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Limitations of Rigid Pavements in the European Context

Flexib le a nd  semi- rig id  pa vements constitute the 
va st ma jority ( over 9 4 %)  of Europea n roa ds. 

Rigid  concrete pa vements a re ma inly used  in specific 
a rea s like urba n a rea s a nd  high- tra ffic zones. 

The construction of in- situ rig id  pa vements requires 
pa ver ma chines. 



Industry - friend ly Geopolymer Concrete 

Why use geopolymer instea d  of conventiona l 
concrete? 

• Geopolymers reduce the qua ntity of CO2  relea sed  during  
the ma nufa cture of cement a nd  concrete.

• Avoid  increa sing costs a ssocia ted  with energy sources from 
Portla nd  cement production processes.

• 8 0 % less polluting  a nd  require 5 0 % less energy 
consumption in their ma nufa cture.

• Employed  industria l wa stes do not require a ny therma l 
processing  a re used  in their p roduction.

Relative contribution to CO2 emissions in one cubic 
meter of concrete (left) and one cement bag (right).  
Source: Environmental impacts and decarbonization strategies in the 

cement and concrete industries (G. Habert et al., 2020)



A Novel Solution to the Challenge

Sma rt a nd  susta ina b le preca st sla bs for modula r rig id  pa vements

Eva lua tion focused  on the potentia l of a  modula r, 
d ig ita l, susta ina b le, a nd  intelligent solution for roa d  
elements.

The developed  solution is the design of sma rt 
modula r roa d  for rig id  pa vements ma de of a n 
industry- friend ly geopolymer concrete a nd  
integra ting  a n innova tive Weight In Motion ( WIM)  
system for the rea l- time optimiza tion of TI 
ma na gement. 



Industry - friend ly Geopolymer Concrete

Geopolymers are inorganic  synthetic  polymers  of aluminosilicates,  with  an amorphous,  three-
dimensional  structure, which result from  a chemical  reaction  called  geopolymerization . They are 
alkaline  aluminosilicates  that  form  tetrahedral  units by means of random  bonds formed  by silicon and  
aluminum  and  hydrated  alkaline  cations  such as K+ or Na+ located  in the voids, (J. Davidovits) .

Chemical Activator
Additive
Aggregates

GEOPOLYMER CONCRETE

Geopolymers offer a significant advantage of reducing 
environmental impact, and they also provide:
• High early strength
• Low drying shrinkage
• High sulphate resistance
• High temperature resistance
• High resistance to acid attack

A user- friendly  geopolymer  concrete is a sustainable  concrete which can be produced  in the construction  
site and  can be cured under ambient  conditions  without  any requirement  of  additional  sources of energy 
or resources. 



Industry - friend ly Geopolymer Concrete
Different ma teria ls, orig ina ting from va rious sources, ha ve been a na lyzed  for the formula tion of the mix 
design.
 Ground  Gra nula ted  Bla st Furna ce Sla g ( GGBS)  from iron a nd  steel production

• GGBS 1
• GGBS 2

 Fly a sh type F ( FA)  from ca rbon therma l power p la nts
• FA1
• FA 2 .1
• FA 2 .2
• FA 3

Summa ry X- Ra y Fluorescence XRF



Industry - friend ly Geopolymer Concrete
Prelimina ry tests were conducted  using a  morta r ma trix to screen va ria b les before optimizing the 
concrete ma trix: 

• 8  dosa ges incorpora ting 10 0 % of GGBS a s b inder in morta r ma trix.
• 19  dosa ges with GGBS plus FA a s b inder in morta r ma trix. 
• 2 1 dosa ges with GGBS plus FA a s b inder in concrete ma trix. 

GGBS 2 75%  + FA 3 25% 

Sample 38

Compressive strength: C3 0 / 3 7



Compressive Strength (MPa) Geopolymer Concrete



Compressive Strength (MPa) Geopolymer Concrete

• Optimized  Sa mple 3 9 , using a  d ifferent type of a ggrega te.



Durability Test Geopolymer Concrete
As pa rt of the efforts towa rds geopolymer development, dura b ility tests ha ve been performed  to 
verify the a dva nta ges of this ma teria l.

• Wa ter penetra tion resista nce ( EN 12 3 9 0 - 8 ) . At 2 8  da y a nd  3  month of a ge.
• Chloride penetra tion resista nce ( NT Build  4 9 2 ) . At 2 8  da y a nd  3  month of a ge.
• Shrinka ge test.
• Freezing a nd  Tha wing ( UNE- CEN/ TS 12 3 9 0 - 9 ) .



Structural Design and Industrial Manufacturing

DIFFERENCES TO EXISTING MODULAR RIGID 
PAVEMENTS

•Industry - friendly Geopolymer instead of 
concrete.

•Intelligent slabs: Weigh - in- motion system.
 Failure detection and prediction maintenance.
•Reduction of execution time.
•Ease of repair.
•Extension of lifespan.
•Savings in construction and maintenance costs.

* National Precast Concrete Association (2013) 
Complete Precast Concrete Paving Stab Installation.



Structural Design and Industrial Manufacturing
SLAB GEOMETRY AND COMPONENTS

•  Slab thickness = 0.25 m
•  Gap between slabs = 2- 6 mm  Prefa b rica ted  

ela stomeric joints
•  Ga p  between sla b  a nd  supporting  surfa ce = 2 0  mm 

( grouted)
•  Dowel between sla bs d ia meter = 3 8  mm 
•  Number of dowel = 8
•  Position in depth of the dowel = 12 .5  cm ( a t ha lf 

thickness of the sla b )
•  Reinforcement steel d ia meter = 12  mm
•  Reinforcement spa cing= 2 0  cm
• Sla bs d imensions = 3 ,5 0 x 2 ,2 0 x 0 ,2 5  m



Structural Design and Industrial Manufacturing

Technica l d ra wings ha ve been genera ted  includ ing genera l informa tion, reinforcement 
deta iling , positioning of seconda ry elements, definition of dowels between sla bs, a nd  
lifting  a nd  leveling inserts.



Structural Design and Industrial Manufacturing



Slabs Design

Connection between sla bs.



Slabs Substitution

The sta te of the a rt for sla b  rep la cement wa s 
eva lua ted . Idea  from: NPCA Na tiona l Preca st 
Concrete Associa tion, 2 0 2 1, Ma nua l for Jointed  
Preca st Concrete Pa vement, 3 rd  Ed   

Best pra ctices?
The most significa nt da ma ge in ca se of 
rep la cement would  be concentra ted  a t the 
connection joints between the sla bs

*  Fa ng, M., Zhou, R., Ke, W., Tia n, B., Zha ng, Y., & Liu, J. ( 2 0 2 2 ) . Preca st 
system a nd  a ssembly connection of cement concrete sla bs for roa d  
pa vement: A review. Journa l of tra ffic a nd  tra nsporta tion engineering 
( english ed ition) , 9 ( 2 ) , 2 0 8 - 2 2 2 .

Typica l da ma ge form of joint ( a )  Corner cra cking a nd  spa lling  (Dona house, 
2 0 0 9 ) . ( b )  Typica l pa nel d istress ( Sha bb ir a nd  Celik, 2 0 0 9 ) .



Slabs Substitution

Sta te of the a rt: Idea  from: The Fort Miller Co., 
Inc., 2 0 16 , Recent Innova tions in Jointed  
Preca st Concrete Pa vement Systems.

*  Na tiona l Preca st Concrete Associa tion ( 2 0 13 )  
Complete Preca st Concrete Pa ving Sta b  Insta lla tion.



Weigh In Motion in Slab

The integra ted  sensor is designed  for controlled  deforma tion ( ma ximum 1 mm vertica l) , 
a da pting perfectly to the sla b  a nd  its reinforcement. 
Its a b ility to identify overloa ded  vehicles will not only extend  the lifespa n of the sla b  by 
2 0 % but a lso p rojects a  10 - 15 % reduction in a ccidents. Furthermore, it will op timize 
hea vy tra ffic flow, surpa ssing the limita tions of tra d itiona l systems.

*  RINA Consulting SPA



Weigh In Motion in Slab

To a chieve a n optimized  sensor design, 3 D printing  wa s utilized , which fa cilita ted  
precise ca lib ra tion tests with low loa ds. This wa s a  funda menta l sta ge in prepa ring the 
sensor for the subsequent a nd  successful compression tests.
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*  RINA Consulting SPA



Where are we?

First step  completed! We ha ve ma nufa ctured  initia l test sla bs, a t a  sma ller sca le tha n 
those tha t will form our demonstra tor. This key milestone will a llow us to precisely 
va lida te the ma nufa cturing a nd  insta lla tion process.



Where are we?



Our Next Milestone

Our project's next exciting  pha se: constructing  a  3 0 - meter test section composed  of 14  
pre- fa brica ted  geopolymer concrete sla bs. Nota b ly, one of these sla bs will fea ture a n 
integra ted  Weigh In Motion System, ena b ling rea l- time monitoring  of vehicle weights.



Tracking Progress: Quantifying Circularity

LIAISON project eva lua te the success of our circula r economy stra tegies for tra nsport 
infra structure construction through a  defined  qua ntita tive methodology, Dyna mic Multi-
Infra structure Governa nce Fra mework ( DMIGF) . This involves specific circula r 
performa nce ind ica tors tha t will a llow us to tra ck a nd  mea sure our a chievements.

POTENCIAL INDICATORS
Risk Strain

Frost resistance
Environmental Energy use

Carbon emissions
Circularity Use of virgin materials

Re- use of materials
Waste diverted from 
landfill

Social User delays
Comfort

Cost Life cycle cost



Thank  Yo u
Contact Us

lpiarulli@fundacionabetancourt.org

https://www.acciona.com/es

+34 666 746 050

https://liaison -transport.eu/
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