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Goal

* Understand the impact of fine aggregates on mixture frictional performance.

* Provide TxDOT a guideline or procedure to incorporate quality fine aggregates in
their AC mixes to improve the skid resistance.

* Specifically, provide guidelines to incorporate skid resistance into the balanced
asphalt mixtures.
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Methodology for the Laboratory Evaluation of Asphalt
Mixture Friction Performance

= Sample Preparation
Requires only 4 specimens. (Tex-241-F 62mm height, 7% AV, HWTT/IDT or 80mm height)

4)

(1) () (3)

SN E N v Final product for
S friction evaluation
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Methodology for the Laboratory Evaluation of Asphalt
Mixture Friction Performance

= Polishing and Friction Testing
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Methodology for the Laboratory Evaluation of Asphalt
Mixture Friction Performance

" Generating the Friction Deterioration Curve

DFV @ 60 km/h
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Methodology for the Laboratory Evaluation of Asphalt

Mixture Friction Performance
Presentation of Terminal Friction Results
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Factors Controlling the Asphalt Mixture Frictional Performance

List of Asphalt Mixture Parameters Studied Systematically
* Binder percentage

* Binder grade

= Air voids percentage

" Aggregate gradation

* Asphalt gradation

= Aggregate quality
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Factors Controlling the Asphalt Mixture Frictional Performance

= Modification of typical asphalt mixture into traditional method

(Different bins and different aggregate types into one aggregate type into different sizes)

Bin No.2 Bin No.3 Bin No.4 Bin No.5 Bin No.6 Bin No.7 Bin No.8 Bin No.9 Bin No.10
Individual Bin (% ‘ Bin No.1 =10 %f§ Bin No.2 = 33 %} Bin No.3 =18 % | Bin No.4 =5 % Bin No.5=13.7 % Bin No.8 =20 %
Aggregate Source] ‘ Limestone_Dolomite Igneous Limestone_Dolomite Limestone_Dolomite Fractionated RAP
Aggregate Numbe 2407208 2407201 2407201
Sample ID McKelligon 3/8" Redll Blended Screenings Mortar Sand McKelligon 3/8" Limestone| Fine 172"
Sieve Size: ) Aggregate Aggregate Aggregate ) Fractionated RAP
Passing | Retained Aggregate Weigh \g/\?eigght \g/\?eigght \g/\?eigght Aggregate Weight Weight
- 1" 0.0 0.0 0.0 0.0 0.0 0.0
1" 3/4" 50.0 0.0 0.0 0.0 0.0 0.0
3/4" 1/2" 240.0 0.0 0.0 0.0 0.0 0.0
1/2" 3/8" 85.0 231.0 0.0 0.0 1233 31.8
;z‘ 3/8" No. 4 70.0 924.0 36.0 0.0 4179 306.9
5 No. 4 No. 8 ‘ 20.0 2145 261.0 25 109.6 2434
E No. 8 No. 16 ‘ 10.0 99.0 198.0 50 6.9 1164
= No. 16 No. 30 ‘ 50 495 117.0 250 6.9 84.7
No. 30 No. 50 ‘ 50 33.0 72.0 130.0 0.0 741
No. 50 | No. 200 ‘ 10.0 726 78.3 86.5 8.9 118.5
No. 200 Pan 50 26.4 137.7 1.0 11.6 82.6
Totals 500.0 1,650.0 900.0 250.0 685.0 1,058.4

v

Limestone Dolomite (#67)
Limestone_ Dolomite (3/8)

Limestone Dolomite (Blended screenings)
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Asphalt mixture (SP-C)

= Binder percentage
= Binder grade

= Air voids percentage
= Aggregate gradation
= Asphalt gradation

= Aggregate quality

Effect of Binder percentage
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Effect of Binder Grade

Asphalt mixture (SP-C) 0.70
* Binder percentage v
. S 0.60 -
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. A . s 2
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Effect of Air voids Percentage

Asphalt mixture (SP-C)

= Binder percentage
= Binder grade

= Asphalt gradation
= Aggregate quality

= Air voids percentage
=  Aggregate gradation
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Effect of Aggregate Gradation

Asphalt mixture (SP-C)

= Binder percentage
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Effect of Aggregate Gradation

Asphalt mixture (SP-C)
= Binder percentage 0.70
= Binder grade g
= Air voids percentage S 060 1
° o
= Aggregate gradation 5 » 050 -
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Effect of Asphalt Gradation

Asphalt mixture (SP-C)

* Binder percentage

= Binder grade

= Air voids percentage
= Aggregate gradation

= Asphalt gradation
= Aggregate quality

SP-C (R4 60%, P4 40%, OBC 5.10%)
SP-D (R4 36%, P4 64%, OBC 5.40%)
DG-C (R4 53%, P4 47%, OBC 5.00%)
DG-D (R4 40%, P4 60%, OBC 5.95%)

~8-SP-C aggregate gradation ~8-SP-D aggregate gradation
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Asphalt mixture (SP-C)

= Binder grade

* Binder percentage

= Air voids percentage
= Aggregate gradation

= Asphalt gradation
= Aggregate quality

Effect of Asphalt Gradation
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Effect of Aggregate Quality

Asphalt mixture (SP-C)

* Binder percentage

= Binder grade

= Air voids percentage
= Aggregate gradation
= Asphalt gradation

= Aggregate quality
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Effect of Aggregate Quality

Sieve sizes Aggregate type in asphalt mixture
(Passing — Retained)

P 3/4” — R No. 4
(Coarse)

P No. 4 - R No. 30
(Coarse-fine)

P No. 30 — Pan
(Fines)
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Effect of Aggregate Quality

Sieve sizes Aggregate type in asphalt mixture
(Passing — Retained)

Mix 1 Mix 6

P 3/4” — R No. 4
(Coarse) Limestone Sandstone (100%)

P No. 4 — R No. 30 Dolomite (100%)
(Coarse-fine)

P No. 30 — Pan
(Fines)
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Sieve sizes
(Passing — Retained)

Effect of Aggregate Quality

Aggregate type in asphalt mixture

Mix 1

Mix 6

P 3/4” — R No. 4
(Coarse)

P No. 4 - R No. 30
(Coarse-fine)

P No. 30 — Pan
(Fines)

0.70
0.60
0.50
0.40
0.30

0.20

DFV @60 km/h after 300k
TWPD Cycles
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Dolomite (100%)

Sandstone (100%)
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0.40
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Sieve sizes
(Passing — Retained)

Effect of Aggregate Quality

Aggregate type in asphalt mixture

Mix 1

Mix 2

Mix 5

Mix 6

P 3/4” — R No. 4

(Coarse)

P No. 4 — R No. 30

(Coarse-fine)

P No. 30 — Pan

(Fines)

DFV @60 km/h after 300k
TWPD Cycles
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Sieve sizes
(Passing — Retained)

Effect of Aggregate Quality

Aggregate type in asphalt mixture

Mix 1 Mix 2 Mix 5 Mix 6
P 3/4” — R No. 4 Sandstone (50%) Limestone
(Coarse) Limestone Dolomite (50%) | Sandstone (100%)
P No. 4— R No. 30 | Dolomite (100%) Limestone Sandstone (50%)
(Coarse-fine) Dolomite (50%)
P No. 30 — Pan
(Fines)
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Sieve sizes
(Passing — Retained)

Effect of Aggregate Quality

Aggregate type in asphalt mixture

Mix 1 Mix 2 Mix 3 Mix 4 Mix 5 Mix 6
P 3/4” — R No. 4 Sandstone (50%) Limestone Limestone Limestone
(Coarse) Limestone Dolomite (50%) | Dolomite (50%) | Dolomite (50%) | Sandstone (100%)
P No. 4— R No. 30 | Dolomite (100%) Limestone Limestone Sandstone (36%) | Sandstone (50%)
(Coarse-fine) Dolomite (50%) | Dolomite (36%)
P No. 30 — Pan Sandstone (14%) Limestone
(Fines) Dolomite (14%)

0.70
4
S
S 0.60
(og)]
5 »
= 2 0.50 0.40
= O 040 0.37 :
Ee 0.31
S5 o 0.25
® 5 020
Z
= 0.10

S 0.00
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Effect of Aggregate Quality

Sieve sizes Aggregate type in asphalt mixture
Passing — Retained . . . .
(Passing ~ Retained) Mix 1 Mix 2 Mix 3 Mix 4 Mix 5 Mix 6
P 3/4” — R No. 4 Sandstone (50%) Limestone Limestone Limestone

Limestone Dolomite (50% Dolomite (50% Dolomite (50% Sandstone (100%

DAI'SE
P No. 4—R No. 30 [ Dolomite (100%) Limestone Limestone Sandstone (36%) | Sandstone (50%)
Coarse-fine Dolomite (50% Dolomite (36%

P No. 30 — Pan Sandstone (14%) Limestone
(Fines) Dolomite (14%)
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Factors Controlling the Asphalt Mixture Frictional Performance

“ Surface area illustration of 10 grams of aggregate of each size

Asphalt mixture

Coarse aggregate

* Binder percentage :
suriface arca

* Binder grade

= Air voids percentage
= Aggregate gradation
= Asphalt gradation

= Aggregate quality

Coarse-Fine aggregate
surface area

Fines surface area
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Factors Controlling the Asphalt Mixture Frictional Performance

“ Surface area illustration of 10 grams of aggregate of each size

Asphalt mixture T — S —
= Binder percentage ‘. " Coarse aggregate
» Binder grade ; . surface area
= Air voids percentage
=  Aggregate gradation
= Asphalt gradation
= Aggregate quality

Coarse-Fine aggregate
surface area

Fines surface area
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Case example 1: Bin based approach (Mixture from El Paso District (SP-C))
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Case example 1: Bin based approach (Mixture from EIl Paso District (SP-C))

Bin No.1 Bin No.2 Bin No.3 Bin No.4 Bin No.5 Bin No.6 Bin No.7 Bin No.8 Bin No.9 Bin No.10
Individual Bin(>4):| Bin No.1=14% | BinNo.2=40% |BinNo.23=26% Bin No.4 =10 % Bin No.8 =10 %
Aggregate Source: lgneous lgneous lgneous Fractionated RAP
Aggregate Number: 2407101 2407101 2407101
Sample ID: 314 Red Red-3/8 Red Screenings | Section 10 Mortar Sand Fine 172"
Sieve Size: Hydrated Lime i Aggregate . Fractionated
Passing | Retaned Y Weight Aggregate Weight 3,3eigght Aggregate Weight HAD e
- 17 0.0 0.0 0.0 0.0 0.0
1" 3/4" 13.2 0.0 0.0 0.0 0.0
3/4" 12" 462 0.0 0.0 0.0 0.0
12" 3/8" 249 9.8 0.0 0.1 2.1
= 38" | No.4 45.1 272.1 166 0.2 34.4
2 [ No.4 | Nog 5.7 99.3 83.6 0.3 24.0
g No. 8 No. 16 16 6.6 59.0 1.0 13.3
z No.16 | No. 30 0.4 2.1 35.5 12.9 13.5
No.30 | No.50 0.4 1.3 3.2 413 96
No. S0 | No. 200 0.8 48 277 432 85
No. 200 Pan 1.5 4.1 6.4 1.0 1.2
Totals 140.0 400.0 260.0 100.0 106.6

Center for Transportation Infrastructure Systems - utep.edu/engineering/ctis



Case example 1: Bin based approach (Mixture from EIl Paso District (SP-C))

40% Sandstone

Bin No.1 Bin No. Bin No.3 Bin No.4 Bin No.5 Bin No.6 Bin No.7 Bin No.8 Bin No.9 Bin No.10
Individual Bin (>4):| Bin No.1=14% | BinNoc.2=40% JBinN0o.3=26%| BinNo4=10% Bin No.8 =10 %
Aggregate Source: lgneous Igneous lgneous Fractionated RAP
Aggregate Number: 2407101 2407101 2407101
Sample ID: 314 Red Red-318 Red Screenings | Section 10 Mortar Sand Fine 112"
Si Si [
IEVE SIZE: Hydrated Lime o Aggregate o Fractionated
Passing | Retained Y Weight Aggregate Weight 3,3eiggm Aggregate Weight HAD ek
- 17 0.0 0.0 0.0 0.0 0.0
1" 34" 13.2 0.0 0.0 0.0 0.0
3/4" 12" 45.2 0.0 0.0 0.0 0.0
127 3/8" 249 9.8 0.0 0.1 21
= 38" | No.4 451 2721 16.6 0.2 344
a No. 4 No. 8 57 99.3 836 0.3 240
g No. 8 No. 16 16 6.6 59.0 1.0 13.3
= No. 16 | No. 30 0.4 21 35.5 12.8 13.5
No. 30 | No. SO0 0.4 1.3 31.2 413 9.6
No. 50 | No. 200 0.8 438 277 432 8.5
No. 200 Pan 1.5 41 6.4 1.0 12
Totals 140.0 400.0 260.0 100.0 106.6
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Case example 1: Bin based approach (Mixture from EIl Paso District (SP-C))

40% Sandstone

Bin No.1 Bin No. BinNo3 |  BinNod4 | in No.10
Individual Bin ():| Bin No.1 =14 % | Bin No.2 = 40 % [[Bin
Aggregate Source: lgneous Igneous 0 70
Aggregate Number: 2407101 2407101 Y
Sample ID: 314 Red Red-28 Ré g 0.60
11— o
Sleve Size: Hydr'atgd e Aggregate Weight y 8 » 0.50 -
Passing | Retained Weight =9
- 1" 0.0 0.0 &
T 304" 13.2 0.0 = B‘ 0.40 -
34" T3 462 0.0 E
12" 38" 249 9.8 Q
= 38" | No.4 451 272.1 = 0.30 - 0.26
2 [ Nos [ Nog 57 99.3 o
2 [No.& | No.16 16 6.6 ® 0.20 -
Z | No.16 | No.30 0.4 2.1 > -
No.30 | No.S0 0.4 13 &,
No.50 | No.200 0.8 43 =) 0.10 -
No.200 | Pan 15 4.1
Totals 140.0 400.0
e
0.00
S Local mix (80% Igneous) 40% Sandstone in Bin 2 y?l P
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Case example 1: Bin based approach (Mixture from EIl Paso District (SP-C))

40% Sandstone

Bin No.1 Bin No. Bin No.3 Bin No.4 Bin No.5 Bin No.6 Bin No.7 Bin No.8 Bin No.9 Bin No.10
Individual Bin (2):| Bin No.1 =14 % | Bin No.2 = 40 % [[Bin Ng=—=eac | —oimsie s sno Cimsieo 0o
Aggregate Source: lgneous lgneous Ig 0.70 |
Aggregate Number: 2407101 2407101 2
Sample ID: 314 Red Red-3/38 Red § é 060 -
Sieve Si i % - [
ieve Size: Hydrated Lime o A __———————————
Passing | Retained ! Weight Aggregate Weight 3 E)' 8 0.50 - |
- r 0.0 0.0 o | 0.40 I
r 304" 132 0.0 = 5 040 - | 0.35
304" 172" 46.2 0.0 a I
FRES 249 9.3 E R |
- w@ | No.& 5.1 2721 S 0.30 - 0.26 |
2 [No#& [ Nog 57 99.3 ° I I
2 No.8 | No.16 1.6 6.6 ® 020 - |
Z | No.16 | No.30 0.4 2.1 > |
No.30 | No.S0 0.4 13 = |
No.50 | No.200 0.8 43 = 0.10 1 | I
No.200 | Pan 15 4.1 I
Totals 140.0 2000 0.00 - l |
Local mix (80% Igneous)|40% Sandstone in Bin2  100% Sandstone mix

5 S NI | gy
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Field Verification of Laboratory Friction

= Approach: Collect field cores, polish in the lab and compare with lab friction

deterioration curve

On Wheel Path Cores

|
| 3 :
% S ek
| RS : SR s
i\ TS
e el B

In between Wheel Path Cores
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Field Verification of Laboratory Friction

Targeted Sections i

S. No. | Name of the project o
=
10 100 /\:)(.)(\)vohcc[ })(;(S);)(g !00000 1000000
2 SAT SL337
3 ATL US59
\ 4
4 CHS US70
Field cores will be
polished in the lab
5 PAR SH37
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Field Verification of Laboratory Friction

= YKM SH71

0.70 I | | |

0.60 B Field friction wheel path ]

0.50

S
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<
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S

DFV @ 60 km/h

o
b
S

0.10

0.00

0k 50k 100k 150k 200k 250k 300k
TWPD cycles
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Field Verification of Laboratory Friction
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Field Verification of Laboratory Friction
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Field Verification of Laboratory Friction
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Field Verification of Laboratory Friction
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= SAT SL337

Field Verification of Laboratory Friction
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= SAT SL337

Field Verification of Laboratory Friction
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Field Verification of Laboratory Friction
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Field Verification of Laboratory Friction
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Upcoming Field Pilot Test Sections

Surface area illustration of 10 grams of aggregate of each size

Coarse aggregate
surface area

3 Coarse-Fine aggregate
surface area

. . . o
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Asphalt mixture

* Binder percentage

= Binder grade

= Air voids percentage
= Aggregate gradation
= Asphalt gradation

= Aggregate quality ﬁ
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Upcoming Field Pilot Test Sections

Sieve sizes
(Passing — Retained)

Aggregate type in asphalt mixture
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Upcoming Field Pilot Test Sections

Sieve sizes Aggregate type in asphalt mixture
Passing — Retained
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The End Goal — Design (Project 0-7108)

Provide TxDOT a guideline or procedure for AC mixes to improve
the skid resistance. Specifically, provide guidelines to ensure
adequate skid resistance for mixes that are balanced.
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