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Greetings from Dean Larry Stauffer and
the COE Leadership Team

i

Patricia J. S. Colberg, Ph.D., P.E.
Professor and Chair
Ul Department of Civil Engineering



STRATEGIC PLANNING
2015 - 2025

Enroliment PhD Expenditures S

11,372 -> 17,000 275->425 S95M ->S160M



COLLEGE PRIORITIES

Increase collaborations with industry, alumni, and
other friends of the College

Focus and grow our research and graduate
programs

Continue to provide an exceptional experience for
our undergraduate students




WHAT MAKES OUR PROGRAMS
S F;LE\etlJﬂﬂlt:?culty ratios

Our world-class faculty teach our courses and advise our majors
We have 1 of 7 nationally recognized senior design programs
20* clubs and competition teams

Emphasis on engineering fundamentals

Lot of ‘hands-on’ and practical experiences for undergraduates

A commitment to helping our students successfully transition to
careers




NEW FACES AT Ul

« 28 new faculty hired in past two years
« QOver past 5 years, 50% of our faculty are new to Ul

« 10 new faculty searches this year




NEW LEADERSHIP IN COE

All Department Chairs new in 2015

Biological Civil Chemical Computer Electrical Meqhani(_:al
Engineering Engineering and Materials Science and Engineering
Engineering Computer

Engineering



NAE GRAND CHALLENGES SCHOLARS PROGRAM

Engineering’s Grand Challenges

‘l'?'ému ? Click on the engineering challenge you think is the most important:

THINK .

Den I|:> arbon
sequestration
- o

122 universities signed original
pledge

« Ulis 28" program in USA approved
by the NAE Steering Committee

* Financial assistance from Idaho
Academy of Engineers

» First cohort selected this Fall



Welcome to the 56" Annual Idaho Asphalt Conference

26-27 October 2016
Moscow, Idaho

Universityofldaho

College of Engineering
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Characterizing the Effectiveness of Recycling
Agents and their Evolution with Aging in
Binders and Mixtures with High RAP and/or
RAS Contents

A. Epps Martin, E. Arambula Mercado, F. Kaseer, L. Garcia Cucalon

56t Idaho Asphalt Conference

Moscow, |ID
October 27, 2016
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NCHRP 9-58: The Effects of Recycling Agents on Asphalt
Mixtures with High RAS and RAP Binder Ratios

* Amy Epps Martin
e Fujie Zhou
e Edith Arambula Mercado * Elie Hajj

* Jon Epps e Nathan Morian
e Dave Newcomb
TTI

UNR

e Charles Glover
e Eun Sug Park

e Arif Chowdury
e Xue Luo

e Jo Daniel UNH

* FanYin
e Fawaz Kaseer  Gayle King Consultant

e Lorena Garcia Cucalon
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Motivation — High Recycled Binder Ratio (RBR)
Mitigation — Recycling Agent (RA)
REMAINING ISSUES
Engineering

Embrittlement

BENEFITS
« Economic

« Environmental Agi
* Aging

e Blending ‘

Mixture Performance

« Engineering
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WI DOT & Recycled with RA

DOT control
Mix (0.22 RBR)

RAP content: 27%

Total Agg.
94.4%

Total Binder
5.6%

Virgin Agg. 68.7%

RAP Agg. 25.7%

RAP binder 1.3%

Recycled with RA

Mix (0.31 RBR)

RAP content: 36%

Virgin Agg. 60.3%

RAP Agg. 34.3%

Not to scale

RAP binder 1.7%

L

Total Agg.
" 94.6%

Total Binder
S—
5.4%
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NCHRP 9-58 Research Plan

PHASE | PHASE |l PHASE Il
Identification of Gaps in Investigation of Effectiveness of Validation of RA Use in Mixtures
Knowledge on RA Use with High RAs in Restoring Binder Rheology, with High RBRs
RBRs Development of Blending
Protocol, and Associated Mixture Task 6. Conduct Field
Performance - - .
Task 1. Gather Information Experiment
Task 4. Conduct Laboratory Task 7. Propose Revisions to
Task 2. Design Laboratory Experiment AASHTO Specifications and
Experiment Test Methods
Task 5. Design Field
Task 3. Document Results in Experlmt.ent and Documfent Task-8. Develop Tra|n|r!g
- . . Results in Second Interim Materials and Best Practices
First Interim Report .
Report and Deliver Workshop
Task 9. Document Results in
Final Report
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Phase Il Laboratory Tests — BINDER & MORTAR

PG - BOTH
AT, = (Ts — Ty,)

] Glover-Rowe

* 2
G-R = ¢ (c.os6) @ 15 °C, 0.005 rad/sec
sinéd

Rejuvenating Effectiveness

(IOgG_RDOT Control — IOgG_RRecycled)

IOgG_RDOT Control
J Carbonyl Area Growth by FT-IR

RE = * 100
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(JCracking Resistance
— Fl by SCB
— N, by S-VECD
— Rl by UTSST
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Phase Il TX (Expanded) Materials

JTX: PG 64-22 + 0.28 RBR (0.1 RAP+0.18 MWAS)
+ 2.7% Tall Oil T1 (Target=PG 70-22)

J+ 0.4 RBR w/RAP only, 0.5 RBR balanced RAP/RAS
1+ Aromatic Extract Al

J+ NH PG 64-28 & NV PG 64-28P

1+ TX TOAS
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RECYCLING AGENT (RA) DOSAGE
SELECTION METHOD

1 Restore PGL/Check PGH
2 Restore AT,
3 Restore PGH
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Institute

" SELECT
MATERIALS

\

B

" PREP

MATERIALS

CONDUCT LAB
TESTS

SELECT
DOSAGE
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SELECT MATERIALS ™\
Target and base
binder PG grade

RAP and/or RAS source(s) >

/\/\/\\

Recycling Agent (RA) >

RAP and/or RAS Recycled Binder
Ratio (RAPBR/ RASBR)

£




P

Texas A&M
Transportation

Institute

f PREP MATERIALS

Extract and recover binder from
RAP and/or RAS source(s)

Prepare recycled binder
blends:

e With no RA (control)

* With low RA dosage

e With high RA dosage J




/ CONDUCT LAB \
TESTS
Obtain high PG grade (PGH)
and low PG grade (PGL) per
AASHTO M320:

e Target binder f;>
* Recycled binder blend with

no RA (control)

* Recycled binder blend with
low RA dosage

* Recycled binder blend with

L high RA dosage J
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0.3 RBR (PG 64-22 | 0.1 TXRAP | 0.2 TXMWAS | T1)
A Original G*/sin(d) ®m RTFO G*/sin(d)
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SELECT DOSAGE il
/" Plot original & RTFO e

PGH, S- & m- *For RAS mixtures, if dosage >5.5%,
controlled PGL vs. RA replace virgin binder with 50% RA

\_dosage for all blends / | and add other 50%.

[ Establi‘sh linear } 1 Restore PGL/Check PGH

regression equations

4
/~ Select RA dosage in
0.5% increments to
meet target binder

. NO YES
PGL using warmer —/
_ PGL regrefsion line / A dosage in N |
" VerifyPGHof o " REPORT |
selected dosage vs. Tl w/PG
target binder PGH meet PGH & grade

using colder PGH maintain PGL
&\ regression line
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0.5 RBR (64-22 | 0.25 TXRAP | 0.25 TXTOAS | T1)

A Original G*/sin(d) ®m RTFO G*/sin(d)
y = -2.2x + 100.5 \.\
0 2 4 6 8 10 12
Dosage (%)

14

=



= Texas A&GM
< Transportation
A lnsn'n%; , T

PHASE Il DOSAGE SELECTION RESULTS

M Restore PGL/ Check PGH @ Delta Tc

14 0
11.5 | 44-A
12 25 Y O -2
10 o '2
-5 -3 - -4
8 o

¥s]

O
[
co

Selected Dosage (%)
J=

9.5
7.5 7.5
5.5 0 § 65
4.5 '
5 ] i 15 290 - -10
o B BN N N N - i . . .| )

TX 64- TX64- TX 64- TX 64- TX 64- TX 64- NH 64-NH 64-NV 64-NV 64-NV 64- [N 58-
22 22 22 22 22 22 28 28 28P 28P 28P 28
Tl Al Tl Al Tl Tl Al Tl Tl T2 A2 T2
Binder AT. -46 -46 -46 -46 -46 -46 14 1.4 -36 -36 -3.6 -8

Blends I
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G-R Binder Black Space Diagram

0.3 RBR (0.1 RAP & 0.2 RAS)
—8-DOT Control, 64-22, NO RA
—8—Recycled Blend, 64-22, 4.5% T1
——-Recycled Blend, 64-22, 5.5% Al

X
o

»
o
1

o1
o
1

log | G*| (Pa) @ 15°C, 0.005 rad/s

Sy
o

35 45 55 65 75
Phase Angle (degrees) @ 15°C, 0.005 rad/s

N
6]
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G-R Results w/Aging

0.3 RBR (0.1 RAP & 0.2 RAS)
EMRTFO HPAV 20 EPAV 40

10000
fé 12% - &~ % improvement
= 1000 + vs. the DOT control
E 24% 31% blend
S ——
EE L
[¢}) 100 F
= £
o
T 50% 52%
3
o 10 ¢
)
1 _ ; . ' M '
DOT Control Recycled Blend Recycled Blend
64-22 64-22 64-22
NO RA 45%T1 5.5% Al

Recycled Blends @ opt RA < DOT control Blend no RA
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% Improvement in Log(G-R)

80%

60%

40%

20%

0%

Binder RE Evolution with PAV Aging

0.3 RBR (0.1 RAP & 0.2 RAS)
—@i— Recycled Blend, 64-22, 4.5% T1

=—O— Recycled Blend, 64-22, 5.5% Al

=
Control Blend, 64-22, no RA \T

0 20 40

PAV Aging Time (hours)

80%

S (o2}
3 :
X X

% Improvement in Log(G-R)
S
NS

0%

0.4RBR (0.4 RAP)
—i— Recycled Blend, 64-22, 7.5% T1

=0O- Recycled Blend, 64-22, 9.5% Al

Control Blend, 64-22, no RA

0 20
PAV Aging Time (hours)

The “rejuvenating” effect of RA decreased with PAV aging

40
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0.5RBR (0.25 RAP & 0.25 RAYS)
Recycled Blend, 64-22, MWAS, 7.5% T1

6.?80%

B o Binder RE Evolution
; o with PAV Aging
§_20% -

:E 0% Control Blend, 64-22, MWAS, no RA

0 40 0.5 RBR (0.25 RAP & 0.25 RAS)

20
PAV Aging Time (hours)
Recycled Blend, 64-28, TOAS, 12.5% T1
0.5 RBR (0.25 RAP & 0.25 RAS)

Recycled Blend, 64-22, TOAS, 11.5% T1

80%

o)
Q
=S

60%

60% +—

40%

40%

20%
20% —

% Improvement in Log(G-R)

Control Blend, 64-28, TOAS, no RA

0 20 40
40 PAV Aging Time (hours)

o
S

Control Blend, 64-22, TOAS, no RA

o
X

% Improvement in Log(G-R)

20
PAV Aging Time (hours)
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RA Dosage Selection — Mixture Validation - M_

% LTOA  STOA

\\}

Resilient Modulus (ksi)

control Recycled Recycled @ Recyc led Recycled
w/ T1 @ FLD (2.65) w/ Tl @ (3.5%) w/T1 @ OPT (4.5%) w/Al @ OPT (5.5%)
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RA Dosage Selection — Mixture Validation - SCB

# STOA H LTOA

8.0
6.0

£

3 I

§ %

£ 40 /

5

5 % /
2.0 - /
0.0 -

DOT Control Recycled Recycled
w/ T1 @ FLD (2.65%) w/ Tl @ 3.5% w/ T1 @ OPT (4.5%) w/ Al @ OPT (5.5%)
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£
Phase IIB Materials

JTX: PG 64-22 + 0.28 RBR (0.1 RAP+0.18 MWAS)
+ 2.7% Tall Oil T1 (Target=PG 70-22)

1+ Better Base Binder (less negative AT)
1+ Softer Base Binder

1+ Vegetable Oil V1, + Bio-Based Oil B
1+ 0.5 RBR balanced RAP/RAS w/ TX TOAS
J Related Phase IIA results
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Phase IIB

(JRA Dosage Selection beyond restoring PGL/checking
PGH by restoring AT_to -5, restoring PGH

d+ HWTT to preclude over-softening

1+ DSC (& UTSST) for onset of brittle

behavior




SELECT DOSAGE if S
/" Plot original & RTFO =

PGH, S- & m- *For RAS mixtures, if dosage >5.5%
lace virgin binder with 50% RA
controlled PGL vs. RA repiae
and add other 50%.
\_dosage for all blends o
; 2 Restore AT,

[ Establish linear }
regression equations

YES

i
/~ Select RA dosage in
0.5% increments to

meet target binder NO A dos"age in"\
PGL using warmer — 0.5%
\_PGL regression line || [ Adosagein | increments
/ VerifyPGHof 0.5% to reduce
selected dosage vs. increments to AT to -5 &
target binder PGH meet PGH & REPORT

using colder PGH maintain PGL / \ w/PG grade
&k regression line
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PHASE lIB DOSAGE SELECTION RESULTS
0.28 RBR (0.1 TX RAP +.18 TX MWAS)
Ll Restore Delta Tc W Restore PGL/Check PGH @ Delta Tc
14 0
12.5

12 -~ 2
X 10 9.5
o 8.5 (0] - -4
E 8 7.0 4 O O O o
a -5 -5 5 6 5
=] 6 _3
£ 4.5 .
m — -
o2 4 L
2 2.0 2.0

2 l l A 4 I~ '10
H e =
D [ [ [ [ I I i | i__ '12
TX64-22 TX64-22 TX64-22 TX64-22 IN64-22 IN64-22 IN64-22 IN 64-22
T1 Al V1 B T1 Al V1 B
Binder AT, -4.6 -4.6 -4.6 -4.6 -1.2 -1.2 -1.2 -1.2
Blends l
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G-R Results @ 21°C - (0.28 RBR) Blends w/ IN PG 64-22
Restore PGL/Check PGH and Restore AT,

—8-DOT Control —@—-Recycled Blend ——-Recycled Blend
IN 64-22 IN 64-22 IN 64-22
NO RA 2% T1 2% Al
Recycled Blend ——Recycled Blend
IN 64-22 IN 64-22
1% V1 1% B
7.0

log |G*| (Pa)
(@)]
o

bl
o
|

4.0 A

25 35

45 5
Phase Angle (d?egrees)

M RTFO & PAV 20 £ PAV 40

10000
1000 +

100 5 4 % 3

g ; o & 3 3

10 ¢ | g B w3l : ]

- 1 i k ::::.:) | ; § o

1 - il . % % | X

Glover-Rowe Parameter (kPa)

DOT Control Recycled Recycled Recycled Recycled
IN 64-22 Blend Blend Blend Blend

NO RA IN 64-22 IN 64-22 IN 64-22 IN 64-22
2% T1 2% Al 1% V1 1% B

G-R @ T= 21°C, same thresholds
RAs may not be needed with 0.3 RBR
and a better binder
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G-R Results @ 21°C - (0.28 RBR) Blends w/ TX PG 64-22
Restore PGL/Check PGH

log |G*| (Pa)

—8-DOT Control —@-Recycled Blend ——-Recycled Blend 10000 WRTFO HPAV20 BPAV40
TX 64-22 TX 64-22 TX 64-22
NO RA 45%T1 5.5% Al S
Recycled Blend ——Recycled Blend x 000 i
TX 64-22 TX 64-22 500 ¥ B
4% V1 4% B & - : <8 =
7.0 £ 100 + ; i
o F ) oo
)] M ” 5
2 i 4 58
] : L
L € 10 & ] - ol
6.0 - g : ] Ilv 3 1"
L o i o 5
[C) 1 e B NA | NA . 15 I _
i DOT Control Recycled Recycled Recycled Recycled
50 - TX 64-22 Blend Blend Blend Blend
- NO RA TX64-22 TX64-22 TX64-22 TX64-22
45%T1 5.5% A1l 4% V1 4% B
4 0 i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 G-R @ T= 21°C’ same threShOIds
25 35 45 55 65 75 Control blend ages beyond the thresholds

Phase Angle (degrees) RAs improve the blends
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G-R Results @ 21°C - (0.28 RBR) Blends w/ TX PG 64-22
Restore AT,

—8-DOT Control —@-Recycled Blend —#—Recycled Blend

log |G*| (Pa)

TX 64-22 TX 64-22 TX 64-22 MRTFO HPAV 20 EPAV 40
NO RA 12.5% T1 9.5% Al 10000
Recycled Blend —@—Recycled Blend E
TX 64-22 TX 64-22 <1000 _
20 8.5% V1 7% B g ]
o1 £ 100 ; — -
L © ; s 4 S
- v 10 | % e (55 5
6.0 T § 3 < % N 3
C o~ AHME
- 2 ' ] 3 K3 E o 3
50 - HWTT © 9 ] ;E I 1= 1] 151 I=1%
i Rutting!!! DOT Control Recycled Recycled Recycled Recycled
- TX 64-22 Blend Blend Blend Blend
4.0 1 NORA  TX64-22 TX64-22 TX64-22 TX64-22
i 12.5%T1 9.5% A1  8.5%V1 7% B
3.0 e
25 35 65 75

45 55
Phase Angle (degrees)
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PHASE IIB DOSAGE SELECTION RESULTS
0.5 RBR (0.25 TX RAP + 0.25 TX TOAS)

i Restore Delta Tc W Restore PGL/Check PGH @ Delta Tc

>20 >20
20 0
18
16.0 | 2
& ;|
O - -4
[+14]
a
=] v
o) -6 K
= ~
2
] - -8
)
W
- =10
I | | '12

TX64-22 NV 64-28P NH64-28 MN 58-28 MN 58-28 MN 58-28 MN 58-28
T1 T1 T1 T1 Al Vi B
Binder AT, -4.6 -3.6 14 0 0 0 0

Blends l




SELECT DOSAGE ¥
/" Plot original & RTFO

PGH, S- & m- *For RAS mixtures, if dosage >5.5%,

controlled PGL vs. RA replace virgin binder with 50% RA
' and add other 50%.

\_dosage for all blends

[ Establi‘sh linear } 3 Restore PGH

regression equations
’

a N

Select RA dosage in
0.5% increments to l
4 )
restore PGH to
minimum that meets REPORT w/ PG
target using colder grade & AT,
PGH regression line - /

K\ _/_
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PHASE IIB DOSAGE SELECTION RESULTS
0.28 RBR (0.1 TX RAP + .18 TX MWAS)

M Restore PGH @Delta Tc

7.0 6.5 6.5 0
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Estimated G-R @ 21°C

(0.28 RBR) Blends w/ TX PG 64-22
Restore PGH

—=-DOT Control

log |G*| (Pa)

~®-Recycled Blend -#—Recycled Blend

TX 64-22 TX 64-22 TX 64-22 M RTFO EPAV 20 EIPAV 40
NO RA % 6.5% Al 10000 «
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PHASE IIB DOSAGE SELECTION RESULTS
0.5 RBR (0.25 TX RAP + 0.25 TX TOAS)

M Restore PGH @ Delta Tc
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Cumulative G-R
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dFinalize RA Dosage Selection Method Next Steps
d Consider Incompatibility by Chemical or Rheological Properties

J Complete Aging Analysis to explore oven vs PAV aging,
chemical vs rheological properties

(d Characterize Mixtures
Cracking Resistance — Fl by SCB, N by S-VECD, RI by UTSST

JEmbrittlement - UTSST Viscous-Glassy Transition, Mixture Black
Space with BBR Sliver and E*, ¢

(J Evaluate Phase Il Field Projects to set thresholds for
Rejuvenating Effectiveness w/Aging
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Environmental Zones

@ - Wet-Freeze
@ - Dry -Freeze

o e, Phase lll Field Projects IN'9/15: 0.4, 0.5 RBR

@ - Wet-No Freeze
WI19/16: 0.3 RBR RA: T2
RA: V2 N

RA: ??

NV 9/15: 0.3 RAPBR
RAs: T2 + A2
TX 6/14: 0.3 RBR
RA: T1
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NV Field Project

Laboratory Mixtures (LMLC) & Field Mixtures (RPMLC, Cores)

L

Binder Mixture
M, & SCB E* &
Seloction Evolution | HWTT  (STOA& utssT 7
/7~ \ LTOA) (LTOA)
Target 64-28P) Mod Binder N y N N
RecycM
64-28P — — \4 ' \4 \4
(0.3 RAPBR)
R)(sz\w 2% y v v v v
‘ 2%) | RA Type
(R§+A2@V'LD (2%) v v v v v y
DOT Control
64-28P — — v \4 \4 v
(0.15 RAPBR)
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IN Field Project

Laboratory Mixtures (LMLC) & Field Mixtures (RPMLC, Cores)

Binder Mixture
M.&SCB  E*&
Sgl.:catigc?n EvoR:Euf;on HWTT (STOA & UTSST S(-L}I'/(EDCA[))
LTOA) (LTOA)
Target 64-22 - - - - - -
DOT Control (58-28)
(0.32 RBR) — - ' ' ' -
(0.25 RAP & 0.07 MWAS)
Recycled (58-28)
(0.42/F .
(0.14 RAP & 0.28 MWAS High RAS v v v v
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WI Field Project

Laboratory Mixtures (LMLC) & Field Mixtures (RPMLC, Cores)
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(0.22 RAPBR)

Recycle{r@ N N J J J
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lw Mod Binders

Recycleth\52-34 _ v v v v
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Presenter
Presentation Notes
I have been asked to share with you what we at WSDOT have learned about asphalt binder modification by using the Hamburg and the MSCR.


Washington State
Department of Transportation

e Just the Facts

— Connecting Washington Transportation Package

— 16 Year, $16 Billion Package

e $9.7 Billion, state and local road projects

* $S1.4 Billion, highway maintenance, operations, preservation

— 11.9¢ Gas Tax, phased in over next two years


Presenter
Presentation Notes
But first I’d like to share a few facts about our agency that you might find of interest.

Last year we finally passed a transportation bill.


Washington State
Department of Transportation

e Just the Facts

— WSDOT manages 18,500 lane miles
— Smooth, safe and economical pavements

— 2016 forecast

* 1,043,000 tons HMA

e 586,555 tons HMA - modified asphalt


Presenter
Presentation Notes
A little bit about our agency.


2016 HMA TONS FORECAST VS. ACTUAL
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';’ Department of Transportation


Presenter
Presentation Notes
This is just a graphic representation of the forecast which can be found on our website, along with details like which grade of asphalt binder is used in what region of the state and the anticipated tonnage of HMA.


e Background

» How we got to where we are

e SHRP efforts - 1995
Implemented PG Binders - 2000

erpave Volumetric Mix Design -



Presenter
Presentation Notes
As a little background about how we got to where we are now.

Pooled fund study.


e Hamburg & MSCR

> What have we learned?

e Asphalt and Anti-Strip Compatibility
e Asphalt Modification — Products and Processes

e Benefits of Polymer Modification

Note: Dual testing AASHTO M 320 & M 332 since 2008


Presenter
Presentation Notes
Now, I want to explain what we have learned in the last few years about the importance of…

And how the Hamburg Wheel Track Tester, the Elastic Recovery Test and the MSCR test helped us identify deficiencies in our standard specifications.

As a footnote we have been dual testing and collecting data on our asphalt binders using AASHTO M 320 and M 332 since 2008.
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Presenter
Presentation Notes
We purchased our first Hamburg in 2010 and began testing all of our HMA mix designs with this device.

We have two of these original PMW Hamburg Wheel Track Testers at our State Materials Lab in Tumwater.


e Hamburg Testing



Presenter
Presentation Notes
Imagine our excitement when we found this high quality HMA in 2010.


ing

e Hamburg Test
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Presentation Notes
Or this


e Hamburg Testing

0.25% |



Presenter
Presentation Notes
This is an example of a mix design with neat binder that we analyzed in 2011 where T 283 showed a TSR benefit, but little benefit realized with HWTD.
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Presentation Notes
This is a graphic representation of this mix design.


e Hamburg Testing

» Asphalt & Anti-Strip Compatibility

Hamburg Mix Design Verification Test Data

0% 0.50%

e 0.50% Antistrip

1000 3500 6000 8500 11000 13500 16000 18500
Number of Wheel Passes

Hamburg Samples with PG64-28 “Original Formulation”



Presenter
Presentation Notes
So here is where it began to get interesting.  This was one of our typical ½ inch HMA mix designs from 2011 with what we expect to be a modified PG64-28 binder.  

According to our modified lottman test we should use 1/2% anti-strip for an optimum tensile strength.

But the Hamburg test tells a different story.


e Hamburg Testing

» Asphalt & Anti-Strip Compatibility

e Results of data analysis

e AASHTO M 320 - binder meet specification
 Mix design

e Lottman —improved TSR with anti-strip

e Hamburg — significant rutting with anti-strip


Presenter
Presentation Notes
In review, our test data showed that the PG64-28 met AASHTO M 320 requirements.

And we saw in increase in tensile strength with anti-strip, but the Hamburg results we observed would fail many agency specifications.


e Hamburg Testing

» Asphalt & Anti-Strip C

0% | 0.50%

Hamburg Samples with PG64-28 “Polymer Modified”

ompatibility

Hamburg Mix Design Verification Test Data

——— |

S ——— ———
ntistri
% Antistri

N

s 0% Antistrip )
e 0.50% Antistrip

5 1000 3500 6000 8500 11000 13500 16000 18500

Number of Wheel Passes


Presenter
Presentation Notes
After analyzing the test data we contacted this particular asphalt supplier and asked about their modification process.  They were very forthcoming about the products and processes they used to meet M 320.  Suffice to just say it wasn’t polymer modification they were using.

As an experiment we took that exact same mix design and a polymer modified version of this same suppliers PG64-28 and this was the result.


Hamburg Mix Design Verification Test Data
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Here they are stacked on top of each other.

This one mix design wasn’t the only example of what we were seeing.

In review of the 2010 and 2011 test data we began to see a pattern of poor Hamburg results with use of anti-strip in what we expect to be modified asphalt in Washington State.

It was obvious to us that we needed to do something other than just stop using anti-strip.

The Hamburg showed that some mixes would hold up under repeated loading with no anti-strip, but there’s more to it than that.


e Asphalt Binder Testing

» Data Analysis

Original Formulation

Met Conventional PG Specs
(AASHTO - M 320)

Met MSCR Specs *
(AASHTO - M 332)

Elastic Recovery = 25%
(AASHTO - T 301)

*Excluding Appendix X1

Polymer Modified

Met Conventional PG Specs
(AASHTO - M 320)

Met MSCR Specs **
(AASHTO - M 332)

Elastic Recovery = 74%
(AASHTO - T 301)

**Including Appendix X1
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Presentation Notes
This is a comparison of the original formulation and the polymer modified binder from our experiment. 
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Passing % Recovery

PG64-28 Polymer Modified
Jnr 1.0, Jnrairs 39.2%, % Rec 33.4

//

Failing % Recovery

PG64-28 Original Formulation
Inr 2.3, Jnrairi 38.6%, % Rec 4.6
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Here are the results of the two binders plotted on the M 332 graph from Appendix A1.


e Asphalt Binder Testing

» Data Analysis

e Typical Modified PG Binders

e Met all specifications requirements (AASHTO - M 320)

e Passed MSCR (AASHTO - M 332) *

*Excluding Appendix X1 (% recovery)

e Tested elastic recovery (AASHTO - T 301)
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Presentation Notes
The binder test data showed a pretty consistent pattern with almost all of our modified asphalt binders.



e Hamburg & MSCR

» Where are we today?

e Elastic Recovery Specification - 2012
Hamburg and IDT Specification - 2014

iple Stress Creep Recovery - 20




)

Elastic Recovery Specification

Property nghod Additional Requirements by Performance Grade (PG) Asphalt Binders
PG 58-22 | PG64-22 | PG64-28 | PG70-22 | PG70-28 | PG 76-28

Residue:

Ryt | T30. 0 - -- 60% Min. | 60% Min. | 60% Min. | 60% Min.

Notes:

1. Elastic Recovery @ 25°C + 0.5°C

2. Specimen condltloned in accordance with AASHTO T 240 — RTFO
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After years of discussions with our eastern side of the state regarding what they felt were dry looking, rapid aging, under asphalted mixtures - coupled with what we learned from the Hamburg and our binder test data we decided it was time to implement a PG Plus spec,  AASHTO T 301.

Since MSCR was not fully supported yet we opted to implement an Elastic Recovery Spec in 2012 in an effort to ensure we get binders that will provide long term field performance.


)
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Hamburg and IDT Specification

Mix Criteria

HMA Class

% inch

% inch

% inch

1inch

Min.

Max.

Min.

Max.

Min.

Max.

Min.

Max.

Hamburg Wheel-Track Testing,
WSDOT FOP for AASHTO T 324
Rut Depth (mm) @ 15,000
Passes

10

10

10

10

Hamburg Wheel-Track Testing,
WSDOT FOP for AASHTO T 324
Minimum Number of Passes
With no Stripping Inflection
Point

15,000

15,000

15,000

15,000

Indirect Tensile (IDT) Strength
(psi) of Bituminous Materials
WSDOT FOP for ASTM D 6931

175

175

175

175
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After the third year of collecting test data we implemented our Hamburg and IDT specification in 2014.


Hamburg Mix Design Test Data

sJejeuly Ul yideq Iny

- -10

-12

-14

-16

Minimum Number
of Passes 15,000

No Inflection Point Allowed
Prior to 15,000 Passes

Maximum Rut
Depth 10mm

—0.50% Anti-strip
——0.00% Anti-strip

0061
00esl
00681
00S8lL
ooLglL
00441
00elL
00691
00S91L
00LolL
00451
00est
ooevL
oosyL
0oLyl
00l
ooeel
ooecl
00sclL
ooLecL
00LLL
oocLL
00601
00S0L
00LoL
006
00c6
0068
00s8
00L8
0044
00€4
0069
00S9
00L9
0049
00€s
006¥
00S¥
00L¥Y
00.L€
00ce
006
00se
o0Le
00.1L
00:"
096
008
04°]
08y
0ce
09l

Number of Wheel Passes


Presenter
Presentation Notes
This is a graphic representation of our HWTD spec.

We are currently evaluating the method to mathematically determine the stripping inflection point or Stripping Number.


WSDOT HQ Materials Laboratory
ReportNo Indirect Tensile Strength {(IDT) - Mix Design

Force (-N) v E xtension (% )
16000.00 -

14000.00 -

12000.00 -

10000.00 -

— 1728
— 1729
— 1730

Force

6000.00 A

4000.00 A

2000.00 A

-1.00 0.00 1.00 200 300 4.00 500 6.00 7.00 8.00 9.00

Extension
Template 102 Testing Machine STM-100K 04

Oct 24, 2014 WSDOT HQ Materials Laboratory WSDOT FOP for ASTM DE931 TEL FAX
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This is a graphic representation of our IDT testing.

We are also evaluating a way to improve or enhance the IDT we are using by measuring the area under the curve and evaluating the fracture work concept.  This came from some research conducted by WSU.


e Multiple Stress Creep Recovery

» Where we’re headed next!

e Multiple Stress Creep Recovery - 2018

* Working with PCCAS, Regional Task Group & WAPA

e Would Replace Elastic Recovery

e New PG Grading Terminology



e Asphalt Binder Grading - 101

e Current Grading System ¢ MSCR Grading System

— Base grade (Environment) — Base grade (Environment)

— Grade bump (Traffic/Load) — Grade bump (Traffic/Load)

— Bump = same stiffness at — Bump = increase stiffness
higher temperature at service temperature

— Allows for products & — Requires products &
processes that may affect processes that ensure

performance performance



e Asphalt Binder Grading - 101

e Current Grading System ¢ MSCR Grading System

— PG58-22 — PG58S-22 (Standard)
— PG64-22 — PG58H-22 (Heavy)

— PG70-22 — PG58V-22 (Very Heavy)
— PG64-28 — PG64S5-28

— PG70-28 — PG64H-28

— PG76-28 — PG64V-28
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Presentation Notes
Initially, there was a lot of discussion/concern that adoption of MSCR would create more grades of binder, but we don’t see it that way.  


% MSCR

PG64-28 (PG64-28H) MSCR vrs Jnr 2013

100
1“ Extremely heavy 0.5 Very heavy 1.0 Heavy 2.0 Standard 4.0

90

80

70

L]
60 . Passing % recovery
PG64-28H would require a Jnr of
¢ . < 2.0 and an MSCR % recovery of
50 2 30%
..
(1]
40
.
30 ~
—
20 S
Failing % recovery
10
. v v \’
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

e |1, Kpa

J . kPa

nrr

® PG64-28

2.1
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This chart was a snapshot of how close our PG64-28 binder are to meeting the Jnr and % recovery specs of M 332.


56t Idaho Asphalt Conference

Questions?

devolj@wsdot.wa.gov

(360)709-5421

State Construction Office - Information

http://www.wsdot.wa.gov/business/construction

A .
Washington State

' ’ Department of Transportation


mailto:devolj@wsdot.wa.gov
http://www.wsdot.wa.gov/business/construction

paviasystems

E-CONSTRUCTION:
HOW TECHNLOGY IS CHANGING
PROJECT DELIVERY

George White
CEO, Co-Founder


Presenter
Presentation Notes
My goals:
Position as thought leader – we know the industry and challenges
Demonstrate Pavia’s understanding of where we are and where we need to go
Highlight our technology
Give folks a tangible takeaway
Communications
Integrations
Platform


TRANSPORTATION
INFRASTRUCTURE IS
FUNDAMENTAL TO iy =B
OUR WAY OF LIFE. BT —

Why we do what we do...


Presenter
Presentation Notes
To know a little more about us, you have to know why we do what we do.  We are currently focused on the heavy civil side of construction because we believe that there is a tremendous opportunity in this space to leverage technology.  For us, why this matters is that our roads, bridges, rail lines, pipelines, airports, all represent how we connect as people and to our quality of life.  Transportation and the infrastructure that supports it is a fundamental industry to how we are able to connect here today, how we take our kids to school, and how our economy grows.  It’s something that touches everyones lives daily and why we focus our current efforts on helping this community leverage technology to delivery projects more intelligently and efficiently.


e  C
Our infrastructure is aging...

Average Age of Public Structures, 1956-2014

Age, Years
= 2014 AMERICA'S ESTIMATED INVESTMENT z
G.P_A.JD'I' NEEDED BY 2020: $3.6§
27 Streets and
. ] INFRASTRUCTURE GRADES FOR 201
= nghways. STRUCTURE G S FOR 2013
e SCHOOLS
- ] 28+ years
w Power
21 -
19
Sewer
Svstems treets and
17 ' Highways
15 . ; : : . :
1956 1966 1976 1986 1996 2006 2016

®
Sources: Bureau of Economic Analysis, ASCE P&VI&SYStemS
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http://www.asphaltpavement.org/michele/a_mini-course_on_financing_federal-aid_highways.pdf


Massive financing need

$3 6 trillion of investment
. needed by 2020
Aging Infrastructure
average age of streets
28+ and highways in U.S.
a7 A [V Rl TR e
# Bigger, more complex projects

2 e underground boring
m | Alaskan Way Viaduct




Sustainability Requirements

Socy of solid waste in U.S. is produced
0 by construction industry

ol

Resource scaraty
N 1 consumer of global raw materials
O is the construction industry

& Slow permit and approval process

Sevae 1 2 of infrastructure would be
. . t n added by 2030 if all countries

committed to specific time limits for approvals




Resilience Challenges

last year as in 1980

3X as many disasters reported

ST 7 T S =y <
RS ey AW B S e et

| Talent and aging workforce leaving
of employees eligible for
retirement by 2018




Planning Design and Engineering Construction Operations

pavia
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Presentation Notes
Put in images of the various phases (traditional).  For example, legislative meeting for planning, plan sheets for design, construction activity for construction, traffic for operations.  Be cool if it was one image blended together with life cycle over top.


Managing Risk Through Asset Life
(Time, Quality, Cost)

Frequency of changes

: . Cost of change
in traditional process d

Ease of change

Leverage
Technology to
deliver projects
faster and more
efficiently

®
Source: Adapted from World Economic Forum; The Boston Consulting Group P&VIHSYStems


Presenter
Presentation Notes
Discuss quality and cost risks


OPPORTUNITIES TO EVOLVE
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OPPORTUNITY TO CONNECT SILOS

R

LA Y

| Ihmmhihnlﬂhml |

paviasystems



Core Enabling Technologies

Life — Cycle Integrations

User interfaces Big Data / Analytics

+ applications Simulation and V/R Mobile and A/R

Software
platform +
control

BIM / Cloud

Ubiquitous Connectivity / Tracking

Technology
Integrations

LIDAR / 3D Scanning

Digital/physical
integration Embedded Sensors \
Q— 88 A EE A A A A A EEEEEEEEEEEEEEEEEEEEEEEEESEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEE Cybersecurity
Planning Design and Engineering Construction Operations

paviasystems

Sources: World Economic Forum; The Boston Consulting Group



Opportunities Enabled By Digital

User interfaces
+ applications

Software
platform +
control

Digital/physical
integration

Data-driven

: L Automated Rigorous construction
construction New fabrication oo
. and autonomous monitoring and
planning and lean methods : :
) construction surveillance
execution

paviasystems
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Image from Sakai America (of 


Collect Data Once, Use Many Times

=
e

FNR

i

Analytics

Q

=

paviasystems
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Through the research, it was calculated that TxDOT’s workfore of 1092 inspectors could perform like a workforce or 1,350 
Amounting to a boost of about $1.2M every month in additionally productivity

Sounds like it’s all roses?  Not so fast.  
So, what challenges do agencies face when implementing technologies like these?
In the scheme of things, the irony is the technology part is easy…
For example, we do software releases every 2 weeks, improving, evolving, growing capabilities
But it’s Change that’s hard. 
The best way to overcome this challenge?  Clear communication... outlining what’s in it for the end users of the system
For inspectors – it will alleviate the administrative burden, enable them to submit DWR’s straight from the jobsite, complete 1257’s (Pay estimates) right from the project
For engineers in the office – you heard from Maria, it gives you a virtual window into every active jobsite 
Allows you to make decisions from the office that otherwise would require you to drive out to the project
You can see a constant stream of information coming in from the field
Information is easier to find, say 2 years from now, if needed for project closeout or claims situations
For management, it can give you great high level analytics into what’s going on across your state 


HEADLIGHT

paviasystems

A mobile first, purpose-built = = -
platform to reduce project
delivery risk.

Project Activity

v' Simplified project inspection
v' Real-time communication s —
v' Automated reporting
v Digitized workflows
v" Information flow for
collaboration

(((((

paviasystems
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Real-Time Communication Among Stakeholders

Inspectors
Field Staff

Overview

220 283,036 14,700

Project Activity

Design Engineers
Project Engineers
Resident Engineers

Office Personnel

paviasystems
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HeadLight = Real-Time Strategic Project Inspection

Real-time strategic project inspection is all about proactive risk management, related to the dynamic interactions between the Project Engineer\Project Manager and the Inspectors in the field.

The PE\PM receives a real-time feed of observations on their mobile device, very similar to a social media feed like Facebook, Twitter, etc. Allowing the PE\PM the ability to provide real-time input and collaboration with the inspectors in the field.

This real-time input and collaboration allows the PE\PM the visibility to make strategic decisions around observations being taken, ensuring that critical data is captured thus reducing Risk and Managing the best use of inspectors time in the field.

A spill over benefit to Real-Time Strategic Project Inspection is the real management of Tax payer money.  We know through our extensive research around the value of e-construction Efficiency, effectiveness and quality saves tax payers money.  It also provide better capabilities for agencies to communication construction condition to the traveling public.



Simplify Data Collection
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Garsm 0

520 bridge a R

N e

paviasystems


Presenter
Presentation Notes
Discuss quality and cost risks


Automate Reporting and Enhance Workflows

ash CreekRd T 44 Q Observations  Rep

Daily Construction Report: 06/28/2016
44 Observations 15 Personnel 10 Equipment

[BDownload PDF 1 Delete Report @ History: 1

1@
ge Martin 7=
Done
28 June 2016 02:20 PM

Status: Draft

7 WSDOT

Daily Construction Report

oxy s
1111 Siwash Creek Rd Tuesday Day

Weather

06-28-2016

2:19pm
2:19pm
2:18pm

Clear Sky
Clear Sky
Clear Sky

DewPaint: 69
DewPo

Temperature: 64
Temperature: 80
Temperature: 80

Pl Canitacior

Tite
Judy Consulting Josh Carter Owner

‘Subconactor or Agent

o8 | Represancate. e
Buffalo i

Steve Weiland
Applied Organics

Paula Jackson

Work Activity Summary

Applied Organics - 19 - 8:30 am Bulfalo contracting maves to the CDSB line from their | line work. Both lacations are within
the same work area. | swede the | line work and lay out minor corrections which Buffalo contracting promptly addresses.

11:00 am Buffalo contracting has finished working on the CDSB line for the day and moves to the hs line. Hs 13+00-18+00 It.

@0219PM

Document

Daily Construction Report: 07/11/2016

Man, 11, Jul 2016 8:51AM
No Observations

Statcs: - Appro
[ Download POF

B Delete Report D Histary

@ Approve by Million Weldemariam a

©submitted $ ©
@ Submit by Randell Davis 2

(Dralt ¥ @ Submitted
by Randell Davis 2 maonths

Page 1of 1

ﬂ Final Records System
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Discuss quality and cost risks


Improve Project Understan

Observations

Course info

pavia

02.0 - Observations iPad App 20

In this text-based series, you will read about and see screenshots of how

(e R HiadLight enables you 1o view the Observation Feed and create, modify,

detete and search for Observations.

Content

v
v
v
v
v
v
v
v
v

2.0.0 - Observalions in HeadLight
2.0.1 - The Observation Feed
2.0.3 - Creating an Observation
2.0.4 - Madifying an Observation
2.0.5 - Deleting an Observation
2.0.6 - Searching Observations
2.1.0 - Common Observation Data
24,1 - Observation Name

2.1.2 - Notes

11l

paviasystems
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Discuss quality and cost risks


Collaboratively Track and Manage Issues
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Discover Trends and Identify Potential Issues
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Improve Project Intelligence

Bl - o x
|/ D HeadLight x

[ (<] ﬂh(.tps:.-'.'.headiig.l;zt..baviasystems.ccrﬁ.ﬂ;.'dashboal{l :u B4R

@l Dashboard

Observation Activity

7,023 observations were captured last week on 47 active projects. 1,475 photos and videos were uploaded.
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B Video
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Document Activity

263 documents were submitted on 35 projects out of 47 active projects. 0 of these documents have been approved. There were 67
users who submitted documents out of 91 users who took observations.

Submitted Documents Project Document Breakdown
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And turn into Asset Intelligence
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Information Enabled By Digital

« Warehousing Collected Data « Claims Abatement  Past Performance Analytics
« Real-Time Access » Risk Reporting » Real-time Data Analysis

« Communication\Collaboration « Owner\Contractor Reporting Paviasystems
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Image from Sakai America (of 
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Benefits To Be Realized

Office building

Power plant

wnoo LA ][ ew || e |
« Design and engineering +0% +0%0 -5%
ecomtuction | 2% | [ 10 | [ s |
 coperatons | 8% | [ 100 | [ 10w |
:;ﬂr?qp;az:g/(gn construction -30% 93% 1504
Source: IHS; The Boston Consulting Group PaViaSYStemS
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Many infrastructure projects—such as transportation and energy distribution facilities—will realize a 15% to 25% reduction in E&C costs. 
This BCG Case Study shows how performance is enhanced by digitalization, specifically through the application of BIM throughout the life cycle, automated and autonomous construction equipment, and condition monitoring.
Design and Engineering. The efficiency gains achieved by BIM technology in this phase are largely offset by the associated costs—of enhanced clash detection and constructability and of optimizing design for traffic, signage, noise, lighting, and drainage.
Construction. In the highly repetitive workflows of the construction phase, there is huge potential in leveraging state-of-the-art automated and connected machinery, such as excavators, bulldozers, and compactors. Such machines—linked to the 3-D model, a fleet-management system, and optimized routing software—perform tasks faster, more accurately, and with minimal supervision. Frontloaded design streamlines the construction process by reducing the need for corrrective changes and rework on-site. Overall, construction time is reduced by 23%—from 42 months to 32, in our example—while construction costs (35% of which are attributable to materials) go down by 19%.
Operations. The potential cost reduction here is 10%. This is mainly due to the optimized design of the highway and to the wireless condition monitoring of roads, bridges, and tunnels, which reduces the need for manual inspections and enables predictive maintenance.
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Benefits To Be Realized

Impact on life cycle

160
oostee) L e
« Design and engineering +0%0
« Construction -19%0 $24.1 Billion Annually
 Operations -10%0
~Impact on construction | —mor |
time (%) 23%

[ ]
Source: CBO - Public Spending on Infrastructure March 2015 (Highway/Transit/Ferry) Pa.VIaSYStems
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278B on Infrastructure in total



Many infrastructure projects—such as transportation and energy distribution facilities—will realize a 15% to 25% reduction in E&C costs. 
This BCG Case Study shows how performance is enhanced by digitalization, specifically through the application of BIM throughout the life cycle, automated and autonomous construction equipment, and condition monitoring.
Design and Engineering. The efficiency gains achieved by BIM technology in this phase are largely offset by the associated costs—of enhanced clash detection and constructability and of optimizing design for traffic, signage, noise, lighting, and drainage.
Construction. In the highly repetitive workflows of the construction phase, there is huge potential in leveraging state-of-the-art automated and connected machinery, such as excavators, bulldozers, and compactors. Such machines—linked to the 3-D model, a fleet-management system, and optimized routing software—perform tasks faster, more accurately, and with minimal supervision. Frontloaded design streamlines the construction process by reducing the need for corrrective changes and rework on-site. Overall, construction time is reduced by 23%—from 42 months to 32, in our example—while construction costs (35% of which are attributable to materials) go down by 19%.
Operations. The potential cost reduction here is 10%. This is mainly due to the optimized design of the highway and to the wireless condition monitoring of roads, bridges, and tunnels, which reduces the need for manual inspections and enables predictive maintenance.



Innovation Requires Change

Perception
® Reality

Most companies find the biggest innovation challenge is executing change to their people and processes.
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Why Is Change Difficult?
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Expectations vs. Reality

Desired State

Current State

Time to Adopt

—

Time to Adopt/Fail
Time 7090

Source: John Kotter International

Lost ROI

Value
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Beth  Key points
It’s not enough to deliver great technology - you have to help people to be great with that technology.
Enterprise technology is not the same as consumer technology; the majority of users don’t choose it
Introducing a new technology will result in a dip in productivity before you see any gains.
Many projects never recover from that and end up abandoning the implementation
There are many reasons for the dip, and it’s usually not the technology’s fault, though that is usually what gets blamed.
 What’s really happening is that we’re typically pretty good at selecting and implementing technology from the technical side - configuration, integration, etc. 
However, we tend to dramatically underestimate the level of effort needed on the people side. 

This effort isn’t needed  because technology is hard, but because adapting to something new is hard:

new technology in a business context:
bringing it to people who for the most part are quite good at their jobs. 
Now you’re asking them to do that job differently. 
Introduces a level of confusion or uncertainty
if that’s not addressed, you’re going to be facing an uphill battle getting people to adopt the new technology.

The bigger the change you introduce, the more you need to help people adapt to that change.

When that doesn’t happen, you end up with a failed implementation and a lot of wasted time and money

The good news is, what to do is not really a mystery, and it’s not even that hard. (It’s just not often done.)
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Commitment 2T

I
¥ Institutionalization
Acceptance Rl PP ~ /
Fo- 3 ]
et Adoption
’-" ! : r
) AR ol - Irl
=] __..-;“'-'- J,r' R
5 -t ' Initial Use
5 Comprehension e Ry : ,5}’
“ -=" . 1 #»f-,':
we L .
= Positive’Perception
iz LS
g- B # (1
o LT
= L7
)
Awareness
. Unaware ==
L onawdise -
Time Go Live

paviasysiems


Presenter
Presentation Notes
Key points:
There are known stages that people go through when they are asked to do something new. The goal is to help them from one stage to the next:

Awareness	   Stakeholder has knowledge, but is unclear of scope, impact and rationale of change�                             Miss = Confusion
Comprehension Stakeholder comprehends nature, scope and intent of change�                             Miss = Negative Perception
Acceptance	   Stakeholder welcomes the change and articulates commitment to the goals of the change
                             Miss = Decision not to Implement
Commitment	   Stakeholder articulates the change as an accepted norm
                             Miss = Initiative aborted

Communication, training and support are key tools for helping people through that change
 The work starts well before go live with thoughtful planning for how best to use each of these tools.
Communication should begin in advance - training should not be the first time someone here’s about the tool, and a go live announcement even less.
Speaking of go live, that’s the real beginning of the project, not the end. 
“Launch and hope” is not a deployment strategy. 
Helping people realize success with the tool can only happen once it is live, so it’s important to plan for how you’ll get people to actually use the tool successfully



e
1 Critical Success Factors

Vision, value, and success metrics
Strong sponsorship (HQ and region-level)

Energy level

A

Thoughtful deployment
(planning, communication, training, and support)

a1

Peer ambassadors
6. Feedback and responsiveness

7. Continuous improvement

paviasystems
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Often with enterprise systems, getting it right can take time. Outputs, integrations and workflows are often unique to an organization, so adapting and aligning the technology may be an iterative process.
Vision : Describe what the end state looks like and why it matters to the organization, to a project, and to the user. Being realistic about what’s possible (or not possible) and how we’ll get there makes it easier for people to get on board. Convince the actual users why this choice and investment is the right one.
Roadmap: Define what the journey to that end state looks like, the expected stops along the way (phases and releases) and the benefits of each stage.
HeadLight
Integrations
Additional eConstruction technoclogies
Possibilities: Set the expectation that nothing is set in stone. Vision, timing and priorities are important but you should also be clear that these may change. The amazing thing about cloud-based systems is that new things are possible all the time. What we know is possible now may become even more expansive as we adapt the system to meet needs across our client base. That’s the true ROI of the cloud: you benefit from learnings and best practices from other organizations that end up codified in our system.

Vision should be bold and inspiring (e.g., tieing to safety). Everything you implement should be driving towards this goal. Need to connect to each stakeholder...what’s the impact to each of them. Need to say what they will get and won’t get - realistic. Not make it too board. Tell a story here. Comes down to two things: time (productivity) and information (better quality of info, access to information).
Need the right players (and not too many people - aurigo example) - can be very infectious 
Training - can’t train them too early, stakeholder map to determine who should we communicate to and when
Peer support - sponsorship is top down while peer support gives more credibility - spy to tell you what’s really going on in the field. Address resistance (e.g., office hours) 
Feedback - how often do we ask someone how it’s working?




Become a Technology Evangelist
Pragmatist

 Drive your workflows to digital at point of collection
* Identify business impact and choose open platforms

_ » Partner with technology providers that understand change
S— management




George White george@paviasystems.com



Speeding Construction
Process Using 3D
Modeling

By Michael McKee



Questions

Text 208-932-5053




Thornton i€

US-20
20 Million
Design/Construction

Eliminated 6 At grade
Intersections

Eliminated 5 RR
Crossings

500,000 CY of Material




Thornton IC

» Every Day Counts-
3 (EDC-3) Initiative

> Pilot Project

> Deliver the Model
Pre-Bid

- New Survey
Specification




Thornton IC Collaboration

» Multiple Sections - One Design File
- Materials - gINT
> Bridge - Existing/ Proposed Structure
> Traffic - Traffic Control Plans

» Documentation
- Design Specification
> Pictures/Media
> Design Calculations
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Information Moo
building data duri
dimensional, real-t
increase productivit

The process produces a

encompasses building geome
relationships, geographic information,

and quantities and properties of building
components.

le-all required information is in the
model.
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Thornton IC Layout

» 9 Corridors
» 9 Alignments
» 18 Templates




Power InRoad SS4 Layout

» Terrain Model -3D

» Alignment - 2D

» Right of Way - 2D

» Utility File - 2D

» Retaining Wall (Bridge)- 2D
» Design File - 2D

» Traffic Control - 2D
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Thornton IC- Public Involvement
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Model Check

» Export Model to XML format

» Vertical Surface lines (0.01
offset)

» Local Coordinate System

- Scale Reduction in the model
(ground to grid)
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Development of Prediction
Models for Skid Resistance
of Asphalt Pavements
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Introduction

o Pavement surface friction is a key
component of road safety

o Approximately 14 percent of fatal crashes
and 15 to 18 percent of all crashes occur
On Wet pavements [Smith, 1976; Davis et al., 2002; Chelliah et al., 2003].

o Providing acceptable level of friction leads
to 509 to 60% decrease In wet weather
aCCIdentS [Miller & Johnson, 1973; Kamel & Gartshore,1982]



Crash Injuries Fatalities Related to road
condition

National Crash Statistics between 1993 and 2003 (thousands)

The cost of crashes is about $231 billion




Introduction

o Friction: The force that resists the relative
motion between a vehicle tire and pavement
surface.

Weight, F,,

F

Direction of H — —

motion
FW

Friction Force, F

Rotation//

[Hall et al., 2006]


Presenter
Presentation Notes

The coefficient of friction is defined as the ratio between frictional force (F) and normal Force (Fw).

Fw: normal force 
F: friction force 


Microtexture

Macrotexture

Percent Passing, %

0.075 0.3 1.18 4.75 95 125 19
Sieve Size, mm

Friction (2005)

Microtexture: irregularities in the surface of rock; dependent
on aggregate petrography; smooth or rough when touch

Macrotexture: larger irregularities in the road surface,
dependent on aggregate gradation


Presenter
Presentation Notes
Petrography: the branch of science concerned with the description and classification of rocks, especially by microscopic study.


Objectives

o Validate and revise a prediction model for
Skid Number of asphalt pavements as
function of traffic level, aggregate
characteristics, and aggregate gradation

o Develop a prediction model for Skid
Number of seal coat surfaces

o Use the developed models to classify road
sections based on their skid resistance



Field Experiments

Fun_Class
Iix_Design I Interstate
W Frc H us Highway
E Typec [] state Highway
[ Type D [l Farm-to-Market
W sma-c [ state Loop
[ sma-n
W Hovachip
O cvHB-F
[ cvHe-c
O crm N
W SuperPave 172"
N
ez
N
o

Mix Designs Traffic Levels Aggregate Sources




Field Friction
Measurement

o Locked-wheel Mode

Skid trailer with one or
two wheels are towed

Water is applied in front
of the wheel

The test wheel iIs locked

The friction force is
recoded for a given
distance

The results iIs reported
as Skid Number (SN)

Skid Trailer

SN = 100 x friction factor
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Friction is a force that always opposes motion. 




Laboratory Experiments




Task 1 e ——
___________________________________________________ i Acquire SN values for field
' Prepare laboratory asphalt mix | ' asphalt pavement sections
' slabs emmom e l —————————————————————— ’
I R S ——
' Measure surface texture using | . Analyze asphalt
. CTMeter and DFT after different ! ' pavement SN .
' polishing cycles |
' : Task 2
I;IIIIIIII::::::::IIIIIIIIIII:::::IIIII:
. Develop a model for the IFl of |
' laboratory slabs ’
___________________________________________________ Measure pavement surface
texture using the CTMeter and

BUEU Task 3

Study the relationship between
aggregate properties and SN

Task 4

\ 4

Develop a model for the pavement SN
Task 5




International Friction Index

40

IF1 =0.081+0.732DFT, e >

Sp =14.2+89.7MPD

20

IF1 = 0.045 + 0.925 x 0.01x SN (50)e

MPD is Mean Profile Depth Measured by CTMeter
DFT,, Is Dynamic Friction at 20 km/h Measured by DFT

SN(50) is measured skid number at 50mph using skid trailer
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Presentation Notes
This unified equation is used to determine the IF based on asphalt pavement friction and texture measurements.  Once the IFI is calculated, the Skid Number (SN) can be found from the third equation in the slide.
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AASHTO and TXDOT
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Presentation Notes
The aggregate angularity is quantified by measuring the irregularity of a particle surface from black and white images. The texture index is determined by analyzing grayscale images captured by AIMS using the wavelet analysis method. The shape of the aggregate is determined by two-dimensional form, sphericity, and flat/elongated ratios. 
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AIMS Texture

250 \ _
¢ Quartzite
B Sandstone
\ A Siliceous Gravel
200
Texture (T) = a,, + by -exp(—C 1)
150 .\
m
100
50
0
0 30 60 90 120 150 180 210

Time (minutes)



List of HMA Test Sections

> Locations: ATL, BMT, ODA, SAT, YKM,
HOU, LRD, PHR, LFK

> Mix types: SMA-D, SMA-F, CMHB-F, Type
C, Type D, TOM, PFC, CMHB-C, CAM

> Year of Construction: 2006 to 2013

> Aggregate Types: Limestone, Gravel,
Granite, Sandstone, Dolomite, Rhyolite,
Traprock, Quartzite



List of Seal Coat Test Sections

> Locations: ATL, BMT, ODA, SAT, YKM,
LRD, PHR, LFK, BRY

> Grade: Grade 3, Grade 4, Grade 5
> Year of Construction: 2006 to 2013

> Aggregate Types: Limestone, Gravel,
Traprock, Sandstone, Dolomite, Rhyolite,
LRA, Lightweight

» Coating: Pre-coated and Virgin
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AIMS Texture Analysis
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Aggregate Gradation for HMA
(Welbull Distribution Function)

F(x;k,\) =1- exp[(-x/)»)K]
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Aggregate Gradation for Sealcoat
(Welbull Distribution Function)

F(x;k,\) =1- exp[(-x/)»)K]
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Friction Model

Aggregate texture and angularity Aggregate gradation

Texture (T) = a,, + b, -exp(—C 1) (cumulative Weibull distribution function)

Angularity (T) = ag, + bg,-exXp(—Cy,-t)

F(xsk,0) = 1- exp[(-x/2) ]

atx’ btx’ Ctx’ @D
8gar Dgar AN C

A 4 A 4

Calculatea ., b from predictive models

mix? ¥mix? Cmix

IF1 (N) = Amix T bmix'exp('cmix'N)
IFI = 0.045 + 0.925x 0.01x SN (50)e >




Skid Number for HMA

R2=0.6297

SN (predicted)
&

10 15 20 25 30 35 40 45 50 55 60
SN (measured)
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» Effect of Aggregate Texture on the Skid Number (SN)
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SN

Effect of Mixture Gradation on the Skid Number (SN)
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Effect of Seal Coat Gradation on the Skid Number (SN)
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Effect of AADT on the Skid Number (SN)
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Effect of Aggregate Texture on the Skid Number (SN)
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Example of Influence of Aggregate
and Gradation on Skid Resistance

Interstate US Highway | State Highway

AADT 64500 | 5700 | 34000

Type C

21 29

Type D

PFC

SMA-D

SMA-C

CMHB-C

CMHB-F




Benefits

Microtexture

N Macrotexture

Percent Passing, %
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Benefits

o Replace the current time consuming methods
Polishing of aggregate coupons for 9 hours.

Measure the friction value of the specimens using the
British pendulum tester.




AIMS Draft AASHTO Test Procedures

Standard Method of Testfor

Determining Aggregate Shape Properties by
Means of Digital Image Analysis

AASHTO Designation TP81

1. SCOPE

1.1. This standard covers the measurement of aggregate shape properties using the Digital Image
Analysis techniques.

1.2, This standard may involve hazardous matenals, operations, and equiprment. This standard doesnot

purport to address all of the safety problems associated with its use. It is the responsibility of the
user of'thiz standard to establish appropriate safety and health practices and detenmine the
applicability ofregulatory limnitations prier to use.

Standard Practice for

Determining Aggregate Source Shape Values
from Digital Image Analysis Shape Properties

AASHTO Designation PP64

1. SCOPE

1.1. Thiz standard coversthe detennination of aggregate source and source blend shape charactenstics
using gradation analysis and shape properties detenmined by means of digital image analysis.



AIMS Draft AASHTO Specifications

Determining Aggregate Shape Properties for
Superpave Volumetric Mix Design

AASHTO Designation: MP zz-zz

1. SCOPE

1.1. This specification for Superpave volumetric mix design uses aggregate and mixture properties to
produce a hot mix asphalt (HMA) job mix formula.

1.2. This standard specifies minimum quality requirements for aggregate shape properties measured
using the Aggregate Imaging System (AIMS).

1.3. This standard may involve hazardous materials, operations, and equipment. This standard does not
purport to address all of the safety problems associated with its use. It is the responsibility of the
user of this standard to establish appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.



Thank You....



Asphalt Mixture Gradation

" Input Gradation

| # Choose Gradation

Type C j

Choose Type C

Cancel | << Back Mext ==

Step 1:
* Input gradation or choose standard TxDOT gradation.
o SAAP will calculate gradation parameters « and A.



Input ATMS Texture Data

Enter Aggregate Texture Data \
|

Click here

Cancel | << Back

Step 2:
* Click “Enter Aggregate Texture Data”




Select Number of Data Points | 23 |

* Two Data Points (Before Micro-Deval, After 105 Minutes in Micro-Deval)

-~

~ Three Data Points (Before Micro-Devel, After 105 Minutes in Micro-Deval,
After 180 Minutes in Micro-Deval)

Step 3:
» Choose AIMS texture data at two points:
*Before Micro-Deval Polishing.
«After 105 minutes of Micro-Deval Polishing.
Or
» AIMS texture data at three points (Note: more accurate than two points)
*Before Micro-Deval Polishing
«After 105 minutes of Micro-Deval Polishing.
*After 180 minutes of Micro-Deval Polishing.



Enter Texture Data P
Enter Mumber of Aggregate Sources il
Enter Mame of Aggregate Source 1 Text Dk Cancel
Text
Proportion of Aggregate in
—_ the Mix (Percentage)
Percant Passing #4
Texture Before Micro-Deval 300
|
Texture After 105 minutes 50
Micro-Dewval

Step 4.

» Choose number of aggregate sources used in preparing the mixture.

*Enter the proportion of each aggregate course in the mix.

* Percent Passing Sieve 4 for each source.

*Enter texture before and after Micro-Devel (Note: typical texture is from 50 (low) to 600 (high)).

. Material Agg #1 Agg H2
Example % Used 30 % 70 % Blend
Number of Aggregate Sources = 2. s, sieva. %0 % % %

. . . Passing | Batch |Passing| Batch
Proportion of Aggregate in the Mix (Aggregate 1) = 30% 3/8« | 100 | 30 | 100 | 70 100
Percent Passing Sieve 4 (Aggregate 1) = 90% No 8 T 30 5 T 100 | ¥0 %
Proportion of Aggregate in the Mix (Aggregate 2) = 70% Eg; ;S ; 5; 23 2;2 22;
Percent Passing Sieve 4 (Aggregate 1) = 100% To- 20y 2 A A el Bt

No. 200 0] 0 10 7 7




Input Pavement Texture Data

" Measured Mean Profile Depth (MPD) in mm

& Use SAAP Estimatimation of Mean Profile Depth (MPD)
in mm Based on Mixture Gradation

; Estimated MPD P

Cancel % R 5 L L I TI=AT = i | Firisn

Step 5:

 Enter the MPD of a new road right after construction
Or

*Use SAAP to estimate MPD based on gradation.




Input Traffic data:

Highway Typ

* Divided " Undivided

Total Mumber of Through Traffic Lanes

*  TwoLanes " Four Lanes " SixLanes " Fight Lanes or More

Average Annual Daily Traffic 5000
(AADT) for Both Directions f

Percent Truck Traffic d 50

Cancel | << Back ‘ Mext ==

Step 5:
* Enter road information and traffic data.
» SAAP will use this data to calculate Traffic Multiplication Factor (TMF).

AADT x 365xYears in Service
1000

TMF =




Skid Resistance Prediction Medel Step 5 of 6 2

Choose Analysis Type:

Predict Skid Resistance as a Function of Years in Service

LW

—] /

Click here

Classify an Asphalt Pavement Section Based on its Skid Resistance

Cancel << Back Finish

Step 6:

* In this step, you can choose to plot skid resistance (SN) as a function of
years in service.

Or

* You can choose to classify the pavement section based on the skid
resistance after a certain number of years.



Chart &

Shid Number [SN30)
-
=

Close

Step 7a:
o |If you choose to predict skid resistance, the above chart will be plotted.



Classification E

Set Classification Parameters:

Service Life: | Years ]

Threshalds

Accepted =
l_ < Monitor Pavement Frequenily &

Take Measures to Correct L

Medium

Cancel Set

Predicted Skid Number After 5  vearsis 26

Close

Step 7b:
* |If you choose to classify asphalt pavement section, you need to enter:
*Number of years at which the skid number is monitored.

*Thresholds for skid number for accepted performance, moderate
performance (section is monitored), and low performance (surface
rehabilitation is required)

* The result of this analysis the is classification the pavement section after a
certain number of years as shown in the screen on the right.
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Asphalt Pavement Construction:
Best Practices

56th Annual Idaho Asphalt
Moscow, Idaho
October 26-27, 2016



Effect of In-Place Voids on Life 4

asphalt|institute

Washington State DOT Study

100 ¢
L 90
=
S
'S 80
| &
Q
(Vg
£ 70
Q
o
S 60
50
7 8 9 10 11
In-situ Air Voids, %
93% 92% 91% 90% 89%

Compaction Level



Enhanced Durability through Increased ’A

In-Place Pavement Density  =asphait|insiite

* A 1% increase in field density can increase asphalt
pavement service-life +10% (conservatively)

* Today’s compaction target is typically 92% of
maximum (G, ) (8% air voids),

* Varying requirements for longitudinal joints

* Increased Density Pavements target a 2% increase
across the entire pavement!

 Just 2% more... makes a huge difference!
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DENSITY VS. PERMEABILITY
12.5 mm WEARING COURSE

98.0%;

E 96.0%¢ —+ LONGITUDINAL

O 94.0%% JOINTS

9 3 = MAT

= 92.0%

> N

‘» 90.0% R

- -

8 88.0% VA\
86_0%\ - \ \ \ \ \ \ \ \ \ \

O 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Coefficient of Permeability (K) (cm x 10” / sec) e




NCAT Report 16-02 (2016) h

asphalt‘ institute

“A 1% decrease in air voids was estimated to improve:
e Fatigue performance between 8.2 and 43.8%
* The rutting resistance by 7.3 to 66.3%
* Extend the service life by conservatively 10%.”



Importance of Tack Coats '\

asphalt‘ institute

* Promotes the bond between pavement layers
* Prevents slippage between pavement layers
e Vital for structural performance of the pavement
 All layers working together
e Seals all transverse & longitudinal vertical surfaces



http://3.bp.blogspot.com/-9y0ToVowowo/UawtJ0hav3I/AAAAAAAABzw/JXgwciBSJ3s/s1600/1.jpg

Loss of Fatigue Life Examples N

asphalt institute

* May & King:

* 10% bond loss = 50% less fatigue life _
Loss of Life

100%
e Roffe & Chaignon 90%

* No bond = 60% loss of life 38:

60% / 

50% .
40%

e Brown & Brunton o

* No Bond = 75% loss of life 20%

* 30% bond loss = 70% loss of life e

0% 50% 100%
Bond Loss






Everyone MUST be on the same page )A

asphalt institute

What we are talking about:

e Original Emulsion—undiluted emulsion consists of a paving
grade binder, water, and an emulsifying agent.

e Diluted Emulsion—an emulsion that has been diluted with
additional water.

* Critical to sprayed control
e 1:1 typical (Original Emulsion:Added Water)

* Residual Asphalt—the remaining asphalt after an emulsion
has set typically 57-70 percent or Original Emulsion



What difference does it make? IA

asphalt‘ institute

If the example spec intended 0.05 gal/yd? of residual asphalt:

To receive Residual Asphalt at 0.05 gal/yd? using an
emulsion with 60% residual asphalt, the contractor would
need to apply:

0.083 gal/yd? of Original Emulsion or
0.167 gal/yd? of 1:1 Diluted Emulsion



asphalt‘ institute

What is going on and why?
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8—10 years est. Interstate Pavement

1
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b |

Cou rtesy‘of MoDOT _-:i',ﬁ



What The Worth It To Apply A Tack Coat? )A

asphalt]i nstitute

Cost of Tack Coat

* New or Reconstruction
 About 0.1-0.2% of Project Total
e About 1.0-1.5% of Pavement Total Cost

 Mill and Overlay
 About 1.0-2.0% of Project Total
? About 1.0-2.5% of Pavement Total Cost



asphalt institute

Cost of Bond Failure in Only the Top Liff h

e Assume no inflation for materials
e Estimated traffic control
e Used project plans for thicknesses

e Used bid tabs for:
e Milling
e Material costs
* Replaced pavement markings

30-100% of Original
Pavement Costs



Common Tack Coat Questions '\
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e What is the Optimal Application Rate?
e Surface Type
e Surface Condition

 Workshop Recommended Ranges

New Asphalt 0.020 - 0.045 0.030-0.065 0.060-0.130
Existing Asphalt 0.040-0.070 0.060—-0.105 0.120-0.210
Milled Surface 0.040 - 0.080 0.060-0.120 0.120-0.240

Portland Cement

0.030-0.050 0.045 -0.075 0.090-0.150
Concrete

*Assume emulsion is 33% water and 67% asphalt.



N
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Tack Coat

"""""""""

Full width of mat to
minimize movement of
unsupported edge



Triple Lap Coverage
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Spray Bar/Nozzles

%Tf:fnﬁﬁﬁ SETTING: 15 TO 30 DEGREES

SPRAY BAR AXIS 4/
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Common Tack Coat Question IA

asphalt‘ institute

* When to Re-Tack?

e Tracking
e Contamination

If in doubt ...
Re-Tack
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L \ _Dirty SurfaCe \ e

Longitudinal Joint Tacked -'__.









How To Build a
Longitudinal Joint?




== THE EMPIRE STATE ==




M Connecticut

644-ETS

Constitution Sta |

Photo: Carlos Rosenberger
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.l-

I-71 in
i Columbus, OH




Longitudinal Joint Definitions '\
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Unsupported Edge Will Have Lower Density

Proper Overlap Sufficient Material

\ for Roll-Down
|

<
-

Cold (unconfined) side A | Hot (confined) side

Low Density Area

“Cold side” is the first paver pass and “Hot side” is the second




Different Types of Longitudinal Joints 4
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Butt (Vertical) Joint

e
Notched Wedge Joint
T T T T T T T T T T T2vpass
> L_'fz to %-inch
qi;_"“ pass ---ER-H-_“"“'--[ NMAS

Wedge 3:1to 12:1
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The Best Longltudlnal Joint;

Ecpelon Paving_ L
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Echelon Pavin’g Longitudinal Joint
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But, the need to maintain traffic limits S5
the opportunities to pave in echelon S



First Pass Must be Straight /N

asphalt institute




' N
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Uniform head of material
across entire screed to joint

...Do Not Overload Auger




asphalt institute

Paint the
Vertical Face

Good: Double Tack with &
Emulsion

Better: PG Binder

Best: Joint Adhesive



Overlap By 1-inch +/- % Inch ’A

asphalt‘ institute

If milled or cutback joint,
then 0.5-inch

Keep end plate flat e
Set automation to NEVER | &ii . 13
STARVE THE JOINT! e -

Joint Matcher best 4 1 " |

(versus ski) to match
exact amount of material
needed at joint



Do NOT Rake Away From the Joint N

asphalt|institute




Lute the Longitudinal Joint '\

asphalt institute

This lute person is
doing a great job



Rolling Unsupported Edge? N

asphalt institute

Option 2
15t Pass 4”-6” inside

Option 1
Hang over 4-6"

> 6" 2"d Pass hang over 4”-6"

r

S
4”_ 6”



What We Don’t Want '\

asphalt‘ institute

Rolling Unsupported Edge
With First Roller Pass

Vibratory Roller

If edge of drum is located just inside the
unsupported edge, a stress crack can occur here.




Rolling the Confined Edge: '\

asphalt institute

15t pass all on hot mat
with roller edge off
joint approx 6-12 inches
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__ Frequently Done in
AK and PA




Licensed Subcontractor = 11 Trucks )A
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Also Works as a Tack Coat ’A

asphalt‘ institute




Balance the Mix Design N

asphalt institute

Smooth Quiet Ride
Skid Resistance

Strength/ Durability
Stability

Crack
Rut Resistance Resistance
Shoving Raveling
Flushing Permeabilit
Resistant Yy

DON’T ATTACK ONE HALF AT THE EXPENSE OF THE OTHER HALF!!



Cost of Compaction YN
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* Least expensive
part of the
paving process

Relative cost comparison between
asphalt pavement componets

 Aggregates and

| binders are
High . .
expensive in
Cost comparison
e Compaction
Low 1 adds little to the

Aggregate  Asphalt  Compaction
cost of a ton of

Component
; asphalt

51



Lift Thickness’ Effect on Compaction )A
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* Aggregates need room to densify

* Too thin vs. NMAS leads to:
* Roller bridging
e Aggregate lockup
* Aggregate breakage
e Compaction Difficulties

* NCHRP Report 531 (2004)
* Fine Graded Mix—Min Thickness = 3 X NMAS
e Coarse Graded Mix—Min Thickness =4 X NMAS
e SMA Mix—Minimum Thickness = 4 X NMAS



Material Cooling '\
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* Thicker = More Time for Compaction

* Free tools for estimating compaction time

e PaveCool—single lift (generation 1)
e PC
* iOs App
* Google App

 MultiCool—multiple lifts (generation 2)
e PC
* Google App
 Mobile Web



» Note: screed operator
- ~walking along side




Roller Operations - Temperature Zones YN
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Temperature 3540 _560°F 250°-220°F | 200-180°F
Ranges M ﬁ M

Breakdown Intermediate Finish




Paver Speed and Output A

asphalt|institute

Assume:
2-Inch Compacted Mat

12-Foot Pull 378
140 Ibs/ft* Compacted Unit Weight I
10 15 20 25 30 35 40 45 50

Feet/Minute

Tons/Hour




Establishing Rolling Pattern y'N
—

e
L

Goal: 93.5% G,

Percent G,
98

& 96
N g

92

Select: 3 Passes
(Intermediate will get

the rest of the density)




Rolling Pattern '\

asphalt‘ institute

100 - 170 ft
* Roller width should overlap 6 inches
 Odd number of passes to advance

* Repeat uniformly



Roller Speed is Critical N

asphalt institute

- //
95
//././k -2 MPH
90
/// -=-4 MPH

/

80

Density

0 1 2 3 4 5

Number of Passes

Slower = More Compaction/Pass



Drum Impacts per Foot ’A@

asphalt‘ institute ..

Frequency 2 MPH 3 MPH 4 MPH > MPH
2000 vpm 7.58 5.68 4.55
2200 vpm 8.33 6.25 5.00
2400 vpm 6.82 5.45
2600 vpm : 7.39 5.91
2800 vpm 7.95 6.36

3000 vpm 8.52 6.82
3200 vpm 1.27
3400 vpm 7.72
3600 vpm 8.18
3800 vpm 8.63
4000 vpm 9.10
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Additional Vibratory Rollers

4

A 05

a

!
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Vibratory Rollers - Amplitude N

asphalté institute

| * Amplitude too high

, " « Travel speed too fast

, =% « Vibrating cool mat

: __ « Roll closer to paver
e Damaged gutter

: e Roll along interface

62



Maximizing Our R.O.I. ' N

asphalt institute

* Infrastructure loads continue to rise
* Budget availability continues to fall
* Increased pavement life can be economically achieved

* Research shows a 10% increase in pavement life can be
achieved by increasing compaction by 1%.

What would a 3% increase in compaction
do for our industry?



% Wayne Jones
£ Senior Regional Engineer
& Asphalt Institute
| wjones@asphaltinstitute.org




Balanced Mix Design (BMD)

DAVE JOHNSON, P.E.
SENIOR REGIONAL ENGINEER, ASPHALT INSTITUTE

IDAHO ASPHALT CONFERENCE

O Moscow, IDAHO

Oldcastle

Materials




Discussion ltems

* Need for Balanced Mix Design
® Performance Testing Discussion
® Balanced Mix Design Examples

* FHWA Balanced Mix Design Task Force
Efforts

®* Next Steps

Idaho 2016




Need for Balanced Mix Design




Balanced Mix Design Definition

- “Asphalt mix design using performance tests on appropriately
conditioned specimens that address multiple modes of distress

taking into consideration mix aging, traffic, climate and location
within the pavement structure.”

« Basically, it consists of designing the mix for an intended
application and service requirement.

Idaho 2016



e Problems:

O

O

Relying on volumetrics along to provide
performance

Dry mixes exist in some (not all) areas

e Solutions:

O

O

0

Didcastle

Recognize performance issues related to dry mixes
in some areas. (Note: Many performance issues are
caused factors outside the mix design)

Increase understanding of the factors which drive
mix performance

Design for performance and not just to “the spec”.

Start thinking outside of long held “rules and
constraints”

Innovate!

.. maybe we should
try to think
out of
the

www cortoancregtoronl



Mix Design Specifications

e Largely recipe driven
O Aggregates and grading
O Volumetrics (Va, VMA, VFA, D/A, etc.)
O Binder grade and/or minimum %
o RAP and/or RAS
o WMA

e While this may work, there are problems

O What happens when the recipe fails?

o Specifications have become convoluted and confounded
= Existing specified items compete against each other
= New requirements get added and nothing gets removed
o “Spec Book Creep”

O Innovation has become stifled with our knowledge outpacing
0 specifications

Didcastle |dah0 2016




e Each day, approximately 1.4 Million tons of HMA are produced in the U.S. (M-F production basis)
e Equivalent to ~2500 lane miles @ 12’ wide and 1.5” thick

e Distance from New York to Las Vegas

" WA HireE oo . MOKTH Dakors, r
Plir b ETR

Cminon

- Massau

. G of Moxica g
Long term research is certainly needed, but we must take steps

L“I NOW towards a solution

Didcastle Idaho 2016




e Design and optimum binder content are often used
interchangeably

e However, they mean two different things

e There can be many design binder contents for a mix,
but only one truly optimum

e Optimum indicates the best binder content based on
intended application, performance
requirements/needs, and ultimately economics

e Goalis to get as close as possible to the true
optimum for the mix

0

Didcastle

Idaho 2016



What Type Distress Is Occurring?

Oldcastle Survey Question: Longitudinal )
Within the past 5 years, what type of mix Cracking
performance related distress has been most Reflective

Cracking

evident in your mixes?

Ravelling 30%

~40 companies responding from ~30 states

Thermal

Cracking 21%

Fatigue

Cracking 16%

Slippage 16%

Top Down

Cracking 12%

Stripping

7%

q
2

Rutting

0

Oldcastle Idaho 2016




Balance the Mix Design y'N

asphalt‘ institute

Smooth Quiet Ride
Skid Resistance

Strength/ Durability
Stability

Crack
Rut Resistance Resistance
Shoving Raveling
Flushing Permeability
Resistant

DON’T ATTACK ONE HALF AT THE EXPENSE OF THE OTHER HALF!!



Agencies Are Searching for Solutions: Spec Changes

e Superpave system is becoming unrecognizable with specifications changing rapidly as
agencies search for ways to improve durability

e Establishing true “cause and effect” is impossible

Survey Question: Which of the following specification changes has your DOT implemented
in the last 5 years?

Grade Bumping 44%, ' ased m 23%

I woeed
*F;::Hn::;:: _ 30% Eliminated RAS - 12,
Foversa 0 csome. D 2

Performance
& Testing (Crack) 26% Mone of above 12%

Lowered Design
Air Voids

Idaho 2016

23% Set Min Pb
Effective ™




Agencies are Searching for Solutions: Ndesign

Ndesign varies
widely w/ levels
being reduced
with the intent
of gaining more
binder

Problem:

Lower gyrations
do not
necessarily
equate to more
binder

0

Didcastle

Alabama 60 New Mexico 75,100, 125
Arkansas 50, 75,100, 125 New York 50, 75, 100
Colorado 75,100 North Carolina 50, 65,75, 100
Connecticut 75,100 Ohio 65
Florida 50,65,75,100 Oklahoma 64-22 (50), 70-28 (60) , and 76-28 (80)
Idaho 50,75,100, 125 Oregon 65, 80, 100
lowa 50, 60, 65, 68, 76, 86,96, 109, 126  [pennsylvania 50, 75, 100
Kansas 75,100 RhodelIsland 50
Kentucky 50, 75,100 Tennessee 65 or 75 Marshall
Maine 50,75 Texas 50
Massachusetts 50, 75,100 Utah 50, 75, 100, 125
Michigan 45,50, 76, 86, 96, 109, 126 Vermont 50, 65, 80
Minnesota 40, 60, 90, 100 Virginia 65
Mississippi 50, 65, 85 Washington 50,75,100, 125
Missouri 50, 75, 80, 100, 125 West Virginia 50, 65, 80, 100
Montana 75

Nebraska 40, 65, 95 As of March 2015

Nevada Use Hveem

New Hampshire 50,75

New Jersey 50,75

Idaho 2016




Enhancing the Durability of Asphalt Pavements

e “Volume of Effective Binder (Vbe) VOL (cw) TAts )
is the primary mixture design :
factor affecting both durability
and fatigue cracking resistance.” : T e

O Vbe = VMA - Air Voids

Air Voids = 7.6% Effective Asphalt Content = 4.6%
VMA = Absorbed Asphalt Content =0.4%

e “A number of state highway TA=58.2% Max Theo Sp Grav =2.521
agencies have decreased the
design gyration levels in an
attempt to increase effective
binder contents. However,

o b o
L

FORTATION R

CIRCULAR

decreasing the design gyrations Enhancing the
may not always produce mixtures Asphalt Pavemonts
With higher Vbe-" Papers from o Workshop

Impact of Mix Design on Asphalt Pavement Durability

0 EanioN BONAQUIST
Oldcastie Advanced Asphalt Technologies, LLC




Enhanced Durability of Asphalt
Pavements through Increased In-Place
Pavement Density

n - e
UBEERY S 4

C] Workshop Only (15) :
: : PR
- Demonstration projects (10)




istory of Mix Design

eBarber Asphalt Paving Company
eAsphalt cement 12 to 15% / Sand 70 to 83% / Pulverized carbonite of lime 5 to 15%

oClifford Richardson, New York Testing Company
eSurface sand mix: 100% passing No. 10, 15% passing No. 200, 9 to 14% asphalt
eAsphaltic concrete for lower layers, VMA terminology used, 2.2% more VMA than current day mixes or ~0.9% higher binder content

eHubbard Field Method (Charles Hubbard and Frederick Field)
eSand asphalt design Stability
*30 blow, 6” diameter with compression test (performance) asphaltic concrete design (Modified HF Method)

*Francis Hveem (Caltrans)
eSurface area factors used to determine binder content; Hveem stabilometer and cohesionmeter used

Stability + Durabilit
e Air voids not used initially, mixes generally drier relative to others, fatigue cracking an issue Y ¥

eBruce Marshall, Mississippi Highway Department
eRefined Hubbard Field method, standard compaction energy with drop hammer Stability + Durability
e|nitially, only used air voids and VFA, VMA added in 1962; stability and flow utilized

e Superpave
e Level 1 (volumetric)
e Level 2 and 3 (performance based, but never implemented)

A
|
|
|
|
|

Idaho 2016

http://asphaltmagazine.com/history-of-asphalt-mix-design-in-north-america-part-2/



http://asphaltmagazine.com/history-of-asphalt-mix-design-in-north-america-part-2/

Performance Testing of Asphalt Mixes

Oldcastle

Materials




Stability Testing

Oldcastle

Materials




Stability Evaluation

e Evaluate mix stability with one of several available “rutting” tools.
O Hamburg, APA, AMPT Flow Number, etc.
O Failure criteria
= Based on best available research (local, regional, or national)

= Function of traffic (e.g., low, medium, high) and/or mix end
use applications

Didcastle |dah0 2016




Stability Evaluation Survey

100%
80%
60%
40% = ——
23%
N . . _ -
| i
0%
Volumetrics Hamburg Asphalt Other AMPT Flow AMPT
Only Wheel Pavement (please Number Dynamic
Tracker Analyzer specify) Modulus
L“' (HWT) (APA)

Didcastle Idaho 2016



Durability Testing

Oldcastle

Materials




e Durability/cracking evaluation is
substantially more complicated than
stability

O What is the mode of distress?
O What is the aging condition?

e Cracking prediction is a known “weak” link
in performance testing

O No general consensus the best test(s) or
the appropriate failure threshold

e GOALS
O MATCH THE TEST TO THE DISTRESS
O SET APPROPRIATE FAILURE THRESHOLDS

0

Didcastle

Idaho 2016



Match the Test to the Distress

e Disc

- Four-point Shaped @ * Texas
BXE e DI R 5 Bending ~ Compact Overlay Test
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Cracking Tests: Strain and Cycles lllustration

Monotonic
Very high strain

Low

Tes T
e

Overlay ‘
High strain High
| Fatigue

Lower strain

Strain level

1 No. of cycles



What is the Best Cracking Test? It Depends!

Design for Field Validation of NATIONAL COOPERATIVE HIGHWAY RESEARCH PROC

Responsible Senior Program Officer:

Laboratory Tests to Assess e
Cracking Resistance of Asphalt  Research Results Digest 399
Mixtures FIELD VALIDATION OF LABORATORY TESTS TO ASSESS

CRACKING RESISTANCE OF ASPHALT MIXTURES:

. AN EXPERIMENTAL DESICGN
O TO p tEStS fo I various This digest summarizes key findings of research conducted in MCHRP Project
. . . o 09-57, “Experimental Design for Field Validation of Laboratory Tests to
d Istresses | d ent |f| e d by Assess Cracking Resistance of Asphalt Mixtures,” by the Texas Afib

Transportation Institute, Texas ASEM University, College Station, Texas.

. . This digest is based on the project final report authored by Dr. Fujie £hou,
n at IoONa I g rou p Of aCa d emia ) D, David Mewcomb, Mr. Charles Gurganus, Mr, Sevedamin Banihashemrad,
D, Hiler}ram Sakhe%eilulr, Dr. Euni 5;%1F"urk, and E'J:Ir. Robert L. L tLle. The
H complete project final report an ree appendixes are available to
d ge n Cyl an d In d u St ry downloead at http:/fapps.trb.ong/cmisfeed/ TRENetProjectDisplay.asp?
. ProjectiD=3644.
represe ntatives

Table 3 Cracking tests selected at the workshop.

Bottom-Up Fatigue

Thermal Cracking Tests Reflection Cracking Tests Cracking Tests Top-Down Cracking Tests
l. DCT 1. OT 1. Beam fatigue 1. IDT-Florida

2. SCB-IL 2. SCB-LTRC 2. SCB-LTRC 2. SCB-LTRC

3. SCB (AASHTOTP105) 3. BBF 3. OT*

*OT for fatigue cracking was added later by request of the panel. Note: SCB-IL is now I-FIT
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Cracking Deformation
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Thermal Cracking Fatigue Rutting
DC(t) Semi-Circular Bend Hamburg

T (-18 or -24°C) T (25°C) HT (50°C)
D e
Long Term Aging — AASHTO R30 (5 days at 85°C)
* SCB and DCT

* Recovered binder grade and ATc




Performance Space Diagrams

e Performance space 0
_ STIFF MIX SUPER MIX
diagrams show the =2 (bottom layers of (SMA. high
performance of a mix E N full depth S trafﬁc.surface
) = pavements) - mixes)
related to multiple B !
tests e
g %
e Allows the mix .0 1‘ \
. . . 3 POOR MIX
2
designer to visualize £, | (non-surfacs, low SOFT MIX
the mix performance T traffic or temporary (reflective crack
) 14 - use only) control)
and how to engineer

the mix to provide the 0 200 400 600 800 1000 1200
desired performa nce DC(T) Fracture Energy (J/m?)

P |||UStr'ateS the ImpaCt From: Dr. Bill Buttlar, University of lllinois

of varying mix factors
on performance.

0
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FHWA Performance Based Mix De5| n&

asph institute

Fatigue Cracking Rutting

Design Air Voids

04 | 0
For every 1% increase 40% increase | 22% decrease

Design VMA

: 0 04 |
For every 1% increase /3% decrease | 32% increase

Compaction Density

For every 1% lower
In-place Air Voids
(Increasing Density
Improved Both!)

19% decrease |10% decrease

Courtesy of Nelson Gibson



Superpave 5 — Purdue Research '\

asphalt‘ institute

e Design at 5% air voids and compact to 5%
voids in field (95% G, ..)

* Lower design gyration to increase in-place
density
 No change in rutting resistance
* No change in stiffness

* Improve pavement life
 Reduced aging

* Maintained Volume of Eff. Binder (V,,)
* Increased VMA by 1%

Courtesy of Gerald Huber



Balanced Mix Design Task Force

- Development and Work

Oldcastle
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Task Force Development

e At the request of the National Pavement Implementation
Executive Task Group (PIETG) the Balanced Mix Design
Task Force formed at the September 2015 FHWA Mixture
and Construction ETG meeting

e Focus Areas

Didcastle

Define Balanced Mix Design
Determine the current “state of practice” of BMD
Present approaches/concepts for immediate use

Recommend future needs (potential research) to
advance BMD approaches

Disseminate information

Idaho 2016



BMD Task Force Membership

Dave Newcomb

Texas Transportation Institute

Academia/Research

d-newcomb@ttimail.tamu.edu

John Haddock

Purdue University

Academia/Research

jhaddock@purdue.edu

Kevin Hall

University of Arkansas

Academia/Research

kdhall@uark.edu

Louay Mohammad

Louisiana State University

Academia/Research

Louaym@Lsu.edu

Brian Pfeifer [llinois DOT Agency Brian.Pfeifer@illinois.gov
Bryan Engstrom Massachusetts DOT Agency Brian.Pfeifer@illinois.gov
Charlie Pan Nevada DOT Agency cpan@dot.state.nv.us
Curt Turgeon Minnesota DOT Agency curt.turgeon@state.mn.us
Derek Nener-Plante [Maine DOT Agency derek.nener-plante @maine.gov
Eliana Carlson Connecticut DOT Agency Eliana.Carlson@CT.gov
Howard Anderson [Utah DOT Agency handerson@utah.gov
Oak Metcalfe Montana DOT Agency rmetcalfe @mt.gov
Robert Lee Texas DOT Agency Robert.Lee @txdot.gov
Steven Hefel Wisconsin DOT Agency Steven.Hefel@dot.wi.gov
Frank Fee Consultant Consultant frank.fee@verizon.net
John D'Angelo Consultant Consultant johndangelo@dangeloconsultingllc.com
Lee Gallivan Consultant Consultant lee@gallivanconsultinginc.com
Richard Duval FHWA - Turner Fairbank FHWA Agency Richard.Duval@dot.gov
Tim Aschenbrener |FHWA - Denver FHWA Agency timothy.aschenbrener@dot.gov
Andrew Hanz Mathy Construction Industry Andrew.Hanz@mteservices.com
Chris Abadie Pine Bluff S&G Industry abadie3522@icloud.com
Erv Dukatz Mathy Construction Industry Ervin.Dukatz@mathy.com
Gerry Huber Heritage Research Industry Gerald.huber@hrglab.com
L1 Shane Buchanan Oldcastle Materials Industry sbuchanan@oldcastlematerials.com
Oldeantie Anne Holt Ontario Ministry of Transportation |Provincial Agency Anne.Holt@ontario.ca

Randy West

NCAT

Research

westran@auburn.edu
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Balanced Mix Design Definition

- “Asphalt mix design using performance tests on appropriately
conditioned specimens that address multiple modes of distress

taking into consideration mix aging, traffic, climate and location
within the pavement structure.”

« Basically, it consists of designing the mix for an intended
application and service requirement.

Idaho 2016



Agency Practices Related to BMD




Agency Approaches — 3 Main Approaches Identified

Bl s Select Trial Gradation;
vmg' Ensure Aggregate Blend Properties
{ ' Y
Conduct
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Volumetric Design w/ Performance Verification

Balanced Mix Design Select Trial Gradation;
F:m’;' Ensure Aggregati Blend Properties
Y
Conduct
Vol tric A ] . .
5 ;L'I:c'fﬁe;ag’f’s __ O Volumetric Design w/ Performance
S | volumetric Properties Verification — basically, it is straight
E co:dm . Superpave with verifying performance
@ | Performance Tests g properties; if the performance is not there,
E c“““:_‘g g start over and re-design the mix.
racking . .
E = Volumetric properties would have to fall
o within existing M323 limits. Example
- Performance™,Ng__| . . e
3 Passed? States: lllinois, Louisiana, New Jersey, Texas,
c . .
2 Wisconsin
E Conduct
O Moisture Damage g
= g2
) 33
= s &
= 28
S 23
&

0
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Performance Modified Volumetric Design

0

Didcastle

Balanced Mix Design

Flowchart:
v. 09-08-16

Select Trial Gradation;

Ensure Aggregate Blend Properties

:
Conduct
Volumetric Analysis
Determine [nitial
Design Binder Content

[

Conduct
Performance Tests

Rutting
Cracking

Performance ~,NO

Conduct

Moisture Damage
Test

Performance-Modified Volumetric Design

Moisture

5

Decrease Moisture

| Verify Volumetric Properties |

| validate JMF / Production |

Adjust Mix Proportions
And'or Binder Content

Susceptibility

O Performance-

Modified Volumetric
Design — the initial
design binder
content is selected
using M323/R35
prior to performance
testing; the results of
performance testing
could ‘modify’ the
mixture proportions
(and/or) adjust the
binder content —and
the final volumetric
properties may be
allowed to drift
outside existing
M323 limits. Example
State: California
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Performance Design

Dbl e Select Trial Gradation;
F:m’;' Ensure Aggregate Blend Properties
!
¥
Conduct
Performance Tests
Rutting
O Performance Design — this involves Cracking
. . Select Desi
conducting a suite of performance tests at £ Sinder Content
varying binder contents and selecting the e . t -
. . 0 ondu
design binder content from the results. @ | Moisture Damage (<9 §
. . Test =
Volumetrics would be determined as the E 3:%
‘last step’ and reported — with no 8 g§
requirements to adhere to the existing 8 3
M323 limits.  Example States: New Jersey
w/ draft approach Conduct
Volumetric Analysis
Determine & Report
Volumetric Properties
at Design Binder Content

Didcastle . Idaho 2016
Validate JMF / Production (=€




BMD Basic Example — Volumetric Design w/
Performance Verification

* Texas DOT , _ , ,
Balancing Rutting and Cracking Requirements
Volumetric design conducted " 206
Hamburg Wheel Tracking 141 1700
Test (HWTT) AASHTO T 324 . 121 s T 6% g
Overlay Tester (OT) Tex-248-F - 1:' :::;E —_—
2 T Crack

Three asphalt binder g . A== [ 300 £ =
contents are used: optimum, © .| rren 4200 &
optimum +0.5%, and 24 100
optimum -0.5%. 0 , o 0

_ 4 45 5 1 55 ¢ 6 65 Asphalt Content (%)
The HWTT specimens are ey e —
short-term conditioned. SRR S
The OT specimens are Iong- Within this acceptable range (5.3 to 5.8 percent),

the mixture at the selected asphalt content must
meet the Superpave volumetric criteria.

term conditioned.
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NJDOT/Rutgers y'N

asphalt institute

e Balanced Mixture Design Concept

* Mixes are designed to optimize performance
 Not around a target air void content

e Take an existing virgin mix design
e Start at a “dry” binder content

e Add binder at 0.5% increments — measure rutting and
cracking

 Determine range where rutting and cracking are optimized
e Conduct volumetric work

e Performance criteria (limits) already determined
based on virgin mixes



New Jersey Balanced Design F'N

asphalt‘ institute

10 : 1000
—o—APA Rutting (mm) |

? —i—Overlay Tester Fatigue | 300
. (cycles)
E 8 +|— -Optimum AC% (JMF) | 800 =
= | o

>

£ 7 i » 700 &
£ @
< 6 | 600 s
g I S
=
ru | S
c 5 500 &
< =
g <
c 4 400 o
@ e
> o
5 =
= 3 300 Z
2 E
o >
< 2 200 ©

1 Area of Balanced 100

Performance
| 5.2-5.9%
0 0
4 4.5 5 5.5 6 6.5

Asphalt Content (%)
Courtesy of Tom Bennert



Balanced Mix Design Research — New Jersey A

asph institute

* Most NJ mixes found to be below (dry) of the
balanced area

* Plant QC air voids requirements need to be re-
evaluated to account for the added binder

e Changes in production volumetrics are likely
required to move the mixes in the right
direction



FHWA Technical Brief - Draft

« Technical Brief being developed to provide a current summary of the BMD TF efforts.

- Target publication of end 2016 (or sooner).

‘Balanced Mixture Design Approaches

Bfief for Asphalt Pav

The Asphalt Pavement This Technical Brief
Technology Program is an mixture design (B
integrated, national effort to states in asph av nt construction. These

improve the long-term approaches under development and this
performance and cost documentwill attempt to show the current status and
effectiveness of asphalt some ¢ @ es that will need to be addressed in the

pavements. Managed by the future.

t Construction

an overview of balanced
roaches currently used by

0
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» Research Problem Statement prepared and submitted last week to
AASHTO for a NCHRP 20-07 Project.

Development of a Framework for Balanced Asphalt Mixture
Design and Gap Analysis

e Goals

O Survey of all state highway agencies (SHAs) to determine the use
and status of BMD practices

O Review of literature for the development and state-of-the-practice
for performance testing,

O Develop a practice that is a framework for BMD for
implementation of performance testing in the design of asphalt
mixtures,

O Develop research problem statements with funding needs based
on gaps identified for development of a more detailed standard
practice for BMD, and

O Prepare a final report that documents results, summarizes
findings, draws conclusions, and presents the (a) proposed
practice and (b) research problem statements based on identified
gaps with funding needs and a recommended plan for submittal.

0

Didcastle

NATIONAL

COOPERATIVE
HIGHWAY
RESEARCH
PROGRAM

NCHRF Project 20 07 Task ...
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Comtract Time: 17 snonrhs
Fumals: 5100 40
Staff:
Etaff Fhone:
Stafl Email:
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The Path Forward for Balanced Mix Design

e Recognize the need and move
incrementally in the appropriate direction
to limit risk of mix performance issues.

e Must continue with theoretical
research/modeling efforts, but not be
afraid to utilize practical approaches to
find solutions. Your plan

e Recognize that this is a long term effort
with ups/downs, but we must start now. Reality -

Idaho 2016




Final Thoughts on Mix Design

e Key Points to Keep in Mind Engineering Flowchart
1. “Use What Works” e Rk
2. “Eliminate What Doesn’t” nlm Y:!a-
. . ' |
3. “Be as Simple as Possible, Be Shoulld it? snculm it?
Practical, and Be Correct” ! l § l
) T T )

Mo _!! Mo
Problem ﬁ Problem

“Good doesn’t have to be
complicated and complicated isn’t

always good!”

Idaho 2016
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Questions/Discussion '\

asphalt‘ institute

What is Achievable?
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