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Motivation: some concrete pavements do not
reach full lifetime potential

Premature degradation of pavements leads to
unexpected and costly repairs
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Most concrete pavements are durable, but the premature failures vastly outweigh the successes


Durability: “the ability of the concrete to survive
the environment to which it is exposed”*

Concrete distress mechanisms®

Internal Cold Chemical Cracking Overload
Attack Weather Attack &
- ASR - Freeze- - Salt Fatigue
Thaw Scaling
Our
focus

MIT
CSHub

; 23 Ug‘B) *P. Taylor, “Long-Life Concrete: How Long Will My Concrete
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Peter Taylor at the National Concrete Pavement Technology Center defines concrete durability as “the ability of the concrete to survive the environment to which it is exposed.” He organizes concrete distress mechanisms into five categories:
Internal attack (including alkali aggregate reaction, D-cracking, delayed ettringite formation, and steel corrosion)
Cold weather (including freeze thaw cycling in the paste and salt crystallization)
Chemical attack (including soft water/acid, sulfates, and salts)
Cracking (due to changes in volume that are restrained, either externally or internally)
Overload and fatigue
P. Taylor, “Long-Life Concrete: How Long Will My Concrete Last?”, National Concrete Pavement Technology Center, 2013, http://www.cptechcenter.org/technical-library/documents/durability_synthesis_w_cvr.pdf. 



Distress mechanisms understood, but
quantification is a challenge

Qualitative
understanding

Lots of /\)

work done Minimal
work done

Current experimental methods do not
adequately predict pavement durability

Pavement durability models do not directly
account for material properties
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CSHub
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Objective: improve concrete pavement durability
& demonstrate benefits

* Improve scientific understanding of
pavement distresses

* Translate knowledge into pavement design
& maintenance

 Demonstrate cost and environmental
benefits of durable pavements and
pavement networks
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Multiscale approach needed to connect
science and engineering

Macro (structure)

Application
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Vision: connect pavement materials and
performance prediction

Pavement Pavement

Material Durability
Composition Performance

* For a given material composition and context:
— What is the potential for ASR/FT damage?
— What is the rate at which it would happen?

* Which conditions lead to ASR/FT damage?
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Establish potential for ASR/freeze-thaw damage in a concrete pavement and rate at which it would happen
Identify conditions that lead to ASR/freeze-thaw damage



Multiscale and multidisciplinary approach

Key activities:

Develop quantitative understanding of the
chemical reactions to the physical
manifestation of concrete pavement
damage from ASR and freeze-thaw

This informs pavement design

* Quantify economic and environmental

benefits of durable pavements
Th/s Informs asset management

a )
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Multiscale and multidisciplinary approach

Nano and Pavement - Network
mesoscale scale scale
* Experiments & * Experiments &  Asset
modeling: modeling: management
-Characterization of -Pavement implications of
ASR gels fracture and premature
-ASR Evolution durability pavement failure
-Permeability . Costs & vs. durability
environmental
impacts of
premature
pavement failure
vs. durability
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Scientific approach: chemomechanical
characterization of mechanisms

Chemistry . Kinetics . Mechanics . Damage

ASR
 How much gel?
 What is gel
composition?  What is the  What is the
* How is it evolving? swelling probability
pressure? of fracture
 When does over time?
T it occur?
« What is the role of '
salts on swelling
and saturation?
/ Slide 10




Collaborative Research
Activities

lgsiﬁlo—Chemo—Mechanical
-~ characterization

ASR new performance test
Cement chemistry ))
Aggregate mineralogy UN CSHub ASR
Temperature Model

— Variabl
Moisture availability ariables

Monitoring
o Expansion
*  Pore solution
. Microcracking CSH ub
*  Gel composition/properties (MIT)
*  Hydrate composition F/T Scaling

Correlation to field performance Model

Y
Freeze-Thaw inputs
* Sorption based

Leveraging the e
Strengths Of the *  Moisture isotherms

* Inclusion of cracks

respective teams and |, ...,
. o eicer/pavement
|nd|V|d uals chemical interactions

*  Gradient considerations




Modeling & experiments across lengthscales
at multiple institutions

Pavement

confined crystallization
Thermodynamics of distress
mechanisms (gel formation
and expansion)

Mesoscale modeling of
multiphase water and ion
transport, ASR kinetics,
freeze/thaw

Eigenstress creation in
binary mixture

Prediction of pavement
fracture due to ASR & FT
Models of damage gradients
from FT

s UNB

n
z @

Characterization of ASR gels
Coupled EDX-
nanoindentation-scratching
experiments

Microtomography,
microindentation, and
scratching

Experiments on dynamics of
sorption hysteresis
Measuring desorption
isotherms

Measuring rate of saturation
due to diffuse damage
Concrete cylinder expansion
tests with reactant
characterization and
microcracking quantification

|__Scale | Modeling | Experimentation LCA/LCCA

e Thermal chemomechanics of e

Key:
MIT
Purdue
UNB

Costs and environmental
impacts of concrete
pavement premature
failure and durability

Costs and environmental
impacts of pavement
network premature failure
and durability
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i] Explore ASR and FT through nano &
27 mesoscale experiments & modeling

Simulate mechanical response  Model sorption & transport and
of a CSH paste containing alkali impacts of salt concentration
silica gel grains

ater map at relative humidity = 066
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-Extend our mesoscale model of CSH toward a binary mixture CSH grains / AS Gel grains
-Run sub micron elasticity / hardness /fracture tests  of ASR concrete samples provided by the partners
-At engineering scale, 



MIT

/ Multiscale fracture models

A

[Bordelon, UIUC, 2005]

[Pellenqg et al., PNAS, 2009]

NANO: Distress MESO: Eigen-stress PAVEMENT: Eigen-forces
mechanisms related creation due to and eigen-moments lead
to physical chemistry distress mechanisms to fracture (in addition to
(ASR, F-T,...) (in solid and/or in pores) vehicle loading)
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How to Reduce the Risk of Cracking & Fracture due to DISTRESS MECHANISMS:

Thermo-Mechanically
Chemo-Mechanically
Hygro-Mechanically     

These manifest as eigen-stresses
* “Eigen” = (German) Own, distinctive, proper (belonging distinctively to a person, group, thing). 
                  (Mechanics) “Eigen-Stress = Self-balanced stress that does not produce work.   
                  Handshake with statistical physics / ensemble definition. 



Characterizing freeze-thaw, deicer, and ASR
interactions

* Experimental
— Desorption isotherms

— Rate of saturation due to
diffuse damage

* Modeling
— Damage gradients from FT
* Performance-based

design specification for
durability

MIT
CSHub
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Key deliverable: draft performance-based specification allowing design of pavements that are able to better withstand freeze-thaw with or without deicers and addresses the issue of premature degradation


Detailed Deliverables:
Year 1:
Experimental data allowing to determine the relationship between distributed damage, rate of fluid absorption and degree of saturation. Will provide insights on the coupling between ASR damage and freeze-thaw
A draft of paper highlighting the previous relationships.
Year 2:
A Model relating the critical absorption parameters to sorption isotherms with rate effects and with damage (includes collaboration with CSHub related to the Theoretical Desorption Model)
A draft of paper highlighting the previous relationships.
Year 3:
A draft of performance based specifications;
A draft document discussing the role of damage gradients useful for converting lab information into data relevant for field use. 



U£ Experimental characterization of ASR

* Develop database
linking conditions and
ASR effects
— Cement chemistry
— Aggregate mineralogy
— Temperature
— Moisture availability

 Create new ASR
performance test
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Deliverables:
Database linking concrete composition and ASR effects (expansion and cracking) … useful for the validation of the ASR model being developed by the CSHub and to calibrate the prescriptive specifications for preventive measures (AASHTO RP-65 and ASTM C 1778)
Validation of the approach for ASR testing whereby concrete samples are provided access to moisture, but leaching is prevented (for example TxDOT’s “CCT”). With sufficient information a proposal for a new “ASR performance” test method will be developed. Such a test should allow the evaluation of “job mixtures”. 
Quantifying the link between ASR and freeze-thaw including establishing the extent of ASR (expansion and microcracking) required to compromise the freeze-thaw resistance of air-entrained concrete.


Year 1:
Analysis and selection of samples from UNB exposure site and laboratory specimens to be proposed to the CSHub for characterization of the ASR gel (nano-indentation, etc…);
Preparation of a standard test procedure (a concrete test procedure without problems related to leaching during the test) that would constitute a true ASR performance test. Its development will be coordinated with other groups / institutions (ACI 201/ ASTM C1778, Rilem, TxDOT, NTNU…)
Year 2:
The foundations of a database linking concrete composition and ASR effects 
2 related papers, one linking the performance test results with long term expansion data from exposure site and real damaged structures and one being a parametric study 
Relevant data extracted from this database to validate/calibrate the ASR model developed by the CSHub 
Year 3:
A draft standard test method to be submitted to ASTM and RILEM
A paper on the coupling between ASR and freeze-thaw
A final report
Joint actions with CSHub to disseminate results




Timeline: three-year project

Activity

Q3 2014 MIT research approved

Q4 2014 MIT-Purdue-UNB collaborative research plan
developed

Q1 2015 Purdue & UNB research approved
Q2 2015 Research begins

Future Bimonthly team web meetings
Semiannual in-person meetings
Participation from industry advisory members

Slide 17



Opportunities for collaboration

Osle[o][ale Ml . ASR & FT research at

durability BELEEE
T=11-r- 1t a0 © Experimental & modeling

« ASR and FT performance
tests

* Pavement durability
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Existing durability research activities
Future validation activities



Thank you
Jeremy Gregory: jgregory@mit.edu
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Jason Weiss: wjweiss@purdue.edu

Michael Thomas: mdat@unb.ca
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