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Sustainability < Durability

The National Bridge Inventory indicates
that 480 000 bridges serve U.S.
highways. Half of these bridges are
made of reinforced concrete.

According to the FHWA:

» 10% are considered structurally deficient or dangerous;

* 160 000 bridges are listed as substandard;

» Degradation is predominantly related to overloading
and exposure to environmental conditions!

Annual direct cost for rehabilitation ~ 8 B$

Source: FHWA-RD-04-093 ZSUN\N\A
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Sustainability < Durability

Durability problems are not limited to bridges but affect a
wide range of structures exposed to various conditions.

Annual cost for repair, rehabilitation and strengthening of US
concrete structures:

* Piers and wharves = 0.2 B$
* Roadways = 4 B$

e Buildings = 2 B$

e Parking structures = 0.5 B$
« Industrial facilities = 2B$

« Dams and locks = 0.2 B$
 Residential construction = 0.3 B$

Source: Vision 2020 (ACI/ICRI) Zsum
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A Comprehensive Approach

Life-Cycle Cost
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Inspection and Maintenance
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STADIUM® Interface

Material List
[Concrete 22 - 0.35 w/b Type | Cement +20% Fly sh Type © v Experimental Procedure | Hide Advanced... | Ok | Cancel | Help |

[v Walidate Datawith Expert System |~ Show Message

Mixture: Pmpumumsl Transport Froperties  Binder Cherical Camposition |

 Cement Comp E ~Solid Phases:
340 ki 2103 o Compute

Cement cantent:
Parlandite (CH)

Bindlar Density 3070 ket || o ey
E24 205 > _IHE‘p

Cal * Ettinatte (AFH
Sioz 193 % 56
A1203 5 P Monasultoaluminatss Yo
503 4 5 —

Degrees of hydration: 0,85 01 : ment Composition
Al203 Substituted in CSH: 3.00 %

~SCM Comp
Fly Ash [type C)

Amount. 55 kgt

Cal 277 %

Si02: 3zh %

Alz03 19.2 %

S503: 276 %

Hydration 0.4 1)

***EXPERT SYSTEM -RULES EVENTS ***
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STADIUM® Interface

Material List

[Canciete 2.2 - 0.35 wib Type | Cement +20% Fly ash Type C v | Experimental Procedure. . | Hide Advanced.. |

Ok |Qan:el‘ Help |‘

:‘Mlxlur.e Srugun.inuns.;} Transport Prnpemes] Binder Chemical Composition 1

Mixture Details

Water/Binder ratio 0.3 Specific gravity
Cement Type [Type | /10/GU_v| 340 ke J 315
SCh #1 |Fly Ash [tupe C] hd 85 kgy/m? ! 278
SOM#2 [Nane - kgt 00

Fine Aggregates 815 kiyfrn® Ha 268

Coarse aggregates 925 ko/m* Jea 267

Total Binder e kafm? | Mixture Valume

Tatal Agragates 1740 kg

Binder Density 070 kafm®

‘Water TEE) kgfm®

Material Density 2314 kg
Paste Volume 287 %

I Validate Data with Expert System

I Show Message

***ENPERT SYSTEM - RULES EVENTS ***

ASTM C 1202 - Modified

Experimental Procedure:
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STADIUM® Interface

[Slab] - Material Name Concrete 2.2 - 0.35 w/b Type I Cement +20"

Fly Ash Type C
Material List
|Concrete 221,35 wrh Type | Cement +203% Fly 4sh Type © v | Experimental Procadurs | Hide Advanced ‘ Ok | Cancel | Help ‘

Wixture Propartions | Transpon Properiss | Binder Chemical Compositian | ¥ Validate Diata with Expert System [ Show Message

OH" diffusion coefficient: fe-11 m#/s): 6.7 &7

Water diffushvity A (211 méfs): 1.000 1.000

“Water diffusivity B: 25.00 B

Age offirst exposure (days) 28.0 230 1.2

Thermal conductivity (w/m) :2.00 2 1

Specific heat (kg 1000 1000 08 \

Reference Temperature (*C): = 06

Porasity (%) 10.0 A i it

Age of lab testing (days): 28.0 280 o

Hydration parameter - a: 0L66 4 [ | 200 400 600 300 100
Hyelration parameter - alpha: 0.01541 0.01541 Time (days)

***EXPERT SYSTEM -RULES EVENTS ***

STADIUM?® Interface
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Output Data
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Typical Applications
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Mixture Characteristics
Materials = ManUfaCturer ______________________
A B Cc
W/B ratio: 0.27 0.34 0.28
Type of binders:
— Cement (ASTM C 150)  Type lIV Type | Type I/l
— Fly Ash (ASTM C 1260) Class F Class F Class F
Binder contents:
— Cement (kg/m83) 475.6 335.3 391.2
— Fly Ash (normal) (kg/m3)  158.7 110.6 107.0
— Fly Ash (ultra fine) (kg/m3) 0 0 29.7
Heat curing: No Yes Yes

10
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Influence of Fly Ash on Transport Properties
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Validation Experiments

Chloride Immersion Tests

[
o N
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Producer C — Curing 56 days
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Validation Experiments

Chloride Immersion Tests
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Numerical Simulations — Exposure Conditions

Steel

Seawater 100% R.H.

Seawater
or 85% R.H. |

Mesh = 200 nodes

TSUMMA
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Time to Initiate Corrosion — Black Steel

Chloride threshold value = 0.5 g/kg of concrete
(Bentur et al., 1999; Alonso et al. 2000)
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2 40 25 8.5
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- STEP 1
Feasibility / Design
Service Life Dbjectives

Local Exposures
Local Materials

] Quality Aasura

Testing & Metrics
Evaluate Variations
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Performance
Evaluation Tool
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Specification /
Documentation

Expectations
Methodologies

Bidding / Selection
Value Engineering
Proposals

Evaluations
Approvals
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» Total cost of the project = 24 M$
» Total cost for concrete = 1.3 M$
> Savings resulting from STADIUM® = 250 K$

SSUMMA
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In Summary

» Tools are now available to predict the durability
of concrete structures.

» These tools can be used in support of more
classical analyses to design durable concrete
structures and optimize the maintenance of
existing ones.

» They can also be used to optimize the selection
of materials and produce more durable and
greener concrete.
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