1310.6 2474 2.583 794 17.6 1544 4.2 20.6 79.5 46.0 46.0 0.999
RUT 8 7.3 75.0 3241.5 1931.2 3244.0 1312.8 2.469 2.583 79.3 17.5 154.1 4.4 20.7 78.7 46.1 46.0 1.002
AVG 4.3 20.6 * 79.3 * 46.0 46.0 1.000
10-1 7.3 82.7 3208.3 1834.0 3279.8 1445.8 2219 2.583 713 15.8 138.5 14.1 28.7 51.0 51.6 46.0 1.120
10-1 7.3 82.5 3218.3 1838.5 3280.4 14419 2232 2.583 71.7 15.8 139.3 13.6 283 52.0 51.3 46.0 1.114
AVG 2.226 2.583 71.5 15.8 13.8 285 * 51.5 51.4 46.0 1117
30-1 7.3 78.6 3217.8 1852.3 32317 1379.4 2.333 2.583 74.9 16.6 145.6 9.7 25.1 61.4 49.1 46.0 1.066
30-1 7.3 79.0 3222.0 1858.5 3240.1 1381.6 2.332 2.583 74.9 16.6 145.5 9.7 25.1 61.3 49.1 46.0 1.067
AVG 2.332 2.583 74.9 16.6 9.7 251 * 61.4 49.1 46.0 1.066
50-1 7.3 774 3212.4 1873.8 3217.8 1344.0 2.390 2.583 76.7 17.0 149.1 75 233 67.9 47.8 46.0 1.039
50-1 7.3 773 3216.9 1878.6 3222.9 13443 2.393 2.583 76.8 17.0 149.3 74 232 68.2 47.8 46.0 1.038
AVG 2.392 2.583 76.8 17.0 74 232 * 68.1 47.8 46.0 1.038
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
[TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = Specific Gravity of Asphalt Cement




TableB10: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology
SMA Trial Gradation Summary

Mix:

GRADATION A--20% Passing 4.75 mm Sieve

9.5 mm Nominal Maximum Size/4.75 mm Break Point Sieve

Troxler SGC: 100 Gyrations

[T™ heoretical Maximum Density

AC = Asphalt Cement

Gsa = Apparent Specific Gravity of Aggregate

PROJECT: NCHRP9-8-I1 MATERIALS:  Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 80 | DATE:
Bulk Specific Gravity of CA (Gca): 2.960 05-Aug-98
[AC Sp. Gr. (Gh) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 102.0
2972 2.955 2.907 Unit wt. of CA in DRC (kg/m3): 1633.9
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SSD Volume Bulk TMD Volume Volume Weight VM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) (Gmm) (co) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(FE) D (100-B) x | BxI (Ix 62.4) 100(1-113) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) o
9/4A1 6.0 1194 4827.4 28454 4865.8 2020.4 2.389 2.656 77.3 14.0 149.1 100 227 55.8 39.3 447 0.878
94 A2 6.0 118.2 4834.2 2842.1 4864.1 2022.0 2.391 2.656 77.3 14.0 149.2 100 27 56.0 39.3 4.7 0.877
9/4A3 6.0 1192 4842.3 28447 4876.6 20319 2.383 2.656 771 14.0 148.7 103 229 55.2 39.5 4.7 0.882
AVG 10.1 228 55.7 39.3 447 0.879
IComputed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
[TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = _Specific Gravity of Asphalt Cement
GRADATION B--24% Passing 4.75 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-I1 MATERIALS:  Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 76 | DATE:
Bulk Specific Gravity of CA (Gca): 2.960 05-Aug-98
[AC Sp. Gr. (Gh) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 102.0
2971 2.957 2.906 Unit wt. of CA in DRC (kg/m3): 1633.9
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SSD Volume Bulk TMD Volume Volume Weight VM VMA VFA VCA VCA drc VCA /VCA drc
%) (mm) (gm) (gm) (am) (cg) (Gmb) (Gmm) (cc) ) (<) &) ) %) %) %)
A B C D E F G | J K L M N o P Q R S
(FE) D (100B) x| BxI (Ix 62.4) 100(1-113) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) o
9/4B1 6.0 1176 4904.4 29121 4930.1 2018.0 2430 2.658 78.6 14.2 1517 8.6 214 60.0 413 447 0.924
9/4B2 6.0 116.5 4878.0 2900.9 4894.5 1993.6 2.447 2.658 79.1 14.3 152.7 79 209 62.0 40.9 4.7 0.915
9/4B3 6.0 1178 4862.7 2894.6 4898.5 2003.9 2427 2.658 78.5 14.2 1514 8.7 215 59.6 414 4.7 0.926
AVG 84 213 60.5 412 447 0.922
IComputed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
[T™ heoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = _Specific Gravity of Asphalt Cement
GRADATION C--28% Passing 4.75 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-I1 MATERIALS:  Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 72 | DATE:
Bulk Specific Gravity of CA (Gca): 2.960 05-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 102.0
2971 2.948 2.905 Unit wt. of CA in DRC (kg/m3): 1633.9
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOoIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) () (Gmb) (Gmm) (c0) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P R S
(FE) D (100-B) x | Bxl (I'x 62.4) 100(1-1/3) (100K) 100(0-N)
(F-E) (Gsh) (Gb) o
94C1 6.0 1122 4870.7 2955.4 4879.4 1924.0 2532 2.651 819 14.8 158.0 45 18.1 752 421 4.7 0.941
94C2 6.0 1124 4846.9 29405 4858.4 19179 2527 2.651 817 14.8 157.7 47 183 74.5 422 447 0.943
9/4C3 6.0 1126 4881.8 2956.0 4892.6 1936.6 2521 2.651 815 14.7 157.3 49 185 734 24 447 0.947
AVG 47 183 744 422 4.7 0.944
[Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Speific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate

Gb = Spexific Gravity of Asphalt Cement




TableB11l: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology

SMA Trial Gradation Summary

Mix:

GRADATION A--32% Passing 4.75 mm Sieve

9.5 mm Nominal Maximum Size/4.75 mm Break Point Sieve

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-1I MATERIALS:  Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 68 [ DATE:
Bulk Specific Gravity of CA (Gca): 2960| 05-Aug-98
AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 102.0
2972 2.955 2.907 Unit wt. of CA in DRC (kg/m3): 1633.9
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content | Thickness In Air In Water SsD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (c) (Gmb) (Gmm) (c) (%) (pcf) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N ] P Q R S
(F-E) D (100-B) x | Bxl (1x 62.4) 100(1-11) (100-K) 100(0-N)
(F-E) (Gsh) (Gh) o
9/4D1 6.0 1113 4904.4 3003.5 4911.5 1908.0 2.570 2.629 83.1 15.0 160.4 2.2 16.9 86.8 445 4.7 0.994
9/4 D2 6.0 109.8 4862.0 2980.4 4866.5 1886.1 2578 2.629 83.4 15.1 160.9 19 16.6 88.3 44.3 44.7 0.991
9/4 D3 6.0 1103 4867.7 2987.4 4873.7 1886.3 2.581 2.629 834 151 1610 18 16.6 88.9 443 447 0.989
AVG 20 16.7 88.0 444 447 0.992
(Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Sp. Gr. = Specific Gravity

'TMD = Theoretical Maximum Density

cc = cubic centimeter
AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix

Gsa = Apparent Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate

Gb = Specific Gravity of Asphalt Cement




TableB12: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology

SMA Mix Design Summary

Mix: 9.5 mm Nominal Maximum Size/4.75 mm Break Point Sieve

OPTIMUM GRADATION - - 30% Passing 4.75 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 72| DATE:
Bulk Specific Gravity of CA (Gca): 2.960| 05-Aug-98
IAC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.40
2972 2.905 2.904 Unit wt. of CA in DRC (kg/m3): 1672.3
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphalt Average Aggregate AC by Unit
Number Content | Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCAdrc [VCA/VCA(
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) (Gmm) (co) (%) (ppef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N [e] P Q R S
(F-E) D (100-B) x| Bxl (Ix62.4) | 100(1-1/9) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) o
5.5-1 55 112.7 4853.6 2947.5 4870.3 1922.8 2.524 2.640 82.1 135 157.5 4.4 17.9 75.5 42.0 434 0.966
552 55 1114 4856.8 2959.0 4865.4 1906.4 2.548 2.640 82.9 136 159.0 35 17.1 79.6 41.4 434 0.954
553 55 112.2 4850.7 2954.5 4865.6 1911.1 2.538 2.640 82.6 136 1584 38 174 77.9 41.7 434 0.959
AVG 39 175 7.7 41.7 434 0.960
6.0-1 6.0 110.8 4842.4 2953.2 4849.9 1896.7 2.553 2.618 82.6 14.9 159.3 25 174 85.7 41.6 434 0.958
6.0-2 6.0 111.0 4852.8 2936.6 4857.9 1921.3 2.526 2.618 81.8 14.7 157.6 35 18.2 80.7 422 434 0.972
6.0-3 6.0 111.2 4887.1 2989.7 4895.4 1905.7 2.564 2.618 83.0 15.0 160.0 2.0 17.0 88.0 414 434 0.952
AVG 2.7 175 84.8 41.7 434 0.961
6.5-1 6.5 108.6 4555.5 2790.3 4566.3 1776.0 2.565 2.597 82.6 16.2 160.1 1.2 17.4 93.0 41.7 434 0.959
6.5-2 6.5 109.0 4579.4 2809.9 4594.7 1784.8 2.566 2.597 82.6 16.2 160.1 12 174 93.2 41.6 434 0.959
6.5-3 6.5 108.4 4561.4 2791.0 4573.2 1782.2 2.559 2.597 824 16.2 159.7 14 17.6 91.9 41.8 434 0.962
AVG 13 175 92.7 41.7 434 0.960
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
[TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = Specific Gravity of Asphalt Cement




TableB13: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology

SMA Optimum Mix Summary

Mix: 9.5 mm Nominal Maximum Size/4.75 mm Break Point Sieve

OPTIMUM GRADATION - - 30% Passing 4.75 mm Sieve/lOPTIMUM ASPHALT CONTENT- - 5.6% Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-I1 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 72| DATE:
Bulk Specific Gravity of CA (Gca): 2.960| 05-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.40
2972 2.905 2.904 Unit wt. of CA in DRC (kg/m3): 1672.3
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUME VOIDS
Specimen | Asphalt | Average Aggregate AC by Unit
Number | Content | Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc [VCA/VCA drc
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (co) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N 6] P Q R S
(F-E) D (100-B) x| Bxl (I x 62.4) 100(1-1/9) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) o
RUT 1 5.6 75.0 3263.2 1987.5 3272.8 1285.3 2.539 2.635 824 13.8 158.4 37 17.6 79.1 41.7 44.7 0.932
RUT 2 5.6 75.0 3256.4 1992.9 3267.3 1274.4 2.555 2.635 83.0 13.9 159.4 3.0 17.0 82.1 413 44.7 0.924
RUT 3 5.6 75.0 3259.5 1996.0 3270.9 1274.9 2.557 2.635 83.0 13.9 159.5 3.0 17.0 824 413 44.7 0.923
RUT 4 5.6 75.0 3262.5 1992.4 3271.1 1278.7 2.551 2.635 829 13.9 159.2 32 17.1 814 414 44.7 0.926
RUT 5 5.6 75.0 3266.7 1999.0 3272.5 12735 2.565 2.635 833 14.0 160.1 2.7 16.7 84.0 41.1 44.7 0.918
RUT 6 5.6 75.0 3265.3 1995.7 3270.7 1275.0 2.561 2.635 832 14.0 159.8 28 16.8 832 412 44.7 0.921
RUT 7 5.6 75.0 3264.5 1997.2 3269.0 1271.8 2.567 2.635 834 14.0 160.2 2.6 16.6 84.4 41.1 44.7 0.918
RUT 8 5.6 75.0 3266.2 1997.5 3272.9 12754 2.561 2.635 83.2 14.0 159.8 2.8 16.8 83.2 41.2 44.7 0.921
AVG 3.0 17.0 825 41.3 44.7 0.923
RUT 1A 5.6 75.6 3241.7 19775 3248.8 12713 2.550 2.635 82.8 139 159.1 3.2 17.2 811 41.4 44.7 0.926
RUT 2A 5.6 75.1 3234.4 1970.6 3241.2 1270.6 2.546 2.635 82.7 13.9 158.8 34 17.3 80.4 415 44.7 0.929
RUT 3A 5.6 75.0 3232.0 1969.6 3241.3 1271.7 2.541 2.635 825 13.8 158.6 3.6 17.5 79.6 41.6 44.7 0.931
RUT 4A 5.6 75.0 3233.8 1975.5 3247.6 1272.1 2.542 2.635 82.6 13.8 158.6 35 17.4 79.7 41.6 44.7 0.930
RUT 5A 5.6 75.0 3233.9 1965.8 3245.0 1279.2 2.528 2.635 82.1 13.8 157.8 4.1 17.9 773 42.0 44.7 0.938
RUT 6A 5.6 75.0 3230.8 1965.8 3242.4 1276.6 2.531 2.635 822 13.8 157.9 4.0 17.8 7.7 419 44.7 0.936
AVG 3.6 17.5 79.3 41.7 44.7 0.932
10-1 5.6 79.8 3149.4 1904.6 32135 1308.9 2.406 2.635 78.1 13.1 150.1 8.7 21.9 60.2 44.7 44.7 1.000
10-2 5.6 82.0 3163.1 1910.3 3239.0 1328.7 2.381 2.635 77.3 13.0 148.5 9.7 22.7 574 45.3 4.7 1.013
AVG 9.2 223 58.8 45.0 44.7 1.007
30-1 5.6 76.9 3153.2 1892.3 3184.3 1292.0 2.441 2.635 79.3 13.3 152.3 74 20.7 64.4 44.0 44.7 0.982
30-2 5.6 77.8 3148.8 1896.1 3195.6 1299.5 2.423 2.635 78.7 13.2 151.2 8.1 21.3 62.2 44.4 44.7 0.991
AVG 7.7 21.0 63.3 44.2 44.7 0.987
50-1 5.6 3161.6 1913.9 3246.0 1332.1 2.373 2.635 77.1 12.9 148.1 9.9 22.9 56.6 455 44.7 1.017
50-2 5.6 75.6 3137.2 1888.3 3163.8 1275.5 2.460 2.635 79.9 134 153.5 6.7 20.1 66.9 435 44.7 0.973
AVG 8.3 21.5 61.8 445 44.7 0.995
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate

TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = Specific Gravity of Asphalt Cement




TableB14: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology

SMA Trial Gradation Summary

Mix: 9.5 mm Nominal Maximum Size/2.36 mm Break Point Sieve

GRADATION A--20% Passing 2.36 mm Sieve Troxler SGC: 100 Gyrations

[TMD = Theoretical Maximum Density

AC = Asphalt Cement

Gsa = Apparent Specific Gravity of Aggregate

PROJECT: NCHRP9-8-Il MATERIALS:  Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 80 | DATE:
Bulk Specific Gravity of CA (Gca): 2.960 05-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.0
2.967 2934 2.899 Unit wt. of CA in DRC (kg/m3): 1665.9
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir InWater SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
%) (mm) (gm) (gm) (am) (c) (Gmb) (Gmm) (cc) %) (pcf) ) %) ) %) %)
A B C D E F G | J K L M N o P Q R S
(FE) D (100-B) x | Bxl (I'x 62.4) 100(1-11J) (100-K) 100(0-N)
&3] (Gs) (Gh) o
92A1 6.0 108.4 4653.5 2797.0 4661.0 1864.0 2497 2.639 80.9 14.6 1558 54 19.1 717 36.6 437 0.838
92 A2 6.0 107.1 4649.7 2800.8 4654.9 1854.1 2.508 2.639 813 14.7 156.5 50 18.7 734 36.3 437 0.831
92A3 6.0 107.8 4661.0 2806.9 4667.3 1860.4 2.505 2.639 812 14.7 156.3 51 18.8 730 36.3 437 0.833
AVG 51 18.8 727 36.4 43.7 0.834
IComputed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm=gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Effective Specific Gravity of Aggregate
AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = _Specific Gravity of Asphalt Cement
GRADATION B--24% Passing 2.36 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-11 MATERIALS:  Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 76 | DATE:
Bulk Specific Gravity of CA (Gca): 2.960 05-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.0
2.967 2,925 2.898 Unit wt. of CA in DRC (kg/m3): 1665.9
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir InWater SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA/VCA drc
(%) (mm) (gm) (gm) (gm) (c) (Gmb) Gmm) (c0) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M o P Q R S
(FE) D (100-B) x I Bxl (I'x 62.4) 100(1-11) (100-K) 100(0-N)
F-E) (Gsh) (Gh) o
/2 B1 .0 1055 4692.3 28613 46955 1834.2 .558 .632 83.0 149 1591 .8 17.0 83.6 383 43.7 0.876
2 B2 .0 105.7 4663.1 28489 4670.0 18211 .561 .632 83.0 149 159 7 17.0 84.0 38.2 43.7 0.875
B3 .0 105.6 4661.0 28384 4665.7 1827.3 .551 .632 82.7 149 159.. .1 173 82.1 384 43.7 0.880
AVG .9 17.1 83.2 383 43.7 0.877
IComputed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
[TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = Spexific Gravity of Asphalt Cement
GRADATION C--28% Passing 2.36 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-11 MATERIALS:  Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 72| DATE:
Bulk Specific Gravity of CA (Gca): 2.960 05-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.0
2.966 2.926 2.897 Unit wt. of CA in DRC (kg/m3): 1665.9
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir InWater SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) Gmm) (c0) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(FE) D (100-B) x I Bxl (I'x 62.4) 100(1-11) (100-K) 100(0-N)
(F-E) (Gsb) (Gb) ]
92C1 6.0 1039 4646.2 2848.1 4649.6 18015 2,579 2.633 83.6 151 160.9 .0 16.4 7.5 41.0 43.7 0.940
92C2 6.0 1038 4639.8 2846.9 46445 17976 2581 2.633 83.7 151 161.1 .0 16.! 7.9 410 43.7 0.939
9/2C3 6.0 1034 46329 28414 4636.9 17955 2.580 2.633 83.7 151 161.0 .0 16.! 7.7 410 43.7 0.939
AVG .0 16.. 7.7 410 43.7 0.939
IComputed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm=gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate

Gb = Spexific Gravity of Asphalt Cement




TableB15: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology
SMA Mix Design Summary
Mix: 9.5 mm Nominal Maximum Size/2.36 mm Break Point Sieve

OPTIMUM GRADATION - - 23% Passing 2.36 mm Sieve

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 77| DATE:
Bulk Specific Gravity of CA (Gca): 2.960 05-Aug-98
IAC Sp. Gr. (Gb) = 1.028 | Apparent Sp.Gr.of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.40
2.967 2.918 2.898 Unit wt. of CA in DRC (kg/m3): 1672.3
WEIGHTS MIX VOLUM SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphalt Average Aggregate AC by Unit
Number Content | Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VT™M VMA VFA VCA VCAdrc |VCA/VCA drc
(%) (mm) (gm) (gm) (gm) (c0) (Gmb) (Gmm) (co) (%) (pef) (%) (%) (%) (%) (%)
A B ] D E F G | J K L M N (6] P Q R S
(F-E) D (100-B) x| BxI (1x624) | 100(1-119) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) [0)

55-1 55 106.3 4650.1 28257 4656.4 1830.7 2.540 2.650 82.8 136 158.5 4.2 17.2 75.8 376 434 0.864
55-2 55 106.6 4660.5 2824.7 4666.1 1841.4 2.531 2.650 82.5 13.5 157.9 4.5 175 74.2 37.8 434 0.870
5.5-3 55 106.2 4658.7 2824.6 4672.4 1847.8 2.521 2.650 82.2 13.5 157.3 4.9 178 72.6 38.0 434 0.875
AVG 45 175 74.2 37.8 434 0.870
6.0-1 6.0 106.3 4671.3 2845.7 4674.8 1829.1 2.554 2.628 82.8 14.9 159.4 2.8 17.2 83.5 37.6 434 0.864
6.0-2 6.0 106.5 4648.4 2816.9 4651.9 1835.0 2.533 2.628 822 14.8 158.1 3.6 17.8 79.7 38.1 434 0.876
6.1-3 6.0 107.2 4675.5 2835.2 4687.3 1852.1 2.524 2.628 819 14.7 157.5 4.0 18.1 78.2 38.3 434 0.881
AVG 35 17.7 80.5 38.0 434 0.874
6.5-1 6.5 108.6 4555.5 2790.3 4566.3 1776.0 2.565 2.607 82.8 16.2 160.1 1.6 17.2 90.7 37.6 434 0.866
6.5-2 6.5 109.0 4579.4 2809.9 4594.7 1784.8 2.566 2.607 82.8 16.2 160.1 1.6 17.2 90.9 37.6 434 0.865
6.5-3 6.5 1084 4561.4 2791.0 45732 1782.2 2.559 2.607 82.6 16.2 159.7 18 174 89.6 37.7 434 0.869
AVG 1.7 17.3 90.4 37.7 434 0.867

Computed By: G. FLOWERS Checked By: T.LYNN

SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Sp. Gr. = Specific Gravity
[TMD = Theoretical Maximum Density

cc = cubic centimeter
AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix
Gsa = Apparent Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement




TableB16: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology
SMA Optimum Mix Summary

Mix: 9.5 mm Nominal Maximum Size/2.36 mm Break Point Sieve

OPTIMUM GRADATION - - 23% Passing 2.36 mm Sieve/OPTIMUM ASPHALT CONTENT- - 5.8%

Troxler SGC: 100 Gyrations

PROJECT NCHRPO-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 77| DATE:
Bulk Specific Gravity of CA (Gca): 2.960| 05-Aug-98
[AC Sp. Gr. (Gb) = 1.028 | Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.40
2.967 2918 2.898 Unit wt. of CA in DRC (kg/m3): 1672.3
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphalt | Average Aggregate AC by Unit
Number | Content | Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VT™M VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (co) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(F-E) D (100-B) x| BxI (1x62.4) | 100(1-119) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) o
RUT 1 5.8 75.0 3272.1 1988.9 3278.1 1289.2 2.538 2.637 82.5 143 1584 3.8 175 78.6 37.8 43.7 0.866
RUT 2 5.8 75.0 3272.6 1989.6 3277.0 1287.4 2.542 2.637 82.6 14.3 158.6 3.6 174 79.3 37.7 43.7 0.864
RUT 3 5.8 75.0 3271.6 1983.4 32755 1292.1 2.532 2.637 82.3 14.3 158.0 4.0 17.7 715 38.0 43.7 0.869
RUT 4 58 75.0 3270.9 1987.2 32743 1287.1 2.541 2.637 82.6 14.3 158.6 3.6 17.4 79.2 37.7 43.7 0.864
RUT S5 5.8 75.0 3266.7 1990.3 32745 1284.2 2.544 2.637 82.7 144 158.7 35 173 79.6 37.7 43.7 0.863
RUT 6 58 75.0 3272.9 1992.3 3278.8 1286.5 2.544 2.637 82.7 14.4 158.7 35 17.3 79.6 37.7 43.7 0.863
RUT 7 58 75.0 3284.4 2000.2 3288.7 1288.5 2.549 2.637 82.8 14.4 159.1 33 17.2 80.6 375 43.7 0.860
RUT 8 5.8 75.0 3265.4 1981.7 32704 1288.7 2.534 2.637 82.3 143 158.1 39 17.7 77.8 37.9 43.7 0.868
AVG 37 174 79.0 37.7 43.7 0.864
10-1 58 80.8 3158.1 1894.7 3254.5 1359.8 2.322 2.637 75.5 13.1 144.9 11.9 245 514 43.1 43.7 0.987
10-2 58 813 3141.0 1889.9 3241.0 1351.1 2.325 2.637 755 13.1 145.1 11.8 245 51.6 43.0 43.7 0.986
AVG 119 245 51.5 43.1 43.7 0.986
30-1 58 76.9 3155.7 1884.2 3198.3 1314.1 2401 2.637 78.0 135 149.8 8.9 22.0 59.3 41.2 43.7 0.943
30-2 58 76.4 3145.3 1878.1 3185.9 1307.8 2.405 2.637 78.1 13.6 150.1 8.8 219 59.7 41.1 43.7 0.941
AVG 8.9 21.9 59.5 41.1 43.7 0.942
50-1 4.8 75.0 3167.8 1897.2 3185.7 1288.5 2.459 2.637 80.7 11.5 153.4 6.8 19.3 64.9 39.1 43.7 0.896
50-2 4.8 75.2 3162.8 1892.7 3190.5 1297.8 2.437 2.637 80.0 114 152.1 7.6 20.0 62.0 39.6 43.7 0.908
AVG 7.2 19.6 634 394 43.7 0.902
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Sp. Gr. = Specific Gravity

[TMD = Theoretical Maximum Density

cc = cubic centimeter

AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix
Gsa = Apparent Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement




TableB17: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology
SMA Trial Gradation Summary

Mix:

GRADATION A--20% Passing 9.5 mm Sieve

12.5 mm Nominal Maximum Size/9.5 mm Break Point Sieve

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-1 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 80| DATE:
Bulk Specific Gravity of CA (Gca): 2.924 05-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.7
2974 2.947 2917 Unit wt. of CA in DRC (kg/m3): 1677.1
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
%) (mm) (gm) (gm) (am) (cg) (Gmb) (Gmm) (@) ) (pcf) ) ) %) %) %)
A B C D E F G | J K L M N o P Q R S
(FE) D (100-B) x | Bxl (1'x 62.4) 100(1-1/9) (100-K) 100(0-N)
&3 (Gh) (Gh) 0
19A1 6.0 114.3 4445.6 2657.9 4498.7 1840.8 2415 2.650 778 14.1 150.7 8.9 222 60.0 379 426 0.890
19A2 6.0 114.6 45737 2722.1 4609.3 1887.2 2424 2.650 781 14.2 1512 85 219 61.0 37.7 426 0.885
1/9A3 6.0 1145 4496.3 2671.2 45345 1863.3 2413 2.650 778 14.1 150.6 8.9 222 59.8 379 426 0.891
AVG 88 221 60.3 37.8 426 0.888
[Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = _Specific Gravity of Asphalt Cement
GRADATION B--24% Passing 9.5 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 76 | DATE:
Bulk Specific Gravity of CA (Gca): 2924 05-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.7
2973 2.928 2916 Unit wt. of CA in DRC (kg/m3): 1677.1
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SsD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) (Gmm) (c) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M o P Q R S
(FE) D (100-B) x I Bxl (1'x 62.4) 100(1-1/9) (100-K) 100(0-N;
FE (G (Gh) 0
1/98B1 .0 112, 4563.2 2738. 4587.0 1848.2 469 .636 79.6 144 154.1 6. 0.4 69.0 39.7 42. 0.932
1/9B2 .0 111 4513.0 2670. 4535.3 1864.4 421 .636 78.0 141 151.0 8. 2.0 62.9 40. 42. 0.959
1983 .0 111. 4497.0 2686. 4526.7 1839.8 444 .636 788 143 152.5 7. 12 65.7 40. 42. 0.946
AVG 7. 12 65.9 40. 42. 0.946
IComputed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
[TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent ific Gravity of Aggregate Gb = _Speific Gravity of Asphalt Cement
GRADATION C--28% Passing 9.5 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 72 | DATE:
Bulk Specific Gravity of CA (Gca): 2924 05-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.7
2973 2.928 2915 Unit wt. of CA in DRC (kg/m3): 1677.1
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SsD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) (Gmm) (c) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(FE) D (100-B) x I Bxl (1'x 62.4) 100(1-1/9) (100-K) 100(0-N)
&3 (Gh) (Gh) 0
19C1 6.0 1085 4548.6 2744.1 4566.4 18223 2.496 2.637 80.4 14.6 1558 5. 19.6 727 422 42 0.992
19c2 6.0 1084 4530.0 27276 45477 1820.1 2489 2.637 80.2 145 155.3 X 198 716 42.4 42. 0.995
1/9C3 6.0 1087 4570.9 27726 4589.7 1817.1 2515 2.637 81.1 14.7 157.0 4. 189 75.7 41.8 42 0.981
AVG 5. 194 733 42.1 42. 0.989
IComputed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate

[TMD = Theoretical Maximum Density

AC = Asphalt Cement

Gsa = Apparent ific Gravity of Aggregate

Gb = Speific Gravity of Asphalt Cement




TableB18: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology
SMA Trial Gradation Summary (Continued)
12.5 mm Nominal Maximum Size/9.5 mm Break Point Sieve

Mix:

GRADATION D--32% Passing 9.5 mm Sieve

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 68 | DATE:
Bulk Specific Gravity of CA (Gca): 2.924 05-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) =  Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.7
2975 2.938 2914 Unit wt. of CA in DRC (kg/m3): 1677.1
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness In Air In Water SsD Volume Bulk TMD Volume Volume Weight VM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (cc) (%) (pch) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o] P Q R S
(FE) D (100-B) x | Bxl (I'x 62.4) 100(1-173) (100K) 100(0-N)
(F-B) (Gsb) (Gb) (]
1/9-D1 6.0 105.4 4532.1 2761.6 4542.5 1780.9 2.545 2643 82.1 149 158.8 37 179 79.3 44.4 42.6 1.042
1/9-D2 6.0 105.3 4538.7 2767.7 4547.6 1779.9 2.550 2.643 82.3 149 159.1 35 177 80.2 443 42.6 1.039
1/9-D3 6.0 1053 4545.9 2776.0 45535 17775 2557 2643 825 15.0 159.6 32 175 8L5 441 42.6 1.035
AVG 35 7.7 80.3 442 42.6 1.039
IComputed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm =gram pcf = pounds per cubic foot

Sp. Gr. = Specific Gravity
[TMD = Theoretical Maximum Density

cc = cubic centimeter
AC = Asphalt Cement

in = inches

Gmb = Bulk Specific Gravity of Compacted Mix

Gmm = Theoretical Maximum Specific Gravity of Mix

Gsa = Apparent

ific Gravity of Aggregate

Gsb = Bulk Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate

Gb = Spexific Gravity of Asphalt Cement




TableB19: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology

SMA Mix Design Summary
Mix:  12.5 mm Nominal Maximum Size/9.5 mm Break Point Sieve

OPTIMUM GRADATION - - 28% Passing 9.5 mm Sieve

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-| MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 72| DATE:
Bulk Specific Gravity of CA (Gca): 2924 05-Aug-98
[AC Sp. Gr. (Gb) = 1.028 | Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.7
2.975 2.955 2915 Unit wt. of CA in DRC (kg/m3): 1677.1
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphalt | Average Aggregate AC by Unit
Number | Content | Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VT™M VMA VFA VCA VCAdrc |VCA/VCA drc
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (co) (%) (pcf) (%) (%) (%) (%) (%)
A B ] D E F G | J K L M N 6] P Q R S
(F-E) D (100-B) x | Bxl (1x62.4) | 100(1-113) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) [¢)
1/9C1 6.0 108.5 4548.6 2744.1 4566.4 1822.3 2.496 2.658 80.5 14.6 155.8 6.1 19.5 68.8 42.2 42.6 0.992
1/9C2 6.0 1084 4530.0 2727.6 4547.7 1820.1 2489 2.658 80.3 145 155.3 6.4 19.7 67.8 424 42.6 0.995
1/9C3 6.0 108.7 4570.9 2772.6 4589.7 1817.1 2515 2.658 81.1 14.7 157.0 54 18.9 716 41.8 42.6 0.981
AVG 59 19.4 69.4 421 42.6 0.989
6.5-1 6.5 108.6 4521.4 27225 4537.2 1814.7 2492 2.636 79.9 15.8 155.5 55 20.1 727 42.6 42.6 1.001
6.5-2 6.5 108.0 4545.1 27415 4555.5 1814.0 2.506 2.636 80.4 15.8 156.3 4.9 19.6 74.8 423 42.6 0.994
6.5-3 6.5 108.7 4520.2 2714.6 4535.4 1820.8 2483 2.636 79.6 15.7 154.9 5.8 204 714 42.8 42.6 1.006
AVG 54 20.0 73.0 42.6 42.6 1.000
7.0-1 7.0 108.9 4503.5 2701.0 4522.3 1821.3 2473 2.614 789 16.8 154.3 54 21.1 74.4 434 42.6 1.019
7.0-2 7.0 108.5 4533.3 2728.8 4546.4 1817.6 2494 2614 79.6 17.0 155.6 4.6 20.4 775 429 42.6 1.007
7.0-3 7.0 108.2 4518.0 2722.3 4530.5 1808.2 2.499 2.614 79.7 17.0 155.9 4.4 20.3 78.2 42.8 42.6 1.005
AVG 4.8 20.6 76.7 43.0 42.6 1.010
Computed By: G. FLOWERS Checked By: T.LYNN
ISSD = Saturated Surface Dry gm =gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Sp. Gr. = Specific Gravity

TMD = Theoretical Maximum Density

cc = cubic centimeter
AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix
Gsa = Apparent Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement




Table B20: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology

SMA Mix Design Summary 2
Mix: 12,5 mm Nominal Maximum Size/9.5 mm Break Point Sieve

OPTIMUM GRADATION - - 26% Passing 9.5 mm Sieve

Troxler SGC: 100 Gyrations

PROJECT NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 74| DATE:
Bulk Specific Gravity of CA (Gca): 2.924 05-Aug-98
AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.7
2.975 2.955 2915 Unit wt. of CA in DRC (kg/m3): 1677.1
WEIGHTS MIX VOLUME __ SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphat | Average Aggregate AC by Unit
Number | Content | Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) (Gmm) (ce) (%) (pcf) (%) (%) (%) (%) (%)
A B c D E F G | J K L M N o P Q R S
(F-E) D (100-B) x | Bxl (I1x624) | 100(2-113) (100-K) 100(0-N)
(F-E) (Gsb) (Gb) o
5.0-18 5.0 1106 45035 2729.3 4542.0 1812.7 2.484 2.702 81.0 121 155.0 8.1 19.0 57.7 40.3 426 0.946
5.0-2B 5.0 109.8 4507.3 2715.0 4540.4 18254 2.469 2.702 80.5 120 154.1 8.6 195 55.9 40.6 426 0.954
5.0-38 5.0 109.5 4477.7 2700.1 4507.8 1807.7 2.477 2.702 80.7 120 154.6 8.3 19.3 56.8 404 42.6 0.950
AVG 8.3 193 56.8 404 426 0.950
5.5-1B 55 109.3 4492.0 2706.7 4518.7 1812.0 2.479 2.679 80.4 133 154.7 7.5 196 62.0 40.7 426 0.956
5528 55 110.1 4522.1 2732.3 4548.6 18163 2.490 2.679 80.7 133 155.4 7.1 193 63.4 405 426 0.950
5.5-3B 55 109.9 4486.7 2683.3 4514.0 1830.7 2.451 2.679 79.5 131 152.9 8.5 20.5 58.5 414 426 0.972
AVG 7.7 19.8 61.3 40.9 42.6 0.959
6.0-1B 6.0 109.0 44813 2675.4 4503.8 18284 2.451 2.656 79.0 143 152.9 7.7 21.0 63.2 417 426 0.979
6.0-2B 6.0 109.9 4533.0 27233 4550.5 1827.2 2.481 2.656 80.0 145 154.8 6.6 20.0 67.0 410 426 0.962
6.0-3B 6.0 109.4 44832 2686.3 4505.2 1818.9 2.465 2.656 79.5 144 153.8 72 20.5 64.9 414 42.6 0.971
AVG 7.2 20.5 65.0 413 426 0971
6.5-1B 6.5 109.6 4531.0 2711.0 4542.9 18319 2.473 2.634 79.3 156 154.3 6.1 20.7 705 415 426 0.974
6.5-28 6.5 109.9 4546.9 2724.7 4561.6 18369 2.475 2.634 79.4 15.7 154.5 6.0 20.6 70.8 414 426 0.973
6.5-3B 6.5 108.7 4538.1 2732.2 4551.0 1818.8 2.495 2.634 80.0 158 155.7 5.3 20.0 736 410 426 0.962
AVG 5.8 20.4 716 413 42.6 0.970
7.0-1B 7.0 108.9 4547.8 27176 4559.0 18414 2.470 2.612 78.8 16.8 154.1 54 212 74.3 419 426 0.983
7.0-2B 7.0 109.1 4558.7 2730.0 4574.2 1844.2 2.472 2.612 78.9 16.8 154.2 54 211 74.6 418 426 0.982
7.0-38 7.0 109.5 4547.0 2715.3 4559.2 1843.9 2.466 2612 787 16.8 153.9 5.6 21.3 738 42.0 42.6 0.985
AVG 55 212 74.2 419 426 0.984
7.5-1B 7.5 109.1 4552.3 2715.4 4561.6 1846.2 2.466 2.501 78.2 180 153.9 438 21.8 77.8 423 426 0.993
7528 75 108.8 4558.8 27295 4570.4 18409 2.476 2.591 78.6 18.1 154.5 4.4 214 79.3 420 426 0.987
7.5-3B 7.5 107.9 4548.6 2725.2 4556.2 18310 2.484 2.501 78.8 181 155.0 41 21.2 80.5 418 426 0.983
AVG 45 214 79.2 421 42.6 0.987
8.0-1B 8.0 107.6 4519.4 2707.6 4530.7 1823.1 2.479 2.569 78.2 193 154.7 35 218 83.9 423 426 0.993
8.0-2B 8.0 108.7 4581.3 2728.8 4597.6 1868.8 2.451 2.569 7.4 19.1 153.0 46 22.6 79.8 429 426 1.008
8.0-38 8.0 107.1 4537.0 2720.9 45454 1824.5 2.487 2.569 785 194 155.2 32 215 85.1 421 426 0.989
AVG 38 22.0 82.9 424 426 0.996
85-1B 85 108.7 4608.3 2750.8 4614.4 1863.6 2.473 2.549 77.6 20.4 154.3 3.0 22.4 86.6 27 426 1.004
8.5-2B 85 107.6 4584.7 2730.8 4596.1 1865.3 2.458 2.549 77.2 20.3 153.4 3.6 22.8 84.4 431 426 1.012
AVG 33 22.6 85.5 429 426 1.008
Computed By: G. FLOWERS Checked By: T.LYNN

SSD = Saturated Surface Dry

Sp. Gr. = Specific Gravity

TMD = Theoretical Maximum Density

gm = gram

cc = cubic centimeter

AC = Asphalt Cement

pcf = pounds per cubic foot

in = inches

Gmb = Bulk Specific Gravity of Compacted Mix

Gmm = Theoretical Maximum Specific Gravity of Mix
Gsa = Apparent Specific Gravity of Aggregate

Gsb = Bulk Specific Gravity of Aggregate
Gse = Effective Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement




TableB21: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology

SMA Mix Design Summary 3

Mix:  12.5mm Nominal Maximum Size/9.5 mm Break Point Sieve

OPTIMUM GRADATION - - 24% Passing 9.5 mm Sieve

Troxler SGC: 100 Gyrations

PROJECT NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 76| DATE:
Bulk Specific Gravity of CA (Gca): 2.924( 05-Aug-98
AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.7
2.975 2.955 2.915 Unit wt. of CA in DRC (kg/m3): 1677.1
WEIGHTS MIX VOLUMH SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphalt | Average Aggregate AC by Unit
Number | Content | Thickness In Air In Water SsD Volume Bulk TMD Volume Volume Weight VT™M VMA VFA VCA VCAdrc |VCA/VCA drc
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (c) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N 6] P Q R S
(F-E) D (100-B) x | Bxl (I x 62.4) 100(1-1/9) (100-K) 100(O-N)
(F-E) (Gsb) (Gh) o
1/9B1 6.0 112.2 4563.2 2738.8 4587.0 1848.2 2.469 2.659 79.6 14.4 154.1 7.1 204 64.9 39.7 42.6 0.932
1/9B2 6.0 111.9 4513.0 2670.9 4535.3 1864.4 2421 2.659 78.1 14.1 151.0 9.0 219 59.1 40.9 42.6 0.959
1/9B3 6.0 111.2 4497.0 2686.9 4526.7 1839.8 2.444 2.659 78.8 14.3 152.5 8.1 212 619 40.3 42.6 0.946
AVG 81 21.2 62.0 40.3 42.6 0.946
6.5-1C 6.5 110.6 45225 2710.6 4553.2 1842.6 2.454 2.637 787 155 153.2 6.9 213 675 40.4 42.6 0.948
6.5-2C 6.5 111.7 4536.6 2699.0 4557.5 1858.5 2.441 2.637 78.3 154 152.3 74 21.7 65.8 40.7 42.6 0.955
6.5-3C 6.5 111.4 4537.8 2702.3 4561.5 1859.2 2.441 2.637 78.3 154 152.3 74 21.7 65.7 40.7 42.6 0.955
AVG 7.3 21.6 66.3 40.6 42.6 0.953
7.0-1C 7.0 1114 4525.6 2683.4 4543.9 1860.5 2.432 2.615 77.6 16.6 151.8 7.0 224 68.8 41.2 42.6 0.967
7.0-2C 7.0 110.6 4514.3 2701.0 4534.0 1833.0 2.463 2.615 78.6 16.8 153.7 5.8 214 72.8 40.5 42.6 0.950
7.0-3C 7.0 110.3 4436.0 2641.1 4463.4 1822.3 2.434 2.615 7.7 16.6 151.9 6.9 223 69.1 41.2 42.6 0.966
AVG 6.6 22.1 70.2 40.9 42.6 0.961
Computed By: G. FLOWERS Checked By:  T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = Specific Gravity of Asphalt Cement




TableB22: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology

SMA Optimum Mix Summary
12.5 mm Nominal Maximum Size/9.5 mm Break Point Sieve

Mix:

OPTIMUM GRADATION - - 26% Passing 9.5 mm Sieve/OPTIMUM ASPHALT CONTENT- - 8.0%

Troxler SGC: 100 Gyrations

Sp. Gr. = Specific Gravity
[TMD = Theoretical Maximum Density

cc = cubic centimeter

AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix
Gsa = Apparent Specific Gravity of Aggregate

PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 74| DATE:
Bulk Specific Gravity of CA (Gca): 2924 05-Aug-98
IAC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) =  Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.70
2975 2.955 2915 Unit wt. of CA in DRC (kg/m3): 1677.1
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphdt | Average Aggregate AC by Unit
Number Content | Thickness In Air In Water SsD Volume Bulk TMD Volume Volume Weight V™M VMA VFA VCA VCAdrc | VCA/VCAdrc
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (co) (%) (pcf) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N [e] P Q R S
(F-E) D (100-B) x | Bxl (Ix62.4) | 100(1-119) (100-K) 100(O-N)
(F-E) (Gsh) (Gb) 0]
RUT 1 8.0 75.2 3048.5 1816.1 3061.3 1245.2 2.448 2.569 77.2 19.1 152.8 4.7 22.8 79.3 0.0 42.6 0.000
RUT 2 8.0 75.2 3080.4 1844.5 3094.3 1249.8 2.465 2.569 7.7 19.2 153.8 4.1 22.3 81.7 42.6 42.6 1.001
RUT 3 8.0 75.2 3084.1 1845.2 3090.6 1245.4 2476 2.569 78.1 19.3 154.5 3.6 219 835 42.3 42.6 0.994
RUT 4 8.0 75.2 3096.1 1854.2 3103.9 1249.7 2477 2.569 78.1 19.3 154.6 3.6 21.9 83.6 423 42.6 0.994
RUT 5 8.0 75.2 3086.7 1847.7 3095.5 1247.8 2474 2.569 78.0 19.3 154.4 37 220 83.1 42.4 42.6 0.996
RUT 6 8.0 75.2 31313 1877.1 3142.0 1264.9 2.476 2.569 78.1 19.3 154.5 37 21.9 83.3 424 42.6 0.995
RUT 7 8.0 75.2 3105.4 1858.2 3113.6 1255.4 2474 2.569 78.0 19.3 154.4 37 220 83.0 42.4 42.6 0.996
RUT 8 8.0 75.2 3114.6 1870.6 31213 1250.7 2.490 2.569 78.5 194 1554 3.1 21.5 85.6 42.0 42.6 0.987
AVG 3.8 220 829 * 37.1 42.6 0.870
10-1 8.0 84.1 3169.5 1855.7 3206.8 1351.1 2.346 2.569 74.0 18.3 146.4 8.7 26.0 66.6 45.4 42.6 1.066
10-2 8.0 85.2 3177.6 1871.0 3214.7 1343.7 2.365 2.569 74.6 184 147.6 8.0 25.4 68.7 44.9 42.6 1.055
AVG 8.3 25.7 67.6 * 45.2 42.6 1.060
30-1 8.0 81.2 31445 1846.3 3157.4 1311.1 2.398 2.569 75.6 18.7 149.7 6.7 244 727 44.2 42.6 1.037
30-2 8.0 80.9 3196.1 1896.0 32115 1315.5 2.430 2.569 76.6 18.9 151.6 54 234 76.7 434 42.6 1.020
AVG 6.1 239 74.7 * 43.8 42.6 1.028
50-1 8.0 715 3166.6 1881.0 3179.6 1298.6 2.438 2.569 76.9 19.0 152.2 51 231 779 43.2 42.6 1.015
50-2 8.0 7.7 3191.2 1902.5 3204.4 1301.9 2.451 2.569 773 19.1 153.0 4.6 22.7 79.7 429 42.6 1.008
AVG 4.8 229 78.8 * 43.1 42.6 1.012
Computed By: G. FLOWERS Checked By: T.LYNN
ISSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement




TableB23: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology
SMA Trial Gradation Summary

Mix:

GRADATION A--20% Passing 4.75 mm Sieve

12.5 mm Nominal Maximum Size/4.75 mm Break Point Sieve

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-11 MATERIALS Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 80 | DATE:
Bulk Specific Gravity of CA (Gca): 2917 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 1034
2972 2.939 2910 Unit wt. of CA in DRC (kg/m3): 1656.3
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content | Thickness InAir In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
%) (mm) (gm) (gm) (am) () (Gmb) (Gmm) (cg) ) (ch) &) %) ) %) %)
A B C D E F G | J K L M N [¢] P Q R S
(FB) D (100B) x | BxI (I'x62.4) 100(1-17) (100K) 100(0-N)
(F-E) (Gsh) (Gb) o
12/4A-1 6.0 1157 4732.5 2791.2 4767.5 1976.3 2.395 2,644 774 14.0 149.4 50 226 779 383 432 0.887
12/4A-2 6.0 1154 4737.7 2819.6 4764.4 1944.8 2.436 2,644 78.7 14.3 152.0 46 213 78.4 37.2 432 0.862
12/4A-3 6.0 1165 4737.3 2829.1 4768.1 1939.0 2443 2644 789 14.3 1525 53 211 74.9 370 432 0.858
AVG 50 217 7.1 375 432 0.869
Computed By: G. FLOWERS Checked By:  T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
[TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = _Specific Gravity of Asphalt Cement
GRADATION B--24% Passing 4.75 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-1l MATERIALS Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 76 | DATE:
Bulk Specific Gravity of CA (Gca): 2917 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 103.9
2972 2.87 2.909 Unit wt. of CA in DRC (kg/m3): 1664.3
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content [ Thickness InAir In Water SSD Volume Bulk TMD Volume Volume Weight VM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) (Gmm) (cc) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N [¢] P R S
(F-E) D (100-B) x | Bxl (1'x 62.4) 100(1-1/J) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) o
12/4B-1 6.0 1129 4756.6 2867.9 4774.7 1906.8 2495 2.591 80.6 14.3 145.0 3.7 194 80.9 389 429 0.907
12/4B-2 6.0 1130 4763.6 28709 47782 1907.3 2498 2591 80.7 14.4 146.2 29 193 85.0 38.8 42.9 0.905
12/4B-3 6.0 1126 4760.4 2875.3 4777.6 1902.3 2.502 2.591 80.8 14.4 146.0 31 19.2 838 38.7 429 0.903
AVG 3.2 193 833 38.8 429 0.905
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = Specific Gravity of Asphalt Cement
GRADATION C--28% Passing 4.75 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-1l MATERIALS Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 72 | DATE:
Bulk Specific Gravity of CA (Gca): 2917 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.4
2971 2.9 Unit wt. of CA in DRC (kg/m3): 1672.3
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content [ Thickness InAir In Water SSD Volume Bulk TMD Volume Volume Weight VM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) (Gmm) (cc) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N [e] P Q R S
(F-E) D (100-B) x | Bxl (1 x 62.4) 100(1-1/J) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) o
12/4C-1 6.0 109.5 4775.1 29195 47824 1862.9 2.563 2.635 82.8 150 159.9 27 172 84.2 40.5 42.6 0.951
12/4C-2 6.0 109.3 47721 2919.2 4780.7 18615 2.564 2.635 82.8 150 160.0 27 172 84.2 40.5 42.6 0.951
12/4C-3 6.0 109.5 4763.9 2907.2 47711 1863.9 2.556 2.635 82.6 14.9 159.5 3.0 174 828 40.7 426 0.955
AVG 28 17.3 83.7 40.6 426 0.952
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix

Sp. Gr. = Specific Gravity
TMD = Theoretical Maximum Density

cc = cubic centimeter
AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix

Gsa = Apparent Specific Gravity of Aggregate

Gsb = Bulk Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate

Gb = Specific Gravity of Asphalt Cement




TableB24: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology

SMA Mix Design Summary

Mix: 12,5 mm Nominal Maximum Size/4.75 mm Break Point Sieve

OPTIMUM GRADATION - - 27% Passing 4.75 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-I1 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 73| DATE:
Bulk Specific Gravity of CA (Gca): 2.917| 06-Aug-98
AC Sp. Gr. (Gb) = 1.028 | Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.40
2971 2.939 2.908 Unit wt. of CA in DRC (kg/m3): 1672.3
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphalt | Average Aggregate AC by Unit
Number Content | Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VT™M VMA VFA VCA VCAdrc [VCA/VCA(
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (co) (%) (pcf) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N 6] P Q R S
(F-E) D (100-B) x | Bxl (1x62.4) | 100(1-119) (100-K) 100(0-N)
(F-E) (Gsh) (Gh) (6]
551 55 109.9 4722.6 2874.2 4741.1 1866.9 2.530 2.667 82.2 135 157.9 51 17.8 711 40.2 42.6 0.943
552 55 109.8 4727.3 28744 4742.9 1868.5 2.530 2.667 82.2 135 157.9 5.1 17.8 712 40.2 42.6 0.943
5.5-3 55 110.1 4741.8 2884.8 4761.0 1876.2 2.527 2.667 82.1 135 157.7 5.2 17.9 70.8 40.2 42.6 0.944
AVG 52 17.8 71.0 40.2 42.6 0.943
6.0-1 6.0 1104 4754.9 28914 4767.8 1876.4 2.534 2.644 819 14.8 158.1 4.2 18.1 76.9 404 42.6 0.948
6.0-2 6.0 110.6 4755.7 2894.2 4769.5 1875.3 2.536 2.644 82.0 14.8 158.2 41 18.0 773 40.3 42.6 0.947
6.0-3 6.0 109.7 4761.1 2897.6 4770.5 1872.9 2.542 2.644 82.2 14.8 158.6 39 17.8 783 40.2 42.6 0.943
AVG 4.0 18.0 715 40.3 42.6 0.946
6.5-1 6.5 109.6 4784.8 2914.9 4792.8 1877.9 2.548 2.622 819 16.1 159.0 2.8 18.1 84.3 404 42.6 0.948
6.5-2 6.5 109.5 4755.6 2892.3 4767.4 1875.1 2.536 2.622 815 16.0 158.3 33 185 82.2 40.7 42.6 0.954
6.5-3 6.5 109.4 4759.8 2898.4 4770.0 1871.6 2.543 2.622 81.8 16.1 158.7 3.0 18.2 834 40.5 42.6 0.950
AVG 3.0 18.3 83.3 40.5 42.6 0.951
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter  in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = Specific Gravity of Asphalt Cement




Table B25: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology

SMA Optimum Mix Summary
Mix:  12.5mm Nominal Maximum Size/4.75 mm Break Point Sieve

OPTIMUM GRADATION - - 27% Passing 4.75 mm Sieve/OPTIMUM ASPHALT CONTENT- - 6.1% Troxler SGC: 100 Gyrations
PROJECT NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 73| DATE:
Bulk Specific Gravity of CA (Gca): 2917 06-Aug-98
AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.40
2971 2.939 2.908 Unit wt. of CA in DRC (kg/m3): 1672.3
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphalt | Average Aggregate AC by Unit
Number | Content | Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCAdrc |VCA/VCA(
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (co) (%) (pcf) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N 6] P Q R S
(F-E) D (100-B) x| Bxl (1x62.4) | 100(1-113) (100-K) 100(0O-N)
(F-E) (Gsh) (Gh) [¢]
RUT 1 6.1 75.0 3205.3 1948.8 3210.2 1261.4 2.541 2.640 82.0 15.1 158.6 3.7 18.0 79.2 40.3 432 0.934
RUT 2 6.1 75.0 3204.4 1944.3 3212.3 1268.0 2.527 2.640 815 15.0 157.7 4.3 18.5 76.8 40.6 432 0.941
RUT 3 6.1 75.0 3110.3 1869.1 3123.0 1253.9 2481 2.640 80.0 147 154.8 6.0 20.0 69.7 41.7 43.2 0.966
RUT 4 6.1 75.0 3112.3 18755 3130.1 1254.6 2481 2.640 80.0 147 154.8 6.0 20.0 69.8 41.7 43.2 0.966
RUT 5 6.1 75.0 3107.1 1868.4 3121.8 1253.4 2.479 2.640 80.0 14.7 154.7 6.1 20.0 69.5 417 43.2 0.967
RUT 6 6.1 75.0 3209.3 1950.0 3216.2 1266.2 2.535 2.640 818 15.0 158.2 4.0 182 78.1 40.4 43.2 0.937
RUT 7 6.1 75.0 3206.7 19524 3216.0 1263.6 2.538 2.640 819 151 158.4 3.9 181 78.6 40.4 43.2 0.935
RUT 8 6.1 75.0 3208.8 1949.2 3216.5 1267.3 2.532 2.640 8L7 15.0 158.0 41 183 777 40.5 43.2 0.938
RUT 9 6.1 74.8 32134 1955.8 3228.0 1272.2 2.526 2.640 815 15.0 157.6 43 185 76.6 40.6 43.2 0.942
RUT 10 6.1 75.0 3207.2 1948.2 3220.9 1272.7 2.520 2.640 813 15.0 157.2 45 187 75.7 40.8 43.2 0.945
RUT 11 6.1 75.0 3214.7 1957.7 3228.9 12712 2.529 2.640 816 15.0 157.8 42 184 77.1 40.6 43.2 0.940
AVG 4.7 18.8 75.4 37.2 43.2 0.947
10-1 6.1 31735 1889.4 3227.2 1337.8 2.372 2.640 76.5 14.1 148.0 10.1 235 56.8 44.3 43.2 1.025
10-2 6.1 82.1 3168.7 1896.0 3230.6 1334.6 2.374 2.640 76.6 14.1 148.2 10.1 234 57.0 44.2 43.2 1.024
AVG 10.1 234 56.9 44.2 43.2 1.025
30-1 6.1 78.0 3166.3 1896.6 3193.6 1297.0 2441 2.640 78.8 14.5 152.3 75 21.2 64.5 42.6 43.2 0.988
30-2 6.1 77.2 3168.8 1903.4 3199.3 1295.9 2.445 2.640 78.9 14.5 152.6 74 211 65.0 425 43.2 0.986
AVG 74 212 64.8 42.6 43.2 0.987
50-1 6.1 755 3152.8 1898.6 3165.4 1266.8 2.489 2.640 80.3 14.8 155.3 57 19.7 70.9 415 432 0.962
50-2 6.1 75.8 3172.3 1915.3 3187.7 12724 2.493 2.640 80.4 14.8 155.6 5.6 19.6 71.6 414 432 0.959
AVG 5.6 19.6 71.2 415 432 0.961
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter  in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = Specific Gravity of Asphalt Cement




TableB26: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology
SMA Trial Gradation Summary

Mix:

GRADATION A--20% Passing 4.75 mm Sieve

19.0 mm Nominal Maximum Size/4.75 mm Break Point Sieve - Phase | |

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 80 | DATE:
Bulk Specific Gravity of CA (Gca): 2929 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) =  Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 102.0
2979 2931 2922 Unit wt. of CA in DRC (kg/m3): 1633.9
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness In Air InWater SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
%) (mm) (gm) (gm) (gm) (@) (Gmb) (Gmm) (cg) ) (pcl) %) ) ) %) %)
A B C D E F G | J K L M N o P Q R S
(FE) D (100B) x | BxI (I'x 62.4) 100(1-11) (100K) 100(0-N)
(F-B) (Gsb) (Gh) o
20-1 6.0 46914 2846.7 4713.0 1866.3 2514 2.638 80.9 14.7 156.9 4.7 19.1 75.4 355 44.2 0.803
20-2 6.0 4676.4 2833.0 4703.0 1870.0 2.501 2.638 80.4 14.6 156.0 5.2 19.6 734 358 44.2 0.811
20-3 6.0 4683.0 2837.2 4703.6 1866.4 2509 2.638 80.7 14.7 156.6 4.9 19.3 74.7 35.6 44.2 0.806
AVG 4.9 19.3 74.5 35.6 44.2 0.806
| Computed By: G. FLOWERS CheckedBy:  T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = _Specific Gravity of Asphalt Cement
GRADATION B--24% Passing 4.75 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-II MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 76 | DATE:
Bulk Specific Gravity of CA (Gca): 2922 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) =  Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 102.0
2978 2.925 2.920 Unit wt. of CA in DRC (kg/m3): 1633.9
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness In Air InWater SsD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (cc) (%) (pcf) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P R S
(F-E) D (100-B) x | Bxl (I'x 62.4) 100(1-1/9) (100-K) 100(0-N)
(FE) (Gsn) (Gb) o
241 6.0 4746.4 2905.3 4759.9 1854.6 2.559 2.633 82.3 14.9 159.7 28 17.7 84.1 374 44.0 0.850
24-2 6.0 47449 2903.1 4760.1 1857.0 2.555 2633 82.2 149 159.4 30 178 83.4 375 44.0 0.852
24-3 6.0 4759.7 2914.8 47710 1856.2 2.564 2.633 825 15.0 160.0 26 175 85.1 37.3 44.0 0.847
AVG 28 17.7 842 374 44.0 0.850
| Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = Specific Gravity of Asphalt Cement
GRADATION C--28% Passing 4.75 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-II MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 72 | DATE:
Bulk Specific Gravity of CA (Gca): 2.929 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) =  Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 102.0
2977 2.926 919 Unit wt. of CA in DRC (kg/m3): 1633.9
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness In Air InWater SsD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (cc) (%) (pch) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(F-E) D (100-B) x | Bxl (I'x 62.4) 100(1-1/9) (100-K) 100(0-N)
(F-E) (Gs) (Gh) o
28-1 6.0 4765.0 29410 4769.7 1828.7 2.606 2634 838 152 162.6 11 16.2 93.4 39.8 44.2 0.901
28-2 6.0 4736.1 29225 47419 1819.4 2603 2634 83.7 152 162.4 12 16.3 92.8 39.9 44.2 0.902
283 6.0 4752.2 2932.0 4758.3 1826.3 2.602 2634 83.7 15.2 162.4 12 16.3 92.6 39.9 44.2 0.903
AVG 12 16.2 92.9 39.8 44.2 0.902
| Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix

Sp. Gr. = Specific Gravity
TMD = Theoretical Maximum Density

cc = cubic centimeter
AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix
Gsa = Apparent Specific Gravity of Aggregate

Gsb = Bulk Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate

Gb = Specific Gravity of Asphalt Cement




TableB27: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology

SMA Mix Design Summary

Mix:  19.0 mm Nominal Maximum Size/4.75 mm Break Point Sieve - Phasel |

OPTIMUM GRADATION - - 24% Passing 4.75 mm Sieve

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 76| DATE:
Bulk Specific Gravity of CA (Gca): 2.922 06-Aug-98
AC Sp. Gr. (Gb) = 1.028 | Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsh) = Unit wt. of CA in DRC (pcf): 102.00
2.978 2.925 2.920 Unit wt. of CA in DRC (kg/m3): 1633.9
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUM VOIDS
Specimen | Asphat | Average Aggregate AC by Unit
Number Content | Thickness| InAir In Water SSD Volume Bulk TMD Volume Volume Weight V™M VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (co) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N ] P Q R S
(F-E) D (100-B) x | Bxl (1x62.4) | 100(1-119) (100-K) 100(O-N)
(F-E) (Gsh) (Gb) )
5.0-1 5.0 108.6 4687.2 2881.4 4703.8 1822.4 2.572 2.710 83.7 125 160.5 51 16.3 68.8 36.4 44.0 0.828
5.0-2 5.0 108.8 4707.8 2898.8 4724.5 1825.7 2.579 2.710 83.9 12.5 160.9 4.8 16.1 69.9 36.3 44.0 0.824
5.0-3 5.0 108.2 4710.8 2903.8 4727.9 1824.1 2.583 2.710 84.0 12.6 161.2 4.7 16.0 70.6 36.2 44.0 0.822
AVG 4.9 16.1 69.8 36.3 44.0 0.825
5.5-1 5.5 107.7 4714.6 2903.1 4726.1 1823.0 2.586 2.687 83.7 138 161.4 38 16.3 77.0 36.4 44.0 0.828
5.5-2 55 108.7 4717.1 2905.2 4729.4 1824.2 2.586 2.687 83.7 13.8 161.4 3.8 16.3 76.9 36.4 44.0 0.828
5.5-3 5.5 108.0 4739.8 2925.9 4749.9 1824.0 2.599 2.687 84.1 13.9 162.2 33 15.9 79.3 36.1 44.0 0.821
AVG 3.6 16.2 71.7 36.3 44.0 0.825
6.0-1 6.0 107.5 4714.2 2905.0 4724.9 1819.9 2.590 2.664 83.4 15.1 161.6 2.8 16.6 83.4 36.7 44.0 0.833
6.0-2 6.0 108.0 4754.3 2934.8 4763.0 1828.2 2.601 2.664 83.7 15.2 162.3 24 16.3 85.4 36.4 44.0 0.827
6.0-3 6.0 107.1 4736.3 29233 4743.1 1819.8 2.603 2.664 83.8 15.2 162.4 2.3 16.2 85.8 36.4 44.0 0.826
AVG 25 16.4 84.8 36.5 44.0 0.829
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Sp. Gr. = Specific Gravity
[TMD = Theoretical Maximum Density

cc = cubic centimeter
AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix
Gsa = Apparent Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement




TableB28: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology

SMA Trial Gradation Summary
Mix:

GRADATION A--20% Passing 12.5 mm Sieve

25.0 mm Nominal Maximum Size/12.5 mm Break Point Sieve

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 80 | DATE:
Bulk Specific Gravity of CA (Gca): 2.960 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 106.1
2.989 2.982 2.945 Unit wt. of CA in DRC (kg/m3): 1699.6
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness In Air InWater SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) () (Gmb) (Gmm) () ) (pcf) ) ) ) ) %)
A B C D E F G | J K L M N o P Q R S
(FE) D (100-B) x | BxI (I'x62.4) 100(1-11) (100K) 100(0-N)
(F-E) (Gsb) (Gh) o
25/12 A1 6.0 1136 4538.4 2765.2 4568.1 18029 2517 2677 80.3 14.7 157.1 6.0 19.7 69.6 36.0 425 0.848
25/12 A2 6.0 1130 4559.1 2781.2 45915 18103 2518 2677 80.4 14.7 157.1 59 19.6 69.8 36.0 425 0.847
25/12A3 6.0 1132 4577.6 2791.8 4598.0 1806.2 2534 2677 80.9 14.8 158.1 53 19.1 721 35.6 425 0.837
AVG 57 195 70.5 35.9 425 0.844
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = ecific Gravity of Asphalt Cement
GRADATION B--24% Passing 12.5 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 76 | DATE:
Bulk Specific Gravity of CA (Gca): 2.960 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) =  Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 105.3
2.988 2.986 2943 Unit wt. of CA in DRC (kg/m3): 1686.7
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOoIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness In Air InWater SSD Volume Bulk TMD Volume Volume Weight VM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (c) (Gmb) (Gmm) (cc) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(FE) D (100-B) x I Bxl (I'x 62.4) 100(1-1/J) (100-K) 100(0-N)
(F-E) (Gsh) (Gh) o
25/12B1 6.0 110.6 4582.4 27945 4602.1 1807.6 2.535 2.680 80.9 14.8 158.2 54 19.1 7.7 38.8 43.0 0.904
25/12 B2 6.0 109.8 4568.1 2804.9 4586.7 17818 2.564 2.680 81.8 150 160.0 4.3 182 76.1 381 430 0.887
25/12B3 6.0 110.1 4581.8 2803.7 4601.2 1797.5 2.549 2.680 814 14.9 159.1 4.9 18.6 738 38.5 43.0 0.896
AVG 4.9 18.6 739 385 43.0 0.896
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = ecific Gravity of Asphalt Cement
GRADATION C--28% Passing 12.5 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION Percent Coarse Aggregate: 72| DATE:
Bulk Specific Gravity of CA (Gca): 2.960 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) =  Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.4
2.987 2.965 2.940 Unit wt. of CA in DRC (kg/m3): 1672.3
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOoIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness In Air InWater SSD Volume Bulk TMD Volume Volume Weight VM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (c) (Gmb) (Gmm) (cc) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(FE) D (100-B) x I Bxl (I'x 62.4) 100(1-1/J) (100-K) 100(0-N)
(F-E) (Gsh) (Gh) o
25/12C1 6.0 107.0 4592.0 2829.7 4606.0 1776.3 2.585 2,664 82.5 151 161.3 30 175 83.1 409 434 0.941
25/12C2 6.0 1074 4592.9 28232 4606.0 17828 2576 2.664 82.2 150 160.8 33 178 815 411 434 0.946
25/12C3 6.0 107.2 4576.2 2820.5 4595.6 17751 2578 2.664 823 15.0 160.9 32 17.7 818 411 434 0.945
AVG 32 17.7 82.1 41.0 434 0.944
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Sp. Gr. = Specific Gravity
TMD = Theoretical Maximum Density

cc = cubic centimeter
AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix

Gsa = Apparent Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate

Gb = Specific Gravity of Asphalt Cement




TableB29: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology

SMA Mix Design Summary

Mix:  25.0 mm Nominal Maximum Size/12.5 mm Break Point Sieve

OPTIMUM GRADATION - - 28% Passing 12.5 mm Sieve Troxler SGC: 100 Gyrations
PROJECT NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 72| DATE:
Bulk Specific Gravity of CA (Gca): 2.960 06-Aug-98
IAC Sp. Gr. (Gb) = 1.028 | Apparent Sp. Gr. of Agg. (Gsa) =  Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.40
2.987 2.964 2.940 Unit wt. of CA in DRC (kg/m3): 1672.3
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphat | Average Aggregate AC by Unit
Number | Content [ Thickness| In Air In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (c9) (Gmb) (Gmm) (co) (%) (pcf) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N 0] P Q R S
(F-B) D (100-B) x | Bxl (I x 62.4) 100(1-1/9) (100-K) 100(O-N)
(F-E) (Gsb) (Gb) (]
551 55 108.9 4578.4 2822.6 4594.4 17718 2.584 2.686 83.1 138 161.2 3.8 16.9 77.6 40.6 434 0.935
5.5-2 55 109.0 4623.6 2849.5 4639.8 1790.3 2.583 2.686 83.0 138 161.2 3.9 17.0 773 40.6 434 0.935
5.5-3 55 108.0 4576.6 2819.2 4592.3 1773.1 2.581 2.686 83.0 13.8 161.1 3.9 17.0 77.1 40.7 434 0.936
AVG 39 17.0 773 40.6 434 0.935
25/12 C1 6.0 107.0 4592.0 2829.7 4606.0 1776.3 2.585 2.663 82.7 15.1 161.3 29 17.3 83.1 40.9 434 0.941
25/12 C2 6.0 107.4 4592.9 2823.2 4606.0 1782.8 2.576 2.663 824 15.0 160.8 33 17.6 814 411 434 0.946
25/12C3 6.0 107.2 4576.2 2820.5 4595.6 17751 2.578 2.663 824 15.0 160.9 3.2 17.6 818 411 434 0.945
AVG 31 17.5 82.1 41.0 434 0.944
651 6.5 108.6 4555.5 2790.3 4566.3 1776.0 2.565 2,641 81.6 16.2 160.1 29 184 84.4 41.7 434 0.959
6.5-2 6.5 109.0 4579.4 2809.9 4594.7 1784.8 2.566 2.641 81.6 16.2 160.1 2.8 18.4 84.5 41.6 434 0.959
6.5-3 6.5 108.4 4561.4 2791.0 4573.2 1782.2 2.559 2.641 814 16.2 159.7 31 18.6 834 418 434 0.962
AVG 29 185 84.1 417 434 0.960
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate

TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = Specific Gravity of Asphalt Cement




TableB30: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology
SMA Optimum Mix Summary
Mix:  25.0 mm Nominal Maximum Size/12.5 mm Break Point Sieve

OPTIMUM GRADATION - - 28% Passing 12.5 mm Sieve/OPTIMUM ASPHALT CONTENT- - 5.6%

Troxler SGC: 100 Gyrations

PROJECT NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 72| DATE:
Bulk Specific Gravity of CA (Gca): 2960| 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 104.40
2.987 2.964 2.940 Unit wt. of CA in DRC (kg/m3): 1672.3
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphalt Average Aggregate AC by Unit
Number | Content | Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (c) (Gmb) (Gmm) (co) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(F-E) D (100-B) x | BxI (1x62.4) | 100(1-113) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) o
RUT 1 5.6 74.9 3135.1 1942.9 3145.0 1202.1 2.608 2.681 83.6 14.2 162.7 27 16.4 833 40.1 42.5 0.943
RUT 2 5.6 745 3127.0 1931.0 3138.4 1207.4 2.590 2.681 83.0 14.1 161.6 34 17.0 79.9 40.5 425 0.953
RUT 3 5.6 75.0 31455 1938.6 3154.0 1215.4 2.588 2.681 83.0 14.1 161.5 35 17.0 79.6 40.6 425 0.954
RUT 4 5.6 75.0 3116.5 1914.4 3130.8 1216.4 2.562 2.681 82.1 14.0 159.9 45 17.9 75.1 412 42.5 0.968
RUT5 5.6 75.1 3153.8 1947.7 3161.2 12135 2.599 2.681 83.3 14.2 162.2 31 16.7 81.6 40.3 42.5 0.948
RUT 6 5.6 75.0 3133.1 1928.7 3143.8 1215.1 2578 2.681 82.7 14.0 160.9 3.8 17.3 77.9 40.8 425 0.959
RUT 7 5.6 75.0 3152.9 1944.9 3162.9 1218.0 2.589 2.681 83.0 14.1 161.5 35 17.0 79.7 40.6 425 0.954
RUT 8 5.6 75.1 3149.6 1944.3 3160.5 1216.2 2.590 2.681 83.0 14.1 161.6 34 17.0 79.9 40.5 42.5 0.953
AVG 35 17.0 79.6 40.6 425 0.954
10-1 5.6 84.8 3106.5 1912.0 3146.4 1234.4 2517 2.681 80.7 13.7 157.0 6.1 19.3 68.2 42.2 425 0.993
10-2 5.6 84.8 3140.6 1932.2 3178.9 1246.7 2519 2.681 80.7 13.7 157.2 6.1 19.3 68.5 42.2 425 0.991
AVG 6.1 19.3 68.4 422 42.5 0.992
30-1 5.6 79.3 3121.7 1926.9 3145.4 1218.5 2.562 2.681 82.1 14.0 159.9 4.5 17.9 75.1 41.2 425 0.968
30-2 5.6 79.8 3126.5 1919.3 31515 1232.2 2.537 2.681 81.3 138 158.3 54 18.7 71.2 417 42.5 0.981
AVG 4.9 18.3 73.1 415 425 0.975
50-1 5.6 774 3111.9 1908.9 3131.3 1222.4 2.546 2.681 81.6 139 158.9 51 184 725 415 42.5 0.977
50-2 5.6 77.2 3113.0 1910.2 31325 1222.3 2.547 2.681 81.6 13.9 158.9 5.0 184 72.7 415 42.5 0.976
AVG 5.0 18.4 72.6 415 425 0.977
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Sp. Gr. = Specific Gravity

[TMD = Theoretical Maximum Density

cc = cubic centimeter

AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix

Gsa = Apparent Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement




TableB31: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology
SMA Trial Gradation Summary

25.0 mm Nominal Maximum Size/9.5 mm Break Point Sieve

Mix:

GRADATION A--20% Passing 9.5 mm Sieve

Troxler SGC: 100 Gyrations

Sp. Gr. = Specific Gravity
[TMD = Theoretical Maximum Density

cc = cubic centimeter
C = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix

Gsa = Apparent

ific Gravity of Aggregate

PROJECT:  NCHRP9-8-I MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 80 | DATE:
Bulk Specific Gravity of CA (Gca): 2951| 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) =  Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 105.4
2.985 2.998 2938 Unit wt. of CA in DRC (kg/m3): 1688.3
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) (Gmm) (cc) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N [¢] P Q R S
(FE) D (100-B) x | Bxl (1'x 62.4) 100(1-1/9) (100-K) 100(0-N)
F-E) (Gs) (Gb) o
25/9 A-1 .0 1178 4670.2 28324 4700.8 1868.4 .500 .689 80.0 14.6 156.0 70 20.0 64.8 36.3 4.7 0.850
25/9A-2 .0 116.2 47175 28415 47374 1895.9 .488 .689 79.6 14.6 1553 75 204 63.4 36.6 4.7 0.856
25/9A-3 .0 1144 4702.2 2857.8 47203 1862.5 .525 .689 80.8 14.8 1575 6.1 192 68.2 35.7 4.7 0.835
AVG 69 199 65.5 36.2 4.7 0.847
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = _Speific Gravity of Asphalt Cement
GRADATION B--24% Passing 9.5 mm Sieve Troxler SGC: 100 Gyrations
PROJECT:  NCHRP9-8-ll MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 76 | DATE:
Bulk Specific Gravity of CA (Gca): 2951| 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 105.2
2.984 2922 2.936 Unit wt. of CA in DRC (kg/m3): 1685.1
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SSD Volume Bulk TMD Volume Volume Weight VM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (c) (Gmb) (Gmm) (c0) (%) (pcf) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(FE) D (100-B) x | Bxl (1'x 62.4) 100(1-1/3) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) o
25/9B-1 6.0 1125 4715.8 2874.0 47279 1853.9 2544 2.660 814 14.8 158.7 44 18.6 76.5 384 428 0.897
25/9 B-2 6.0 1116 4668.3 2835.2 4687.2 1852.0 2521 2.660 80.6 14.7 157.3 5.2 194 72.9 39.0 428 0.910
25/9B-3 6.0 1117 4748.8 2917.7 4758.8 18411 2579 2.660 825 151 161.0 3.0 175 826 376 428 0.877
AVG 42 185 774 383 428 0.894
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Sp. Gr. = Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
[TMD = Theoretical Maximum Density AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = _Specific Gravity of Asphalt Cement
GRADATION C--28% Passing 9.5 mm Sieve Troxler SGC: 100 Gyrations
PROJECT:  NCHRP9-8-I MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 72| DATE:
Bulk Specific Gravity of CA (Gca): 2951| 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 105.1
2.983 2. .934 Unit wt. of CA in DRC (kg/m3): 1683.5
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
%) (mm) (gm) (gm) (gm) () (Gmb) (Gmm) () ) (pch) &) ) ) %) %)
A B C D E F G | J K L M N o P R S
(FE) D (100-B) x | Bxl (1'x 62.4) 100(1-1/9) (100-K) 100(0-N)
(F-E) (Gs) (Gb) o
25/9C-1 6.0 108.9 4733.1 29115 47405 1829.0 2.588 2.660 82.8 151 1615 27 17.2 84.2 40.6 429 0.948
25/9C-2 6.0 109.5 4685.7 2875.1 4699.3 1824.2 2.569 2.660 82.2 150 160.3 34 17.8 80.7 411 429 0.958
25/9C-3 6.0 109.2 4689.9 2879.3 4701.3 1822.0 2574 2.660 82.4 150 160.6 3.2 17.6 817 410 429 0.955
AVG 31 17.6 822 40.9 429 0.954
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate

Gb = Speific Gravity of Asphalt Cement




TableB32: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology
SMA Mix Design Summary
Mix: 25.0 mm Nominal Maximum Size/9.5 mm Break Point Sieve

OPTIMUM GRADATION - - 28% Passing 9.5 mm Sieve

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 72| DATE:
Bulk Specific Gravity of CA (Gca): 2.951 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 105.10
2.983 2.940 2.934 Unit wt. of CA in DRC (kg/m3): 1683.5
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphalt Average Aggregate AC by Unit
Number Content | Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (co) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N 6] P Q R S
(F-E) D (100-B) x | Bxl (Ix62.4) | 100(1-1/9) (100-K) 100(O-N)
(F-E) (Gsh) (Gb) o
5.0-1 5.0 109.4 4674.6 2893.4 4690.3 1796.9 2.601 2.704 84.2 12.7 162.3 3.8 15.8 76.0 39.7 42.9 0.926
5.0-2 5.0 109.6 4684.4 2897.4 4700.5 1803.1 2.598 2.704 84.1 12.6 162.1 39 15.9 753 39.8 429 0.927
5.0-3 5.0 107.4 4687.6 2907.7 4698.9 1791.2 2.617 2.704 84.7 12.7 163.3 32 15.3 78.9 39.3 429 0.917
AVG 36 15.6 76.7 39.6 429 0.923
551 5.5 109.0 4690.4 2901.0 4703.2 1802.2 2.603 2.681 83.8 13.9 162.4 29 16.2 81.9 40.0 429 0.932
5.5-2 55 109.3 4729.2 2925.4 47404 1815.0 2.606 2.681 83.9 13.9 162.6 2.8 16.1 82.5 39.9 429 0.931
5.5-3 55 108.3 4725.9 2923.2 4735.1 18119 2.608 2.681 84.0 14.0 162.8 2.7 16.0 83.0 39.9 429 0.929
AVG 2.8 16.1 82.5 39.9 429 0.931
25/9 C-1 6.0 108.9 4733.1 29115 4740.5 1829.0 2.588 2.658 82.9 15.1 161.5 2.6 17.1 84.5 40.6 42.9 0.948
25/9 C-2 6.0 109.5 4685.7 2875.1 4699.3 1824.2 2.569 2.658 823 15.0 160.3 34 17.7 81.0 41.1 429 0.958
25/9 C-3 6.0 109.2 4689.9 2879.3 4701.3 1822.0 2.574 2.658 825 15.0 160.6 32 17.5 82.0 41.0 429 0.955
AVG 31 17.4 82.5 40.9 42.9 0.954
6.5-1 6.5 108.5 4721.3 2886.3 4729.9 1843.6 2.561 2.636 816 16.2 159.8 28 18.4 84.5 41.6 429 0.969
6.5-2 6.5 109.9 4692.2 2865.9 4702.4 1836.5 2.555 2.636 814 16.2 159.4 31 18.6 835 41.7 429 0.973
6.5-3 6.5 107.9 4701.3 2887.4 47104 1823.0 2.579 2.636 82.2 16.3 160.9 22 17.8 87.8 41.2 429 0.960
AVG 2.7 18.3 85.3 415 429 0.967
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Sp. Gr. = Specific Gravity

'TMD = Theoretical Maximum Density

cc = cubic centimeter
AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix

Gsa = Apparent Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement




TableB33: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology
SMA Mix Design Summary 2
Mix:  25.0 mm Nominal Maximum Size/9.5 mm Break Point Sieve

OPTIMUM GRADATION - - 26% Passing 9.5 mm Sieve

Troxler SGC: 100 Gyrations

Sp. Gr. = Specific Gravity
TMD = Theoretical Maximum Density

cc = cubic centimeter
AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix

Gsa = Apparent Specific Gravity of Aggregate

PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 74| DATE:
Bulk Specific Gravity of CA (Gca): 2.951 06-Aug-98
AC Sp. Gr. (Gb) = 1.028 | Apparent Sp. Gr. of Agg. (Gsa) =  Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 105.10
2.983 2.940 2.934 Unit wt. of CA in DRC (kg/m3): 1683.5
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphalt Average Aggregate AC by Unit
Number Content | Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VT™M VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (co) (%) (pcf) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N o P Q R S
(F-E) D (100-B) x | Bxl (Ix62.4) | 100(1-1/9) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) [¢)
5.0-1B 50 1111 4672.5 2879.6 4691.5 1811.9 2.579 2.690 83.5 12.5 160.9 4.1 16.5 75.0 38.6 429 0.899
5.0-2B 5.0 111.4 4678.9 2885.9 4698.1 1812.2 2.582 2.690 83.6 12.6 161.1 4.0 16.4 75.6 38.5 429 0.897
5.0-3B 5.0 109.8 4670.7 2872.1 4688.8 1816.7 2.571 2.690 83.2 12.5 160.4 4.4 16.8 73.7 38.8 429 0.903
AVG 4.2 16.6 74.7 38.6 42.9 0.900
5.5-1B 55 111.3 4673.3 2868.3 4691.2 1822.9 2.564 2.667 82.6 13.7 160.0 39 17.4 778 39.2 429 0.915
5.5-2B 55 110.7 4703.7 2905.6 4720.3 1814.7 2.592 2.667 83.5 13.9 161.7 2.8 16.5 83.0 38.6 429 0.899
5.5-3B 55 111.1 4690.7 2879.2 4708.1 1828.9 2.565 2.667 82.6 13.7 160.0 38 17.4 78.0 39.2 429 0.914
5.5-4B 5.5 109.8 4607.6 2843.9 4628.4 1784.5 2.582 2.667 83.2 138 161.1 32 16.8 81.1 38.8 42.9 0.905
5.5-5B 5.5 1114 4709.8 2893.5 4726.6 1833.1 2.569 2.667 82.8 13.7 160.3 37 17.2 78.8 39.1 42.9 0.912
5.5-6B 5.5 1114 4690.2 2881.9 4709.8 1827.9 2.566 2.667 82.6 13.7 160.1 3.8 17.4 78.2 39.2 42.9 0.914
5.5-7B 55 109.5 4612.2 2841.3 4625.7 1784.4 2.585 2.667 83.3 13.8 161.3 31 16.7 81.6 38.7 429 0.903
5.5-8B 55 109.7 4705.7 2890.9 4718.3 1827.4 2.575 2.667 82.9 13.8 160.7 34 17.1 79.8 39.0 429 0.909
AVG 35 17.1 79.8 39.0 429 0.909
6.0-1B 6.0 110.8 4688.7 2882.2 4701.2 1819.0 2.578 2.645 82.6 15.0 160.8 2.5 174 85.4 39.2 42.9 0.915
6.0-2B 6.0 111.2 4685.1 2865.5 4700.6 1835.1 2.553 2.645 81.8 14.9 159.3 35 18.2 81.0 39.8 429 0.928
6.0-3B 6.0 112.4 4694.8 2865.0 4712.4 1847.4 2.541 2.645 814 14.8 158.6 39 18.6 79.0 40.1 429 0.935
6.0-4B 6.0 1115 4634.8 2835.2 4649.6 1814.4 2.554 2.645 81.8 14.9 159.4 34 18.2 81.2 39.8 429 0.928
6.0-5B 6.0 111.0 4666.1 2853.3 4684.4 1831.1 2.548 2.645 81.6 14.9 159.0 3.6 184 80.1 39.9 42.9 0.931
AVG 34 18.1 81.5 39.8 42.9 0.927
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement




TableB34: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology
SMA Optimum Mix Summary
Mix:  25.0 mm Nominal Maximum Size/9.5 mm Break Point Sieve

OPTIMUM GRADATION - - 26% Passing 9.5 mm Sieve/OPTIMUM ASPHALT CONTENT- - 55%

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 74| DATE:
Bulk Specific Gravity of CA (Gca): 2951 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 105.10
2.983 2.940 2.934 Unit wt. of CA in DRC (kg/m3): 1683.5
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphalt Average Aggregate AC by Unit
Number Content | Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight VT™M VMA VFA VCA VCA drc VCA /VCA drc
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) (Gmm) (cc) (%) (pcf) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N ) P Q R S
(F-E) D (100-B) x | Bxl (I1x62.4) | 100(1-1/9) (100-K) 100(0-N)
(F-E) (Gsh) (Gb) o
RUT 1 55 75.0 31818 1976.5 3196.0 1219.5 2.609 2.667 83.9 14.0 162.8 2.2 16.1 86.5 38.2 27 0.893
RUT 2 55 75.1 3116.7 1926.5 3130.1 1203.6 2.589 2.667 83.3 13.9 161.6 2.9 16.7 82.6 38.6 27 0.904
RUT 3 55 75.1 3034.6 1860.1 30614 1201.3 2.526 2.667 81.3 135 157.6 5.3 18.7 718 401 427 0.939
RUT 4 55 75.0 3112.9 1914.6 3127.2 1212.6 2567 2.667 82.6 13.7 160.2 3.7 17.4 785 39.2 427 0.917
RUT 5 55 75.1 3117.2 1918.1 31314 1213.3 2.569 2.667 82.6 137 160.3 3.7 17.4 78.9 39.1 427 0.915
RUT 6 55 75.0 31195 1927.9 31357 1207.8 2.583 2.667 83.1 138 161.2 3.2 16.9 813 38.8 427 0.908
RUT 7 55 75.0 3121 1935.2 31383 1203.1 2594 2.667 834 13.9 161.9 2.7 16.6 83.5 385 27 0.902
RUT 8 55 75.0 31195 1926.2 31338 1207.6 2.583 2.667 83.1 138 161.2 31 16.9 814 38.8 427 0.908
AVG 34 17.1 80.6 38.9 27 0.911
RUT 1A 55 74.9 3117.0 1915.9 3127.0 1211.1 2574 2.667 82.8 13.8 160.6 35 17.2 79.7 39.0 27 0.913
RUT 2A 55 74.9 31153 1921.0 3127.0 1206.0 2.583 2.667 83.1 13.8 161.2 31 16.9 814 38.8 27 0.908
RUT 3A 55 75.0 3124.9 1920.1 3136.7 1216.6 2.569 2.667 82.6 13.7 160.3 3.7 17.4 78.8 39.1 27 0.916
RUT 4A 55 75.0 3122.3 1920.0 31353 1215.3 2.569 2.667 82.6 137 160.3 37 17.4 78.9 39.1 427 0.915
AVG 35 17.2 79.7 39.0 427 0.913
10-1 55 83.7 3137.8 1922.9 3169.2 1246.3 2518 2.667 810 135 157.1 5.6 19.0 70.6 40.3 427 0.944
10-2 55 83.2 31288 1914.7 3162.4 1247.7 2.508 2.667 80.7 134 156.5 6.0 19.3 69.1 406 27 0.950
AVG 5.8 19.2 I 69.8 | 405 427 0.947
30-1 55 78.1 31325 1922.1 3154.2 1232.1 2.542 2.667 818 136 158.6 47 18.2 74.4 39.8 427 0.930
30-2 55 77.0 31315 1920.5 31487 1228.2 2.550 2.667 82.0 13.6 159.1 44 18.0 75.5 39.6 27 0.926
AVG 45 18.1 I 750 | 39.7 27 0.928
50-1 55 76.0 3127.7 1921.2 3141.2 1220.0 2.564 2.667 82.5 137 160.0 3.9 175 77.9 39.2 427 0.919
50-2 55 76.9 3146.0 1935.0 31615 12265 2.565 2.667 825 13.7 160.1 38 17.5 78.1 39.2 427 0.918
AVG 3.8 175 [ 780 ] 39.2 27 0.918
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Sp. Gr. = Specific Gravity
TMD = Theoretical Maximum Density

cc = cubic centimeter
AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix

Gsa = Apparent Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement




TableB35: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology
SMA Trial Gradation Summary

Mix:

GRADATION A--20% Passing 4.75 mm Sieve

25.0 mm Nominal Maximum Size/4.75 mm Break Point Sieve

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-II

MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose

COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 80| DATE:
Bulk Specific Gravity of CA (Gca): 2937 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) =  Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 106.8
2.980 2.938 2927 Unit wt. of CA in DRC (kg/m3): 17108
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA/VCA drc
) (mm) (gm) (gm) (am) (cc) (Gmb) (Gmm) (c) ) ) &) ) %) %) %)
A B C D E F G | J K L M N o P Q R S
(FE) D (100-B) x | BXI (1'x62.4) 100(1-11) (100K) 100(0-N)
(F-E) (Gsh) (Gb) o
25/4 A1 6.0 113.7 4833.7 2935.4 48515 1916.1 2.523 2,643 810 148 157.4 4.6 19.0 76.0 354 417 0.849
25/4 A2 6.0 1123 4870.0 2993.6 4876.6 1883.0 2.586 2.643 83.1 151 1614 21 16.9 87.3 338 417 0.810
25/4A3 6.0 1139 4826.5 2926.5 4839.1 19126 2524 2.643 810 14.8 1575 45 19.0 76.2 354 417 0.849
AVG 3.7 18.3 79.8 349 417 0.836
IComputed By: G. FLOWERS Checked By:  T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
Specific Gravity cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
Theoretical Maximum Density AC = Asphalt Cement Gsa = Al ific Gravity of Aggregate Gb = ific Gravity of A: 't Cement
GRADATION B--24% Passing 4.75 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-1l MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 76 | DATE:
Bulk Specific Gravity of CA (Gca): 2937 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) =  Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 106.7
2979 2.948 2.925 Unit wt. of CA in DRC (kg/m3): 1709.2
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA/VCA drc
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (c) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J L M N o P Q R S
(F-E) D (100-B) x I Bxl (1 x 62.4) 100(1-1/9) (100-K) 100(0-N)
(FE) (Gsh) (Gb) o
25/4B1 6.0 1104 4871.9 3008.1 4877.4 1869.3 2.606 2.651 837 152 162.6 17 16.3 89.6 36.6 417 0.877
25/4B2 6.0 1095 4824.8 2975.7 4833.0 1857.3 2598 2651 834 152 162.1 20 16.6 87.9 36.8 4.7 0.882
25/4B3 6.0 108.9 4834.8 2983.0 48415 18585 2.601 2.651 835 152 162.3 19 16.5 88.6 36.7 417 0.880
AVG 19 16.4 88.7 36.7 417 0.879
IComputed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate
cc = cubic centimeter in = inches Gmm = Theoretical Maximum Specific Gravity of Mix Gse = Effective Specific Gravity of Aggregate
AC = Asphalt Cement Gsa = Apparent Specific Gravity of Aggregate Gb = ific Gravity of A: t Cement
GRADATION C--28% Passing 4.75 mm Sieve Troxler SGC: 100 Gyrations
PROJECT: NCHRP9-8-1l MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 72 | DATE:
Bulk Specific Gravity of CA (Gca): 2.937 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) =  Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 106.1
2978 2.960 2923 Unit wt. of CA in DRC (kg/m3): 1699.6
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen Asphalt Average Aggregate AC by Unit
Number Content Thickness InAir In Water SSD Volume Bulk TMD Volume Volume Weight VTM VMA VFA VCA VCA drc VCA/VCA drc
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (c) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G ! J K L M N o P Q R S
(F-E) D (100-B) x I Bxl (1 x 62.4) 100(1-1/9) (100-K) 100(0-N)
5 (G) (Gh) o
25/4C1 6.0 107.0 48533 30029 4856.8 1853.9 2618 2.660 84.1 153 1634 16 159 90.1 39.7 421 0.943
25/4C2 6.0 108.1 48253 2979.5 48323 1852.8 2,604 2.660 83.6 152 1625 21 164 87.2 40.0 42.1 0.950
25/4C3 6.0 107.1 4840.0 2998.9 4847.6 18487 2.618 2.660 84.1 153 163.4 16 15.9 90.1 39.7 42.1 0.943
AVG 18 16.1 89.1 39.8 42.1 0.945
IComputed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Sp. Gr. = Specific Gravity
TMD = Theoretical Maximum Density

cc = cubic centimeter
AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix

Gsa = Apparent Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate

Gb = _Specific Gravity of Asphalt Cement




TableB36: SMA Mix Designsfor NMAS SubTask

National Center for Asphalt Technology

SMA Mix Design Summary

Mix:  25.0 mm Nominal Maximum Size/4.75 mm Break Point Sieve

OPTIMUM GRADATION - - 21% Passing 4.75 mm Sieve

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 79| DATE:
Bulk Specific Gravity of CA (Gca): 2.937| 06-Aug-98
AC Sp. Gr. (Gb) = 1.028 | Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 106.80
2.980 2.965 2.927 Unit wt. of CA in DRC (kg/m3): 17108
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphat | Average Aggregate AC by Unit
Number | Content | Thickness| InAir In Water SSD Volume Bulk TMD Volume Volume Weight VT™M VMA VFA VCA VCAdrc |VCA/VCAdrc
(%) (mm) (gm) (gm) (gm) (cc) (Gmb) (Gmm) (cc) (%) (pcf) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N (6] P Q R S
(F-E) D (100-B) x | Bxl (1x62.4) | 10001-1/9) (100-K) 100(0-N)
(F-E) (Gsh) (Gh) o
55-1 55 112.3 4787.0 2924.9 4820.9 1896.0 2.525 2.687 815 135 157.5 6.0 18.5 67.4 35.8 41.7 0.859
5.5-2 55 1119 4820.9 2963.3 4833.7 1870.4 2.577 2.687 83.2 13.8 160.8 4.1 16.8 75.8 345 41.7 0.827
5.5-3 55 113.2 4815.8 2948.7 4835.8 1887.1 2.552 2.687 824 13.7 159.2 5.0 17.6 715 35.1 41.7 0.843
AVG 5.0 17.6 71.6 35.1 41.7 0.843
6.0-1 6.0 1135 4810.4 2941.9 4823.8 1881.9 2.556 2.664 82.1 14.9 159.5 4.0 17.9 774 354 41.7 0.848
6.0-2 6.0 112.7 4825.6 2947.8 4840.7 1892.9 2.549 2.664 819 14.9 159.1 4.3 18.1 76.3 355 41.7 0.852
6.0-3 6.0 112.8 4831.0 2946.4 4846.3 1899.9 2543 2.664 817 14.8 158.7 4.6 18.3 75.2 35.7 41.7 0.856
AVG 4.3 18.1 76.3 355 41.7 0.852
6.5-1 6.5 1125 4827.2 2948.3 4836.3 1888.0 2.557 2.642 81.7 16.2 159.5 32 18.3 82.5 35.7 41.7 0.856
6.5-2 6.5 111.8 4806.4 2949.8 48334 1883.6 2.552 2.642 815 16.1 159.2 34 18.5 81.6 35.8 41.7 0.859
6.5-3 6.5 1119 4807.3 2934.3 4819.6 1885.3 2.550 2.642 8L5 16.1 159.1 35 185 813 359 417 0.860
AVG 34 18.5 81.8 35.8 41.7 0.859
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Sp. Gr. = Specific Gravity

TMD = Theoretical Maximum Density

cc = cubic centimeter in = inches
AC = Asphalt Cement

Gmm = Theoretical Maximum Specific Gravity of Mix
Gsa = Apparent Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement




TableB37: SMA Mix Designsfor NMAS SubTask
National Center for Asphalt Technology
SMA Optimum Mix Summary
Mix:  25.0 mm Nominal Maximum Size/ 4.75 mm Break Point Sieve

OPTIMUM GRADATION - - 21% Passing 4.75 mm Sieve/OPTIMUM ASPHALT CONTENT- - 6.3%

Troxler SGC: 100 Gyrations

PROJECT: NCHRP9-8-11 MATERIALS: Traprock/Dolcito/Ergon PG64-22/Cellulose COARSE AGGREGATE INFORMATION: Percent Coarse Aggregate: 79| DATE:
Bulk Specific Gravity of CA (Gca): 2.937| 06-Aug-98
[AC Sp. Gr. (Gb) = 1.028 Apparent Sp. Gr. of Agg. (Gsa) = Effective Sp. Gr. of Agg. (Gse) = Bulk Sp. Gr. of Agg. (Gsb) = Unit wt. of CA in DRC (pcf): 106.80
298 2.965 2.927 Unit wt. of CA in DRC (kg/m3): 1710.8
WEIGHTS MIX VOLUME SPECIFIC GRAVITIES VOLUMES VOIDS
Specimen | Asphalt Average Aggregate AC by Unit
Number Content | Thickness In Air In Water SSD Volume Bulk TMD Volume Volume Weight V™M VMA VFA VCA VCAdrc | VCA/VCA drc
(%) (mm) (gm) (gm) (gm) (co) (Gmb) (Gmm) (co) (%) (pef) (%) (%) (%) (%) (%)
A B C D E F G | J K L M N [e] P Q R S
(F-E) D (100-B) x | Bxl (1x624) | 100(1-1/9) (100-K) 100(0-N)
(F-E) (Gsh) (Gh) o
RUT 1 6.3 75.0 3193.1 1967.0 3202.6 1235.6 2.584 2.651 82.7 15.8 161.3 25 17.3 85.5 349 41.7 0.836
RUT 2 6.3 75.0 3159.5 1926.5 3168.9 1242.4 2.543 2.651 81.4 15.6 158.7 4.1 18.6 78.2 35.9 41.7 0.861
RUT 3 6.3 75.0 3121.3 1906.4 31315 1225.1 2.548 2.651 81.6 15.6 159.0 3.9 18.4 79.0 35.8 417 0.858
RUT 4 6.3 75.0 3114.9 1904.0 3125.5 12215 2.550 2.651 81.6 156 159.1 3.8 184 794 35.7 417 0.857
RUT 5 6.3 75.0 31325 1910.2 31415 1231.3 2.544 2.651 81.4 15.6 158.7 4.0 18.6 784 35.9 41.7 0.861
RUT 6 6.3 75.0 3129.3 1906.8 3139.0 1232.2 2.540 2.651 813 15.6 158.5 4.2 18.7 77.6 36.0 417 0.863
RUT 7 6.3 75.6 3134.3 19034 3153.8 1250.4 2.507 2.651 80.2 154 156.4 54 19.8 725 36.8 41.7 0.883
RUT 8 6.3 75.0 31255 1916.3 3137.9 12216 2.559 2.651 81.9 15.7 159.7 35 18.1 80.8 355 41.7 0.852
AVG 3.9 185 78.9 35.8 41.7 0.859
10-1 6.3 83.1 3123.1 1890.6 3160.6 1270.0 2.459 2.651 78.7 15.1 153.4 7.2 213 66.1 38.0 417 0.912
10-2 6.3 81.7 3154.4 1902.1 3193.0 1290.9 2.444 2.651 78.2 15.0 152.5 7.8 21.8 64.1 384 41.7 0.921
AVG 75 215 65.1 38.2 41.7 0.917
30-1 6.3 78.1 3140.5 1895.9 3157.0 1261.1 2.490 2.651 79.7 15.3 1554 6.0 20.3 70.2 37.2 417 0.893
30-2 6.3 774 3137.9 1889.5 3155.4 1265.9 2.479 2.651 79.4 152 154.7 6.5 20.6 68.6 375 417 0.900
AVG 6.3 20.5 69.4 374 41.7 0.897
50-1 6.3 75.5 3117.6 1896.2 31284 1232.2 2.530 2.651 81.0 155 157.9 45 19.0 76.1 36.2 41.7 0.869
50-2 6.3 75.9 3171.9 1933.1 3183.0 1249.9 2.538 2.651 81.2 15.6 158.4 43 18.8 773 36.0 41.7 0.864
AVG 4.4 18.9 76.7 36.1 417 0.867
Computed By: G. FLOWERS Checked By: T.LYNN
SSD = Saturated Surface Dry gm = gram pcf = pounds per cubic foot Gmb = Bulk Specific Gravity of Compacted Mix Gsb = Bulk Specific Gravity of Aggregate

Sp. Gr. = Specific Gravity
[TMD = Theoretical Maximum Density

cc = cubic centimeter
AC = Asphalt Cement

in = inches

Gmm = Theoretical Maximum Specific Gravity of Mix
Gsa = Apparent Specific Gravity of Aggregate

Gse = Effective Specific Gravity of Aggregate
Gb = Specific Gravity of Asphalt Cement




Table C1: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 4.75 mm Nominal Maximum Size/2.36 mm Break Point Sieve
Optimum Gradation -- 31% Passing 2.36 mm Sieve - 8.3% Asphalt Test Temperature: 55C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 2 Specimen: 3 Specimen: 7
VTM: 3.6 VTM: 3.5 VTM: 3.3
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.26 7.15 7.21 0.00 0 6.74 6.77 6.76 0.00 0 7.78 7.75 7.77 0.00
1000 9.90 9.34 9.62 2.42 1000 8.89 9.36 9.13 2.37 1000 10.03 9.98 10.01 2.24
4000 10.72 10.98 10.85 3.65 4000 10.81 10.64 10.73 3.97 4000 10.94 11.71 11.33 3.56
8000 11.24 11.68 11.46 4.26 8000 10.96 10.95 10.96 4.20 8000 11.37 12.36 11.87 4.10
Location: Left Front Location: Center Front Location: Right Front
Specimen: 5 Specimen: 6 Specimen: 8
VTM: 3.5 VTM: 3.6 VTM: 3.4
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.41 7.29 7.35 0.00 0 6.80 6.97 6.89 0.00 0 7.46 7.39 7.43 0.00
1000 9.73 9.25 9.49 2.14 1000 9.73 9.36 9.55 2.66 1000 9.69 10.27 9.98 2.56
4000 10.71 10.51 10.61 3.26 4000 10.22 10.47 10.35 3.46 4000 11.15 11.44 11.30 3.87
8000 11.40 11.07 11.24 3.89 8000 10.76 11.17 10.97 4.08 8000 12.28 12.05 12.17 4.74
Passes | Average | STD Dev
0 0.00 0.00
1000 2.40 0.19
4000 3.63 0.26
8000 4.21 0.29




Table C2: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 4.75 mm Nominal Maximum Size/2.36 mm Break Point Sieve
Optimum Gradation -- 31% Passing 2.36 mm Sieve - 8.3% Asphalt Test Temperature: 64C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 2 Specimen: 6 Specimen: 7
VTM: 3.6 VTM: 3.6 VTM: 3.3
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 6.75 7.19 6.97 0.00 0 7.68 7.40 7.54 0.00 0 6.93 6.73 6.83 0.00
1000 9.07 9.26 9.17 2.20 1000 10.12 9.82 9.97 243 1000 9.31 9.20 9.26 2.43
4000 10.90 11.11 11.01 4.04 4000 11.46 10.96 11.21 3.67 4000 11.39 11.16 11.28 4.45
8000 12.23 12.04 12.14 5.17 8000 12.33 12.10 12.22 4.68 8000 12.25 12.17 12.21 5.38
Location: Left Front Location: Center Front Location: Right Front
Specimen: 3 Specimen: 5 Specimen: 8
VTM: 3.5 VTM: 3.3 VTM: 3.4
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.01 6.63 6.82 0.00 0 6.72 6.63 6.68 0.00 0 6.47 6.49 6.48 0.00
1000 9.25 9.10 9.18 2.36 1000 8.80 8.92 8.86 2.19 1000 9.23 9.28 9.26 2.78
4000 11.21 11.07 11.14 4.32 4000 10.90 11.04 10.97 4.30 4000 11.13 11.20 11.17 4.69
8000 12.15 12.37 12.26 5.44 8000 12.18 12.07 12.13 5.45 8000 12.21 12.12 12.17 5.69
Passes | Average | STD Dev
0 0.00 0.00
1000 2.39 0.22
4000 4.24 0.35
8000 5.30 0.35




Table C3: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology

SMA Rut Testing Data
Mix:

4.75 mm Nominal Maximum Size/1.18 mm Break Point Sieve

Optimum Gradation -- 32% Passing 1.18 mm Sieve - 7.3% Asphalt Test Temperature: 55C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 2 Specimen: 1 Specimen: 5
VTM: 3.9 VTM: 4.1 VTM: 4.4
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.16 7.73 7.45 0.00 0 7.77 7.57 7.67 0.00 0 8.12 8.17 8.15 0.00
1000 9.19 9.32 9.26 1.81 1000 9.64 9.49 9.57 1.90 1000 9.97 9.90 9.94 1.79
4000 10.07 10.32 10.20 2.75 4000 10.07 10.01 10.04 2.37 4000 10.80 10.33 10.57 2.42
8000 10.60 10.72 10.66 3.22 8000 10.41 10.39 10.40 2.73 8000 11.27 10.83 11.05 2.91
Location: Left Front Location: Center Front Location: Right Front
Specimen: 3 Specimen: 7 Specimen: 4
VTM: 4.3 VTM: 4.2 VTM: 4.3
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.27 7.16 7.22 0.00 0 8.14 7.98 8.06 0.00 0 8.45 8.79 8.62 0.00
1000 8.73 8.57 8.65 1.44 1000 9.27 9.18 9.23 1.17 1000 9.94 10.06 10.00 1.38
4000 9.47 9.24 9.36 2.14 4000 9.62 9.73 9.68 1.62 4000 10.77 10.89 10.83 2.21
8000 9.89 9.64 9.77 2.55 8000 9.93 9.94 9.94 1.88 8000 11.64 11.43 11.54 2.92
Passes | Average | STD Dev
0 0.00 0.00
1000 1.58 0.29
4000 2.25 0.38
8000 2.70 0.46




Table C4: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 4.75 mm Nominal Maximum Size/1.18 mm Break Point Sieve
Optimum Gradation -- 32% Passing 1.18 mm Sieve - 7.3% Asphalt Test Temperature: 64 C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 5 Specimen: 7 Specimen: 4
VTM: 4.4 VTM: 4.2 VTM: 4.3
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 5.20 5.07 5.14 0.00 0 7.71 7.70 7.71 0.00 0 7.55 7.42 7.49 0.00
1000 9.17 9.31 9.24 411 1000 10.56 10.36 10.46 2.76 1000 10.27 10.51 10.39 2.91
4000 11.27 11.55 11.41 6.28 4000 11.37 11.21 11.29 3.59 4000 11.45 11.42 11.44 3.95
8000 12.47 12.55 12.51 7.38 8000 11.83 11.80 11.82 4.11 8000 12.05 12.33 12.19 4.71
Location: Left Front Location: Center Front Location: Right Front
Specimen: 2 Specimen: 1 Specimen: 3
VTM: 3.9 VTM: 4.1 VTM: 4.3
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 5.36 5.87 5.62 0.00 0 6.52 7.36 6.94 0.00 0 6.75 7.15 6.95 0.00
1000 8.78 9.11 8.95 3.33 1000 9.57 9.51 9.54 2.60 1000 10.22 10.53 10.38 3.43
4000 10.97 11.00 10.99 5.37 4000 10.65 10.60 10.63 3.69 4000 11.41 11.75 11.58 4.63
8000 12.30 12.40 12.35 6.74 8000 11.10 11.33 11.22 4.28 8000 12.04 12.15 12.10 5.15
Passes | Average | STD Dev
0 0.00 0.00
1000 3.19 0.55
4000 4.58 1.07
8000 5.39 1.35




Table C5: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 9.5 mm Nominal Maximum Size/4.75 mm Break Point Sieve
Optimum Gradation -- 30% Passing 4.75 mm Sieve - 5.6% Asphalt Test Temperature: 55C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 2A Specimen: 3A Specimen: 4
VTM: 3.6 VTM: 3.7 VTM: 34
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.94 9.56 8.75 0.00 0 8.43 7.67 8.05 0.00 0 8.83 8.82 8.83 0.00
1000 9.54 11.76 10.65 1.90 1000 9.63 9.35 9.49 1.44 1000 11.32 10.71 11.02 2.19
4000 10.44 12.33 11.39 2.64 4000 10.74 9.85 10.30 2.25 4000 11.90 10.21 11.06 2.23
8000 10.95 12.61 11.78 3.03 8000 11.18 10.18 10.68 2.63 8000 12.22 11.63 11.93 3.10
Location: Left Front Location: Center Front Location: Right Front
Specimen: 1A Specimen: 4A Specimen: 1
VTM: 3.4 VTM: 37 VTM: 3.8
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.57 7.74 7.66 0.00 0 8.68 10.57 9.63 0.00 0 7.80 7.67 7.74 0.00
1000 9.20 9.56 9.38 1.73 1000 9.44 10.73 10.09 0.46 1000 10.27 10.47 10.37 2.64
4000 10.06 10.85 10.46 2.80 4000 9.99 11.37 10.68 1.06 4000 10.64 10.72 10.68 2.95
8000 10.76 10.95 10.86 3.20 8000 10.33 11.70 11.02 1.39 8000 10.92 11.23 11.08 3.34
Passes | Average | STD Dev
0 0.00 0.00
1000 1.73 0.74
4000 2.32 0.68
8000 2.78 0.72




Table C6: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 9.5 mm Nominal Maximum Size/4.75 mm Break Point Sieve
Optimum Gradation -- 30% Passing 4.75 mm Sieve - 5.6% Asphalt Test Temperature: 64 C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 1A Specimen: 4 Specimen: 3A
VTM: 34 VTM: 3.4 VTM: 3.7
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 9.62 8.92 9.27 0.00 0 7.73 8.00 7.87 0.00 0 9.53 9.31 9.42 0.00
1000 10.92 10.67 10.80 1.53 1000 10.12 10.29 10.21 2.34 1000 12.71 11.35 12.03 2.61
4000 11.86 11.82 11.84 2.57 4000 12.50 12.18 12.34 4.48 4000 13.15 12.61 12.88 3.46
8000 12.79 13.02 12.91 3.64 8000 13.09 13.07 13.08 5.22 8000 13.42 13.18 13.30 3.88
Location: Left Front Location: Center Front Location: Right Front
Specimen: 4A Specimen: 2A Specimen: 1
VTM: 3.7 VTM: 3.6 VTM: 3.8
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 8.79 7.86 8.33 0.00 0 8.50 7.87 8.19 0.00 0 8.05 7.90 7.98 0.00
1000 10.22 10.44 10.33 2.01 1000 11.50 11.01 11.26 3.07 1000 9.51 10.18 9.85 1.87
4000 11.61 12.32 11.97 3.64 4000 12.73 12.58 12.66 4.47 4000 10.34 11.64 10.99 3.02
8000 12.72 13.47 13.10 4.77 8000 13.09 13.18 13.14 4.95 8000 11.83 12.37 12.10 4.13
Passes | Average | STD Dev
0 0.00 0.00
1000 2.24 0.55
4000 3.61 0.77
8000 4.43 0.64




Table C7: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 9.5 mm Nominal Maximum Size/2.36 mm Break Point Sieve
Optimum Gradation -- 23% Passing 2.36 mm Sieve - 5.8% Asphalt Test Temperature: 55C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 1 Specimen: 6 Specimen: 2
VTM: 3.8 VTM: 3.5 VTM: 3.6
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 8.07 7.49 7.78 0.00 0 8.55 8.10 8.33 0.00 0 7.30 7.78 7.54 0.00
1000 9.59 9.05 9.32 1.54 1000 11.02 10.38 10.70 2.38 1000 10.18 10.80 10.49 2.95
4000 11.11 10.63 10.87 3.09 4000 11.31 10.71 11.01 2.69 4000 11.08 10.96 11.02 3.48
8000 11.85 11.24 11.55 3.77 8000 12.32 11.10 11.71 3.39 8000 12.12 11.41 11.77 4.23
Location: Left Front Location: Center Front Location: Right Front
Specimen: 5 Specimen: 4 Specimen: 8
VTM: 3.5 VTM: 3.6 VTM: 3.9
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.47 7.08 7.28 0.00 0 8.94 7.69 8.32 0.00 0 7.55 7.92 7.74 0.00
1000 9.94 9.53 9.74 2.46 1000 11.79 11.02 11.41 3.09 1000 9.24 9.58 9.41 1.68
4000 10.02 10.22 10.12 2.85 4000 11.92 11.39 11.66 3.34 4000 9.69 10.09 9.89 2.16
8000 10.40 10.59 10.50 3.22 8000 11.83 11.89 11.86 3.55 8000 10.16 10.63 10.40 2.66
Passes | Average | STD Dev
0 0.00 0.00
1000 2.35 0.64
4000 2.93 0.48
8000 347 0.53




Table C8: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 9.5 mm Nominal Maximum Size/2.36 mm Break Point Sieve
Optimum Gradation -- 23% Passing 2.36 mm Sieve - 5.8% Asphalt Test Temperature: 64 C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 4 Specimen: 2 Specimen: 5
VTM: 3.6 VTM: 3.6 VTM: 3.5
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 8.44 7.66 8.05 0.00 0 7.53 7.47 7.50 0.00 0 7.62 7.75 7.69 0.00
1000 11.15 10.79 10.97 2.92 1000 11.47 11.48 11.48 3.98 1000 9.78 10.72 10.25 2.57
4000 12.36 11.86 12.11 4.06 4000 12.72 12.79 12.76 5.26 4000 11.61 12.01 11.81 4.13
8000 13.28 12.36 12.82 4.77 8000 13.43 13.47 13.45 5.95 8000 12.19 12.52 12.36 4.67
Location: Left Front Location: Center Front Location: Right Front
Specimen: 1 Specimen: 6 Specimen: 8
VTM: 3.8 VTM: 35 VTM: 3.9
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.58 6.84 7.21 0.00 0 8.23 7.68 7.96 0.00 0 6.67 6.36 6.52 0.00
1000 10.46 10.85 10.66 3.45 1000 11.48 11.45 11.47 3.51 1000 10.71 10.68 10.70 4.18
4000 11.36 12.26 11.81 4.60 4000 12.60 12.62 12.61 4.66 4000 11.26 11.39 11.33 4.81
8000 12.20 12.72 12.46 5.25 8000 13.42 13.48 13.45 5.50 8000 12.91 12.12 12.52 6.00
Passes | Average | STD Dev
0 0.00 0.00
1000 3.43 0.61
4000 4.58 0.45
8000 5.36 0.57




Table C9: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 12.5 mm Nominal Maximum Size/9.5 mm Break Point Sieve
Optimum Gradation -- 26% Passing 9.5 mm Sieve - 8.0% Asphalt Test Temperature: 55C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 2 Specimen: 4 Specimen: 6
VTM: 4.1 VTM: 3.6 VTM: 3.7
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 11.20 11.16 11.18 0.00 0 9.15 9.81 9.48 0.00 0 10.91 10.50 10.71 0.00
1000 13.25 13.08 13.17 1.99 1000 10.65 10.57 10.61 1.13 1000 11.57 11.96 11.77 1.06
4000 14.35 15.05 14.70 3.52 4000 11.62 12.12 11.87 2.39 4000 13.06 12.66 12.86 2.16
8000 15.17 15.95 15.56 4.38 8000 13.03 13.93 13.48 4.00 8000 13.58 13.21 13.40 2.69
Location: Left Front Location: Center Front Location: Right Front
Specimen: 3 Specimen: 5 Specimen: 7
VTM: 3.6 VTM: 37 VTM: 3.7
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 10.82 11.15 10.99 0.00 0 10.73 9.71 10.22 0.00 0 9.18 9.23 9.21 0.00
1000 12.19 11.75 11.97 0.98 1000 12.18 10.84 11.51 1.29 1000 11.38 10.65 11.02 1.81
4000 13.13 12.85 12.99 2.01 4000 13.13 12.22 12.68 2.46 4000 13.44 13.39 13.42 4.21
8000 13.68 13.22 13.45 247 8000 14.05 13.93 13.99 3.77 8000 13.52 14.31 13.92 4.71
Passes | Average | STD Dev
0 0.00 0.00
1000 1.38 0.42
4000 2.79 0.88
8000 3.67 0.91




Table C10: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 12.5 mm Nominal Maximum Size/9.5 mm Break Point Sieve
Optimum Gradation -- 26% Passing 9.5 mm Sieve - 8.0% Asphalt Test Temperature: 64 C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 3 Specimen: 5 Specimen: 7
VTM: 3.6 VTM: 3.7 VTM: 3.7
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 13.22 11.58 12.40 0.00 0 10.88 11.98 11.43 0.00 0 10.40 10.14 10.27 0.00
1000 14.50 12.32 13.41 1.01 1000 12.76 13.96 13.36 1.93 1000 14.04 13.75 13.90 3.63
4000 15.61 14.75 15.18 2.78 4000 13.49 15.18 14.34 291 4000 15.22 16.30 15.76 5.49
8000 16.23 15.05 15.64 3.24 8000 13.88 15.23 14.56 3.13 8000 16.78 17.33 17.06 6.79
Location: Left Front Location: Center Front Location: Right Front
Specimen: 2 Specimen: 4 Specimen: 6
VTM: 4.1 VTM: 3.6 VTM: 3.7
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 11.35 12.55 11.95 0.00 0 11.16 9.46 10.31 0.00 0 10.56 11.10 10.83 0.00
1000 14.04 13.79 13.92 1.97 1000 13.98 12.76 13.37 3.06 1000 13.40 12.94 13.17 2.34
4000 15.41 15.02 15.22 3.27 4000 15.06 15.47 15.27 4.96 4000 13.69 14.30 14.00 3.17
8000 15.56 15.60 15.58 3.63 8000 17.05 17.27 17.16 6.85 8000 14.33 15.64 14.99 4.16
Passes | Average | STD Dev
0 0.00 0.00
1000 2.32 0.92
4000 3.76 1.16
8000 4.63 1.73




Table C11: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 12.5 mm Nominal Maximum Size/9.5 mm Break Point Sieve
Optimum Gradation -- 27% Passing 9.5 mm Sieve - 6.1% Asphalt Test Temperature: 55C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 3 Specimen: 1 Specimen: 6
VTM: 6.0 VTM: 3.7 VTM: 4
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.33 7.58 7.46 0.00 0 7.39 7.16 7.28 0.00 0 7.43 7.39 7.41 0.00
1000 11.16 11.48 11.32 3.87 1000 11.12 10.63 10.88 3.60 1000 10.34 11.05 10.70 3.29
4000 11.64 12.20 11.92 4.47 4000 11.31 10.89 11.10 3.83 4000 10.68 11.23 10.96 3.55
8000 11.86 12.70 12.28 4.83 8000 11.53 11.25 11.39 4.12 8000 10.75 11.52 11.14 3.73
Location: Left Front Location: Center Front Location: Right Front
Specimen: 4 Specimen: 7 Specimen: 5
VTM: 6.0 VTM: 3.9 VTM: 6.1
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 8.03 7.33 7.68 0.00 0 7.82 7.24 7.53 0.00 0 8.15 8.51 8.33 0.00
1000 10.94 11.37 11.16 3.48 1000 10.37 9.51 9.94 2.41 1000 10.63 11.15 10.89 2.56
4000 11.85 12.44 12.15 4.47 4000 10.93 10.17 10.55 3.02 4000 11.34 12.02 11.68 3.35
8000 12.27 12.50 12.39 4.71 8000 11.27 10.50 10.89 3.36 8000 11.81 12.35 12.08 3.75
Passes | Average | STD Dev
0 0.00 0.00
1000 3.20 0.59
4000 3.78 0.59
8000 4.08 0.58




Table C12: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 12.5 mm Nominal Maximum Size/9.5 mm Break Point Sieve
Optimum Gradation -- 27% Passing 9.5 mm Sieve - 6.1% Asphalt Test Temperature: 64 C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 3 Specimen: 5 Specimen: 9
VTM: 6.0 VTM: 6.1 VTM: 4.3
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 6.27 6.10 6.19 0.00 0 7.63 7.58 7.61 0.00 0 7.53 7.32 7.43 0.00
1000 9.68 9.13 9.41 3.22 1000 10.16 9.97 10.07 2.46 1000 10.49 10.20 10.35 2.92
4000 11.32 11.18 11.25 5.07 4000 11.02 11.20 11.11 3.51 4000 11.76 11.57 11.67 4.24
8000 12.43 12.45 12.44 6.26 8000 12.47 12.53 12.50 4.90 8000 12.53 12.47 12.50 5.08
Location: Left Front Location: Center Front Location: Right Front
Specimen: 4 Specimen: 8 Specimen: 1
VTM: 6.0 VTM: 4.1 VTM: 3.7
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 6.73 6.46 6.60 0.00 0 7.29 7.23 7.26 0.00 0 7.29 7.31 7.30 0.00
1000 9.40 9.32 9.36 2.77 1000 9.86 9.93 9.90 2.64 1000 9.47 9.76 9.62 2.32
4000 11.15 11.07 11.11 4.52 4000 11.16 11.30 11.23 3.97 4000 11.28 11.48 11.38 4.08
8000 12.42 12.48 12.45 5.86 8000 12.48 12.57 12.53 5.27 8000 12.42 12.47 12.45 5.15
Passes | Average | STD Dev
0 0.00 0.00
1000 2.72 0.33
4000 4.23 0.53
8000 5.42 0.53




Table C13: Rut Depth Measurements For NMAS Subtask

National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 19 mm Nominal Maximum Size/4.75 mm Break Point Sieve - Phase |
Optimum Gradation -- 24% Passing 4.75 mm Sieve - 5.6% Asphalt Test Temperature: 55C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 1 Specimen: 4 Specimen: 6
VTM: VTM: VTM:
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 9.55 9.75 9.65 0.00 0 10.46 10.66 10.56 0.00 0 9.56 9.89 9.73 0.00
1000 10.12 10.26 10.19 0.54 1000 11.11 10.69 10.90 0.34 1000 10.95 10.49 10.72 0.99
4000 10.62 10.66 10.64 0.99 4000 11.89 11.68 11.79 1.23 4000 11.32 11.11 11.22 1.49
8000 10.91 10.95 10.93 1.28 8000 12.10 12.15 12.13 1.57 8000 11.58 11.66 11.62 1.90
Location: Left Front Location: Center Front Location: Right Front
Specimen: 3 Specimen: 5 Specimen: 7
VTM: VTM: VTM:
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 9.78 9.60 9.69 0.00 0 9.21 9.40 9.31 0.00 0 8.36 9.32 8.84 0.00
1000 10.11 10.30 10.21 0.52 1000 9.96 10.12 10.04 0.73 1000 9.33 10.15 9.74 0.90
4000 10.46 10.88 10.67 0.98 4000 10.61 11.27 10.94 1.64 4000 9.89 10.40 10.15 131
8000 10.90 10.98 10.94 1.25 8000 11.48 12.24 11.86 2.56 8000 10.05 10.65 10.35 1.51
Passes | Average | STD Dev
0 0.00 0.00
1000 0.67 0.25
4000 127 0.26
8000 1.68 0.49




Table C14: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 19 mm Nominal Maximum Size/4.75 mm Break Point Sieve - Phase |
Optimum Gradation -- 24% Passing 4.75 mm Sieve - 5.6% Asphalt Test Temperature: 64 C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 1 Specimen: 5 Specimen: 3
VTM: VTM: VTM:
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 10.89 10.79 10.84 0.00 0 9.41 9.67 9.54 0.00 0 10.30 9.85 10.08 0.00
1000 11.18 12.57 11.88 1.04 1000 11.26 11.08 11.17 1.63 1000 11.14 10.93 11.04 0.96
4000 11.61 12.32 11.97 1.13 4000 12.08 13.50 12.79 3.25 4000 11.65 11.64 11.65 1.57
8000 12.54 12.15 12.35 1.51 8000 12.70 14.75 13.73 4.19 8000 12.03 12.97 12.50 2.43
Location: Left Front Location: Center Front Location: Right Front
Specimen: 7 Specimen: 6 Specimen: 4
VTM: VTM: VTM:
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 9.86 10.15 10.01 0.00 0 10.01 9.66 9.84 0.00 0 8.79 9.02 8.91 0.00
1000 10.08 10.91 10.50 0.49 1000 10.14 10.53 10.34 0.50 1000 10.09 9.83 9.96 1.06
4000 11.30 11.54 11.42 1.42 4000 11.76 11.81 11.79 1.95 4000 11.96 10.68 11.32 2.42
8000 12.23 11.94 12.09 2.08 8000 12.19 12.38 12.29 245 8000 12.09 11.81 11.95 3.05
Passes | Average | STD Dev
0 0.00 0.00
1000 0.95 0.42
4000 1.95 0.78
8000 2.62 0.92




Table C15: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 19 mm Nominal Maximum Size/4.75 mm Break Point Sieve - Phase ||
Optimum Gradation -- 24% Passing 4.75 mm Sieve - 5.5% Asphalt Test Temperature: 55C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 3 Specimen: 7 Specimen: 5
VTM: VTM: VTM:
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 8.42 9.19 8.81 0.00 0 9.75 9.78 9.77 0.00 0 9.23 9.55 9.39 0.00
1000 8.86 9.53 9.20 0.39 1000 10.34 10.12 10.23 0.47 1000 9.87 9.75 9.81 0.42
4000 10.03 10.20 10.12 1.31 4000 11.12 10.40 10.76 0.99 4000 10.02 10.35 10.19 0.79
8000 10.16 10.45 10.31 1.50 8000 11.60 10.80 11.20 1.44 8000 10.48 10.80 10.64 1.25
Location: Left Front Location: Center Front Location: Right Front
Specimen: 4 Specimen: 8 Specimen: 6
VTM: VTM: VTM:
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 9.48 9.38 9.43 0.00 0 9.07 9.09 9.08 0.00 0 9.17 9.28 9.23 0.00
1000 10.35 9.61 9.98 0.55 1000 9.60 9.35 9.48 0.40 1000 9.33 9.38 9.36 0.13
4000 10.70 10.27 10.49 1.06 4000 10.40 9.96 10.18 1.10 4000 9.67 9.57 9.62 0.40
8000 11.13 10.40 10.77 1.34 8000 11.11 10.60 10.86 1.78 8000 10.10 10.08 10.09 0.87
Passes | Average | STD Dev
0 0.00 0.00
1000 0.39 0.14
4000 0.94 0.32
8000 1.36 0.30




Table C16: Rut Depth Measurements For NMAS Subtask

National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 19 mm Nominal Maximum Size/4.75 mm Break Point Sieve - Phase ||
Optimum Gradation -- 24% Passing 4.75 mm Sieve - 5.5% Asphalt Test Temperature: 64 C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 8 Specimen: 3 Specimen: 6
VTM: VTM: VTM:
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 10.22 9.18 9.70 0.00 0 10.69 10.42 10.56 0.00 0 11.03 9.74 10.39 0.00
1000 11.75 10.19 10.97 1.27 1000 10.75 11.25 11.00 0.45 1000 11.98 11.24 11.61 1.23
4000 12.90 11.45 12.18 2.48 4000 11.46 12.35 11.91 1.35 4000 12.43 11.54 11.99 1.60
8000 13.24 12.00 12.62 2.92 8000 12.02 12.72 12.37 1.82 8000 12.78 12.44 12.61 2.23
Location: Left Front Location: Center Front Location: Right Front
Specimen: 7 Specimen: 5 Specimen: 4
VTM: VTM: VTM:
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 9.57 9.20 9.39 0.00 0 9.78 10.67 10.23 0.00 0 9.30 9.72 9.51 0.00
1000 9.81 9.57 9.69 0.31 1000 10.54 11.62 11.08 0.85 1000 10.78 11.06 10.92 1.41
4000 10.21 10.78 10.50 1.11 4000 10.75 12.62 11.69 1.46 4000 11.61 11.93 11.77 2.26
8000 10.62 11.41 11.02 1.63 8000 11.65 12.75 12.20 1.98 8000 12.15 12.30 12.23 2.72
Passes | Average | STD Dev
0 0.00 0.00
1000 0.92 0.46
4000 1.71 0.54
8000 2.21 0.51




Table C17: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 25 mm Nominal Maximum Size/12.5 mm Break Point Sieve
Optimum Gradation -- 28% Passing 4.75 mm Sieve - 5.6% Asphalt Test Temperature: 55C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 6 Specimen: 2 Specimen: 4
VTM: 3.8 VTM: 3.4 VTM: 4.5
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.50 7.56 7.53 0.00 0 7.35 7.97 7.66 0.00 0 7.48 7.46 7.47 0.00
1000 10.73 10.36 10.55 3.02 1000 9.95 10.38 10.17 251 1000 10.80 11.23 11.02 3.55
4000 11.99 11.17 11.58 4.05 4000 10.76 10.54 10.65 2.99 4000 11.47 11.80 11.64 4.17
8000 12.41 11.98 12.20 4.67 8000 11.20 10.93 11.07 3.41 8000 11.58 11.90 11.74 4.27
Location: Left Front Location: Center Front Location: Right Front
Specimen: 7 Specimen: 3 Specimen: 8
VTM: 3.5 VTM: 35 VTM: 3.4
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 9.29 9.07 9.18 0.00 0 7.24 7.01 7.13 0.00 0 7.34 8.13 7.74 0.00
1000 11.83 11.80 11.82 2.64 1000 10.92 11.23 11.08 3.95 1000 11.34 11.23 11.29 3.55
4000 12.20 12.10 12.15 2.97 4000 11.80 11.73 11.77 4.64 4000 12.02 11.75 11.89 4.15
8000 15.95 14.21 15.08 5.90 8000 12.24 12.01 12.13 5.00 8000 12.36 12.39 12.38 4.64
Passes | Average | STD Dev
0 0.00 0.00
1000 3.20 0.57
4000 3.83 0.69
8000 4.65 0.82




Table C18: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 25 mm Nominal Maximum Size/12.5 mm Break Point Sieve
Optimum Gradation -- 28% Passing 4.75 mm Sieve - 5.6% Asphalt Test Temperature: 64 C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 4 Specimen: 8 Specimen: 6
VTM: 4.5 VTM: 3.4 VTM: 3.8
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.40 7.23 7.32 0.00 0 7.23 7.31 7.27 0.00 0 6.77 6.93 6.85 0.00
1000 8.93 8.89 8.91 1.60 1000 9.12 9.20 9.16 1.89 1000 8.52 8.62 8.57 1.72
4000 11.00 10.92 10.96 3.65 4000 10.70 10.81 10.76 3.49 4000 10.41 10.37 10.39 3.54
8000 15.28 15.31 15.30 7.98 8000 14.55 14.66 14.61 7.34 8000 13.82 13.55 13.69 6.84
Location: Left Front Location: Center Front Location: Right Front
Specimen: 7 Specimen: 2 Specimen: 8
VTM: 3.5 VTM: 3.4 VTM: 3.4
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 6.77 6.57 6.67 0.00 0 7.35 7.10 7.23 0.00 0 7.06 6.97 7.02 0.00
1000 8.41 8.57 8.49 1.82 1000 9.35 9.14 9.25 2.02 1000 9.01 9.04 9.03 2.01
4000 9.87 9.92 9.90 3.23 4000 10.94 10.70 10.82 3.60 4000 10.81 10.90 10.86 3.84
8000 15.11 15.17 15.14 8.47 8000 15.01 14.93 14.97 7.75 8000 14.23 14.88 14.56 7.54
Passes | Average | STD Dev
0 0.00 0.00
1000 1.84 0.17
4000 3.56 0.20
8000 7.65 0.56




Table C19: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 25 mm Nominal Maximum Size/9.5 mm Break Point Sieve
Optimum Gradation -- 26% Passing 4.75 mm Sieve - 5.5% Asphalt Test Temperature: 55C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 2A Specimen: 3A Specimen: 4
VTM: 4.5 VTM: 3.7 VTM: 34
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.94 9.56 8.75 0.00 0 8.43 7.67 8.05 0.00 0 8.83 8.82 8.83 0.00
1000 9.54 11.76 10.65 1.90 1000 9.63 9.35 9.49 1.44 1000 11.32 10.21 10.77 1.94
4000 10.44 12.33 11.39 2.64 4000 10.74 9.85 10.30 2.25 4000 11.90 10.71 11.31 2.48
8000 10.95 12.61 11.78 3.03 8000 11.18 10.18 10.68 2.63 8000 12.22 11.63 11.93 3.10
Location: Left Front Location: Center Front Location: Right Front
Specimen: 1A Specimen: 4A Specimen: 1
VTM: 3.4 VTM: 3.4 VTM: 3.8
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.57 7.74 7.66 0.00 0 8.68 10.57 9.63 0.00 0 7.80 7.67 7.74 0.00
1000 9.20 9.56 9.38 1.73 1000 9.44 10.73 10.09 0.46 1000 10.27 10.47 10.37 2.64
4000 10.06 10.85 10.46 2.80 4000 9.99 11.37 10.68 1.06 4000 10.64 10.72 10.68 2.95
8000 10.76 10.95 10.86 3.20 8000 10.33 11.70 11.02 1.39 8000 10.92 11.23 11.08 3.34
Passes | Average | STD Dev
0 0.00 0.00
1000 1.68 0.72
4000 2.36 0.68
8000 2.78 0.72




Table C20: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 25 mm Nominal Maximum Size/9.5 mm Break Point Sieve
Optimum Gradation -- 26% Passing 4.75 mm Sieve - 5.5% Asphalt Test Temperature: 64 C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 1A Specimen: 4 Specimen: 3A
VTM: 34 VTM: 3.4 VTM: 3.7
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 9.62 8.92 9.27 0.00 0 7.73 8.00 7.87 0.00 0 9.53 9.31 9.42 0.00
1000 10.92 10.67 10.80 1.53 1000 10.12 10.29 10.21 2.34 1000 12.71 11.35 12.03 2.61
4000 11.86 11.82 11.84 2.57 4000 12.50 12.18 12.34 4.48 4000 13.15 12.61 12.88 3.46
8000 12.79 13.02 12.91 3.64 8000 13.09 13.07 13.08 5.22 8000 13.42 13.18 13.30 3.88
Location: Left Front Location: Center Front Location: Right Front
Specimen: 4A Specimen: 2A Specimen: 1
VTM: 3.7 VTM: 3.6 VTM: 3.8
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 8.79 7.86 8.33 0.00 0 8.50 7.87 8.19 0.00 0 8.05 7.90 7.98 0.00
1000 10.22 10.44 10.33 2.01 1000 11.50 11.01 11.26 3.07 1000 9.51 10.18 9.85 1.87
4000 11.61 12.32 11.97 3.64 4000 12.73 12.58 12.66 4.47 4000 10.34 11.64 10.99 3.02
8000 12.72 13.47 13.10 4.77 8000 13.09 13.18 13.14 4.95 8000 11.83 12.37 12.10 4.13
Passes | Average | STD Dev
0 0.00 0.00
1000 2.24 0.55
4000 3.61 0.77
8000 4.43 0.64




Table C21: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 25 mm Nominal Maximum Size/4.75 mm Break Point Sieve
Optimum Gradation -- 21% Passing 4.75 mm Sieve - 6.3% Asphalt Test Temperature: 55C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 2 Specimen: 3 Specimen: 5
VTM: 4.1 VTM: 3.9 VTM: 4.0
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 8.35 8.04 8.20 0.00 0 7.79 7.53 7.66 0.00 0 8.21 8.28 8.25 0.00
1000 9.68 9.52 9.60 141 1000 9.05 8.51 8.78 1.12 1000 9.67 9.68 9.68 1.43
4000 11.08 11.02 11.05 2.86 4000 10.03 9.85 9.94 2.28 4000 11.03 11.31 11.17 2.93
8000 11.70 11.66 11.68 3.49 8000 10.91 10.89 10.90 3.24 8000 11.54 11.79 11.67 3.42
Location: Left Front Location: Center Front Location: Right Front
Specimen: 4 Specimen: 6 Specimen: 8
VTM: 3.8 VTM: 4.2 VTM: 3.5
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 9.01 7.97 8.49 0.00 0 8.57 7.82 8.20 0.00 0 6.17 5.92 6.05 0.00
1000 10.45 9.06 9.76 1.27 1000 9.91 9.26 9.59 1.39 1000 8.68 9.00 8.84 2.80
4000 10.55 9.97 10.26 1.77 4000 10.81 10.89 10.85 2.66 4000 10.61 10.95 10.78 4.74
8000 11.81 11.33 11.57 3.08 8000 11.31 11.39 11.35 3.16 8000 11.13 11.28 11.21 5.16
Passes | Average | STD Dev
0 0.00 0.00
1000 1.57 0.61
4000 2.87 1.01
8000 3.59 0.78




Table C22: Rut Depth Measurements For NMAS Subtask
National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 25 mm Nominal Maximum Size/4.75 mm Break Point Sieve
Optimum Gradation -- 21% Passing 4.75 mm Sieve - 6.3% Asphalt Test Temperature: 64 C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 2 Specimen: 3 Specimen: 5
VTM: 4.1 VTM: 3.9 VTM: 4.0
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.55 7.57 7.56 0.00 0 7.73 7.97 7.85 0.00 0 8.82 8.93 8.88 0.00
1000 10.27 10.30 10.29 2.73 1000 10.20 10.40 10.30 245 1000 10.97 11.12 11.05 2.17
4000 11.41 11.89 11.65 4.09 4000 10.98 11.09 11.04 3.19 4000 12.27 12.36 12.32 3.44
8000 14.52 15.56 15.04 7.48 8000 14.30 14.20 14.25 6.40 8000 14.45 14.74 14.60 5.72
Location: Left Front Location: Center Front Location: Right Front
Specimen: 4 Specimen: 8 Specimen: 6
VTM: 3.8 VTM: 35 VTM: 4.2
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.68 7.59 7.64 0.00 0 7.89 7.40 7.65 0.00 0 8.94 8.76 8.85 0.00
1000 10.23 10.18 10.21 2.57 1000 10.00 9.87 9.94 2.29 1000 11.10 11.22 11.16 2.31
4000 11.36 11.11 11.24 3.60 4000 11.25 11.19 11.22 3.58 4000 12.31 12.23 12.27 3.42
8000 14.23 14.27 14.25 6.62 8000 14.55 14.46 14.51 6.86 8000 15.05 14.88 14.97 6.12
Passes | Average | STD Dev
0 0.00 0.00
1000 2.42 0.20
4000 3.55 0.30
8000 6.53 0.61




Table C23: Rut Depth Measurements For NMAS Subtask

National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 9.5 mm Superpave - Above the Restricted Zone
Test Temperature: 55C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 1 Specimen: 4 Specimen: 6
VTM: VTM: VTM:
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.72 7.61 7.67 0.00 0 7.36 7.65 7.51 0.00 0 7.31 7.29 7.30 0.00
1000 8.74 8.84 8.79 1.13 1000 8.60 8.49 8.55 1.04 1000 8.42 8.51 8.47 117
4000 9.56 9.34 9.45 1.79 4000 8.78 8.72 8.75 1.25 4000 8.89 8.91 8.90 1.60
8000 9.67 9.58 9.63 1.96 8000 9.19 9.09 9.14 1.64 8000 9.11 9.07 9.09 1.79
Location: Left Front Location: Center Front Location: Right Front
Specimen: 2 Specimen: 5 Specimen: 8
VTM: VTM: VTM:
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 7.87 7.70 7.79 0.00 0 6.58 6.80 6.69 0.00 0 7.81 7.98 7.90 0.00
1000 8.58 8.81 8.70 0.91 1000 8.13 8.35 8.24 1.55 1000 8.67 8.74 8.71 0.81
4000 8.91 9.18 9.05 1.26 4000 8.39 8.58 8.49 1.80 4000 9.03 9.13 9.08 1.19
8000 9.41 9.66 9.54 1.75 8000 8.58 8.79 8.69 2.00 8000 9.16 9.30 9.23 1.34
Passes | Average | STD Dev
0 0.00 0.00
1000 1.10 0.26
4000 1.48 0.28
8000 1.74 0.24




Table C24: Rut Depth Measurements For NMAS Subtask

National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 9.5 mm Superpave - Below the Restricted Zone
Test Temperature: 55C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 4 Specimen: 7 Specimen: 8
VTM: VTM: VTM:
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 8.79 8.76 8.78 0.00 0 7.54 7.73 7.64 0.00 0 7.91 8.33 8.12 0.00
1000 10.82 10.92 10.87 2.10 1000 9.71 9.18 9.45 1.81 1000 10.01 10.22 10.12 2.00
4000 12.87 12.85 12.86 4.09 4000 11.03 10.74 10.89 3.25 4000 11.78 11.53 11.66 3.54
8000 13.29 13.28 13.29 4.51 8000 11.63 11.48 11.56 3.92 8000 13.20 12.26 12.73 4.61
Location: Left Front Location: Center Front Location: Right Front
Specimen: 5 Specimen: 6 Specimen: 3
VTM: VTM: VTM:
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 8.39 8.21 8.30 0.00 0 7.54 7.60 7.57 0.00 0 7.61 7.47 7.54 0.00
1000 10.28 10.59 10.44 2.14 1000 8.52 9.28 8.90 1.33 1000 9.58 9.32 9.45 191
4000 12.99 11.97 12.48 4.18 4000 9.68 10.67 10.18 2.61 4000 10.73 10.25 10.49 2.95
8000 13.28 13.38 13.33 5.03 8000 11.28 11.16 11.22 3.65 8000 11.87 11.05 11.46 3.92
Passes | Average | STD Dev
0 0.00 0.00
1000 1.88 0.29
4000 3.43 0.62
8000 4.27 0.53




Table C25: Rut Depth Measurements For NMAS Subtask

National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 25 mm Superpave - Above the Restricted Zone
Test Temperature: 55C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 1 Specimen: 4 Specimen: 6
VTM: VTM: VTM:
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 5.59 5.27 5.43 0.00 0 5.41 5.43 5.42 0.00 0 6.20 6.26 6.23 0.00
1000 5.88 5.55 5.72 0.29 1000 7.01 6.50 6.76 1.34 1000 7.16 7.25 7.21 0.98
4000 6.10 5.92 6.01 0.58 4000 7.30 6.96 7.13 1.71 4000 7.63 7.90 7.77 1.54
8000 6.36 6.08 6.22 0.79 8000 7.52 7.28 7.40 1.98 8000 8.17 8.21 8.19 1.96
Location: Left Front Location: Center Front Location: Right Front
Specimen: 2 Specimen: 5 Specimen: 8
VTM: VTM: VTM:
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 6.56 6.74 6.65 0.00 0 5.47 5.66 5.57 0.00 0 6.42 6.56 6.49 0.00
1000 7.74 7.85 7.80 1.15 1000 6.32 6.63 6.48 0.91 1000 7.55 7.74 7.65 1.16
4000 8.06 8.26 8.16 151 4000 6.53 7.13 6.83 1.27 4000 7.83 8.26 8.05 1.56
8000 8.45 8.54 8.50 1.85 8000 6.88 7.55 7.22 1.65 8000 8.12 8.51 8.32 1.83
Passes | Average | STD Dev
0 0.00 0.00
1000 0.97 0.37
4000 1.36 0.41
8000 1.68 0.45




Table C26: Rut Depth Measurements For NMAS Subtask

National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 25 mm Superpave - Below the Restricted Zone
Test Temperature: 55C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 2 Specimen: 4 Specimen: 6
VTM: VTM: VTM:
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 10.15 10.17 10.16 0.00 0 9.39 8.82 9.11 0.00 0 9.13 9.11 9.12 0.00
1000 11.04 10.79 10.92 0.75 1000 9.75 9.63 9.69 0.59 1000 9.87 9.76 9.82 0.69
4000 12.17 11.34 11.76 1.60 4000 10.58 10.03 10.31 1.20 4000 10.65 10.70 10.68 1.56
8000 12.97 11.80 12.39 2.23 8000 11.08 10.85 10.97 1.86 8000 11.37 11.06 11.22 2.10
Location: Left Front Location: Center Front Location: Right Front
Specimen: 3 Specimen: 5 Specimen: 7
VTM: VTM: VTM:
Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average | Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 9.90 10.05 9.98 0.00 0 8.85 8.36 8.61 0.00 0 9.47 9.40 9.44 0.00
1000 10.65 10.68 10.67 0.69 1000 9.67 8.65 9.16 0.56 1000 10.80 11.07 10.94 1.50
4000 11.05 11.48 11.27 1.29 4000 10.20 9.05 9.63 1.02 4000 11.62 11.10 11.36 1.93
8000 11.94 12.21 12.08 2.10 8000 10.81 9.16 9.99 1.38 8000 12.20 11.68 11.94 2.51
Passes | Average | STD Dev
0 0.00 0.00
1000 0.80 0.35
4000 1.43 0.33
8000 2.03 0.38




Table C27: Rut Depth Measurements For NMAS Subtask

National Center for Asphalt Technology
SMA Rut Testing Data

Mix: 25 mm Superpave - Below the Restricted Zone
Test Temperature: 64 C
Location: Left Rear Location: Center Rear Location: Right Rear
Specimen: 6 Specimen: 4 Specimen: 2
VTM: VTM: VTM:
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 9.00 8.94 8.97 0.00 0 9.81 10.02 9.92 0.00 0 8.22 7.80 8.01 0.00
1000 10.00 9.91 9.96 0.99 1000 11.90 10.77 11.34 1.42 1000 9.66 11.13 10.40 2.39
4000 10.83 10.56 10.70 1.73 4000 13.10 12.15 12.63 271 4000 10.44 12.33 11.39 3.38
8000 11.30 10.91 11.11 2.14 8000 13.49 13.12 13.31 3.39 8000 11.11 13.11 12.11 4.10
Location: Left Front Location: Center Front Location: Right Front
Specimen: 7 Specimen: 5 Specimen: 3
VTM: VTM: VTM:
Passes |Reading 1| Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth Passes |Reading 1|Reading 2| Average |Rut Depth
0 9.11 8.60 8.86 0.00 0 7.70 8.59 8.15 0.00 0 10.73 8.29 9.51 0.00
1000 10.22 10.40 10.31 1.46 1000 8.53 9.51 9.02 0.88 1000 10.00 9.96 9.98 0.47
4000 11.10 10.95 11.03 2.17 4000 9.88 10.78 10.33 2.19 4000 11.98 11.00 11.49 1.98
8000 11.49 11.57 11.53 2.68 8000 11.34 11.68 11.51 3.37 8000 12.49 11.21 11.85 2.34
Passes | Average | STD Dev
0 0.00 0.00
1000 1.27 0.66
4000 2.36 0.59
8000 3.00 0.75




NCHRP 9-8 Phase Il - Task 13: Verify Density Requirements
Table D.1: Results of Permeability Testing

Site No.: 2

Location No. 1 2 3 4 5 6 7 8 9 10
VVolume of Water at Start of Test, ml 505 Could 500 500 500 500 500 500 500 500
VVolume of Water at End of Test, ml 475 Not 495 450 340 365 495 370 500 500
Test Time, sec. 120 Seat 180 180 180 180 180 180 180 180
VVolume of Water Lost 30 5 50 160 135 5 130 0 0
Core Density, pcf 142.6 137.7 136.4 138 137.2 138.2 139.7 139.6 145.9 142.8
Theoretical Maximum Density of Core 152.8 152.8 152.8 152.8 152.8 151.4 151.4 151.4 151.4 151.4
Permeability, ml/sec 0.25 0.03 0.28 0.89 0.75 0.03 0.72 0.00 0.00
Air Void Content of Core, % 6.7 9.9 10.7 9.7 10.2 8.7 7.7 7.8 3.6 5.7




NCHRP 9-8 Phase Il - Task 13: Verify Density Requirements
Table D.2: Results of Permeability Testing

Site No.: 3

Location No. 1 2 3 4 5 6 7 8 9 10
Volume of Water at Start of Test, ml 500 500 500 500 500 500 500 500 500 500
VVolume of Water at End of Test, ml 200 220 420 0 50 253 280 0 227 240
Test Time, sec. 180 180 180 180 180 50 315 180 130 400
VVolume of Water Lost 300 280 80 500 450 247 220 500 273 260
Core Density, pcf 127.8 126.6 125.6 127.1 129.0 125.5 124.7 124.5 124.6 126.3
Theoretical Maximum Density of Core 136.4 136.4 136.4 136.4 136.4 136.4 136.4 136.4 136.4 136.4
Permeability, ml/sec 1.67 1.56 0.44 2.78 2.50 4,94 0.70 2.78 2.10 0.65
Air Void Content of Core, % 6.3 7.2 7.9 6.8 5.4 8.0 8.6 8.7 8.7 7.4
Appendix D.xls 2/10/99



NCHRP 9-8 Phase Il - Task 13: Verify Density Requirements
Table D.3: Results of Permeability Testing

Site No.: 4

Location No. 1 2 3 4 5 6 7 8 9 10
Volume of Water at Start of Test, ml 500 500 500 500 500 500 500 500 500 500
VVolume of Water at End of Test, ml 320 100 100 100 50 253 280 147 227 240
Test Time, sec. 69 84 76 86 51 110 60 32 30 70
VVolume of Water Lost 180 400 400 400 450 247 220 353 273 260
Core Density, pcf 136.7 133.7 134.9 135.8 132.5 140.0 138.6 137.9 137.3 136.6
Theoretical Maximum Density of Core 151.3 151.3 151.3 151.3 151.3 151.3 151.3 151.3 151.3 151.3
Permeability, ml/sec 2.61 476 5.26 4.65 8.82 2.25 3.67 11.03 9.10 3.71
Air Void Content of Core, % 9.6 11.6 10.8 10.2 12.4 7.5 8.4 8.9 9.3 9.7

2/10/99
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NCHRP 9-8 Phase Il - Task 13: Verify Density Requirements
Table D.4: Results of Permeability Testing

Site No.: 5

Location No. 1 2 3 4 5 6 7 8 9 10
Volume of Water at Start of Test, ml 500 500 500 500 500 500 500 500 500 500
VVolume of Water at End of Test, ml 100 340 100 350 350 260 100 260 100 220
Test Time, sec. 83 107 37 80 106 91 38 144 37 148
VVolume of Water Lost 400 160 400 150 150 240 400 240 400 280
Core Density, pcf 136.1 136.5 134.5 136.1 136.2 140.9 136.6 138.5 136.6 137.6
Theoretical Maximum Density of Core 152.0 152.0 152.0 152.0 152.0 152.5 152.5 152.5 152.5 152.5
Permeability, ml/sec 4.82 1.50 10.81 1.89 1.42 2.65 10.67 1.67 10.81 1.89
Air Void Content of Core, % 10.4 10.2 11.5 10.4 10.4 7.6 10.4 9.2 10.4 9.8
Appendix D.xls 2/10/99



NCHRP 9-8 Phase Il - Task 13: Verify Density Requirements
Table D.5: Results of Permeability Testing

Site No.: 6
Location No. 1 2 3 4 5
VVolume of Water at Start of Test, ml 500 500 500 500 500
VVolume of Water at End of Test, ml 380 465 465 448 335
Test Time, sec. 150 315 150 120 240
VVolume of Water Lost 120 35 35 52 165
Core Density, pcf 145.3 146.3 144.1 148.0 147.1
Theoretical Maximum Density of Core 154.6 154.6 154.6 154.6 154.6
Permeability, ml/sec 0.80 0.11 0.23 0.43 0.69
Air Void Content of Core, % 6.0 5.4 6.8 4.3 4.9

Appendix D.xls

2/10/99



NCHRP 9-8 Phase Il - Task 13: Verify Density Requirements
Table D.6: Results of Permeability Testing

Site No.: 9

Location No. 6 7 8 9 10
VVolume of Water at Start of Test, ml 500 500 500 500 500
VVolume of Water at End of Test, ml 375 350 465 448 335
Test Time, sec. 30 43 150 120 240
VVolume of Water Lost 125 150 35 52 165
Core Density, pcf 147.1 146.3 149.1 145.5 150.5
Theoretical Maximum Density of Core 159.1 159.1 159.1 159.1 159.1
Permeability, ml/sec 4.17 3.49 0.23 0.43 0.69
Air Void Content of Core, % 7.5 8.0 6.3 8.5 5.4

Appendix D.xls
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NCHRP 9-8 Phase Il - Task 13: Verify Density Requirements
Table D.7: Results of Permeability Testing

Site No.: 10

Location No. 1 2 3 4 5 6 7 8 9 10
Volume of Water at Start of Test, ml 500 500 500 500 500 500 500 500 500 500
VVolume of Water at End of Test, ml 310 330 340 315 280 340 473 330 350 310
Test Time, sec. 60 60 60 60 60 60 60 60 60 60
VVolume of Water Lost 190 170 160 185 220 160 27 170 150 190
Core Density, pcf 2.370 2.362 2.345 2.459 2.404 2.367 2.400 2.357 2.291 2.358
Theoretical Maximum Density of Core || 2.604 2.604 2.604 2.604 2.604 2.604 2.604 2.604 2.604 2.604
Permeability, ml/sec 3.17 2.83 2.67 3.08 3.67 2.67 0.45 2.83 2.50 3.17
Air Void Content of Core, % 9.0 9.3 9.9 5.6 7.7 9.1 7.8 9.5 12.0 9.4

2/10/99
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NCHRP 9-8 Phase Il - Task 13: Verify Density Requirements
Table D.8: Results of Permeability Testing

Site No.: 11

Location No. 11 27 28 29 30 12 32 33 34 35
Volume of Water at Start of Test, ml 500 500 500 500 500 500 500 500 500 500
VVolume of Water at End of Test, ml 460 490 500 490 465 460 440 490 490 485
Test Time, sec. 60 60 60 60 60 60 60 60 60 60
VVolume of Water Lost 40 10 0 10 35 40 60 10 10 15
Core Density, pcf 144.6 145.3 143.2 142.7 143 145.7 143.7 146.2 147.7 146.7
Theoretical Maximum Density of Core 151.0 151.0 151.0 151.0 151.0 151.8 151.8 151.8 151.8 151.8
Permeability, ml/sec 0.67 0.17 0.00 0.17 0.58 0.67 1.00 0.17 0.17 0.25
Air Void Content of Core, % 4.2 3.8 5.2 55 5.3 4.0 5.3 3.7 2.7 3.4

2/10/99
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APPENDIX E: Laboratory Permeability Test Procedure



Florida Method of Test
for

MEASUREMENT OF WATER PERMEABILITY
OF COMPACTED ASPHALT PAVING MIXTURES

Designation: FM 5-565

1. SCOPE

1.1 This test method covers the laboratory determination of the water conductivity of a
compacted asphalt paving mixture sample. Themeasurement providesanindication of water

permeability of that sample as compared to those of other asphalt samplestested in the same
manner.

1.2 Theprocedureuseseither laboratory compacted cylindrical specimens or field core samples
obtained from existing pavements.

1.3 The values stated in metric (SI) units are to be regarded as standard. Valuesgivenin
parenthesis are for information and reference purposes only.

1.4 Thisstandard does not purport to addressall of the safety problems associated with its use.
Itistheresponsibility of the user of this standard to establish appropriate safety, and health
practices and determine the applicability of regulatory limitations prior to use.

2. APPLICABLE DOCUMENTS
2.1 AASHTO Standards:

M 231 Weights and Balances Used in the Testing of Highway Materias

2.2 Horida Test Methods

FM 1-T166 Bulk Specific Gravity of Compacted Bituminous Mixtures
FM 1-T209 Maximum Specific Gravity of Bituminous Paving Mixtures

3. SUMMARY OF TEST METHOD

3.1 A falling head permeability test, as shown in Figure 1, is used to determine the rate of flow
of water through the specimen. Water from a graduated buret is alowed to flow through a
saturated asphalt sample and theinterval of timetaken to reach aknown changein head loss
isrecorded. The coefficient of permeability of the asphalt sampleisthen determined based
on Darcy’s law.



4. SIGNIFICANCE AND USE

4.1 This test method provides a means for determining water conductivity of water-saturated

asphalt samples. It applies to one-dimensional, laminar flow of water. It is assumed the
Darcy’'s law is valid.

5. APPARATUS

5.1Graduated Buret- A 1000 mL graduated glass buret with a stopcock valve.

5.2 Buret Stand- A three or four legged support capable of holding the buret firmly in position.

5.3

A suitable arrangement is shown in Figure 1 and consists of (1) a cast-iron tripod base
support and a rod, 915 mm in length and 12.7 mm in diameter, (2) two three-prong clamps,
270 mm in overall length and 150 mm in arm length, and (3) two connectors, witha 12.7 mm
hole, for rod ends.

Topand BasePlates- Impermeable, rigid (PVC or plexi-glass) 300x300x25 mm top and base
plates shall be provided to support the sample and provide for transmission of water to and
from the specimen. The top plate shall have a central hole to fit a 9.5x9.5 mm hose barb for
water transmission to the sample and another 7.9 mm diameter hole to fit an air relieve valve.
The base plate shall have a 100 mm diameter central hole for water drainage from the
specimen. Both plates shall have a 15 mm diameter hole near the corners to fita 12.7 mm
diameter carriage bolt.

5.4 Hose Barb- A 9.5x9.5 mm hose barb for water transmission to the sample.

5.5 PlasticHose- The buret and the hose barb shall be connected using a 9.5 mm inside diameter

plastic hose. The length of the hose shall be such that, during testing, the buret and the hose
barb are aligned and the plastic hose is straight.

5.6 O-rings- The top and base plates shall be sealed to the test sample with rubber O-rings of

6.35 mm minimum thickness. The O-ring diameter shall not be more that 12.7 mm larger
than that of the test specimen.

5.7 Carriage Bolts- The plates along with the O-rings and the specimen shall be held together

as to create a permeameter cell using four 200 mm long bolts.

5.5 Pan- A metal or plastic pan of sufficient size to contain the apparatus and catch the water

draining from the sample.



E-3

5.6 Casting Molds- Casting molds, consisting of pieces of standard PV C pipe, to alow for easy
molding of a sealing ring around the test specimen. The mold diameter shal be
approximately 50 mm larger than that of the test sample. The height of the mold shall be at
least 10 mm taller than that of the test specimen.

5.7 Flat Metal Plate- A flat metal plate onto which the molds are placed.

5.8 Timer- A stop watch or other timing device graduated in divisions of 0.1 sor less and
accurate to within 0.05% when tested over intervals of not less than 15 min.

5.9 Measuring Device-A deviceusedto measurethedimensionsof the specimen shall be capable
of measuring to the nearest 0.3 mm or better.

5.10 Balance-The balance shall be suitable for determining the weight of the specimen and shall
conform to the requirements of AASHTO M231, Class G2. The weight of the specimens
shall be determined to the nearest 0.1 g.

5.11 Saw-Equipment for wet cutting the specimen to the desired lengths.

5.12 Masking Tape-A 50 mm-wide masking tape to cover the top and bottom surfaces of the
samplesto prevent epoxy seepage into those aress.

5.13 Sealing Agent-Epoxy-like material to seal the sides of samples.
6. PREPARATION OF TEST SAMPLES

6.1 Saw cut thefield cores or the laboratory compacted specimens into the desired test sample
thickness.

NOTE1: If thetota height of the core or the laboratory compacted specimenisto be used for
testing, consideration should be given to trimming its top and bottom faces so that
the permeability measurement is representative of the internal mixture structure.

6.2 Wash the test samples thoroughly with water to remove any loose fine material resulting
from saw cutting.

6.3 Measureand record the height and diameter of each sampleinthreedifferent locations to the
nearest 0.3mmor better. Therespectivelength and diameter of the three measurementsshall
not vary by more than £5%. The diameter of the specimen shall be at least 4 times greater
than the largest particle size within the sample, and shall not be less than 100 mm.

6.4 Determine the specific gravities required to compute the air void content of individual test
samples in accordance with the Florida Methods of Test FM 1-T 166 and FM 1-T 209.
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6.5 Cover the top and bottom surfaces of the dried test specimens using the 50 mm-wide
masking tape.

6.6 Lubricatetheinsideof themold(s) and themetal platewith areleaseagent. Thiswill prevent
the epoxy from adhering to the mold and/or metal plate.

NOTE 2: The size of the metal plate may be such as to accommodate more than one mold.
Thus, more than one test sample may be prepared at once.

6.7 Center the test specimen(s) in the mold(s).

6.8 Preparethe epoxy for the sealing ring according to the manufacturer directions ( a two-part
system, Sikadur 32, Hi-Mod, may be used).

6.9 Pour the epoxy in auniform and circular motion into the mold around the test sample up to
the top of the sample.

6.10 Let the epoxy cure for 24 hours befor e removing the test sample from the mold.

6.11 Remove the masking tape from the top and bottom surfaces of the test sample.
7. TEST PROCEDURE

7.1 Permeameter Cell Setup

7.1.1 Center one O-ring around the drainage hole of the PVC base plate. Then, place thetest
specimen on the center of the base plate.

7.1.2 Place another O-ring around the top face of the sample. The top plate is them places and
bolted to the base plate with the four carriage bolts. The nuts shall be tightened firmly in a
pattern that assures even torque distribution. Do not over tighten the nuts.

7.1.3 Place the permeameter cell in a pan to collect the water drained during testing.

7.2 Connect the buret to the permeameter cell through the hose barb using a plastic hose. The
length of the hose shall be such that the buret and the hose barb are aligned and the plastic
hose is straight.

7.3 Measureto the nearest mm and record the height from the top of the base plate to the 400 mL
mark in the buret. Thisistheinitial head, h,.

7.4 Measureto the nearest mm and record the height form thetip of the base plate to the 900 mL
mark in the buret. Thisisthefinal head, h,.



NOTE 3:  Other mL marks may be used to set initial and final heads.

7.5 Fill the buret with water. Release the valve at the base of the buret and let the water flow
through the specimen. Make surethat permeameter cell istight enough asto avoid any water
leakage. Remove all air bubbles from the connecting hose.

NOTE 4. To facilitate the removal of any entrapped air in the cell, open the air relieve valve
until water startscoming throughit. After al visibleair has been removed, closethe
valve.

7.6 Let the water run through the specimen until the saturation state is achieved. This may
require filling the buret several times.

NOTES: Saturation may be confirmed when the respective recorded times for a change in
heads from h, to h, for three consecutive tests are within 15%.

7.7 Oncethe saturation os the specimen is achieved, close the valve at the base of the buret and
fill the buret.

7.8 Todstart thetest, release the valve at the base of the buret and | et the water flow throught the
specimen. Oncethe headisat the 400 mL mark (initial head), start the stop watch. Stop the
stop watch when the head reaches the 900 mL mark (final head). Record the time shown on
the stop watch. Use the average time of three consecutive tests to compute the water
conductivity of the specimen.

NOTE6: If therecorded timesfor three consecutive tests are not within 15%, the specimen is
not saturated enough. Additional water should be runthrough the sample and the test
repeated.

8. CALCULATION

8.1 Thewater conductivity or coefficient of permeablity, k, is determined using the following
equation:

al
k=2% In(h./h
At (h/hy)

Where:  k=coefficient of permeability, cm/s;
a=inside cross-sectional area of the buret, cm?;
L=thickness of the test specimen, cm;
A=cross-sectional area of the test specimen, cm?



t=elapsed time between h, and h,, s;
h,=initial head across the test specimen, cm;
h,=final head across the test specimen, cm.

8.2 For each sample, the coefficient of permeability is computed for three runs and averaged.
The results are reported in whole units x 10° cm/s.
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Bolt O-nng Epoxy sealing ring
Figure 1. Schematic of Water Permeability Testing Apparatus (not to scale)




APPENDI X F: Asphalt Pavement Analyzer Method of Test
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(ASTM Format)
METHOD OF TEST FOR DETERMINING RUTTING SUSCEPTIBILITY USING THE
ASPHALT PAVEMENT ANALYZER

SCOPE

1.1 This method describes a procedure for testing the rutting susceptibility of asphalt
aggregate mixtures using the Asphalt Pavement Analyzer (APA).

APPARATUS

2.1 Asphat Pavement Analyzer (APA)-A thermostatically controlled device designed
to test the rutting susceptibility of hot mix asphalt by applying repetitive linear
loads to compacted test specimens through pressurized hoses.

2.1.1 The APA shall be thermostatically controlled to maintain the test temperature and
conditioning chamber at any setpoint between 30° and 60°C within 1°C.

2.1.2 The APA shall be capable of independently applying loads up to 450 N to three
wheels. Theloads shall be calibrated to the desired test load by an external force
transducer.

2.1.3 The pressure in the test hoses shall be adjustable and capable of maintaining
pressure up to 830 kPa.

2.1.4 The APA shall be capable of testing three beam specimens simultaneously.

2.1.5 The APA shall have a programmable master cycle counter which can be preset to
the desired number of cyclesfor atest. The APA shall be capable of automatically
stopping the test at the completion of the programmed number of cycles.

2.2 Baance. 12,000 gram capacity, accurate to 0.1 gram.

2.3 Mixing utensils (bowls, spoon, spatula)

2.4 Ovensfor heating aggregate and asphalt cement.

2.5 Compaction device and molds.

TEST SPECIMENS:

3.1 Number of test specimens-Onetest will use either three beam (75 mm x 125 mm x
300 mm) specimens or six cylindrical (150 mm diameter X 75 mm) specimens.
3.2 Samples of plant produced mixtures shall be obtained in accordance with AASHTO
T 169. Mixture samples shall be reduced to the appropriate test size and compacted
while the mixture is still hot. Reheating of 1oose plant mixture should be avoided.
3.3 Laboratory Prepared Mixtures
3.3.1 Mixture proportions are batched in accordance to the desired Job Mix Formula.
Required batch sizes are determined in accordance to Paragraph 12. The voidsin
total mix (Va) for the compacted specimens shall be 7.0+1.0%.
3.3.2 The temperature to which the asphalt binder must be heated to achieve a viscosity
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of 17020 cSt shall be the mixing temperature. For modified asphalt binders, use
the mixing temperature recommended by the binder manufacturer.

3.3.3 Dry mix aggregates and hydrated lime (when lime is used) first, then add optimum
percentage of asphalt cement. Mix the materials until all aggregates are thoroughly
coated.

3.3.3 Test samples shall be aged in accordance with the short-term aging procedure in
AASHTO PP2 except that the aging period shall be two hours and the spread rate
shall be approximately 50 kgfm

3.3.4 The temperature to which the asphalt binder must be heated to achieve a viscosity
of 29030 cSt shall be the compaction temperature. For modified asphalt binders,
use the compaction temperature recommended by the binder manufacturer. The
mixture shall not be heated at the compaction temperature for more than one hour.

3.4 Roadway Core Specimens

3.4.1 Roadway core specimens shall be 150 mm diameter with all surfaces of the
perimeter perpendicular to the surface of the core within 5 mm. Cores shall be
trimmed with a wet masonry saw to a height of 753 mm.

4. COMPACTION OF SPECIMENS
METHOD A - Vibrating Compaction

4.1 Apparatus-Asphalt Vibratory Compactor, Model AVC I

4.2 The following specimen compaction procedures can be used for compacting
cylinder specimens and beam specimens.

4.3 Place the specimen mold on top of a counter adjacent to the compaction machine.
Insert a preheated base plate into the mold. Apply a light coat of oil on the inside
surfaces of the mold and the base plate. Cooking oil sprays (available from
supermarkets) work well for this purpose. Remove loose HMA from the oven and
pour the entire batch into the mold and level the mixture at the top. Measure the
temperature in the mixture. Temperature at the starting of the compaction should be
within 5°C of the specified compaction temperature for the mixture.

4.4 Transfer the specimen mold to the supporting base of the machine and fit it in the
recessed area. Apply a light coat of oil on the surfaces of the compaction head.

4.5 Set the control unit CYCLE TIME to 25 seconds (More time may be necessary to
compact harsh mixtures). Turn MODE switch to AUTO, VIBRATING switch to
AUTO, and pull up (disable) the EMERGENCY STOP.

4.6 Press both green palm buttons simultaneously (you do not need to hold down the
palm buttons). This will cause the vibrating assembly to move downward
automatically and when it gets down to a certain position, the vibrating actions will
be activated automatically. Under the static compression force and the vibrating
actions, the compaction head will move downward to consolidate and compact the
loose asphalt mixture confined in the specimen mold for 25 seconds. For most
dense-graded HMA, compaction will be achieved in less then 10 seconds after the
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vibration is activated. At this point the bottom surface of the vibrating assembly
base plate will be in contact with the top surface of the specimen mold and the
compaction head is "bottomed out”. After the vibrating time is completed, the
vibrating compaction assembly will automatically retract. This completes the
compaction operations. If at the end of the time the bottom surface of the vibrating
assembly base plate is not in contact with the top surface of the specimen mold, this
implies that the specimen has not been compacted to the specified density.
Additional vibrating compaction can be applied by increasing the vibrating time.

4.7 Lift the specimen mold from the compaction position, move forward and slide the
edges of the specimen mold under the restraining brackets and position the
specimen mold in the recessed area at the extruding support base.

4.8 On the control unit, turn the MODE switch to EJECT. Press and hold down both
green palm buttons to raise the extrusion cylinder head to extrude the specimen out
of the mold. Remove the compacted specimen with the base plate together from the
rigid bottom of the mold and place them on afirm counter top. Pressthe OPEN
button on the control unit to retract the extrusion cylinder head. Then remove the
specimen mold from the extrusion supporting base.

4.9 Compacted specimens should be left at room temperature (approximately 25°C) to
allow the entire specimen to cool for a minimum of 3 hours.

METHOD C-Superpave Gyratory Compaction

51 Apparatus (see AASHTO TP4)

5.2 Compaction of cylindrical specimens with the Superpave Gyratory Compactor can
be accomplished in several ways. Specimens can be compacted directly to the
specified height of 75 mm, or specimens can be compacted to the number of
gyrations at which the target air void content of 7.0+£1.0% has been estimated.

5.3 Remove the mold and base plate from the oven set at the compaction temperature.
Place a paper disc in the bottom of the mold assembly.

5.4 Transfer the mixture to the mold with care to avoid segregation of the mixture.
Check the mixture temperature to determine if it is within the range determined
from paragraph 3.3.4. Place a paper disk on the top of the mixture.

5.5 Place the mold and mixture in the Superpave Gyratory Compactor and begin
compaction as described in the compactor’s operation manual.

5.6 When the compaction procedure is completed, remove the mold and compacted
specimen from the compactor. Extrude the specimen from the mold with care to
avoid distorting the specimen until it is cooled.

5.7 Compacted specimens should be left at room temperature (approxima@lyd5
allow the entire specimen to cool for a minimum of 3 hours.

6. DETERMINING THE AIR VOID CONTENTS

6.1 Determine the bulk specific gravity of the test specimens in accordance with ASTM
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D 2726 (AASHTO T 166).

6.2 Determine the maximum specific gravity of the test mixture in accordance with
ASTM D2041 (AASHTO T 209).

6.3 Determinetheair void contents of the test specimens in accordance with ASTM
D3203 (AASHTO T 269).

SELECTING THE TEST TEMPERATURE

7.1 The test temperature should be representative of the environment in which the
paving mixture will be utilized. The SHRPBIND software or the Superpave
software available from the FHWA can be used to determine the pavement
temperature for any project location in the United States.

7.2 SHRPBIND software version 2.0

7.2.1 Select the depth to surface of layer at 0 mm for surface mixtures. For evaluating
other layersin the pavements structure, select the depth in millimetersto the top of
the layer. The SHRPBIND software will determine the high pavement design
temperature 20 mm below the input depth as used in binder grade selection and
mixture performance modeling.

7.2.2 Use the map to select the project location. The high temperature for the nearest
weather station will be displayed. For projects with low traffic loads (i.e.<1 million
ESAL’s) the temperature corresponding to 50 percent reliability should be used; for
projects with high traffic loads, the temperature corresponding to 98 percent
reliability should be used.

7.3 Superpave software (still in development)

7.4 Alternatively, the test temperature may be based on the average high pavement
temperatures for a geographical area.

SPECIMEN CONDITIONING
8.1 Place the specimens in the testing position and allow the specimens to equalize at

the test temperature. A companion dummy specimen with an embedded
thermometer or thermocouple may be placed near the test specimens to determine

when the test specimens have reached the test temperature. Specimens should not be

held at elevated temperatures for more than 24 hours prior to testing.

Note 1-Studies have shown that specimens take five to six hours to achieve a uniform
temperature when taken from room temperature and are placed in the APA at the test
temperature.

PROCEDURE

9.1 Setthe hose pressure gage reading to 700+/-35 kPa (100+/-5 psi). Set the load
cylinder pressure reading for each wheel to achieve a load of 534+/-22 N(120+/-5
b.).
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9.2 Stahilize the testing chamber temperature at the temperature selected in Paragraph
7.

9.3 Placethe test specimensinto the testing molds and firmly securein the APA.

9.4 Close the chamber doors and start the APA to apply 10 cyclesto seat the specimens
before theinitial measurements. Make adjustments to the hose pressure as needed
during the 10 cycles.

9.5 Placethe rut depth measurement template over the specimen. Make sure that the rut
depth measurement template is properly seated and firmly rests on top of the testing
mold.

9.6 Zerothedigital measuring gauge so that the display shows 0.00 mm with the gauge
completely extended. The display should aso have a bar below the "inc." position.
Takeinitial readings at each of the five locations on the template. (For cylindrical
specimens, the center measurement is not used). Measurements shall be determined
by placing the digital measuring gauge in the template slots and sliding the gauge
slowly across the each slot. Record the smallest measurement for each location to
the nearest 0.01 mm.

9.7 Repeat steps 9.5 and 9.6 for each beam or set of cylindersin the testing position.

All measurements shall be completed within four minutes.

9.8 Push the sample holding tray in and secure. Close the chamber doors and allow five
minutes for the temperature to equalize.

9.8 Setthe PRESET COUNTER to the number of cyclesfor the next interval.
Measurements are typically taken at 500, 2000, 4000, and 8000 cumulative cycles.

9.9 Start or resumethetest. When the test reaches the number of cycles set on the
counter, the APA will stop and the load wheels will automatically retract.

9.10 Open the chamber doors, unlock and pull out the sample holding tray. Take rut-
depth measurements as stated in steps 9.4 through 9.6.

CALCULATIONS

10.1 Therut depth at each location is determined by subtracting the measurement for
each interval (500, 2000, 4000, and 8000 cycles) from the initial measurement.

10.2 Determine the average rut depth at each interval for each beam specimen or cylinder
set. For beams specimens, use only the three center measurements for calculating
the average rut depth. For cylindrical specimens, use the average of all four
measurements to calcul ate the average rut depth.

10.3 The APA rut depth for the mixture is the average of the three beam specimens or six
cylindrical specimens.

REPORT

11.1 Thetest report shall include the following information:
11.1.1 The laboratory name, technician name, and date of test.
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11.1.2 The mixture type and description.

11.1.3 Specimen type.

11.1.4 Average air void content of the test specimens.

11.1.5 The test temperature.

11.1.6 The average rut depths to the nearest 0.1 mm at 500, 2000, 4000, and 8000 cycles.

NONMANDATORY INFORMATION Calculation of Specimen Masses

12.1 Beam Specimens

12.1.1 Volume of specimen=75 mm x 125 mm x 300 mm=2812.5 cm?’.

12.1.2 Total mass of beam specimen, g=Gmm @ Opt. A.C. x 0.93 x 2812.5 cm®

12.1.3 Beams may be batched in 1, 2 or 3 layers. Divide the total mass by the number of

layers.

12.1.4 Individual weights for dry aggregate, lime and liquid A. C. per layer

12.1.4.1 Mass of asphalt cement, g=gram</layer x % of A. C. @ Opt.

12.1.4.2 Mass of aggregate, g=grams/layer-grams of A. C. (Thisincludeslime, if used in
the mixture).

12.1.4.3 Mass of aggregate excluding lime, g=grams of aggregate/1.01

12.1.4.4 Mass of lime, g=grams of aggregate-grams of aggregate excluding lime

12.2 Cylindrical Specimens

12.2.1 Volume of Specimen=gx (150 mmj x 75 mm)/1000=1325.4 cm

12.2.2 Total mass of cylindrical specimen, g=Gmm @ Opt. A.C. x 0.93 x 1325.4 cm

12.2.4 Individual weights for dry aggregate, lime and liquid A. C. @ Opt.

12.2.4.1 Mass of asphalt cement, g=grams/layer x % A. C. @ Opt.

12.2.4.2 Mass of aggregate, g= grams/layer - grams of A. C. (This includes lime, if used
in the mixture)

12.2.4.3 Mass of aggregate excluding lime, g=grams of aggregate/1.01

12.2.4.4 Mass of lime, g=grams of aggregate-grams of aggregate excluding lime
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	APPENDIX B: SMA Mix Designs for NMAS Subtask
	Table B1: SMA Mix Designs for NMAS SubTask
	4.75 mm Nominal Maximum Size/ 2.36 mm Break Point Sieve Mix:

	Table B2: SMA Mix Designs for NMAS SubTask
	4.75 mm Nominal Maximum Size/ 2.36 mm Break Point Sieve Mix:

	Table B3: SMA Mix Designs for NMAS SubTask
	4.75 mm Nominal Maximum Size/ 2.36 mm Break Point Sieve Mix:

	Table B4: SMA Mix Designs for NMAS SubTask
	4.75 mm Nominal Maximum Size/ 2.36 mm Break Point Sieve Mix:

	Table B5: SMA Mix Designs for NMAS SubTask
	4.75 mm Nominal Maximum Size/ 2.36 mm Break Point Mix:

	Table B6: SMA Mix Designs for NMAS SubTask
	4.75 mm Nominal Maximum Size/ 1.18 mm Break Point Sieve Mix:

	Table B7: SMA Mix Designs for NMAS SubTask
	4.75 mm Nominal Maximum Size/ 1.18 mm Break Point Sieve Mix:

	Table B8: SMA Mix Designs for NMAS SubTask
	4.75 mm Nominal Maximum Size/ 1.18 mm Break Point Sieve Mix:

	Table B9: SMA Mix Designs for NMAS SubTask
	4.75 mm Nominal Maximum Size/ 1.18 mm Break Point Sieve Mix:

	Table B10: SMA Mix Designs for NMAS SubTask
	9.5 mm Nominal Maximum Size/ 4.75 mm Break Point Sieve Mix:

	Table B11: SMA Mix Designs for NMAS SubTask
	9.5 mm Nominal Maximum Size/ 4.75 mm Break Point Sieve Mix:

	Table B12: SMA Mix Designs for NMAS SubTask
	9.5 mm Nominal Maximum Size/ 4.75 mm Break Point Sieve Mix:

	Table B13: SMA Mix Designs for NMAS SubTask
	9.5 mm Nominal Maximum Size/ 4.75 mm Break Point Sieve Mix:

	Table B14: SMA Mix Designs for NMAS SubTask
	9.5 mm Nominal Maximum Size/ 2.36 mm Break Point Sieve Mix:

	Table B15: SMA Mix Designs for NMAS SubTask
	9.5 mm Nominal Maximum Size/ 2.36 mm Break Point Sieve Mix:

	Table B16: SMA Mix Designs for NMAS SubTask
	9.5 mm Nominal Maximum Size/ 2.36 mm Break Point Sieve Mix:

	Table B17: SMA Mix Designs for NMAS SubTask
	12.5 mm Nominal Maximum Size/ 9.5 mm Break Point Sieve Mix:

	Table B18: SMA Mix Designs for NMAS SubTask
	12.5 mm Nominal Maximum Size/ 9.5 mm Break Point Sieve Mix:

	Table B19: SMA Mix Designs for NMAS SubTask
	12.5 mm Nominal Maximum Size/ 9.5 mm Break Point Sieve Mix:

	Table B20: SMA Mix Designs for NMAS SubTask
	12.5 mm Nominal Maximum Size/ 9.5 mm Break Point Sieve Mix:

	Table B21: SMA Mix Designs for NMAS SubTask
	12.5 mm Nominal Maximum Size/ 9.5 mm Break Point Sieve Mix:

	Table B22: SMA Mix Designs for NMAS SubTask
	12.5 mm Nominal Maximum Size/ 9.5 mm Break Point Sieve Mix:

	Table B23: SMA Mix Designs for NMAS SubTask
	12.5 mm Nominal Maximum Size/ 4.75 mm Break Point Sieve Mix:

	Table B24: SMA Mix Designs for NMAS SubTask
	12.5 mm Nominal Maximum Size/ 4.75 mm Break Point Sieve Mix:

	Table B25: SMA Mix Designs for NMAS SubTask
	12.5 mm Nominal Maximum Size/ 4.75 mm Break Point Sieve Mix:

	Table B26: SMA Mix Designs for NMAS SubTask
	19.0 mm Nominal Maximum Size/ 4.75 mm Break Point Sieve - Phase II Mix:

	Table B27: SMA Mix Designs for NMAS SubTask
	19.0 mm Nominal Maximum Size/ 4.75 mm Break Point Sieve - Phase II Mix:

	Table B28: SMA Mix Designs for NMAS SubTask
	25.0 mm Nominal Maximum Size/ 12.5 mm Break Point Sieve Mix:

	Table B29: SMA Mix Designs for NMAS SubTask
	25.0 mm Nominal Maximum Size/ 12.5 mm Break Point Sieve Mix:

	Table B30: SMA Mix Designs for NMAS SubTask
	25.0 mm Nominal Maximum Size/ 12.5 mm Break Point Sieve Mix:

	Table B31: SMA Mix Designs for NMAS SubTask
	25.0 mm Nominal Maximum Size/ 9.5 mm Break Point Sieve Mix:

	Table B32: SMA Mix Designs for NMAS SubTask
	25.0 mm Nominal Maximum Size/ 9.5 mm Break Point Sieve Mix:

	Table B33: SMA Mix Designs for NMAS SubTask
	25.0 mm Nominal Maximum Size/ 9.5 mm Break Point Sieve Mix:

	Table B34: SMA Mix Designs for NMAS SubTask
	25.0 mm Nominal Maximum Size/ 9.5 mm Break Point Sieve Mix:

	Table B35: SMA Mix Designs for NMAS SubTask
	25.0 mm Nominal Maximum Size/ 4.75 mm Break Point Sieve Mix:

	Table B36: SMA Mix Designs for NMAS SubTask
	25.0 mm Nominal Maximum Size/ 4.75 mm Break Point Sieve Mix:

	Table B37: SMA Mix Designs for NMAS SubTask
	25.0 mm Nominal Maximum Size/ 4.75 mm Break Point Sieve Mix:
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	Table C1: Rut Depth Measurements For NMAS Subtask
	Mix: 4.75 mm Nominal Maximum Size/ 2.36 mm Break Point Sieve

	Table C2: Rut Depth Measurements For NMAS Subtask
	Mix: 4.75 mm Nominal Maximum Size/ 2.36 mm Break Point Sieve

	Table C3: Rut Depth Measurements For NMAS Subtask
	Mix: 4.75 mm Nominal Maximum Size/ 1.18 mm Break Point Sieve
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	Mix: 25 mm Superpave - Below the Restricted Zone
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