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Benchmarking and Implementing Performance-
Based Balanced Asphalt Mix Design in Oregon

Erdem Coleri, Ph.D.

Associate Professor

Director of OSU Asphalt Materials and Pavements Laboratory

School of Civil and Construction Engineering, Oregon State University
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Major contributors since 2016

» Shashwath Sreedhar, Ph.D. - Doctoral Dissertation

* Developing Performance-Based Specifications to Improve the Fatigue Life of Asphalt
Pavements in Oregon

» lhsan Obaid, Ph.D. - Doctoral Dissertation
* Improving Fatigue Cracking and Moisture Resistance of Asphalt Mixtures

» Vipul Chitnis — Graduate Research Assistant - Ph.D. Candidate
e Graduating this term

Other partial contributors: Mayank Sukhija and Vikas Kumar

Oregon State
University

Oregon (/ l i
Department =iS
of Transportation ]
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COMING SOON!!!l - The Low-Cost Full-Scale Accelerated
Pavement Test System

- An autonomous truck is
currently being build

- Alaser texture scanner  DONE

- A profilometer system for
surface profile monitoring

- A camera system with an image
processing code for crack DONE
formation and progression
monitoring

DONE

Oregon State
&7 University



Civil & Construction Engineering

OSU ASPHALT MATERIALS RESEARCH PROGRAM OVERVIEW
OSU ASPHALT MATERIALS AND PAVEMENTS LAB

MISSION:

Develop and implement methods and technologies to construct
transportation infrastructure that is more cost-effective, socially
beneficial, and does less damage to the environment while teaching the
fundamentals of pavement engineering to K-12 and college students

and the public.

COLLEGE OF ENGINEERING

OUR VISION DOCUMENT IS POSTED »
AND AVAILABLE HERE ON OUR WEBSITE




BALANCED MIX DESIGN (BMD)
Asphalt-Surfaced Pavement Distresses

Source: https://www.pavementinteractive.org

Rutting Low temperature Fatiue cracing
cracking

MAJOR DISTRESS MODE IN OREGON

NOT A BIG PROBLEM IN Mostly delamination and
OREGON moisture related

NOT A BIG PROBLEM IN
OREGON



BMD AND PERFORMANCE BASED SPECS

Why do we need performance based specs?

God old days

Can we achieve the best
taste without tasting it?

' Chicken Tikka Masala

Today’s mixes




RESEARCH ROAD MAP FOR BMD

e

mechanisms in the literature

Evaluate fatigue cracking tests and

!

|

Ch 1. Obtainingfield cores from

PMS

Ch 1. Plant mixed lab compacted

different pavementsections data samples from different projects
!

Evaluate each test for:

Part 1-2015: Best * Cost,
. . Reject No * Practicality,

cracking and rutting the test [ .+ simplicity,

* Agreement between tests
tests?

Test able to No i
\ Select the best crackingtest Yes e > tﬁzjfg:t/ /
/1 III;)\tuICb ?

~

NN

Part 11-2016 — Are the
selected tests sensitive to
mix properties?

AV

~

Ch 2. Impact of volumetric
properties on cracking

Ch 2. Contribution of

Ch 2. Impact of increased dust
content on cracking

/

mixture properties to
cracking

Part I11-2018 — How to
simulate aging?

,(Ch 3. Developinga long term
WOtocol

Identifying a reliablerutting
test

N J
" I
Pa rt IV_2019 - DeVEIOp Ch 4. Developinga balanced mix 14_
balanCEd mix deS|gn ,| design (BMD) approach for Oregon |,
- 4




IMPLEMENTATION OF PERFORMANCE-BASED SPECS AND BMD

Part 1-2015 and Part 11-2016: Best cracking and rutting tests for Oregon
Selected and considered performance experiments

FOR CRACKING PERFORMANCE FOR RUTTING PERFORMANCE

'1

.
Ideal RT?

Ideal CT — Indirect Tension Test Hamburg wheel tracking test



IMPLEMENTATION OF PERFORMANCE-BASED SPECS AND BMD
The BMD PROCESS

——CTIndex = HWTT Rut Depth

2500 - 8
t
8
£ L7
o
ar
200.0 BMD E
der Conte g = - 6
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5 -5 &
150.0 o =
2 :
A Rty il b R e T veshod | 3
edian resho =
1000 / 3B
".______.-"- E
/ Median IDEAL CT Threshold + 2
50.0
-1
0.0 v v v -0
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IMPLEMENTATION OF PERFORMANCE-BASED SPECS AND BMD
Part 111-2018 — How to simulate aging?

e Short-term aging

Wikipedia

sloan-construction.com

* Long-term aging

efo


https://en.wikipedia.org/wiki/Asphalt_plant
http://www.hotmixtrucks.co.uk/
http://www.sloan-construction.com/update-asphalt-pavement-industry/dsc_0143/

RESEARCH ROAD MAP FOR PERFORMANCE BASED SPECS

Evaluate fatigue cracking tests and
mechanisms in the literature
|

Ch 1. Obtainingfield cores from
different pavementsections

1. Plant mixed lab compacted
samples from different projects

l

Evaluate each test for:

* Cost,
Reject No S P'racti'ca?Iity,
the test | * Simplicity,

* Agreement between tests

. Yes Test able to No Reject
Select the best cracking test differentiate 1 J

2 laY
:.: MTXTOTesS™T

the test |

AN

Ch 2. Impact of volumetric

properties on cracking
u J

,(Ch 3. Developinga long term
aging protocol

Ch 2. Contribution of
mixture properties to
cracking

Identifying a reliablerutting
test

Ch 2. Impact of increas
content on cracki

= J
f )\
Pa rt IV-2019 - Develop Ch 4. Developinga balanced mix | _|
balanCEd miX de5|gn .| design (BMD) approach for Oregon f
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IMPLEMENTATION OF THE BMD PROCESS
Part IV-2019 — Balanced mix design and performance based specs

8 construction projects in Oregon — Over 600 experiments
conducted in this phase

Ly 11 g
‘ = B Ufrifs:’cuse

4. Implementation of Balanced Mix Design
Methods in Oregon — Pilot Projects




IMPLEMENTATION OF THE BMD PROCESS

Implementation of Balanced Mix Design Methods in Oregon —
Pilot Projects

A comprehensive literature review

 Developed codes for: i) processing laboratory test results
ii) performing the BMD
iii) conducting the final checks for volumetrics

* Finalized the development of laboratory test protocols to improve the practicality
and accuracy of the process

« Completed BMDs for 5 different asphalt mixes and constructed the pilot sections
last summer.



IMPLEMENTATION OF THE BMD PROCESS
Implementation of BMD — Software packages

? BMD code processor — O
CT-INDEX File Browse
Selected file: CT-INDEX_3pts.xlsx
HWTT File Browse
Selected file: HWTT_3pts.xlsx
CT-INDEX threshold: 40
HWTT threshold(mm): 32

40 -

30

201

104

B.C. vs CT_Index

Analysis !

Result (Copied to Clipboard)
(Generated at 24/06/2023 17:27:25)
B.C.Low (%) = 5.964023105132066
B.C.High(%) = 6.281877826079051

B.C. vs HWTT RUT DEPTH

3.0
= FE
2,0
550 5.75 6.00 5.5 6.0
9 Oregon State Oregon
University of Transportation

0OSU Asphalt Materials 8 Pavements (AMaP) Research Group
Developed By Bhanu Prasanth Konda and Erdem Coleri

X

# ODOT - Volumetric Check — [ X
Select the NMAS for the mix: C 3/8" ¢ 172" ' 3/8"
Select the design Level for your mix: ) 3 v 4
Enter the Gsb for your aggregates: 2.580
Enter the Gb for the virgin binder: 1.035 i

Enter the Gmm for your final BMD mix: 2439
Enter the Pb from your final BMD mix (%): 5.9
Enter the P200 from your final BMD mix (%): 5.1

Enter the Air void (%): 4

Analysis |

Result (Copied to Clipboard)
(Generated at 25/06/2023 10:50:22)
P200/Pbe = 1.0883 -Interval from the ODOT spec: 0.8 to 1.6- PASS
VMA = 14.6 -Interval from the ODOT spec: 14.0 to 1l6.0 -PASS
VFA = 72.6 -Interval from the ODOT spec: €5 to 75 - PASS

) Oregon State Oregon
Un lverSlty of Transportation

0SU Asphalt Materials & Pavements (AMaP) Research Group
Developed By Bhanu Prasanth Konda and Erdem Coleri
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BENCHMARKING THE PERFORMANCE OF ASPHALT

MIXTURES

38 different field projects were used for statistical analysis

IDEAL CT And HWTT test data along with the mixture
parameters were provided by ODOT

Purpose of Statistical Analysis

Determine the appropriate parameter for quantifying the
performance of asphalt mixes

Developing thresholds that would assist in differentiating the IDEAL CT Test Setup
good performance mixes from poor ones.

o
S Oregon State
ggeg‘r,:'ment <% i i
l P _ > University
of Transportation



COLLEGE OF ENGINEERING Civil & Construction Engineering

RESULTS FROM STATISTICAL ANALYSIS

8 _ —.—
120
_ |
E 61
£ <
£ 4.8 i 807
S 41 4.0 4.0 z
= = 54
Z 3.1 3.3 : O
25 . 40 T
2 — -
0 | T | | 0
Level 2 Level 3 Level 4 Level 4 ! ; ; !
Exc. 76-22ER 76-22ER only Level 2 Level 3 Level 4 Level 4
Exc. 76-22ER  76-22ER only
Rutting Thresholds Cracking Thresholds

¥ Oregon State
University

Oregon
De‘;_artment
of Transportation



IMPLEMENTATION OF THE BMD PROCESS

Implementation of Balanced Mix Design Methods in Oregon —
Five Pilot Projects

Location Optimum BC | BMDBC | . (%) i 'Uszs-SALMON R|VERL2'|C§ZAG : ’i ‘ |
(%) (%) JORT8-MEMINNVILEE A T
OR18-McMinnville 6.0 5.9 20 3 w7
I5-Kuebler 5.6 5.9 20 Moy 2 dIS-KUEBLER
15 SRS e
I5-Ashland 6.2 6.3 (17.5%
for BMD)
US26-Salmon
River/Zigzag >3 >7 30
184-Meacham 6.2 5.9 20




IMPLEMENTATION OF THE BMD PROCESS
Production mix test results — US26 Salmon River — Level 3 mix

80 4.2
—Final BMD Threshold ——Final BMD Threshold
70
4.0
60 . 3.94
51.7 =
x 50 ros E 33
. i -
o)
£ 40 §
= S 3.6
o 30
= 3.49
20 o
3.4
10
0 3.2
BMD PMLC Vol. PMLC BMD PMLC Vol. PMLC

AN
SP Oregon State
g;eg%'ment B g ) .
[ p: ) > University
of Transportation




IMPLEMENTATION OF THE BMD PROCESS

Production mix test results — I5 Kuebler— Level 4 mix

160

140

120

100

80

CT Index

60

40

20

Oregon
De‘;_artment
of Transportation

1354

——Final BMD Threshold

39.7

BMD PMLC

Vol. PMLC

Rut Depth (mm)

34

3.2

3.0

2.8

2.6

2.4

2.2

2.0

3.29

——Final BMD Threshold

2.47

BMD PMLC Vol. PMLC

e
SP Oregon State
&” Universi

ty




IMPLEMENTATION OF
THE BMD PROCESS -
FINAL STEPS

J What is next? — FHWA pooled
fund study with ODOT

* Automated pavement condition
surveys for performance
monitoring

* Training the industry labs

* Finalizing all process details for a
seamless implementation

Oregon
Department
of Transportation

ind Penetrating Radar
(GPR)

https://www.roadscanners

.com/products/road-clin

Thermal Camera l Video Camera

ic-rdsv/full-rdsv-system-road-data-collection/

3D Accelerometer

Laser Scann
ML

'il GP:

Distanc

Ore on State
Un1ver51ty



IMPLEMENTATION OF THE BMD PROCESS

Is the BMD process really working OR are we just getting a
random mix from the plants?
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BMD Production Mix CT Index

o
S Oregon State
71 Department &7 University
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CONCLUSIONS

All the 5 BMD mixes passed the HWTT rutting criteria. Rut depths are still low.
* 4 out of 5 projects with BMD performed better than the volumetric mix design.

e BMD does not always increase the binder content rather it fine tunes to balance
the cracking and rutting performance.

* Production mixes almost always have lower cracking resistance than lab produced
mixes. WHY?

 Drum not drying the aggregates properly? Not likely but maybe
* Indirectly heating the RAP with super heated aggregates is not enough to
activate the RAP binder? Probably

N
7{[-0regon Oregon State
of ‘ransportation & University



t of RAP percentage for surface course
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Effect of Rejuvenator (Evoflex-CA9) on Level 3
asphalt mixtures

Control Mix: 30% RAP

Binder Grade: PG64-22
RAP Percentage: 30% and 40%
Evoflex Dosage: 1.5% by weight of total binder
Performance Parameter: CT Index (Fatigue) and Rut

depth (Rutting)
e —




5.5% AC 6.0% AC

60.0 100.0
90.0
50.0 80.0
40.0 70.0 ]
x %% %% < 60.0
2 300 T 50.0
G ; I G a0.0
20.0 30.0
)
S 10.0 20.0
% 10.0
ofud 0.0 0.0
.‘L’ 30% RAP 30% RAP + 40% RAP 40% RAP + 30% RAP 30% RAP + 40% RAP 40% RAP +
4 1.5Evoflex 1.5Evoflex 1.5Evoflex 1.5Evoflex
) Mix Type Mix Type
o
o0 6.5% AC
.E 200.0
N 180.0 ) N
o 1600 The inclusion of rejuvenator (Evoflex) improved the
h L3 L3 L3 o
o i % CT Index relative to their RAP mix without
120.0 . . .
% o0 % rejuvenator at all the binder content. Rejuvenator
5 s0.0 ' tends to activate the oxidized RAP binder by
60.0 changing the ratio of asphaltene and maltenes,
40.0 thereby enhancing the capability to bear repetitive
20.0 loads.
0.0
30% RAP 30% RAP + 40% RAP 40% RAP +
1.5Evoflex 1.5Evoflex

Mix Type




Total Excess Emissions from Roughness

FHWA CLIMATE CHALLENGE
CO2 Emission Outputs for the Analysis Conducted for the Future 10 Years — What If Scenarios
Our baseline is “do nothing” to improve the roughness next 10 years.

What would be the CO2 savings if we pave 5.6% of the highest traffic roadway network to reach Xin/mile
IRI annually?

500,000
o —ODOT annual emissions-182,592 MTCO2
?>5~ 450,000 435,08 _ 226,238

o

Y 400,000

®)

‘l;’ 350,000 .

S The benefit between

v 300,000 __ these two IRl levels is

gp 250,000 HUGE

o 305,000 MT COZ2elyear

& 200,000 182,592

©

@ 150,000 130,256 126,067
o

100,000

[N}

4

- 50,000

[

-

= 0

40 in/mile 65 in/mile 40 in/mile 65 in/mile
NO ELECTRIC VEHICLES WITH ELECTRIC VEHICLES



Total Cost of Tire Wear and Excess Fuel

FHWA CLIMATE CHALLENGE
CO2 Emission Outputs for the Analysis Conducted for the Future 10 Years — What If Scenarios

Our baseline is “do nothing” to improve the roughness next 10 years.
REDUCING EMISSIONS IS GREAT!! HOW ABOUT THE SAVINGS FOR THE TAX PAYERS?

- $/year

(FUTURE 10-year average)

180,000,000

160,000,000

140,000,000

120,000,000

100,000,000

80,000,000

60,000,000

40,000,000

20,000,000

0

166,593,171

49,837,308

The $ benefit between
>these two IRI levels is
HUGE
$116,756,000/year

More than the annual

ODOT paving budget

162,577,335

47,940,538

40 in/mile 65 in/mile
NO ELECTRIC VEHICLES

40 in/mile 65 in/mile

WITH ELECTRIC VEHICLES
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Thank You
GO BEAVS!

Reach out:

Erdem Coleri,
colerie@oregonstate.edu

The research study shown in this presentation is sponsored by ODOT.
Funding and support are gratefully acknowledged.


mailto:colerie@oregonstate.edu
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