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SUSTAINABLE HIGHWAY ENGINEERING

• EXTENTION OF LIFECYCLE

• REDUCTION OF ENVIRONMENTAL IMPACT

• CIRCULARITY

• ADAPTATION TO CLIMATE CHANGE – RESILIENT INFRASTRUCTURE

CHALLENGES



COST AND ENVIRONMENTAL IMPACT OF 
INFRASTRUCTURE CONTRACTS
CRADLE-TO-GATE ANALYSES ARE NECESSARY BUT NOT SUFFICIENT



COST AND ENVIRONMENTAL IMPACT OF 
INFRASTRUCTURE CONTRACTS
ONLY FULL LIFE CYCLE ASSESSMENTS ARE CORRECT

• 20-50 years of exploitation

• Maintanance, repairs, rehabilitations

• Traffic delay cost 



A RECIPE FOR DURABLE, COST-EFFECTIVE AND 
SUSTAINABLE HIGHWAY ENGINEERING

OPTIMAL 

PAVEMENT 

STRUCTURE 

DESIGN

PROPER

MATERIALS AND

TECHNOLOGIES
HIGHER 

PRODUCTION 

AND CONSTRUCTION 

QUALITY

✓ Longevity of pavement construction achieved through careful 

mechanistic analysis

✓ Increased structural performance - less, but better quality

✓ Balanced development of all pavement layers 

✓ Materials better tailored to function and role in pavement

✓ Higher mechanical performance

✓ Innovative materials and technologies

✓ More use of local and recycled materials
✓ Increased quality of production and 

workmanship through process automation 

and prediction of results

✓ Stricter adherence to the technological 

regime and recommendations through 

machine automation and process 

coordination



We have already done a lot on this issue as 

an industry, academia and administration 

but we need to accelerate the validation 

and implementation of new solutions 

Just a few examples…



HIGH-PERFORMANCE PAVEMENTS 2015-2019

2015

Opacz – Paszków

2019

FLEXIBLE PERPETUAL PAVEMENT

FULL SMA Heavy Duty Pavement EFRA – LOTOS



HIGH-PERFORMANCE PAVEMENTS 2022



PROPER MATERIALS AND TECHNOLOGIES
INNOVATIVE, HIGH-PERFORMANCE, TAILOR-MADE MATERIALS

GRAPHENE NANO-PLATES

WMA

Foamed asphalt

source: Orlen Asfalt homepage 

HiMA



PROPER MATERIALS AND TECHNOLOGIES
INNOVATIVE, HIGH-PERFORMANCE, TAILOR-MADE MATERIALS

AIR PURIFYING ROUGHENING AGGREGATE

CLAir

LUMINESCENT BIKEPATHS
Lumiphalt

GFRP REINFORCEMENT

GROUTED MACADAM
STRABAPHALT

FIBER REINFORCED

 CTB+



SUPERIOR CONSTRUCTION TECHNOLOGIES
SPREADER INTEGRATED WITH PAVERKOMPAKTASPHALT



ADVANCED LAB AND FIELD TESTS FOR QC
E* Dynamic Stiffness Modulus, SVECD DSR for G*, MSCR, LAS

FTIR – laser spectrometry MIT-Scan T2 – nondestructive layer thickness

PQI –nondestructive layer compaction

T < 110°C 



E* DYNAMIC STIFFNESS MODULUS
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MECHANISTIC-EMPIRICAL ANALYSIS METHODS

source: Mechanistic Pavement Design – Sigudur Erlingsson, Reykjavik 2007



MECHANISTIC-EMPIRICAL ANALYSIS METHODS
AASHTOWare Pavement ME



MECHANISTIC-EMPIRICAL ANALYSIS METHODS
MULTICRITERIA RESULTS OVER A FULL LIFECYCLE



PROBABILISTIC ANALYSIS AND PREDICTION
MONTE CARLO METHOD



MOBILE LOAD SIMULATORS

source: www.pavetesting.com and BASt homepage 

FULL SCALE ACCELERATED ROAD TEST FOR VERIFICATION AND VALIDATION 



PERFORMANCE RELATED SPECIFICATIONS



PERFORMANCE RELATED SPECIFICATIONS

source: internet



DIGITALIZATION FIRST



DIGITALIZATION

The first and most important task is to
collect all the necessary DATA in the 
DIGITAL FORM and store them in a 

properly designed DATABASE.



DIGITAL FORM OF DATATHIS IS NOT



DIGITAL FORM OF DATA
RELATIONAL DATABASE 



DATA is the oil of 
the 21st century



INFO

ECO

+

RMATION

NOMICS



Business Information Economics 
and Data Monetization

INFONOMICS



Information overload has become a curse,
but properly analyzed data may become 
a blessing and fortune



DESCRIPTIVE DIAGNOSTIC PREDICTIVE PRESCRIPTIVEANALYTICS:

PRESCRIPTIVE ANALYTICS

What happened?

Why did it happen?

What might happen?

How can we make it better?

Complexity ►

B
u

ss
in

e
s 

V
a

lu
e
►



CAN IT BE USEFUL FOR US?

ARTIFICIAL
INTELLIGENCE



HOW CAN IT BE USEFUL FOR US?

ARTIFICIAL
INTELLIGENCE



ARTIFICIAL INTELLIGENCE
DEFINITION

doesn’t involve consciousness
and personality

mimics „cognitive” functions, 
such as „learning” and 

„problem solving”

works much better than standard 
algorithms in case of 

insufficient amount of data



WHAT IS AN AI TODAY?
THE FUTURE IS NOW

SOCIAL MEDIA
user feeds showing 
individually selected 

set of data and 
commercials  

E-COMERCE
logistics optimization 
based on predictions 

of user behaviors
(big data predictive 

analysis)

AUTONOMOUS CARS
AI Autopilot:

machine vision, 
neural networks, 

autonomy 
algorithms

SELF-LANDING ROCKETS
AI Autopilot: 

controlling the 
rocket launches, 

flights and 
landings 



ARTIFICIAL INTELLIGENCE SCHEME

AI

MACHINE LEARNING

NATURAL LANGUAGE 
PROCESSING

SPEECH

EXPERT SYSTEMS

PLANNING, SCHEDULING
& OPTIMIZATION

ROBOTICS

VISION

DEEP LEARNING

PREDICTIVE ANALITICS

TRANSLATION

CLASSIFICATION & CLUSTERING

INFORMATION EXTRACTION

SPEECH TO TEXT

TEXT TO SPEECH

IMAGE RECOGNITION

MACHINE VISION



ARTIFICIAL NEURAL NETWORKS
HOW IT WORKS?



ARTIFICIAL NEURAL NETWORKS
HOW IT WORKS?



POSSIBLE APPLICATIONS
IN HIGHWAY ENGINEERING

Just a few ideas…



AUTOMATION
&

ROBOTICS



AGGREGATE COATING ANALYSES (EN 12697-11:2020-07)

IMAGE RECOGNITION SYSTEMS



IMAGE RECOGNITION SYSTEMS
DISTRESSES IDENTIFICATION FROM VIDEOREGISTRATION 



AUTOMATIC DISTRESSES IDENTIFICATION 
FROM VIDEOREGISTRATION AND LIDAR 



AUTOMATIC DISTRESSES IDENTIFICATION 
FROM VIDEOREGISTRATION AND LIDAR 



FULLY INTEGRATED ROAD SURFACE AND SUB-SURFACE 
CONDITION ASSESSMENT AT TRAFFIC SPEED



AUTOMATIC AND INTELIGENT PAVEMENT 
CONDITION ASSESSMENT USING ANN



INTEGRATED AUTOMATIC SYSTEM FOR QC OF MATERIAL 
PRODUCTION AND ASPHALT PAVING PROCESS



ROBOTIC MATERIAL SAMPLING AND AUTOMATIC 
TESTING SYSTEMS



REAL-TIME QUALITY CONTROL IN THE QUARRY

THE GRAIN SIZE DISTRIBUTION IN A DYNAMIC 
MATERIAL STREAM LIVE AND DIGITALLY

TPA GmbH & TIPCO GmbH RESEARCH PROGRAM



AUTOMATED OPTIMIZATION OF ASPHALT PAVING 
AND COMPACTION PROCESS



AUTOMATED PAVEMENT CONSTRUCTION INSPECTION 
USING DRONES



SMARTER, DIGITAL AND SUSTAINABLE CONSTRUCTION
WalzGen – RESEARCH PROGRAM IN COOPERATION OF TPA GmbH, BOMAG, 
RPTU Kaiserslautern AND InfraTest



PREDICTIVE ANALYTICS



MACHINE LEARNING – PREDICTIVE ANALYTICS 

EXAMPLE: ANN for E* - Dynamic Complex Stiffness Modulus of HMA

ARTIFICIAL NEURAL NETWORK FOR PREDICTING MATERIALS 
PARAMETERS FROM HISTORIC DATA



PREDICTING DYNAMIC COMPLEX STIFFNESS MODULUS OF HMA

y = 0,5709x + 1274,4
R² = 0,7346

y = 0,7839x + 15,795
R² = 0,7895
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PREDICTIVE EQUATION USED IN AASHTO MEPDG (NCHRP 1-37A)

current most sophisticated approach – Witczak Predictive Equation



STANDARD APPROACH vs. ARTIFICIAL NEURAL NETWORK (MATLAB)

y = 0,974x + 32,760
R² = 0,978

y = 0,996x - 69,813
R² = 0,988
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ANN: MLP (8-30-30-1)                                                     
transfer function: logistic, error weight: t-1

US Data

TPA Data

PREDICTING DYNAMIC COMPLEX STIFFNESS MODULUS OF HMA

y = 0,5709x + 1274,4
R² = 0,7346

y = 0,7839x + 15,795
R² = 0,7895
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EXPERT SYSTEMS



VIRTUAL TECHNOLOGIST or EXPERT 

HMA / PCC TYPE TESTING

acceleration of the 
recipe design process 
and achieving optimal 
composition solutions

DAMAGE CAUSES EVALUATION

identification & assessment of 
the causes of premature 
damage to pavements

or building structures based
on combined information

on material parameters, quality 
of workmanship and operating 

conditions

PREDICTION & PRESCRIPTION

ability to predict (Predictive 
Analysis) and prevent errors 
(Prescriptive Analysis) at the 

stage of design, production and 
execution in real time (online) 
based on constantly flowing 

data and information



THANK YOU FOR YOUR 
ATTENTION!

aleksander.zborowski@tpaqi.com
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