lingis

ELrHF;iréﬁlcl%Faving py 66" ILLINOIS BITUMINOUS PAVING CONFERENCE
r

Mix Design Optimization and
Artificial Intelligence

Uthman Mohamed Ali
Hong Lang, PhD
Imad Al-Qadi, PhD, PE, Dist. M. ASCE

12/10/2025
E! ILLINOIS CENTER FOR
@B TRANSPORTATION




Background

" Motivation

= Data Preparation

" Model Analysis

" ICT Mix Design Tool

= Conclusion

[E ILLINOIS CENTER FOR TRANSPORTATION ® GRAINGER ENGINEERING 2



Introduction I

= Goal of asphalt mix design is to produce well performing
mix for a given pavement application

" Resistant to
cracking,
rutting, and
Moisture

" Also have a workable mix
Produced according to design and
reach target density in field
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Components of Asphalt Mixture Design

Determine mix type and number of gyrations

E.g IL-9.5 N50
Select materials
Grade of asphalt binder
Type and gradations of aggregates

Design aggregate structure

Batch trial blend
Compact to Ndes and prepare Gmms

Run volumetrics
Optimum binder content
Run performance tests
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Motivation I

" Reduce time to design mixes: Al-driven first-trial saves time
and cost

= Smart optimization: Uses machine learning and genetic
algorithms to improve accuracy

" Flexible and adaptable

Supports predictions using user-defined aggregates and long-
term aging (LTA)
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Data Preparation

Database Size

I-FIT: 18,677
datasets from 2,061
mixes (LTA: 253)

HWTT: 8,263
datasets from 3,782
Mmixes

I-FIT & HWTT: 5,365

datasets from 1,956
mixes
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Gyrations
Agg. Gradation
Binder PG
Binder Content

Polymer
RAP/RAS
ABR
SC/BC/LB
NMAS
AC/SMA

Gradation
G
Gmm
Gsb

AV
VMA
Vbe

mb
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Rut Depth
No. of Passes
Fracture Energy
Flexibility Index
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Database Breakdown

= |-FIT: 18,677 samples (9,133 design, 8,947 plant, 597 cores)

= HWTT: 8,260 samples (8,235 gyratory compacted, 24 cores)
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Data Preprocessing
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Two-step ML Model X

= Step 1: Predict

preliminary aggregate i XGB .
gradation and AC = Y Cyester Content
content for.deswed S rogreqate
and RD using a % N N~ : Gradation
multioutput regressor. 15 inputs 10 outputs

N Step 2: Flne_tu ne VMA ﬁo.&%f???rhilé_ﬁfzrgtr)n()o.ommm)
RAP, AC content, and RF+Genetic
aggregate gradation -
from Step 1 to meet Rut denth
target performance _ N (RD)
US|ng d genetlc 23 inputs 2 outputs
algorithm.
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Model Analysis and Results X

= Step 1: XGB model accurately predicted AC content and
aggregate gradation (R? = 0.96 with and w/o LTA).

m—-m-—

0.634 0.876 0.956
Overall
MSE 13.8 0.775 0.717
Performance
MAE 2.017 2.101 0.321

= Step 2: RF model, using a genetic algorithm, optimized AC
mixture design to meet specified FI and RD requirements.

I-FIT FI - R? 0.747 0.80
HWTT RD - R? 0.797 0.789
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Web-based ICT Optimal Mix Design Tool

HTTPS://MIXDESIGNTOOL.WEB.ILLINOIS.EDU/TEST/

05 (@ 00:01.34 ) <& » CC RN 50

() Accessible via phone,

O 9% ttoolweb.ilinois.edu + (&

& ¢ O hitpsy//mixdesigntool.web.illinois.edu/Test/

FIMyapp FJUWC PJ Al P Conference J Home|Universityo.. & My Drive - Google..  # Google Scholar
General Optimal Mix Design Volumetrics Computation 7~

E ICT Optimal Mix Design Tool (V1.0)

tablet, and web.

Select Prediction Mode

Assign a desired Fl and RD

Fast predictions: Each run

P Design Predict .
i i i Mode: for FI Fland LTA: O Yes
Optimal Mix Design forfte Uho .

Fl 150

. . Do oshave o gty —_ .
Welcome to ICT Mix Design Tool I U .

Note: Flexibility Index (FI) and Rutting Depth
RD) are from the Ilinais Flexibilty Index Test (-

This is a guidance tool; good engineering judgment, experience, and actual testing are needed to finalize a mix design Input Parameters (Mix Type and Binder) ASHTO T 393.22) and the Hamburg

| Tracking Test (HWTT) (AASHTO T 324)

This tool provides initial estimate of binder content and aggregate gradation to meet the preselected Flexibility Index (FI) and Rutting Depth (RD). R NI LG &2
HMA versus SMA HMA ~

Supports two-way

NMAS (mm) 95 J
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@
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*Predict FI & RD for a Design

» The produced AC mix design are subject to the constraints of IDOT specifications (2022)

« IDOT requires 4.0% air voids at the design number of gyrations. The specimens are compacted at 7.0% air void for I-FIT and HWTT tesfing. Therefo RAP Asphalt Content (%) 50 00-100 H H

« The bounds of the database shown in 'Optimal Mix Design' also apply to the model. Extrapolation beyond these bounds is not recommended ows u s e rs o I n u e I r
Recycled Asphalt Shingles (RAS %) [20 0.0-23.0 Export Report

Input Parameters (Volumetrics Design)
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% 1528 13.0-190

Aggregate Properties; Stockpile Design. Binder; Binder Performance Grade. Flexibility Index

Bulk Specfc ravty of Aggregate Blend 5 g 2000~
- . G: 3.000
Technical Specifications (Gsb)

Statement: The output of this tool does not account for surface friction characteristics of the combined aggregate blend, nor di
RAS Asphalt Content (%) [s00 00-350

© The Board of Trustees of the University of lllinois. All rights reserved. Developed by lllinois Center fo
Final Results

- own aggregate data for custom

AC Content (Total Binder Content %) [6.25 |

Reset ALL

DESKTOP INTERFACE
MOBILE INTERFACE

optimization.
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Case Study — SMA STA

NMAS 9.5; GYRATIONS 80

Select Prediction Mode
Assign a desired Fl and RD

Mode: Design for FI and RD Predict FI and RD B -
LTA: () Yes @ No
Do you have your aggregate? If yes, ] ) FI: ‘19.1 |
please input it. If not, please skip Input Stockpile Gradations
s | | | [oRAP: 30%
M 0
Input Parameters (Mix Type and Binder) Note: Flexibility Index (F1) and Rutting Depth (RD) are from the lllinois Flexibility .RAS . 0

Index Test (I-FIT) (AASHTO T 393-22) and the Hamburg Wheel Tracking Test °

(HWTT) (AASHTO T 324) results. LTA refers to the |-FIT long-term aged protocol
Parameter Value (FHWA-ICT-19-009). P Opt Pb . 6 50/

[ ] [ ] L 0
HMA versus SMA | SMA v|
0
— ePred.Pb: 6.37%
Aggregate Gradation Curve Min Control Max Control o [ ] [ ]
NMAS (mm) [95 v w =" —
M o
90
oPred.Pb is 0.13%
Pavement Layer | Surface Course (SC) V| 20
70 l

Number of Design Gyrations | 30 ,| :_, 0 0 “ er

Pred.FI: 19.1
Mix Design Binder PG [High] °C [ 76 ~| § 20 efred. P .

o3 .
Mix Design Binder PG [Low] °C | -28 v| 20 o Pred.RD . 5.5
Binder Polymer Modified Modified 0

0.075 0.15 03 08 8 236 475 95 25

HWTT Min.Wheel Passes 20,000 Sieve Size (mm)

lsmsmisd MAavnmes abavan NMialiimambeian Maniae)
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Case Study #2 — HMA STA

NMAS 9.5; GYRATIONS 70

Select Prediction Mode
Assign a desired Fl and RD

Mode: Design for Fl and RD Predict Fl and RD ~ B
LTA: ) Yes @ No
Do you have your aggregate? If yes, i B Fi |15 0 | 0
please input it. If not, please skip. Input Stockpile Gradations ) RAP : 0 A)
RD (mm): |8 0 |
[ ]
oeRAS: 0

Input Parameters (Mix Type and Binder)

Note: Flexibility Index (Fl) and Rutting Depth (RD) are from the lllinois Flexibility
Index Test (I-FIT) (AASHTO T 393-22) and the Hamburg Wheel Tracking Test PY Opt Pb . 5 5%
(HWTT) (AASHTO T 324) results. LTA refers to the |-FIT long-term aged protocol L4 L4 °

HMA versus SMA | HMA v| .Predon: 5.78%
NMAS (mm) | 95 v| . =1 ~agregate Gradation Curve [JJJll Min Control [ Max Control o Pred.Pb is 0.2 8 %

[

Pavement Layer | Surface Course (SC) \-| 20 hlgher

L
Number of Design Gyrations [ 70 v 2 w0 .Pred.FI: 15.0

E; 50
Mix Design Binder PG [High] °C 64 - Z w0 P d RD . 7 7

| | g errecd. o /e
30
Mix Design Binder PG [Low] °C | -22 v| 20
Binder Polymer Modified Unmodified
0.075 0.15 03 0.6 118 236 475 9.5 12,5

HWTT Min Wheel Passes 7,500 Sieve Size (mm)

Innut Parametars (Vaolumetrics Nesian)
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Summary and Future Work X

= Two-step approach, first predicting AC content and

aggregate gradation, then fine tuning to improve mix
design accuracy

= Al-driven framework and web-based tool improve asphalt
mix design efficiency by:
Saving time and cost,
Providing a reliable, performance-based optimization approach
Supporting user-defined materials
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THANK YOU

Any Questions?

Presenter: Uthman Mohamed Ali
Email: uthmanm2@illinois.edu
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