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AAPA – Facilities Engineering Seminar 
Vancouver – November 2013

Service Life Modeling – Demystify STADIUM®

Dennis Burns, P.Eng., M.Sc.
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CURRENT 
CONDITION

WITHOUT 
INTERVENTION
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Design Construction Maintenance Rehabilitation Recycling
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Time

Pre-Design

A Comprehensive Approach

Presenter
Presentation Notes
Quantify your service life – we extend the service life – every step of the way --- 
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DoD UNIFIED FACILITIES 
GUIDE SPECIFICATIONS
SIMCO’s STADIUM® software is the only service-life 
prediction tool recognized and specified by the U.S. DoD
for the design and construction of new maritime works 

Modular Hybrid Pier Kilo Wharf Extension Pier 31, Groton
The use of service-life prediction technology 

leads to 25% life extension of DoD waterfront facilities
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STADIUM® Software Solutions
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Durability Engineering

Sound and proven analytical techniques
Reliable testing methods

Comprehensive knowledge of local materials
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The approach varies with the type 
of degradation phenomenon considered

Service-Life Verification & Documentation
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Concrete Durability Matrix
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HEAT IONS FLUIDS

CHEMICAL EQUILIBRIUM

STADIUM®

DAMAGE

Coupled Transport

STADIUM® Calculation Algorithm
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Coupled Transport

Moisture
Transport

ETTRINGITE AND
GYPSUM FORMATION

BRUCITE FORMATION

FRIEDEL’S SALT FORMATION

Ca and OH
leaching

CALCIUM HYDROXIDE
DISSOLUTION

C-S-H DECALCIFICATION

Cl, SO4 
and Mg ions 
penetration

Moisture
Transport

STADIUM® Approach
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Full Probabilistic Approach
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0.5M NaCl
+

0.3M NaOH
0.3M NaOH +

Specimen with epoxy coating

Bolts

Upstream cell Downstream cell

Electrode

Ruthenium oxide 
coated Titanium 
electrode

Jack Jack

Plug Plug

PlugPlug

Mineralogical
Composition

Transport
Properties

Properties
Evolution

Input Data Determination
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Future Degradation Curve – Minimal Maintenance

Presenter
Presentation Notes
We can also track the surface area affected by a certain corrosion risk



©
 S

IM
C

O
 T

ec
hn

ol
og

ie
s 

In
c.

 2
01

3 
 –

A
ll 

R
ig

ht
s 

R
es

er
ve

d 
©

 S
IM

C
O

 T
ec

hn
ol

og
ie

s 
In

c.
 2

01
3 

 –
A

ll 
R

ig
ht

s 
R

es
er

ve
d

Future Degradation Curve – Critical Areas

Presenter
Presentation Notes
We can also track the surface area affected by a certain corrosion risk
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Future Degradation Curve – Maintenance Options

Presenter
Presentation Notes
We can also track the surface area affected by a certain corrosion risk
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Future Degradation Curve – Optimum Maintenance 

Presenter
Presentation Notes
We can also track the surface area affected by a certain corrosion risk
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Design-Build Project Approach
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Final Design Stage - Mixture Design Optimization
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Construction Stage – Proactive Quality Control
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Time to Initiate Corrosion Simulations
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Initial corroding spot (0.4 cm²)

Numerical simulation: 
Finite elements software Comsol Multiphysics®

Corrosion Simulation: Single-spot Scenarios with 
Increasing Anodic Surface
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Half-cell potential field / 
concrete surface (V/SCE) 

Corrosion current streamlines

Examples of output data of corrosion simulations

Corrosion Simulation: Single-spot Scenarios with 
Increasing Anodic Surface



©
 S

IM
C

O
 T

ec
hn

ol
og

ie
s 

In
c.

 2
01

3 
 –

A
ll 

R
ig

ht
s 

R
es

er
ve

d 
©

 S
IM

C
O

 T
ec

hn
ol

og
ie

s 
In

c.
 2

01
3 

 –
A

ll 
R

ig
ht

s 
R

es
er

ve
d

Corrosion rate

Corrosion Simulation: Single-spot Scenarios with 
Increasing Anodic Surface

Presenter
Presentation Notes
The corrosion rate ( = corrosion current) depends on the corroding spot surface. 
The corrosion current is very high after initiation of the spot (small corroding surface).
Then, it decreases as the corroding surface increases.
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Corrosion Simulation: Single-spot Scenarios with 
Increasing Anodic Surface
Corrosion rate

Presenter
Presentation Notes
The corrosion current at the spot boundary is significantly higher than at the center of the spot

Therefore, the corroding spot expansion is higher laterally than in depth.

Numerical simulations (finite elements method) allow for the assessment of the corrosion currents relative to the lateral expansion (spot surface) and to the depth expansion (rebar section reduction).
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Assessment of corrosion propagation 

Surface expansion of the initiated corrosion spot
Rebar section reduction 

Depth expansion of the initiated corrosion spot

* The evolution is very sensitive to the electrical resistivity of concrete

Corrosion Simulation: Single-spot Scenarios with 
Increasing Anodic Surface
Corrosion rate
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Simulation of corrosion propagation:
Number of corroding spots
increasing with time
Evolution of local corrosion rates
and local section losses

Corrosion Simulation: 
Realistic Multi-spot Scenarios

Presenter
Presentation Notes
Initiation of new corroding spots in time (probabilistic approach)
Calculation of the time evolution of the corrosion system (deterministic approach)
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Rebar Section Loss Simulations

Stirrup

Vertical Rebar



©
 S

IM
C

O
 T

ec
hn

ol
og

ie
s 

In
c.

 2
01

3 
 –

A
ll 

R
ig

ht
s 

R
es

er
ve

d 
©

 S
IM

C
O

 T
ec

hn
ol

og
ie

s 
In

c.
 2

01
3 

 –
A

ll 
R

ig
ht

s 
R

es
er

ve
d

Repair Alternative Simulations

Concrete 
Jacket

Concrete Jacket remove 
contaminated concrete

Anchor Bolts

Cl 300mm @ 2050
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Thank You
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