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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 

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$
• Buildings = 2 B$
• Parking structures = 0.5 B$
• Industrial facilities = 2B$
• Dams and locks = 0.2 B$ 
• Residential construction = 0.3 B$

Source: Vision 2020 (ACI/ICRI)

Sustainability ↔ Durability
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Service-Life
Prediction

Life-Cycle Cost
Analysis

Optimal Solution

Input Data
> Materials Properties
> Exposure Conditions

A Comprehensive Approach
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Inspection and Maintenance

Visual 
Inspections

In-situ
Measurements

Structural 
Analyses

More reliable 
assessment

Time 
prediction

SUMMA Consortium - Members
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SCM

Chemical
Degradation

Transport
Properties

Chemical
Properties

Influence of SCM

STADIUM® Interface
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STADIUM® Interface

Experimental Procedure:
Evaluation of the diffusion
coefficients for all ionic
species:

•OH
•Na
•K
•SO4 …

ASTM C 1202 - Modified
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STADIUM® Interface

STADIUM® Interface
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Output Data

Typical Applications
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Materials Manufacturer

W/B ratio:
Type of binders:

– Cement (ASTM C 150)
– Fly Ash (ASTM C 1260)

Binder contents:
– Cement (kg/m3)
– Fly Ash (normal) (kg/m3)
– Fly Ash (ultra fine) (kg/m3)

A B C

Heat curing:

0.27 0.34 0.28

Type II/V Type I Type I/II

Class F Class F Class F

475.6 335.3 391.2
158.7 110.6 107.0

0 0 29.7

No Yes Yes

Mixture Characteristics
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Validation Experiments
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Validation Experiments

Chloride Immersion Tests

Producer C – Curing 365 days
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MHP Module

Air
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or 85% R.H.

Empty
Space
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Mesh = 200 nodes

Cover (x)

200 mmSeawater

Numerical Simulations – Exposure Conditions

Chloride threshold value = 0.5 g/kg of concrete
(Bentur et al., 1999; Alonso et al. 2000)

Cover 
(mm)

Time 
(years)

12 1.0
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University of Kentucky

Total cost of the project = 24 M$
Total cost for concrete = 1.3 M$
Savings resulting from STADIUM® = 250 K$
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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.


