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Deborah Slaton, FAPT

Wiss, Janney, Elstner Associates, Inc.

The Morse and Ezra Stiles Colleges at Yale University were among Eero Saarinen’s last and 
most distinctive works. Instead of stone or brick, Saarinen built the colleges of poured-in-
place concrete, with narrow strips of vertical windows. Over time, the concrete saw 
deterioration and a unique conservation approach was used to guide technical and 
engineering decisions. Meticulous care was required for investigation and building analysis, 
as well as craftsmanship to achieve repair that matched the adjacent original concrete. 
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Durability Assessments of Modern Concrete Icons-
Predicting Performance for a Proactive Repair Approach
Gina Crevello, MSc. 

The durability of concrete structures is a well-established field of study amongst European 
and British engineers. This presentation will illustrate how durability modeling has been used 
on modern concrete icons and how by understanding the conditions that impact corrosion, 
the team can move from a reactive approach to a proactive approach. This philosophy, 
which forecasts damage to the structure, is meant to allow the team to intervene prior to 
damage occurring. 
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DOCOMOMO US: MODERNISM ON THE PRAIRIE
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Introduction

• Pantheon, 120 AD



Introduction

• Glenfinnian Viaduct, 
Scotland 1897



Introduction

• Ward’s Castle, Port Chester 
First Steel Reinforced 
Concrete Building in the US

• Milton’s House, WI, 1844
Oldest Cast in Place 
Concrete – Lime Cement



Introduction

• Bellefontaine Street 1891 Ohio
• First Concrete Street in 

America



Introduction

• Alvord Bridge, CA 1889
• First reinforced concrete 

bridge in America
• Earnest Ransome



Introduction

Gladesville Bridge - Sydney, Australia
• Concrete arch built in 1964
• Longest concrete bridge in the world at the time (579.5m)



Introduction



Introduction

• Minor amounts of corrosion 
damage on historic buildings can 
be perceived as significant 
material loss



Introduction
The practice of durability engineering involves using 
engineering knowledge of materials, environmental factors, 
corrosion, concrete degradation mechanisms and structural 
behavior to ensure a minimum level of performance with 
respect to serviceability.



Preserving Concrete
• Material Authenticity

• Conservation Aims to preserve 
the original materials or 
replace “in-kind”

• The Symbiotic Relationship 
between steel and concrete 
complicates preservation

• The structure and the material 
are a cohesive unit and can 
not be treated separately

• The corrosion mechanism of 
reinforcing steel corrosion in 
concrete impact both structure 
and material 



Preserving Concrete

• Durability is often 
compromised for aesthetics 
in conservation

• Well established scientific 
laws allow us to understand 
when structures will 
deteriorate from factors 
impacting corrosion and 
service life



Preserving Concrete

• 50% of all repairs will fail in 10 
year or less

• 8.3B per annum spent of corrosion 
related concrete repairs

• Understanding condition allows for 
a better repair program



Corrosion

• Corrosion is arguably the most 
deleterious deterioration 
mechanism in concrete

• Minor amounts of corrosion 
can have an significant impact 
on an historic façade

• Limitations in repair options 
are often part of the challenge

• Corrosion is an exponential 
reaction

• Knowing the condition helps 
owners choose early and 
wisely 



Time to failure

Time to cracking/spalling

Time to corrosion initiation

Period 1 Period 2

Period 3

Corrosion Timeline

No Damage Unseen 
Damage

Visible 
Damage
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• Know where the structure is in its life cycle
• Know the mechanisms affecting deterioration 
• Interpret condition to the owner
• Help the owner understand when to repair
• Help the owner know how to repair their structure
• Understand the feasibility of various repair option

• TO PREDICT BEHAVIOUR TO ALLOW FOR A 
PROACTIVE REPAIR

Durability Assessments
Why Perform One



• Loss of Passive Oxide Layer found in high alkaline 
conditions

• Carbonation – Reaction of hydroxide with atmospheric 
carbon dioxide to form neutral pH carbonates and stable 
oxide layer lost

• Chlorides – penetrate and disrupt stable oxide film 
causing concentrated localized corrosion 

• Oxygen
• Moisture 
• Temperature

Factors Impacting Concrete Durability
Corrosion



Durability Assessments
• Laboratory Testing

• Petrographic Analysis
• Carbonation
• Depth of Chlorides
• Compressive Strength
• Material Identification



Carbonation



Carbonation
• Diffusion Modelling Fick’s Second Law
• Simplified



Chlorides
• Established corrosion thresholds found ACI 318  

and ACI 222

Comparison of Chloride Ion Limits (ACI 318-95 vs. ACI 222-11) % by weight cement

ACI 318 ACI 222 ACI 222

Water Soluble Acid Soluble Water Soluble

Pre-stressed Concrete 0.06 0.08 0.06

Reinforced Concrete Exposed to 
Chlorides in Service

0.15 Not mentioned Not mentioned

Reinforced Concrete Dry in 
Service 1.00 0.20 0.15

Reinforced Concrete Wet 
Conditions in Service Not mentioned 0.10 0.08

Other 0.30 Not mentioned Not mentioned



Chlorides 

*This depends on location, structure type, and not always applicable to 
carbonated concretes



Resistivity
Chloride Permeability Charge Passed



Durability Assessments 
• On Site

• Cracks
• Half-Cell Potential Survey
• Corrosion Rate Survey
• Cover Survey
• Resistivity
• Schmidt Hammer Survey 



Durability Assessments
• Durability and Performance Models

• Time to Corrosion Initiation 
• Time to Cracking
• Diffusion and deterioration models from cracks
• Repair Performance Modeling
• Service Life Models



Case Study



Pavilion on the Pond

• 1962, Philip Johnson’s folly at home estate “Glass 
House”

• Pre-cast ‘Shockbeton’ system
• “An Experiment in Form and Material, a model.”
• Precursor to Lincoln Center



Pavilion on the Pond

• Must remain white and clean



Pavilion on the Pond

• 2011 Durability of Assessment of the 
Pre Cast Concrete and Cast in Place 
Base



Pavilion on the Pond

• Full environmental Exposure 



Pavilion on the Pond

• Articulated pre-cast colonnade with ziggurat roof, with poured in place base.



Pavilion on the Pond

• Base submerged in pond,
• Has saturated conditions as 

well as ‘splash zone’ 
conditions



Pavilion on the Pond

• All elements assembled on 
site – Steel is discontinuous



Pavilion on the Pond

• Drainage and moisture  
issues at the base



Pavilion on the Pond

• Drainage and Moisture  
Management from Roofs



Pavilion on the Pond

• Embedded Conduit
• Abandoned Fixings



Pavilion on the Pond



Pavilion on the Pond
• Limitations in Testing
• Only at spalls where steel 

was exposed
• No coring or sample 

collection 



Pavilion on the Pond



Pavilion on the Pond



Pavilion on the Pond



Pavilion on the Pond



Pavilion on the Pond



Durability Assessments
• Summary



Shifting the Paradigm
• Shifting the philosophy from being reactive to 

PROACTIVE
• Because corrosion can be measured, and multiple 

deterioration and contamination thresholds can be 
calculated, corrosion activity can be PREDICTED  

• When the material integrity, values, and the structure are 
intrinsically linked the more informative one can be the 
better prepared one can be to assess long term treatments 
prior to a material failure.



Shifting the Paradigm
• Shifting the philosophy from being reactive to 

PROACTIVE
• Do not sacrifice durability for aesthetics
• Traditional concrete repairs are not suitable for historic 

structures
• Numerous Materials on the market ARE NOT appropriate 

for historic Buildings



Shifting the Paradigm
• Shifting the philosophy from being reactive to PROACTIVE

• Know your structure/ Know your concrete
• Understand behavior and environment
• Treat prior to loss
• Repair with quality
• Understand the consequences of ‘new materials’
• Provide the Client/ Building with the Best Available Choices based 

on Applied Science
• Use proven technology

• Tradition and well developed repairs
• Electrochemical repairs
• Use an expert not a supplier



Thank you.  Questions?
Gina Crevello 
Principal
Echem Consultants LLC
gcrevello@e2chem.com
845-215-4370
201-705-9050
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	S14-0
	S14-1 Placeholder
	S14-2
	S14-X

