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InterestingTimesInterestingTimes

• We are at the cusp of a materials revolutionWe are at the cusp of a materials revolution
• We are (finally) learning to manipulate 
microstructuremicrostructure

• To explore the potential for the future we 
d ff ill ineed to cast off our illusions



Seeing the future is not so EasySeeing the future is not so Easy

• In 1876 Western Union decided thatIn 1876, Western Union decided that 
telephones would never replace telegram 
messengersmessengers. 

• In 1971, AT&T turned down the opportunity to 
run the Internet as a monopolyrun the Internet as a monopoly. 

• In 1980, Ma Bell concluded that cell phones 
ld l l dliwould never replace landlines. 



Pity the Poor ClamPity the Poor Clam

• Over many millions of years nature hasOver many millions of years, nature has 
devised schemes to combine seemingly 
incompatible building‐blocks —incompatible building blocks 

• 'soft' organic proteins and 
‘h d' i i i l f l i b• ‘hard' inorganic particles of calcium carbonate 
— in a manner that produces composite 

i l i h h l bi i fmaterials with the unusual combination of 
high strength, hardness and toughness.



Youngs Modulus 250–260 GPaYoungs Modulus 250 260 GPa



25 percent elongation at failure25 percent elongation at failure
• ETH Zurich (2008, March 10). New Composite Material Is Almost Better Than Mother‐of‐pearl. ScienceDaily.

Ceramic alumina platelets and biopolymer 
Chitosan

Mother of Pearl







A History LessonA History Lesson

• Concrete as we know it is very old materialConcrete as we know it is very old material
• Roman and Greek technology included using 
volcanic materialsvolcanic materials

• Vitruvius “There is a species of sand which, naturally, 
t di liti If i d ith li dpossesses extraordinary qualities….If mixed with lime and 

rubble, it hardens as well underwater as in ordinary 
buildings.”



History LessonHistory Lesson

• Romans also used industrial waste”Romans also used industrial waste

i i “• Vitruvius  “If to river or sea sand, potshards ground 
and passed through a sieve, in the proportion of one‐
third part be added the mortar will be the better forthird part, be added, the mortar will be the better for 
use”



1938 ACI Convention1938 ACI Convention

“Before we can expect findings of research to beBefore we can expect findings of research to be 
adopted and made part of current engineering 
practice it is necessary that they bepractice, it is necessary that they be 
understood, abstracted and molded into a 
form usable by the practitioner”form usable by the practitioner

F k T Sh P id PCAFrank T Sheets, President, PCA



Ancient History of the Cement Business

• A good deal older than most people think
• The word “cement” is itself more than 2,000 years old
• Impure limes have been used as cementitious materials even longer
• By 2000 BC the burning of lime in pot kilns was an arty g p
• Roman historians have described the use of Roman cement or hard burn 

lime in 70 BC
• Romans used kilns and built concrete houses in the first centuryRomans used kilns and built concrete houses in the first century
• The well know “Pantheon” was an early form of lightweight concrete
• During the middle ages, hydraulic cement was produced in Holland



Roman Concrete – Latin RootsRoman Concrete  Latin Roots

• Concrescere – to congeal to grow together toConcrescere to congeal, to grow together, to 
harden

• Caementum Crushed Stone• Caementum – Crushed Stone 
• Pulvis pozzouli – earth from Pozzouli in Italy



The Roman Aqueductq



The Coliseum in Rome
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High Performance MaterialsHigh Performance Materials





Sustainable and Safe Materials and 
Structure



Supercritical CO2Supercritical CO2







Intelligent Concrete MaterialsIntelligent Concrete Materials





Novel Concrete MaterialsNovel Concrete Materials





Fundamental Multi‐Scale Model for 
Concrete
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Mixture Proportioning and 
dAdjustment 



Fluid Properties the BasicsFluid Properties  the Basics

• Newtonian Fluids have a viscosity that relatesNewtonian Fluids have a viscosity that relates 
shear rate in the fluid and shear stress in the 
fluidfluid



Newtonian and Bingham ModelNewtonian and Bingham Model

Viscosity is slope of 

Shear 
Stress

line

Shear Rate



Viscosity ModelsViscosity Models

i hBingham 
Plastic

.

0  



Mixture Design ‐ RheologyMixture Design  Rheology
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Slump is not a good indicator of strengthSlump is not a good indicator of strength



Proper air content is criticalProper air content is critical



Air‐Entraining AdmixturesAir Entraining Admixtures

• DefinitionDefinition
– Are used to produce concrete that is resistant to 
the effects of freezing and thawing and to improveVthe effects of freezing and thawing and to improve 
workability

Polished section of air‐entrained concrete 
h h i ias seen through a microscopic





In the coming decadeIn the coming decade

• Concrete will be more complexConcrete will be more complex
• Prescription specifications will diminish

i l h i i• Better materials characterization 
• Better Microstructure models may lead to 
new materials

• New Design methods could be introduced g



Cement DesignCement Design

• More Boutique materialsMore Boutique materials
• More and more complicated plants

ffi i f h• More efficient use of cement – too much 
micro fine aggregate is wasted



Changes can coming quicklyChanges can coming quickly

• Sacks will go away –Sacks will go away 
• Slump cones will be relegated to the dustbin 
of historyof history

• Perhaps even our idea of concrete will change





Structural DesignStructural Design

• Methods will be changing as materials scienceMethods will be changing as materials science 
methods develop





COLLAPSE…



Design MethodsDesign Methods

• Plasticity analysisPlasticity analysis
• Particulate composite and Fibre Composite 
MethodsMethods
– Rule of Mixtures
G iffi h Th– Griffith Theory



ReinforcementReinforcement

• Stainless SteelStainless Steel
• Steel Fibres
S l hi k• Steel Whiskers

• Low Modulus Materials ‐ ductility





Specification and Concrete 
Requirements 

• Section 3300 and NotesSection 3300 and Notes
• Strength

/C i• W/C ratio
• Material Properties
• Minimum Quantities



Unwritten Owner RequirementsUnwritten Owner Requirements

• ShrinkageShrinkage
• Curling
C ki• Cracking

• Appearance
• Longevity



Constructor RequirementsConstructor Requirements

• WorkabilityWorkability
• Finishability
S i Ch i i• Setting Characteristics

• Strength Gain for Stripping and Stressing
• Cold and Hot Weather



Prescription SpecificationPrescription Specification

• 4000 psi at 28 days4000 psi at 28 days
• 0.40 w/c ratio

0 lb• 550 lb type I cement 
• Coarse Aggregate 60 percent of aggregate 
volume





Why Performance?Why Performance?

• Rate of Change in Concrete industry too fastRate of Change in Concrete industry too fast 
for designers to keep up with

• Material Science replacing old methods of• Material Science replacing old methods of 
study of concrete – not reflected in industry



Case Study for Spicy ConcreteCase Study for Spicy Concrete

• Design a structure to have a service life of 100Design a structure to have a service life of 100 
years



Four Common Approaches to Concrete 
i l biliMaterial Durability

•“Ostrich Syndrome” – acknowledges the non‐Ostrich Syndrome   acknowledges the non
existence of any durability problem.

•“Comfort Zone” – the solutions exist by 
improvements (tweaking) with the current materials.

•“Test‐Until‐You‐Drop” – relies on endless test data 
developed internally or regionallydeveloped internally or regionally.

•“Durability Models” – relies on numerical scientificDurability Models   relies on numerical scientific 
modeling.  Relies on proper numerical relationships and 
input parameters.  



Significant ObstaclesSignificant Obstacles

• Many tests are very harsh – otherwise goodMany tests are very harsh  otherwise good 
performing concrete will fail the tests 
– I e C1293– I.e C1293

• Tests are time consuming and curing sensitive
• Bad for a batchwise process like concrete 



Modeling DurabilityModeling Durability

• Diffusion and ConvectionDiffusion and Convection
• Materials Service Life – FHWA, USACE

C 36• ACI 365
• Predict influx of chlorides, sulphates, etc.
• Rely on permeability and diffusion (transport) 
in solid bodies



ConclusionsConclusions

• A microstructure‐based model will changeA microstructure based model will change 
technology dramatically

• Complexity will increase as we better• Complexity will increase as we better 
understand the small end of the dimensional 
spectrumspectrum

• Change will occur – you need to try to keep 
up.


