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Balanced Mixture Design for HMA

In simple terms;
A method of designing HMA to optimize
its overall performance
It can be as simple or as complicated
as you want
From performance testing after mixture 3 Asphal Minure Testing
design = =" TN | [ ’
To mechanistic evaluations that include
traffic, climate, and pavement modeling
Unfortunately, when Balanced
Mixture Design and Performance
Testing are mentioned, most
agencies and industry do the
following...
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6. Multiple Runs for PEMD 5. Pavement Damage 4. Pavement Structure, Traffic & Climate



Balanced Mixture Design for




Why the Need for Performance Testing During Mixture

Design and Production?

Problems: .

Volumetrics alone can not adequately evaluate mix
variables, such as recycle, warm-mix additives,
polymers, rejuvenators, fibers and production factors.

Performance Testing Allows Us to:

Recognize performance issues related to dry or wet
mixes in some areas.

Increase understanding of the factors which drive mix
performance

Design for performance on critical infrastructure

Evaluate changes in asphalt mixture performance due
to production factors

Innovate! Asphalt is an engineered material!




Concept of BMD is not New!
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Concept of BMD is not New!
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Balanced Mix Design Approaches

| || Volumetric Design with Performance Verification Limited states have
| Performance-Modified Volumetric Mix Desigr implemented performance
Performance Design testing in specs
’ Majority using "Approach #1"

However, a number of states
are now evaluating
incorporating performance
testing and BMD



BMD Approaches

Approach #1 (NJ, IL, LA, TX, OK) o | o |
Conduct mix design using volumetrics TR e el
Check performance —if Fail, Redesign S | s

Approach #2 (CA) o g T
Volumetrics used as starting point el C

Performance testing conducted to “fine tune” optimum AC
Ultimately, volumetrics are “relaxed”

Approach #3
Optimum AC solely determined using performance testing
True “"Balanced Mixture Design”
Volumetrics checked but Performance Testing dictates asphalt content



Recent BMD and Performance Specs in

the Area




Recent Local BMD Efforts

DelDOT

Generating database of mix performance
using APA, IDEAL-CT and Overlay Tester

Using mix performance to verify High RAP
and RAS mixes
PennDOT

Long Life Asphalt Pavements (LLAP)

SMA over agmm

Hamburg, SCB Fl, Overlay Tester, Low Temp
SCB and Disk Shaped Compact Tension (DC(T))

2021 — Projects with Hamburg Wheel
Tracking and IDEAL-CT

Pennsylvania
Department of

Transportation
PENNDOT




Recent Local BMD Efforts

NYSDOT :] —. E
Completed StUdy evaluating approved %%E ..................................... ,\ Ezgg
asphalt mixtures utilizing BMD sl i
concepts

Performance testing at -0.5%, Opt, +0.5%, T o
+1.0%
Rutting: APA, Hamburg, High Temperature IDT e e
Cracking: Overlay Tester, SCB FI, IDEAL-CT . L —

Determined if volumetric optimum AC% is
in the range BMD T P

Half of asphalt mixtures were found to

not be balanced (failed for cracking)
AR AR AR



Recent Local BMD Efforts

NETC (New England Transportation
Consortium)

Worked with regional state
consortium to help develop

performance test criteria goa |1 {{
Surveys on pavement performance and Fa0 | O ) Pnl T
tes.t m eth Od S :ZO Q;0}00 40}()0 60100 SOL)O 102)00 12(:)0 14(;00 16000 ; ZJOO 40}00 60100 8(;00 10(;00 12000 14000

Performance test criteria development

Recommendations on implementation and
field validation of criteria




NJDOT Performance Related Specifications (PRS)

NJDOT developed PRS using
the Asphalt Pavement Analyzer
(AASHTO T340) and Overlay
Tester (NJDOT B-10)

Flexural beam fatigue used for
BRBC and BDWSC mixes

Criteria established for different
mixes based on research and
field performance history




NJDOT - QC Performance

Although APA and Overlay Tester are great tools
for mix design and assurance, not suited for QC
testing during plant production

APA (Rutting)
4 to 6 gyratories

> 6 hours conditioning; 2+ hours testing
Larger sized equipment and moderately expensive

Overlay Tester (Fatigue Cracking)
5 gyratories
Cutting, trimming, gluing and testing = 2 days
Larger sized equipment and moderately expensive



Performance Test Method Requirements for QC

(NCHRP 9-57)

Simplicity: no instrumentation, cutting, gluing, drilling and/or
notching

Equipment Cost: as inexpensive as possible

Practicality: minimum training necessary

Efficiency: test completed within 1 minute

Repeatability: Coefficient of Variation (COV) less than 25%
Sensitivity: sensitive to asphalt content, volumetrics, binder type,
aging

Correlation to Field: a must! (or highly correlated to an accepted &
existing procedure)




IDT Performance Testing - Procedures




Required IDT Test Procedure Equipment

2 Water baths (or environmental or combination of both)
Loading frame with capacity of 10,000 Ibs and loading rate of 2
In/min




IDT Testing — Conditioning

Conditioning CondUCtEd for 2 45 é::::::::::::::::::::;::::;;::;:::::::::::::::::Z
hours at test temperature in £ Waerdah
S 35 g Nrappe
water bath : | o
= 30 + *#1 (Wrapped)
& - —o—BRIC #2
Testing showed specimens could 2 RS
be conditioned wet or dry (sealed) A T S R R
Time (minutes)
NCHRP g-57A confirmed for IDEAL-CT o
- O95mm Dry vs
Dummy specimen with thermistor g0 oo
helps to speed up time T W
2 30 +
% 20 ——
=10
0 F
0 10 20 30 40 50 60 70

HT-IDT Strength @ 95mm Dry (psi)



Test Equipment for BMD and QC Performance

Testing

Rutting and cracking
performance can be
assessed with minor
Investments using IDT
set-up
Can use T166 water bath
for IDEAL-CT

Additional Cost: SMART
JIG allows most
compression machines at
5o mm/min to be used




InstroTek’s SMART IDT Jig

2N = 1{:1[)'?:&-!12.27 PM

how F||e Smart Jig Verification BTIC 0l #1 TSRIAT 1:18-2019 4:20:51 AM csv

Peak Load (Stablllt)') 19.13 kN Save as Save as
BE et 257 m Details PDE Batch File Finished
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Test Data Output — Pen & Paper

Can still conduct the test using
old pen and paper of Marshall
press
May have issues with soft mixes
running off paper
Import data to Excel
Manual or digitally
Determine area under curve
(integration)
Follow calculations for slope and
final CT.

index




Rutting — High Temperature IDT, HT-IDT (AAT,

2011)

High temperature IDT (NCHRP 9-33
Recommendations)

Uses TSR IDT frame with Lottman head (used
forTSR; AASHTO T283)

Gyratory compacted samples (set air void level
to specified)

5o mm/min (2 inch/min) deformation rate

Test temperature is 20°C lower than local
climate (LTPPBind 3.1, 98% Reliability, 20 mm
below surface, not corrected for traffic or
vehicle speed)

For NJ = 44°C




Fatigue Cracking — IDEAL-CT (Zhou etal.,

AAPT 2017)

Fatigue Cracking (ASTM
D8225)

Uses TSR IDT frame with Lottman
head (used for TSR; AASHTO

T283)

Gyratory compacted samples (set
air void level to specified)

5o mm/min (2 inch/min)
deformation rate

Load (kN)

Test temperature is 25°C

0 1 2 3 B 5 6 7 8 9 10 1 12

Displacement (mm)



IDT Performance Testing
- Variability (Round Robin Results)




Variability — NJ Round Robin

Five different asphalt
mixtures designed for
different levels of
performance

Specimens compacted to
height targeting 6% +/- 0.5%
air voids

Asphalt | Mixture | Binder HT-IDT (psi) IDEAL-CT
Content ID Grade Ave Std Dev Ave Std Dev
5% AC Mix #1 64-22 38.6 0.9 81.4 6.9
Mix #2 64-22 32.5 1.2 134.0 4.5
0
3% AC Mix #3 76-22 60.0 0.6 184.1 41.2
6% AC Mix #4 64-22 31.7 1.5 169.1 15.7
6.5% AC | Mix #5 76-22 45.0 1.1 456.0 26.8




Variability — NJ Round Robin

Great care was taken to make sure each e o [am o s ol bomes] gom [ omn |
(g/cm®) | Content(%)| 3/8" No.8 | No. 200 (g/cm®) | Content (%) 3/8" No.8 | No. 200
B4 2.752 5.01 932 39.9 68 ca 2.705 559 9222 419 75
. \\; . /4 B8 2749 5.16 93.8 433 7.1 c8 2708 5.50 94.1 437 75
S p e C I l I I e n Wa S C re ate I e nt I C a y B12 2.743 491 90.7 383 67 c12_ | 2706 5.62 917 40.7 6.0
B16 2.736 494 923 40.9 7.0 ci6_ | 2702 559 914 393 6.1
B20 2.728 5.1 90.8 435 8.0 c20 | 2694 561 925 414 7.0
E th B24 2.724 5.10 91.8 403 6.4 C24 | 269 5.50 904 | 407 68
very 4™ samp le com pacte d was broken 7 N 0 2 T Y
B32 2.733 5.06 90.7 421 6.7 32| 2694 5.60 918 | 419 58
C36 | 2690 5.58 89.8 39.1 59
d OW n a n d te Ste d Average 2.737 5.04 91.7 41.1 6.9 Average | 2.701 5.57 91.7 40.9 6.6
stdDev |  0.010 0.09 127 179 | 048 || stdbev | 0.006 0.04 1.23 150 | o0.67
CoV% 0.37 171 138 | 435 6.89 cov% | 0.2 0.80 134 | 366 | 1021
Gmm Asphalt % Passing Gmm Asphalt % Passing
G mm SampleD | /om?) |content(%)| 3/8" | No.8 | No.200 | |"°™'®'°| (o/em?) | Content(%) | 3/8" | No.8 | No.200
D4 2677 5.91 91.2 383 64 E4 2.704 5.54 92.9 408 6.9
A h | D8 2.684 5.99 924 | 411 65 £8 2.703 5.44 91.9 40.9 7.0
Sp d t Cco nte nt D12 2683 611 915 428 72 E12 | 2701 5.51 89.5 409 67
D16 2.690 6.06 911 427 6.8 E16 | 2.689 541 916 403 63
. D20 2.690 6.14 917 414 68 E20 | 2.690 5.53 918 423 73
G rFa d a t 10N D24 2.680 6.00 917 40.9 72 £24 | 2693 5.39 89.7 384 65
D28 2.688 5.91 914 | 425 72 28 | 2.705 5.49 89.2 387 65
. . . . D32 2.664 6.10 893 401 65 32 | 2702 5.50 92.1 404 72
After air voids determined, specimens
I/ Average | 2.682 6.03 913 | 412 6.8 || Average | 2.699 5.48 911 | 403 6.7
. . . . stdDev |  0.009 0.09 0.90 152 034 || stdDev | 0.006 0.05 131 118 | 039
d rl e d W ra p pe d I n p | a St I C a n d a SS I g n e d a CoV% 032 1.48 098 | 370 | 5.0 cov% | 0.4 0.96 144 | 293 5.80
Gmm Asphalt % Passing
/ SampleD | /om?) |content(%)| 3/8" | No.8 | No.200
Fa 2.655 6.60 917 40.7 65
n U l I l e r F8 2.653 6.54 94.5 423 6.9
F12 2.662 6.43 90.4 39.7 64
F16 2.655 639 88.4 39.2 6.4
. . F20 2.648 6.41 89.5 39.9 68
Samples designated to labs using random
F28 2.653 6.43 90.8 30.1 63
F32 2.651 657 946 | 427 73
n U m b e rS F36 2,667 6.48 93.2 42.9 7.5
Average |  2.656 6.49 914 | 409 6.8
StdDev |  0.006 0.08 223 151 | 043
cov% 022 118 244 | 370 | 637




Variability — NJ Round Robin

. . . . Laboratory Test Equipment Conditioning
Nine laboratories tested five different Cio#t | gt Pl amtal | Rie e Waer b
. Lab #2 Auto SCB Compression Water Bath
asphalt mIXtU reS for I DEAL_CT |ndex and Lab #3 Humboldt Compression Water Bath
Lab#4 Smart Jig with Pine Marshall Humboldt Water Bath
H T - I DT Lab #5 Smart Jig with InstroT ek Compression | Humboldt Water Bath
Lab #6 Smart Jig with Humboldt Compression | Humboldt Water Bath
7 aspha |t pla Nt QC |a bS Lab #7 Smart Jig with Pine Marshall Water Bath
Lab#8 Smart Jig with Pine Marshall Water Bath
1 State a g e n Cy | a b Lab #9 Auto SCB Compression PolyScience Water Bath

1 university lab




Variability — NJ Round Robin

70
Test methods found to be . s
: P
repeatable even when using =T ot s
= 40 +
. . . . o C 33.2
= : 29.2
different test and conditioning Fal T 4
equipment z
quip ]
0 f f f f
Mixt Average Single Operator [Average Multiple Operator 600 VAL Mz M Mixid - Mias
[ COV% COV% :
HT-IDT | IDEAL-CT | HT-IDT | IDEAL-CT 500 +
Mix #1 9.3 16.9 12.1 20.3 5 0k 407.7
Mix #2 12.6 15.7 14.4 17.2 = ;
Mix #3 6.8 19.9 11.3 25.3 Q 300 ¢
Mix #4 6.5 8.6 10.3 18.0 < 500 & 20]-3 18F.2
Mix #5 5.8 15.0 11.0 34.2 = : 121.1
100 + 8?['8
Average 8.2 15.2 11.8 23.0 :
0

Mix #1 Mix #2 Mix #3 Mix #4 Mix #5



Variability — NJ IDT Round Robin

If evaluating variability IDEAL-CT HT-IDT

. Lab Sample # | Z-score Rating Rating Lab Sample # | Z-score Rating Rating
usin g AAS HTO Re ‘source o Sample 1| -0.885 5 5 o Sample 1| -0.110 5 5
h d | b d Sample 1| -0.205 5
met O SI no Ia score Lab#3 | Sample2 | -0.804 5 5 Lab #2 szmiz -0.906 5 5

| h \\ /7 f
Sample1| -0.716 5
ower thana "3" for 3 T . a el
average results ample o753 |
Sample 1| -0.783 5
g Lab#5 | Sample2 | -0.108 5 5 Lab #4 SZEEE 2| -1.951 3 4
R E D | h |t Sample 3 -0.084 5 Sample 3 | -1.300 4
COIOr snows resulits
Lab#6 | Sample2 | -0.411 5 5 Lab #5 3
Sample3 | -1.160 4 Sample 3 | -0.072 5
lower than average sample 1| 1353 | sample 1| .15
Lab#7 | Sample2 | -0.559 5 5 Lab #6 5
Sample3 | -0.369 5
GREEN color shows results e o5 T
. Lab#8 | Sample2 | -1.948 3 4 Lab #7 5
h | g h er t h an avera g e Sample3 | -0.488 5 Sample3 | -0.526 5
Sample1 | -0.199 5
i ) Lab#9 | Sample2 | -0.966 5 5 Lab#8 | Sample2 | -1.099 4 5
Lab #H2 had dlfﬂCUlty te5t|ng Sample 3 | -0.329 5
Sample 1| -0.036 5
IDEAL-CT ;




Variability — NJ IDT Round Robin

Higher variability associated with
IDEAL-CT test than HT-IDT 13
More variability when testing softer ’
mixes abG S P P N B
Determining slope and area under curve T e
When using Marshall press, Peak Losd (sabily) (29
operator will need to keep holding 000
down “override” switch or specimen ool
will not reach test failure too]
Test conducted on Marshall with
Smartlig unit /A R A

Displacement (mm)



Equipment Differences (4 Labs)

60 Lab Comparisons
7 Statistical Comparisons
"Not Equal”

4, occasions Marshall vs Auto
SCB

3 0ccasions between same
equipment

2 Marshall

1 Auto SCB

HT-IDT

Mix1 |LAB1-M|LAB2-M|LAB1-IN|LAB2-IN
LAB1-M
LAB2-M| EQUAL
LAB1-IN| EQUAL EQUAL
LAB2-IN| EQUAL EQUAL EQUAL

IDEAL-CT

Mix1 |LAB1-M|LAB2-M|LAB1-IN|LAB2-IN
LAB1-M
LAB2-M| EQUAL
LAB1-IN| EQUAL EQUAL
LAB2-IN| EQUAL EQUAL |UNEQUAL




Loading Rate Differences

Evaluated the loading rates for 30
tests for each lab

A70 =
15 HT-IDT; 15 IDEAL-CT £ gg
SMART lJig used to collect data Ess £932 526 455 5o 929 531 5 g4
On average, Marshall devices 20 - -
higher than current spec (48 to 52 Fis |
mm/min) 830
S Lab | Lab | Lab | Lab | Lab | Lab | Lab | Lab
Howeverl fina| results found to be 2 M1 | M2 (Instr1instr2l M1 | M2 |(Instr 1instr 2
statistically equal IDEAL-CT HT-IDT
NCHRP 9-57A Ruggedness Study of
IDEAL-CT

+/- 2 mm/min not statistically significant



Implementing IDT for QC -
Surrogate Testing for NJ



Using IDT Tests as QC Surrogates

Due to time requirements, APA and Overlay Tester not suitable
for QC testing during production
IDT testing proposed
Need to compare IDT results with standard NJ test methods
APA = HT-IDT & Overlay Tester = IDEAL-CT

Utilized a large database of various laboratory and plant produced
asphalt mixtures



HT-IDT (psi)

HT-IDT vs APA Rutting —

Preliminary Guidance Values in NJ

N =54, COV% =11.8%
APA @ 64C; HT-IDT @ 44C

110 ¢
100 £
90 £
80 £
70 +
60 £
50 +
40 +
30 +
20 £
10

0 o

\
y = -38.53In(x) + 95.11
R?=0.89
00 1.0 20 30 40 50 60 7.0 80 9.0 100

APA Rutting (mm)

- Black Symbols from

NCHRP 9-33

- Open Symbols Rutgers

data

- Black line correlation
- Red dotted line is

proposed.

- Pass/Fail criteria that

includes HT-IDT
Multiple Operator
COV% =11.8%



IDEAL-CT vs Overlay Tester —

Preliminary Guidance Values

n =101, COV% =23%

- Open Symbols
S00 Rutgers data
:45" Y ;213[,3;;1394 © g; - Black line correlation
400 O . .
4 350 - Red dotted line is
E 300 ” proposed.
= 250 - Pass/Fail criteria that
= 200 includes IDEAL-CT
= 150 Multiple Operator
123 COV% = 23%

[' I I I I
1 10 100 1000

Overlay Tester (cycles)



HT-IDT and IDEAL-CT Proposed Criteria for

PRS and BMD

Mixture Tvbe Minimum IDEAL- | High Temperature
e Lyp CT Index IDT Strength (psi)
PG64E-22 190 47
, Surface
High RAP PG64S-22 170 23
(HRAP) |Intermediate| PG64E-22 150 47
/Base PG64S-22 130 23
Bituminous Rich Intermediate Course
250 30
(BRIC)
High Performance Thin Overlay 240 47
(HPTO)




IDT Test Implementation at Other Agencies

IDEAL-CT testis currently being evaluated by
a large number of state agencies across the
country

NYSDOT

MoDOT

Investigating use in Pay Adjustments

MDSHA

Developing database of mixture performance with
both IDT test methods

Alabama DOT

Currently evaluating IDT methods for QC
Local agencies have already starting adopting



Conclusions

Inclusion of performance testing in HMA mix
design & QC/QA under review and
implementation by a number of states

IDT test procedures

Implementable at the QC Lab with quick turnaround
time

Sensitive to mixture parameters
Repeatable
Different test devices & levels of experience

Correlate well with existing test procedures
(Surrogate)

Give them a try, you may like it!




Thank you for your time!

Questions?

B€ CARCFUL WHEI YOU OINLY
RECAD CONCLUSIONS...

Reference: The Anscombe's quartet, 1973 Designed by @YLMSportScrence

Thomas Bennert, Ph.D.
Rutgers University
609-213-3312
bennert@soe.rutgers.edu

THESE FOUR DATASETS HAVE IDENTICAL MEAINS,
VARIANCES & CORRECLATION COCFFICICNTS
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