HMA Materials

Session 3

What are HMA pavements made out of?

» Aggregates (~95% by weight or ~85% by volume)
» Asphalt Cement (~5% by weight or ~15% by volume)
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What is HMA made of

» Aggregates (93-96% by weight)
Load bearing components of the mix
Skid resistance, stability, workability
» PG binder (4-7% by weight)
Glue or muscle that holds everything together
Flexibility, durability
» Air
Allows proper compaction for the pavement to remain
flexible

Aggregates
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Aggregate Properties

» Aggregates have several physical properties that
are of importance to the asphalt pavement
designer:
= Gradation & Size
= Particle Shape
= Toughness
= Durability / Soundness
= Cleanliness (deleterious materials)
= Absorption
= Specific Gravity
= Adhesion
= Surface Texture

Aggregate Properties

» Toughness:
» Resist crushing, degradation and disintegration
» Durability / Soundness:
= Resistance to breakdown from wetting and drying
» Freeze Thaw
» Resistance to breakdown from freeze thaw cycles
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Aggregate Properties
» Absorption:

= Capacity to absorb water or Asphalt

» Specific Gravity

= Ratio between the weight of a given volume of the
aggregate and the weight of an equal volume of
water (@23°C).

= Means of expressing a weight — volume relationship

Effective

Aggregate Production

Crushing Operation Overview

Stripping overburden
Drilling and blasting

4

»

» Primary Crushing

» Scalping off larger size — intermediate sizes to second and
tertiary crushers for further reduction (when necessary)

» Washing to remove silt, clay and other tenacious coatings
(when necessary)

» Stockpiling
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Aggregate Production

Simplified Crusher Set-up
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Aggregate Production

Potential sources of Segregation

» Aggregate falling great distances from the
conveyor belt to stockpile

» Travelling long distances on conveyor belts
» Dozers pushing/working stockpiles

» Improper loading of trucks/bins by loader
operator ——

WisDOT Standard Specification 460

» Aggregates
» Department-approved source
= Gradation Master Range
= Consensus/Volumetric Properties
= Design limits may differ from production tolerances
= Additives, antistrip, rejuvenators and stabilizing agents
= Recycled Asphaltic Material
= Production testing

Field Inspection: contact Materials personnel to verify
source compliance




WisDOT Standard Specification 460

» RAM (Recycled Asphaltic Materials)
= RAP-Reclaimed Asphaltic Pavements
+ May be fractionated into different sizes, then identified as
FRAP
= RAS-Recycled Asphalt Shingles (tear offs or
manufacturer waste-limited to 5% total weight

= Stockpile sampling/testing same as any other aggregate
source

- Extractions required to adjust asphalt contents
- Controlled by binder replacement percentage and not by weight

Handled by QMP requirements
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WisDOT Standard Specification 460

Max. Allowable  %Binder Replacement

Lower Layer Upper Layer
RAS 25 20
RAP & FRAP 40 25
RAS, RAP, & FRAP 35 25




Asphalt Binder

Asphalt

» Sweet vs. Sour
= Amount of Sulfur

» Light vs. Heavy
= Light-Middle East & North America
» Heavy-Venezuela & Canada

1/24/2016
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Background
Refinery Operation

LIGHT DISTILLATE

PUMPING
FIELD STORAGE STATION

MEDIUM DISTILLATE
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STILL

Asphalt

» Asphalt cement is a viscoelastic material (viscous
properties at high temperatures and elastic
properties at low temperatures

» Asphalt is a thermoplastic material that softens as
it is heated and hardens when cooled

SCONS,)
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Asphalt Binder Grading System

» Performance Graded Binders uses measured
physical properties that can be directly related to
field performance by engineering principles

PG Binder Grading Spec

Avg 7-day Max, °C PG 46 PG 52 PG 58 PG 64 P& 70 PG 76 PG 82
1-day Min, °C 3a)40 a6 fio Jo Fo de Jo 4p +d 1d 2 28] 3|40 1o §o Fo B F b 1q 16)22 )28 fs fo Jo b B 2b 34 1d 14 22|28 )
ORIGINAL
es > 230°C (Flash Point) FP Safety
I || <3Pase135°C (Rotational Viscosity) RV High Temp Handling
% >1.00 kPa (Dynamic Shear Rheometer) DSR G¥sins Workability
% 52 58 64 0 76 82

(ROLLING THIN FILM OVEN) RTFO Mass Loss < 1.00%

% >2.20 kPa (Dynamic Shear Rheometer) DSR G¥sins Rutt”’]g Resistance

46 52 58 64 0 76 82

(PRESSURE AGING VESSEL) PAV
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Report Value (Bending Beam Rheometer) BBR Physical Hardening
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PG Binder Grading

PG+ Designation

PG 58-28 P

Performance / / \

Grade

Min pavement
Average 7-day desi%n temp

max pavement (-28°C /- 18 9F)
design temp To Resist Cracking
(58°C /136 °F)
To Resist Rutting

PG Binder Grading

Common Grades:

» PG 58-28
» PG 58-34
» PG 64-22**
» PG 64-28
» PG 70-28

6°C Increments

1/24/2016
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New MSCR Binder Protocols

Current Grade New Grade Comparison
58-28 58-28 S
64-28P 58-28 H
70-28P 58-28 V
58-34 58-34 S
64-34P 58-34 H
70-34 58-34 V

WisDOT Standard Specification 455

» General

» Furnish (and sample) asphaltic material conforming to
the department’s “Combined State Binder Group
Certification Method of Acceptance for Asphalt Binders.”
- Field Inspection Sample Accordingly (Get copy of BOL)

* Do not change the grade of PG materials
+ Field Inspection Visual (Document Findings)

= Use only clean, dry sample containers free from
cleaning oil or other contamination. Tightly seal, identify
and submit. The Bureau of Technical Services tests the
material.

+ Field Inspection Sample Accordingly (Get copy of BOL)
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HMA Mix Design

Superpave

Superpave Design Looks at

Pavement Performance:
» Asphalt Binder Grades related to temperature
» Aggregates are looked at more closely
» Mix Designs better simulate field conditions

» All aspects are based on traffic loading (ESALS)
= Equivalent Single Axle Loads
= Based off of 20 years

1/24/2016
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HMA Mix Design

» The amount of air voids measured in the HMA
mixture is the most important factor in predicting

HMA pavement performance
= 3-5% air voids has historically proven to provide the
best pavement performance
= Compaction specifications require ~10% air voids (or
min. 89.5% density)
- After 3 years of traffic loading, the pavement air voids
reduce to ~4%

Air Voids Relationships

Durability

high

Durability
Stability

low

Stability

4%
Air Voids (V,)

For a given aggregate structure)

1/24/2016
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WisDOT Mix Designation

» E-0.3
y E-1 » Nominal Aggregate Size
» E-3 = 9.5 mm
* 12.5 mm (upper layer)
» E-10 = 19.0 mm (lower layer)
» E-30 = 25.0 mm
» E-30X * 37.5mm
» SMA

New WisDOT Mix Designations

» LT <2 Million ESALSs
» MT 2-8 Million ESALSs
» HT >8 Million ESALSs

» SMA >5 Million ESALs
= Applies to surface mixes only
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12.5 mm

9.5 mm

Superpave Mix Sizes

25.0 mm 37.5mm

19.0 mm

12.5 mm (#4)

9.5 mm (#5)

New Mix Designations

25.0 mm (#2) 37.5 mm (#1)

19.0 mm (#3)
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WisDOT Specification

TABLE 460-2 MIXTURE REQUIREMENTS

Mixture type €-03 | E-1 E-3 | E-10 | E-30 | E-30x | smA
ESALs x 10° (20 yr design life) <03 [03-<1] 1.<3 [3.<10 [10-<30] 230
ILA Wear (AASHTO T 96)

100 revolutions(max % loss) 13 13 13 13 13 13 13
Ag greg ate 500 revolutionsimax % loss) | 50 50 a5 a5 45 a5 4 LA Wear

‘Soundness (AASHTO T 104)

Specs are (sodium suifste, max % loss) 2 " 2 2 2 12 2

Freeze/Thaw (AASHTO T 103) 8 18 18 18 18 18 8

based on ’ Lﬁ:ﬁ::«:x\;:;;.’m
ESALS

st oesezt) | eor_ [ osr_ | s [ o520 | im0 | oo | wom| Crush Count

Thin o Elongated (ASTMD47S1) | 5 5 5 s 5 s 20
(max %, by weight) (5:1 ratio) | (5:1 ratio) | (5:1 ratio) | (5:1 ratio) | (5:1 ratio) | (5:1 ratio) | (3:1ratio)
Fios Aggiegute Angutacty 40 40 a3 45 45 a5 45 FAA
1 (AASHTO T304, method A, min)
Sand Equivalency 1
40 40 40 45 45
(AASHTO T 176, min) o » | Sand EqUIvalenCy
Gyratory Compach
Gyrations for Ny 6 7 7 8 8 9 8 .
Gyratons for New w | s | | w | w | 2 | w| Gyration Level
Gyrations 10r News 60 75 115 160 160 205 160
Air Voids, %V, 40 40 40 40 40 40 40
(%Grmn @ Nass) ©60) | ©60) | ©50) | ©60) | ©60) | ©60) | ws0)
% Gyren @ Nini <9157 | <005 | <8o.0/ | <890 | <so0 | <ss0 .
% G @ Nowx <980 | <980 | <980 | <980 | <980 | <980 | __
ato 2
Dizst o Bindec R 06-12 [ 06-12 | 06-12 [ 06-12 | 06-12 | 06-12 | 12-20
(% passing 0.075/Ppe)
Voids filled with Binder 70-80 65-78 65-75 65-75 65-75 65-75 70-80
(VFB or VFA, %) e “ “ L] Ll L
Tensile Strength Ratio (TSR)
(ASTM 4867)
no antistripping additive 070 070 070 070 0.70 070 070
with antistripping additive 075 075 075 075 075 0.75 075

Draindown at Production
Temperature (%)

Figure 3 Mix Design submittal form 249
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MEATHY COMSTRUCTION €O.
GENERAL CONTRACTORS

7ZN

(MATHY)|
N

PHONE 608-761-4683 FAX 608-761-4694

Report of Bituminous Mix Design

Project Name __[Necedah - Coloma STH 21

[July 3, 2014 >
LR
15-14-506-ET-12.5[R) .

[Adams
Mications. mm I3
urselLayer

Aggregate Sources

[Percent [Material [Location / Source [
T4 X 376 Bl Grave (5214 [Wanthey East PIU2aI35 17, 7€ Adams
35" Bl Gravel (5225) [Manihey East PIi26/35,17.7E Adams
1/8" Washed Man Sand(3404) [Tork/1,22,5E Wood
S5 Screened Sand(5501) [Manihey East Pili26/35 17.7E Adams
RAP(5 7%AC)(7206) [Manthey Stockpile
E
[Total 100.0 1] 2 | 3 [ a s [ 8 | 7 | & omb G| 2.718
Virgin Agg Blend | 31.25 | 18.75 | 18.75 | 3125 | | | [Cont G, 2756
Aggreeﬂle Gradations
Sieve Job M |———==c___|
5t | mm 1 3 7 [ X\ i |_tow
T 0| 7000 | 7001 00
15" 375 1000 | 100
1 5 | 1000 | 100
EZH S | 00.0 | 5 ]| 100
" 2 B30 | ) | %
I | o 41
ind
#
#16 | 1
#30 0.
#0 0. =
#100 | 0.15 82
0.075 47
12 Max
13 & 50 Max
810 5.7 65 Min
890 8.5
0 40 Min
FlaldElong (A)| 16 | 40 | 10 | 04 | 16 8 S Max
Fine Agg Ang_| 428 40 Min
Waterabs, | 11 | K] X X X
TestMethods: D312, 117602418, TT1/GT17. 127/G136, DATa1, DSB21. TI0WGI252, TONGT31. 12002041, 1166152725

HEATITY COMSTRUCTION CO.
GENERAL CONTRACTORS
92010 AVEN  POST OFFICE BOX 189 ONALASKA, W1 54650
PHONE 6087814683  FAX 608-781-4694

Report of Bituminous Mix Design

[Project Name__[Necedan Coloma _STH 21
Date- [ uly 3, 2074 n
Project# 51600282
[Test [15-14-596 E1-125(7]
[Cour [igams MmO me
Spechications — JT25mm ET Wi
[Coursefayer
Mix Properties
Thal # T Z 3 ) 3 5 [ Gyratons ]
AC Content (% by Wi] | 40 | 45 | 50 | 55 [x] N 7
Compaction Level Design | Design| Design | Design Max N, | &
AirVoids V (%) 65 51 37 24 39 N, | 75
%G @ Ny 887 | 902 | 815 | @27 912
e @ Nerss 935 | 949 | %63 | a16 965
VMIA (%) 147 | 145 | 144 | 144 140
VA (%) 557 | 652 | 743 | 834 719
Density (kg/r®) 2414 | 2433 | 2448 | 2463 2457
Ges 2414 | 2433 | 2448 | 2463 2457
[ 2583 | 2563 | 2540 | 2503 2546
Mix Design
P [ Vske T Soecication ] Primary AC Source. g
Design Py 49 MIA - LaCrosse 1028
Rdded Py 39 Altermale Sources.
A £ 40 MIA_LaCrosee | PGsst | 1023
VMA 144 140 Min MIA LaCrosse | Peses | 1028
VFA 723 6578 MIA-LaCrosse | Peseat | 1023
G 7546 MIA LaCrosse | Posewe | 1026
G 2445 MIALaCrosee | Pestzz | 1038
Pu s MIA-LaCrosse | PG&e28 | 1030
Poa [5
DustBinger Ratio ] 06-12
%G @ My 91z <#.5Rec % Binder Replacement
%G @ N 6.1 ~560
e @ Ny £ G50 Max
TSR Ratio 740 70 hin ‘Average # of Gyrabons ] 1z ]
Rec. Mix Temp.

‘Since s O25ign s Malenal speaii, he ConGIUsIons 3nd FECammendaions concained winin e

i
Mo guarantee or wararty is implied or offersd

Signature #% Cert. Mo, 381 Date: 7M1
o
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Mathy Construction Co. — MTE

Necedah - Coloma STH 21
Design # 15-14-596-E1-12.5(R) - 12.5 mm Mix - Blend 1
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Rock Road Companies Mix Design &

*+ Rook Foad Compantes * 301 W B R Townline Rd + Belolt, W1 £3511 * [S05)762-8944 + ST MM B
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MIX TYPE: 12.5mm E-0.2R SUPERPAVE MIX DESIGN Optimum Design Data M  RR0288
# of Gyrations % AC % Blnger Replacement % Voids | VMA I Gmm
| 40 | 5.3% | 34.0%" | 40% | | 2.481
| Gmb | VFA | Gse | Gsb | | TSR |
| 2.382 | 73.5% | 2692 | 2.656 | 92.2% |

=had Bnder Tavieg Faasd
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o REFORT OF SUPERFAVE ¥OLUMETRIC 30X DESIGN s3uea D /zizaia
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