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Presently, there exists a large number of historic houses that have had their walls 

insulated with loose-fill cellulose and can now be studied 10, 20 or 30 years after they 

were insulated. The wood siding of these houses can be evaluated for types of paint 

failure and compared to comparable historic houses that have not had their sidewalls 

insulated. A methodology for defining common paint failure types, their presence and 

possibly their severity was designed. A methodology for the selecting of historic houses 

with both insulated and uninsulated walls was also designed. A visual documentation 
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process was carried out, results compiled and analyzed in order to determine if a 

difference could be observed between the types of paint failures on the insulated versus 

the uninsulated historic houses. 

In addition this study looked at the most common sources for moisture intrusion into a 

wall cavity, how this moisture moves, and how little the role of vapor diffusion plays in 

the wetting of the wall cavity.  
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CHAPTER I: INTRODUCTION 
 

THE DEBATE:  SHOULD WALLS OF HISTORIC HOMES BE INSULATED? 
 

The question of insulating or not insulating the sidewalls of wood framed, wood clad 

historic houses is a complicated and controversial one. Within the historic preservation 

community many preservationists are insistent that the walls of such homes should not 

be insulated. They cite many reasons for this point of view. A predominant view is that 

the introduction of insulation (typically blown-in cellulose) in the open cavity of the 

sidewalls will cause the exterior paint to fail. In addition, the proponents of this view also 

believe that “old houses need to breathe” and any effort to insulate the sidewalls will 

cause irreversible damage to the house’s structure and/or finishes. Those in favor of 

insulating the sidewalls believe that insulating can be one component, but not 

necessarily the primary component, of a comprehensive energy savings strategy.  

 

Understanding exterior paint failure is a complicated undertaking, one that is 

compounded by the myriad of theories that are offered for its explanation. One thing is 

certain:  understanding moisture movement is one key in trying to understand exterior 

paint performance. Exterior paint failure can be classified into two general categories: 1) 

failure as a result of environmental impact (the effects of moisture, sun, wind etc.) on the 

exterior surface of the siding and, 2) failure due to conditions that occur inside the 
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exterior wall cavity.  Many believe the majority of paint failure is a result of the latter – 

i.e., the conditions that occur inside the wall cavity.  

Moisture’s role can be powerful in how it impacts exterior paint performance, and this 

role is often misunderstood. Exterior paint failure can be attributed to moisture’s role, but 

often not in the manner that many homeowners believe. Significant exterior paint failure 

can be explained by three things:  1) the all-too-commonplace inattention to the 

management of rain water (liquid flow) on the exterior of the cladding, 2) the aging of 

alkyd/oil paints, and 3) the failure to properly prepare surfaces to be painted.  All three of 

these factors will determine, to a large extent, whether paints on exterior wood siding will 

fail – and all are completely unrelated to the presence or absence of insulation in the 

wall cavity. 

HISTORY OF THE LINK BETWEEN PAINT PROBLEMS AND WALL INSULATION 
 

The debate on the effects of sidewall insulation in wood framed buildings on exterior 

paint has a long history. According to building scientist and architect William Rose, with 

the introduction of insulation in building cavities in the 1930’s the paint began to peel.  

Quoting T.S. Rogers:  

“…there was a great deal of buck passing. The insulation men 

blamed the painters or the wet lumber and some painters 

retaliated by refusing to paint an insulated house. Then the 

building paper manufacturers got caught in the middle; their new 

building papers were blamed for causing condensation instead of 

shielding a building from dampness. The foils were soon in the 

ring with the papers, while architects, builders, building owners 
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and the general public watched this battle royal and wondered if 

any of the fighters were worth betting on.”1 

Almost 80 years later the debate continues, especially among historic preservationists. 

Not only is there concern about premature paint failure (peeling paint) but there is also 

concern that incorrect installation of sidewall insulation can lead to the degradation/loss 

of historic materials or deterioration of the wall assembly. Original interior finishes on 

walls (wallpaper, decorative stenciling, and plaster and lath, etc.) and exterior finishes 

such as the original wood siding and decorative millwork are part of the historic fabric of 

the building and warrant sensitive treatment. According to the newly revised 

Preservation Briefs 3:  Improving Energy Efficiency in Historic Buildings published by the 

National Park Service (December 2011):  

“Adding wall insulation must be evaluated as part of the overall 

goal to improve the thermal efficiency of a [historic] building and 

should only be considered after the installation of attic and 

basement insulation. Can this goal be achieved without the use of 

wall insulation? Can insulation be added without causing 

significant loss of historic materials or accelerated deterioration of 

the wall assembly? Will it be cost effective? These are basic 

questions that must be answered before a decision is made to 

insulate the walls and may require professional evaluation.”  

                                                             

1 William Rose. “The Rise of the Diffusion Paradigm in the U.S.” 2nd International Conference on 

Research in Building Physics, September, 2003. 1. 
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The Brief continues 

: “Wood is particularly susceptible to damage from high moisture 

levels; therefore, addressing existing moisture problems before 

the addition of insulation is essential. Un-insulated historic wood 

buildings have a higher rate of air infiltration than modern 

buildings; while this makes older buildings less efficient thermally, 

it helps dissipate the unwanted moisture and thus keeps building 

assemblies dry. Climate, building geometry, the condition of the 

building materials, construction details, and many other factors 

make it difficult to assess the impact that adding insulation will 

have on reducing air flow and, hence, the drying rate in a 

particular building. For this reason, predicting the impact of adding 

insulation to wood-frame walls is difficult.”2  

 

Predicting the impact of adding insulation to wood-frame walls is difficult and a cautious 

approach is wise. A cautious well-thought-out strategy to improve the thermal efficiency 

of a historic home makes sense in a time of high heating and cooling costs.  Such a 

strategy, which also respects the historic house’s valuable architectural and historic 

integrity, is a win-win for the historic preservation community and the community at 

large. Who is against lower homeowner operational costs and the reduction in the 

                                                             

2 Jo Ellen Hensley and Antonio Aguilar, Preservation Briefs #3 Improving Energy Efficiency in 

Historic Buildings.  (Washington, DC: U.S. Department of the Interior, 2011), 11. 
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overall energy consumption of the community while at the same time preserving our 

historic neighborhoods? 

 At this time, our cities and towns have a large collection of historic neighborhoods made 

up of historic houses – houses where their owners have either decided to have their 

walls insulated or have chosen not to.  Thus it is possible to look at a sample of 

uninsulated and insulated homes, built around the same time with similar construction 

methods – i.e., balloon framed, located on the same street or road, in the same 

neighborhood, in the same climate – to see if anything can be learned about the effects 

sidewall insulation may have on their wall assembly’s health.  Can observations be 

made about damage from high moisture levels, rate of air infiltration, drying potential, 

etc. as described above in Preservation Brief #3? Probably not very easily, as the issue 

of wall assembly health is complex with many variables. Add to this the inability to see 

exactly what is occurring at any given time within the wall cavity makes it extremely 

difficult to assess. Can an investigator bring some understanding to the table by studying 

only the exterior face, easily observed, of the wall assembly?   

A wall assembly is made up of two faces: the interior face, more than likely covered in 

plaster or wallboard, and the exterior side, commonly referred to as the exterior cladding.  

The two faces are separated by the “mysterious and unseen” wall cavity.  This study is 

restricted to houses in which the exterior face is wood clapboard siding.  This wood 

cladding is a major part of the wall assembly and is a crucial component in minimizing 

exterior sourced moisture intrusion into the wall cavity.  Studying how well it performs 

this job is important to understanding the health of a wall assembly health and exterior 

paint performance.  
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The historic home exterior cladding is composed of the substrate itself, in this case wood 

clapboard siding, and the paint film applied to its outside face. Exterior paint provides the 

first line of defense against outside environmental forces of sun, rain, and snow. The 

regular upkeep of the paint protects the substrate from weathering (extending its 

lifespan), and in aiding the cladding in providing protection of the wall cavity. Studying 

the integrity of the paint film – how well it wears and adheres – can provide the 

investigator with a means to assessing its protective effectiveness. The aging of old 

oil/alkyd paint coats, substrate surface prep, and moisture all play a part in the 

weathering of the exterior paint film and can affect the wall cladding’s protective role . 

Moisture’s potential effect on exterior paint performance can be caused by a handful of 

outside or inside moisture sources driven by a variety of mechanisms and can affect 

both uninsulated and insulated wall assemblies.  The topic of moisture’s impact on paint 

failure will be discussed in Chapter 2. By studying exterior paint performance on the 

wood siding of houses with uninsulated and insulated wall cavities we may be able to 

learn something.  

PURPOSE OF THIS THESIS 
 

The purpose of this thesis is to investigate the role moisture plays in premature exterior 

paint failure in frame wood clad historic houses that have had their sidewalls insulated 

with loose-fill cellulose. Loose-fill cellulose has been the most common insulation system 

found in historic homes’ sidewalls insulated over the past 40 or so years since the early 

1970’s, when the first energy crisis resulted in higher fuel costs and increased 

awareness of energy conservation.  The relatively simple installation and low cost of 

loose-fill cellulose allowed many home owners to be sold on the promise that insulating 

their homes’ sidewalls with cellulose was a good strategy for lowering their utility costs.  
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Not only would the insulation beef up the thermal resistance of the sidewalls, but it would 

also keep the drafts out and result in increased comfort for the occupants. Unfortunately, 

building scientists3 have determined that loose-fill sidewall insulation does not perform 

as well as initially promoted. Loose-fill cellulose tends to settle in the wall cavity creating 

uninsulated voids, and does not control infiltration (draftiness) very effectively.  

Furthermore, when wetted, cellulose insulation’s thermal properties are compromised 

and may take a long time to dry out.  

Presently, there exists a large number of historic houses that have had their walls 

insulated with loose-fill cellulose and can now be studied 10, 20 or 30 years after they 

were insulated. The wood siding of these houses can be evaluated for types of paint 

failure and compared to comparable historic houses that have not had their sidewalls 

insulated. A methodology for defining common paint failure types, their presence and 

possibly their severity was designed. A methodology for the selecting of historic houses 

with both insulated and uninsulated walls was also designed. A visual documentation 

process was carried out, results compiled and analyzed in order to determine if a 

difference could be observed between the types of paint failures on the insulated versus 

the uninsulated historic houses.  In addition this study looked at the most common 

sources for moisture intrusion into a wall cavity, how this moisture moves, and how little 

the role of vapor diffusion plays in the wetting of the wall cavity.  

  

                                                             

3 Building Science is the study of how the man built environment interacts with the natural 

environment. The use of physics, chemistry and mathematics are tools used to study how energy, 

moisture and pollutants move through a building and how they interact with the building materials 

and its occupants. 



 

 

 

CHAPTER II: MOISTURE AND PAINT FAILURE 
 

MOISTURE, THE SINGLE GREATEST THREAT 
 

Understanding exterior paint failure is a complicated undertaking, one that is 

compounded by the myriad of theories that are offered to explain it.  One thing is certain:  

understanding moisture movement is one key in trying to understand exterior paint 

performance. According to Building Moisture and Durability Past, Present, and Future 

Work, published in 2004 by the Department of Housing and Urban Development:  

“Moisture, in all its physical forms, is commonly regarded as the 

single greatest threat to durability and long-term performance of 

the housing stock. Excessive exposure to moisture is not only a 

common cause of significant damage to many types of building 

components and materials [such as premature failures of exterior 

paint] it also can lead to unhealthy indoor living environments. 

Some of the more serious [additional] effects resulting from 

moisture problems in houses include:  

• decay of wood and corrosion of metals  

• infestation by termites, carpenter ants and 

other insects  
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• negative impacts on indoor air quality  

• the growth of mold, mildew and other biological 

contaminants  

• reduced strength in building materials  

• expansion/contraction damage to materials  

• reduced thermal resistance of wet insulation  

• premature failures of paints and coatings 

(emphasis added) 

• damage to building contents  

• negative effects on building aesthetics”4  

 

The role moisture plays in premature paint and coating failure is significant.  Moisture 

can dramatically affect exterior paint performance.  Moreover, the mechanisms by which 

moisture plays a role are too often misunderstood. Exterior paint failure can be classified 

into two general categories: 1) failure as a result of environmental impact on the exterior 

surface of the siding and, 2) failure due to conditions that occur inside the exterior wall 

cavity.  Many believe the predominant cause of paint failure is the latter – i.e., the 

conditions that occur inside the wall cavity.  

                                                             

4 U.S. Department of Housing and Urban Development, Building Moisture and Durability Past, Present, 

and Future Work, 2004. Prepared by the Office of Policy Development and Research and New Port 

Partners, LLC. (Washington, DC: Government Printing Office 2004). 1. 
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Many owners of historic houses when asked to describe why their exterior paint is failing 

will try to explain what is happening in terms of moisture somehow getting into my walls 

[exterior wall cavity]  and causing the paint to fall off, or if the walls have insulation in 

them: the insulation has gotten wet causing the paint to fall off.  The owners are correct 

in assuming that moisture does play a significant role in many of these cases, but unless 

we are identifying the source of the water in its bulk form either as rain, snow or ground 

water it is questionable that moisture in any other form is causing moisture levels 

excessive enough in the wall cavity to cause significant paint failure even if the walls are 

insulated.  

THE MISUNDERSTOOD ROLE OF VAPOR DIFFUSION 
 

Many believe that inside sources of water vapor, resulting from showering, cooking, 

indoor plant growing etc., is moved by way of diffusion through the face of the 

plaster/wallboard into the exterior wall cavity and thus is causing the paint to fail. . For 

example, Cassens and Weist [1988], in their article, “Paint Failure Problems and their 

Cure,” state:  

           “…inside moisture can destroy paint on the outside of a building by 

diffusing through the walls. Water vapor from cooking, 

dishwashing, clothes dryers, bathing and normal respiration by an 

average family of four can contribute three gallons of water per 

day to the humidity. Additional sources are humidifiers, unvented 

gas heaters and moisture moving into the living quarters from 

crawl spaces and wet basements. If the inside of all exterior walls 

does not have a vapor barrier or if the vapor barrier is improperly 
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installed, water vapor passes into the walls during cold weather 

and condenses to a liquid. In very cold weather, it may form frost 

and melt as warm weather approaches. The water eventually 

soaks into the siding and wets the paint and is a common cause of 

blistering and peeling.  This issue of occupant environmental 

effects (sic) must also be taken into consideration.”5  

 

While some moisture can be transported in this way, the amount of moisture driven by 

diffusion is much less than the amount of vapor moisture that can enter the exterior wall 

cavity by way of air pressure differences resulting from stack effect, HVAC air handlers, 

and or wind influences, the theory held by the thesis author.  Moisture in the bulk form – 

i.e., rain, snow, ground water driven by gravity, momentum, capillarity, and air pressure 

from the wind – are the major sources and driving forces that impact the exterior face of 

the siding.  It is bulk moisture impinging on the exterior of the siding that is the main 

cause for premature paint failure, regardless of the walls being insulated or not. The 

Preservation Briefs #3 referred to above in Chapter I in a sidebar asks the question:  

“What about moisture?   The issue of moisture in insulated 

assemblies is a subject of much debate. While there is no 

conclusive way to predict all moisture problems, especially in 

historic buildings, experts seem to agree on a few basic tenants. 

Exterior materials in insulated buildings become colder in the 

                                                             

5 Daniel L. Cassens, “Paint Failure Problems and Their Cure,” Wood Finishing North Central Regional 

Extension Publication #133 (March 1988):2.  
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winter and stay wet longer following a rain event. While the 

wetness may not pose a problem for robust materials, it may 

speed the deterioration of some building materials, and lead to 

more frequent maintenance such as repainting of wood …….Most 

problems [emphasis added] are caused by poor [bulk] moisture 

management, poor detailing which does not allow the building to 

shed [bulk] water, or inadequate drainage……..”6   

 

Building scientists Lstiburek and Carmody and others have studied moisture movement 

and its effects on building assemblies.  In Moisture Control Handbook:  Principles and 

Practices for Residential and Small Commercial Buildings and subsequent issued errata, 

Lstiburek and Carmody discuss the environmental forces that act upon the frame wall 

assembly internally (in the wall cavity) and on its interior and exterior faces.  Lstiburek 

further elaborates on these issues and others in Builder’s Guide to Cold Climates. 

According to these and other building scientists, including William Hill, professor 

emeritus of Ball State University, moisture in many forms can wet the interior and 

exterior faces of the wall assembly and this moisture can finds its way into the wall cavity 

from either side.  

 

                                                             

6 Jo Ellen Hensley and Antonio Aguilar, Preservation Briefs #3 Improving Energy Efficiency in 

Historic Buildings.  (Washington, DC: U.S. Department of the Interior, 2011), 13. 
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Lstiburek and Carmody argue: 

“…that blisters and paint peeling [significant paint failure] are 

caused by the expansion and contraction of the wood siding due 

to changing or cycling of the moisture content of the wood siding. 

The expansion and contraction of the wood substrate causes the 

paint film to lift or separate from the wood as the paint film 

attempts to stretch with the wood. In other words, the moisture 

does not push the paint off the siding, rather the mechanical 

stresses on the paint film caused by the expansion and 

contraction of the wood substrate due to changing moisture 

content causes the paint to fail.” 7 

 

Bulk sources of water that impact the exterior face of the exterior cladding, in this case 

wood clapboard, that can potentially impact exterior paint performance are rain, snow 

and ground water driven by gravity, momentum, capillarity, pressure differences and to a 

lesser degree incidental solar radiation. These and building fundamentals will be 

discussed in the following chapter. 

 

 

                                                             

7 John Comody and  Joseph Lstiburek. Moisture Control Handbook Principals and Practices for 

Residential and Small Commertial Buildings.(New York: John Wiley & Sons, Inc., 2002), 50-51. 



 

 

 
 

CHAPTER III: UNDERSTANDING MOISTURE 

MOVEMENT IN BUILDINGS 
 

The first priority when working on any historic building is to “do no harm.”  For most 

historic preservationists this statement most often refers to not harming the historic fabric 

of the building.  Building scientists have expanded the list to include doing “no harm” to 

the occupants as well. Actually, health and safety are the number one priority. Following 

health and safety are durability, comfort and affordability. 

 

According to Carmody and Lstiburek, indoor air quality is the number one concern that 

may influence the short and long term health of occupants and is 

 “…directly related to the concentration of pollutants within building 

enclosures. The sources of pollutants in conditioned spaces, in 

order of impact, are:  

• Combustion products 

• Moisture and biological products 

• Radon 

• Formaldehyde and other volatile organic compounds (V.O.C.’s) 



 

 

15 

 

• Particulates 

• Carbon dioxide 

Each of these pollutants can be controlled by reducing the 

source.”8  

 

For the historic building owner durability follows “do no harm” in importance. It is 

reasonable to assume a useful service life of a well built and engineered historic building 

should be between 75 to 100 years and with proper maintenance could be extended 

indefinitely.  

BUILDING SCIENCE FUNDAMENTALS 
 

According to Joe Lstiburek “laws of building science:” 

1. All buildings move 

2. All steel rusts 

3. All concrete cracks  

No matter how well engineered a building is, it needs to be maintained in order to limit 

the effects of nature as stated in Lstiburek laws of building science. Managing these 

laws by following proper appropriate cyclical maintenance, especially in managing the 

influences of moisture, enables an historic building owner to extend the durability of the 

                                                             

8 John Camody and  Joseph Lstiburek. Moisture Control Handbook Principals and Practices for 

Residential and Small Commertial Buildings.(New York: John Wiley & Sons, Inc., 2002), xi. 
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structure well beyond its original designed lifespan. According to Lstiburek and 

Carmody: 

                  “Historically, the single greatest factor affecting the durability 

of buildings has been excessive moisture. Moisture causes 

wood products to decay, metals to corrode, paint and coating 

systems to separate from substrate, and concrete and 

masonry to effloresce, spall, and flake. Changing moisture 

levels cause elements, assemblies, and entire buildings to 

move. Moisture problems often lead to maintenance 

nightmares. Controlling moisture is proving to be a prerequisite 

for a durable building in all climate zones.”9 

 

In terms of climate zones, it should be noted that the Hygro-Thermal Region defined as 

cold by ASHRAE (The American Society of Heating, Refrigeration and Air-Conditioning 

Engineers) will be the thermal region applicable to this thesis. A cold climate is defined 

as a region with approximately 5,400 heating degree days (65°F basis) and less than 

9,000 heating degree days (65°F). The extent of this cold hygro-thermal region for North 

American is shown in the map (Figure 1) below. 

                                                             

9 John Carmody and Joseph Lstiburek. Moisture Control Handbook Principals and Practices for 

Residential and Small Commertial Buildings.( New York: John Wiley & Sons, Inc., 2002), xi (emphasis 

added) 
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Figure 1. Hygro-thermal map of North America 

10 

 

                                                             

10 American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE), 

http://www.ashrae.org 
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Comfort should also be taken into account when working on historic buildings and refers 

to satisfying the sensory perceptions of the building occupants. Often the need to make 

an historic building comfortable is seen as the primary motivation and unfortunately can 

trump the prior priorities. Factors impacting comfort include but are not limited to: 

temperature, indoor air quality, noise control and light, both natural and artificial. 

The AHRAE psychrometric chart establishes the standard comfort zones for summer 

and winter.  These comfort zones approximately cover the following ranges:11  

Winter comfort Zone: 

Temperature: 68-75 ºF 

Relative Humidity: 30-60% 

Summer Comfort Zone: 

Temperature: 72-78 ºF 

Relative Humidity: 25-60% 

Finally, in terms of priorities, affordability, like comfort, can mean different things to 

different people. To historic building owners it may mean not only a building’s market 

value but also its intrinsic value, including its architectural integrity and history.  

Affordability also includes long term operating costs such as utilities – and especially 

heating and cooling costs – taxes, insurance and cyclical maintenance. Avoiding and 

managing the single most important factor affecting the durability of a building, moisture, 

can ultimately be helpful in creating an affordable historic building by reducing potentially 

                                                             

11 John Carmody and  Joseph Lstiburek. Moisture Control Handbook Principals and Practices for 

Residential and Small Commertial Buildings.(New York: John Wiley & Sons, Inc., 2002), xii. 
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costly repairs and upkeep.  Extending the lifespan of a paint job by managing bulk 

moisture is especially significant in this regard. 

INTERCONNECTIVITY 
 

Building scientists agree that factors influencing building operation can be divided into: 

(1) climatic and environmental conditions, (2) building occupants, and (3) building 

systems. The manner in which buildings actually perform is governed by basic principles 

of building science including mechanisms of heat, air, and moisture flow, as well as 

chemical and biological reactions. In addition, these factors need to be viewed as being 

interrelated and interconnected, as in a matrix where influencing one factor may affect 

others. This approach is necessary in order to resolving moisture or other problems in 

buildings. Otherwise, if buildings are viewed as a set of isolated components or systems, 

solving one problem may simply create another one; or worse, the problem may never 

be diagnosed and solved correctly in the first place. By having this overall understanding 

of building systems, not only can moisture and other problems be addressed effectively, 

but the other priorities such as health and safety, durability, comfort and affordability can 

be resolved simultaneously. 

 

NECESSARY BUT NOT SUFFICIENT CONDITIONS 
 

In order for moisture or any problem to exist, certain necessary conditions need to be 

present, but each condition by itself is not sufficient for a problem to occur. In building 

science these necessary but not sufficient conditions are a source, a hole and a driving 

force. For example, there is water running down a wall inside a building. The necessary 
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conditions for this problem to occur are a source: water, in this case bulk water in the 

form of rainwater or snow melt on the roof; a hole, perhaps a missing or torn shingle; 

and a driving force: in this case, gravity. All of these conditions need to be present and, 

in this example, together they are sufficient to cause the problem of unwanted rain water 

running down the interior wall.  

 

MOISTURE FUNDAMENTALS 
 

Moisture moves in response to well understood physical forces called driving forces. The 

physics is the same no matter where you are. The physics is the same no matter what 

the building.   

ESSENTIAL DEFINITIONS 

 

• Absolute humidity = actual amount of water vapor in air 

• Relative humidity (RH) = ratio of amount of water vapor in air to the amount that 

the air could hold at that temperature 

• Dew point = temperature at which RH = 100% and condensation occurs;  also 

called the saturation temperature 

 

TEMPERATURE AND RELATIVE HUMIDITY 

 

• As air is heated, the amount of water vapor it can hold increases. If the absolute 

humidity remains constant, the RH will decrease. 



 

 

21 

 

• As air is cooled, the amount of water vapor it can hold decreases. If absolute 

humidity remains constant, the RH will increase. If the air is cooled enough, it will 

hit the dew point and the water vapor will condense into liquid water.  

 

Figure  2.  Psychrometric Chart showing how air leaking out of a house in winter wets 

walls12 

 

Psychrometric Chart 

Understanding the psychrometric chart can greatly help in understanding the relationship 

between air temperature, absolute and relative humidity and dew point. Figure 2 

                                                             

12 William W. Hill, Professor of Urban Planning, Ball State University, Muncie, Indiana, handout for 

Plan 598, Building Diagnostics, Spring semester 2007. 
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illustrates how warm air inside a house at 70ºF and 40% RH leaking to the outside can 

wet the walls in winter.  For these specific conditions (70ºF and 40% RH) the dew point 

is reached when the air contacts a cooler wall surface at a temperature of 45ºF.  

MOISTURE TRANSPORT MECHANISMS 

 

Moisture in a building can come from a variety of sources. Exterior sources of bulk 

moisture are rain, snow, or groundwater. Exterior source of moisture in the vapor state is 

humidity.  Interior sources of bulk moisture can be water as a result of plumbing leaks or 

melting roof ice dams. Interior moisture in the vapor state can be a result of wet 

foundations, unvented gas appliances, and occupant activities such as bathing, clothes 

drying, cooking or the keeping of house plants.  

This moisture is transported by one or more of these mechanisms:  

1. Liquid flow (gravity and momentum) 

2. Capillarity/surface tension 

3. Air movement due to pressure differences  

4. Vapor diffusion 

Each mechanism can act independently or, as often the case, they can act in 

combination with one another.  

 

Liquid Flow 

 

Liquid flow is the most significant transport mechanism. The source of this “bulk 

moisture” is usually from the exterior and includes rain or melting snow, or a 
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seasonally high water table. However, the source can also be an interior source 

such as leaking plumbing lines or leakage around a plumbing fixture such as a 

tub/shower or stool. As an example, bulk water in the form of rain is driven by 

way of the driving force(s) of gravity, momentum, and capillarity or air pressure 

from the exterior into the building envelope. This movement of moisture will occur 

if the following conditions are met. Leakage of this moisture into a building 

envelope will occur if (1) rain (bulk water) is present, (2) a hole in the building 

exists, and (3) a driving force -- either gravity, momentum, capillarity, or an air 

pressure difference is present. 

 

Capillarity 

 

The second major moisture transport mechanism is capillarity, also called capillary 

suction, and closely related to surface tension. Capillarity is second to liquid flow in 

moving moisture into the building envelope from the exterior. Capillary suction acts 

primarily to move moisture into porous materials and is a function of pore size – the 

smaller the poor size, the larger the force from capillarity. Think of drywall or paper when 

it is placed in contact with a water source. Capillary action will not occur if materials do 

not have pores, such as steel or glass. However if two materials without pores such as 

steel or glass are placed closely to one another, this space between them can act as a 

space for capillarity to occur.  
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Capillarity can play a significant part in moving moisture below ground assemblies but 

we will restrict our discussion to above grade assemblies, particularly framed sidewall 

construction. For example, capillary suction on a framed sidewall clad with wood siding 

can be a factor when a film of water is deposited on the exterior face of the siding as a 

result of rain or even dew formation. The water is drawn against the force of gravity by 

capillarity acting in the tiny space between laps in the horizontal siding. In this way the 

back side of the siding is exposed to water.  

 

Figure 3. Capillary rise in wood siding 13 

 

                                                             

13 John Comody and  Joseph Lstiburek. Moisture Control Handbook Principals and Practices for 

Residential and Small Commertial Buildings.(New York: John Wiley & Sons, Inc., 2002), 27 
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Air Movement 

 

The third moisture transport mechanism is air movement. As with all moisture movement 

the fundamentals — source, a hole, driving force — are required in order for moisture to 

be transported by air movement. Moisture sources for transport by air movement can be 

either exterior or interior based. Hot humid air in a cooling climate is an exterior source 

while bathing or cooking are interior sources. According to Hill the principal driving forces 

for air movement in buildings are (1) stack effect, often called the chimney effect; (2) 

pressure differences caused by air handlers (fans) in HVAC systems; and (3) wind-

induced pressure (positive on the windward side and negative on the leeward side). 

STACK EFFECT 

 

Stack effect is a driving force in which warm buoyant air produces a pressure differential 

(the driving force) 24 hours a day. The stack effect occurs due to the density differences 

between heated and cooled air. Imagine a building as a hot air balloon too heavy to 

leave the ground, with the stack effect causing the air at the top of the building to push 

upwards, as shown in figure 4. 
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14 

Figure 4.  House as hot air balloon 

 

“A leaky building has a higher air change the colder it gets because the stack effect 

increases with increasing temperature difference [between inside and outside]. When it 

gets warmer [outside], the stack effect disappears and you have almost no air change 

even though you may have a leaky building. If you have a hole, but no pressure 

difference across the hole, no air flow occurs.”15 This movement of air (air flow) is often 

called the chimney effect because it resembles airflow in a chimney.  

                                                             

14 www.energy.net/products/crawlapace.html 

15 Joseph  Lstiburek. Builder's Guide to Cold Climates. (Minneapolis: Energy and Environmental 

Building Association, 2004), 315. 
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The air pressure across a building’s envelope varies with elevation (i.e., height of the 

building), with the largest positive pressures with reference to (wrt) outside at the top of 

the building and the largest negative pressure inside wrt outside at the bottom. 

“Somewhere near the building’s midpoint of height is a boundary region, called the 

neutral pressure plane (NPP), which separates the building’s negative and positive 

pressure zones. A hole near the neutral pressure plane allows little or no leakage 

because there is little or no indoor/outdoor pressure difference there.”16 See figure 5.

 

Figure 5. Pressure distribution resulting from stack effect 17 

                                                                                                                                                                                     

 

16 John Krigger and Chris Dorsi. Residential Energy Cost Savings and Comfort for Existing Boildings. 

(Helena: Saturn Resource Management, Inc., 2009), 76-77. 

17 Ibid, 76. 
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Stack effect fundamentals 

 

• Pressure is directly proportional to height and temperature difference 

• The greater the pressure, the greater the driving force 

• The greater the driving force, the more infiltration and exfiltration 

 

This stack effect has the potential to move significant amounts of moisture in the form of 

water vapor in the inside air into wall cavities and other building assemblies during the 

winter months. Figure 2 illustrates how warm inside air at 70ºF and 40% RH leaking to 

the outside of a building can wet the walls in winter.  Dew point (100% RH humidity) 

occurs for these conditions when the air hits a surface temperature of 45ºF somewhere 

within the wall framing.  At that point the water vapor in the air condenses and liquid 

water wets the wood. 

PRESSURE DIFFERENCES CAUSED BY THE HVAC SYSTEM 

 

Pressure differences created by the furnace fan/air handler can also transport moisture 

into the exterior wall cavity. The furnace fan circulates conditioned air through a system 

of supply and return air ducts. Supply registers blow air into a room, potentially 

pressurizing a room, while return registers suck the air out of a room, potentially 

depressurizing it (if the return flow is greater than the supply).  If the system of ducts are 

designed and installed properly, the pressure is balanced throughout the building, with 

no rooms exhibiting either positive or negative pressure with respect to (wrt) outside.   If 

the supplies and returns are not properly balanced, pressure difference can occur in 

rooms wrt outside. 
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Leaky supply and return ducts can also cause pressure differences in a building.  Supply 

leaks to the outside tend to depressurize a building, while return leaks result in positive 

pressures wrt outside.  These positive pressures can act as a driving force and have the 

potential to drive moisture through holes and cracks into the exterior wall assembly.  

WIND-INDUCED PRESSURE 

 

Wind-induced air pressures can also be a driving force for air (and thus moisture) 

movement into walls.  According to Krigger and Dorsi (see figure #6): 

“Wind blowing against a wall creates an area of high pressure, 

driving outdoor air into the windward side of a building. The wind’s 

force is enhanced or hindered by the building and landscaping 

features that act as dams – porch roofs, overhangs, inside 

building corners, fences, or vegetation. The wind creates a 

vacuum at wall and roof surfaces parallel to its flow. The leeward 

side, facing away from the wind, is usually [exposed to] either 

neutral or [negative pressure] depressurized. The wind’s speed is 

greater the higher from the ground you measure. As building 

height increases, the wind forces against the building increases. 

Wind speed is affected by trees, fences, neighboring buildings, 

and hills that block or divert wind. Wind speed varies widely 

between geographic regions and even within local areas.”18 

                                                             

18  John Krigger and Chris Dorsi. Residential Energy Cost Savings and Comfort for Existing Boildings. 

(Helena: Saturn Resource Management, Inc., 2009), 76-77. 
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Figure 6. Idealized pressure distribution resulting from wind  19 

 

VAPOR DIFFUSION 
 

Vapor diffusion is the fourth moisture transport mechanism. Diffusion is defined as “the 

movement of individual molecules through a material. The movement occurs because of 

concentration gradients (and to a much lesser degree) thermal gradients, independent of 

                                                             

19 ibid  
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airflow.”20  Moisture will move from a higher dew point temperature, higher water vapor 

density or concentration (higher vapor pressure) on a warm side of a wall assembly to a 

lower dew point temperature, lower water vapor density (low vapor pressure) on the cold 

side of a wall assembly. This is illustrated on the top half of Figure 7. Vapor diffusion can 

move moisture both from within the conditioned space as well as from the exterior. 

Vapor diffusion as a moisture driving force is often confused with moisture laden air 

(water vapor) transported by air pressure as the driving force. 

 

Figure 7. Water vapor movement in a house by both diffusion and air transport  21 

                                                             

20 Building Science .com, “Glossary of terms” http://www.building science .com (accessed March 12, 

2012) 

21 Joseph  Lstiburek. Builder's Guide to Cold Climates. (Minneapolis: Energy and Environmental 

Building Association, 2004), 119. 
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Summary of important concepts: 

• Vapor diffusion is the movement of moisture in the vapor state as a result of a 

vapor concentration or a temperature differences 

• Air transport is the movement of moisture in the vapor state as a result of air 

pressure differences 

• Transport of water vapor by air movement driven by air pressure differences is 

far more significant than transport of water vapor by diffusion 

 

VAPOR BARRIERS, VAPOR DIFFUSION RETARDERS AND AIR BARRIERS 

 

The topic of vapor diffusion would be incomplete without a discussion of vapor barriers.  

Some materials such as polyethylene, foils, plastics and metals are able to stop vapor 

diffusion and are called vapor barriers. A vapor barrier is a material that is essentially 

vapor impermeable and is a material that has a permeance of 0.1 perm or less. Other 

materials can only slow the diffusion process down or retard it; in these cases, vapor 

diffusion retarder is a more appropriate term. A vapor diffusion retarder is a material that 

is vapor semi-permeable and has a permeance of 1.0 perm or less and greater than 0.1 

perm.  

 

Moisture is transported via diffusion in response to temperature (high to low) and 

concentration (high to low).  If no vapor pressure difference exists across a material, 

then no moisture will move as a result of vapor diffusion.  
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Air barriers are distinctly different from vapor barriers/retarders. The key physical 

property which distinguishes an air barrier from a vapor diffusion retarder is its ability to 

resist air flow resulting from air pressure differences. Materials such as interior 

plaster/wallboard, exterior sheathing and rigid draft stopping materials are effective air 

barriers according to Lstiburek. Understand that a materials such as polyethylene 

(commonly used as a “vapor barrier”), plastics and metals, properly installed and air-

sealed, can also be air barriers.  Thus, it is possible for a “vapor barrier” to also be an air 

barrier at the same time.   

 

Much confusion exists among the owners of historic homes in regard to vapor and air 

barriers. Building scientists such as Lstiburek and others have studied the topic and 

have a clear understanding of how vapor diffusion barriers work and when they are 

needed. It is now known that vapor diffusion barriers are unnecessary (the amount of 

moisture driven by diffusion is insignificant) and moreover should not be installed in 

above grade exterior walls in houses located in a cold climate (the hygro thermal region 

which is the subject of this research). On the other hand, air barriers are extremely 

important as the amount of moisture transported by air movement is significant. Air 

barriers need to be as continuous as possible and installed in such a manner that even 

the tiniest of holes, openings and all penetrations are sealed. 

MAGNITUDE OF IMPORTANCE 

 

Vapor diffusion is what most builders and architects have been taught to think is 

important despite the contrary evidence provided by building scientists. It is typically the 

least important of the moisture transport mechanisms. According to Lstiburek,  



 

 

34 

 

“…the difference in the significance and magnitude of vapor 

diffusion and air transported moisture are typically misunderstood. 

Air movement as a moisture transport mechanism is typically far 

more important than vapor diffusion in many (but not all) 

conditions. As shown in figure 8, the movement of water vapor 

through a 1-inch square hole as a result of a 10 Pascal air 

pressure differential is 100 times greater than the movement of 

water vapor as a result of vapor diffusion through a 32-square-foot 

sheet of gypsum board under normal heating or cooling 

conditions.”2223 

 

                                                             

22 Joseph  Lstiburek. Builder's Guide to Cold Climates. (Minneapolis: Energy and Environmental 

Building Association, 2004), 111. 

23 Joseph  Lstiburek. Builder's Guide to Cold Climates. (Minneapolis: Energy and Environmental 

Building Association, 2004), 121. 
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Figure 8. Moisture transport by air leakage is much larger than moisture transport by 

diffusion 

 

When a building is heated in a cold climate, the vapor pressure can be higher inside the 

building than outside. Thus vapor diffusion typically moves moisture from within the 

conditioned space toward the outside and into the building assembly.  However, the 

amount of moisture laden air transported by the air pressure difference between the 

inside conditioned space and the outside will potentially drive 100 times the amount of 

moisture through cracks and holes in the face of the plaster/wallboard towards the 

outside and possibly into the wall assembly than by way of diffusion.  
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According to Lstiburek, “…in most climates (including the Cold climate which is the 

subject of our study) if the movement of moisture-laden air into a wall or building 

assembly is eliminated, movement of moisture by vapor diffusion is not likely to be 

significant.”24 In other words, stop focusing on diffusion (insignificant) and instead focus 

on air leakage (significant) movement of moisture driven by air pressure differences. If 

the movement of significant moisture (by way of pressure differences) can be eliminated, 

as suggested by Lstiburek, or at least managed, can an owner of a historic building 

remove one potentially significant moisture threat to the wall assembly and its potential 

negative effects on the building’s exterior paint performance?  If the total amount of 

moisture by way of diffusion is 1/3 of a quart and by way of air pressure differences, 100 

times that amount, why are owners of historic homes so obsessed with diffusion: vapor 

barriers, retarders, etc.?  If the building owner can eliminate one misunderstood and 

false belief of moisture intrusion into the building cavity and hence its potential influence 

on exterior paint failure, then the understanding of premature exterior paint failure can be 

better focused on factors of greater importance.  As importantly, it might allow for a 

reasoned discussion about the advantages and disadvantages of sidewall insulation.  

Perhaps the discussion of premature paint failure can begin to focus, not on whether the 

walls are insulated or not, but what is occurring on the exterior side of the wall assembly, 

which is a much more significant story.  

 

 

                                                             

24 Joseph  Lstiburek. Builder's Guide to Cold Climates. (Minneapolis: Energy and Environmental 

Building Association, 2004), 111. 
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DRYING POTENTIAL 

 

The final topic in moisture fundamentals is drying potential. In general, all building 

components need to be able to dry. This is especially true for the exterior wall assembly 

and its component parts and is essential for a long lasting exterior paint job. It has been 

established that a wall assembly – interior and exterior sides and the wall cavity itself – 

can and probably will become wet. The moisture can be interior and /or exterior based, 

sources can be in either a liquid and/or a vapor state as discussed and transported by 

the significant forces of liquid flow: gravity/momentum, capillarity/surface tension, and air 

movement due to pressure differences, and to a much lesser extent, diffusion.  Each 

mechanism can act independently or, as often the case, they can act in combination with 

one another.  

Building scientists have established that the primary moisture transport mechanism for 

drying is vapor diffusion.  While building components seldom get wet from diffusion they 

mostly dry via diffusion. Drying potential will be discussed in more detail below,  

especially in regards to how it is affected by wall assemblies which have an insulated 

wall cavity.



 

 

CHAPTER IV: HOW FRAME WALLS GET WET 
 

All wood framed wall assemblies, with or without cavity insulation25, located in the cold 

climate zone (the Hygro-Thermal Region defined as Cold) can and do get wet. 

Unwanted sources of moisture can and will be transported by various driving forces into 

the cavity of the frame wall assembly; some sources and driving forces will be more 

significant than others. The presence or absence of sidewall cavity insulation, as well as 

the type of insulation, may influence moisture transport, specifically moisture transport of 

water vapor due to air pressure differences. Moisture can originate from outside as well 

from the inside sources, be in a liquid or vapor state, and if mismanaged can potentially 

have a negative impact on exterior paint performance. 

OUTSIDE MOISTURE SOURCES 
 

Bulk moisture in the form of rain and snow can enter the wall cavity of both an 

uninsulated and insulated frame wall. Rain and snow can find its way into the wall cavity 

through horizontal and vertical cracks or holes caused by rot or decay in the exterior 

cladding. Rusted or worn metal or membrane flashings and counter flashings provide 

further avenues for bulk moisture entry. All seams at siding and trim interfaces can also 

                                                             

25 The uninsulated wall type is defined as an exterior wall void of any insulating material: an open 

wall cavity.  See figure 9.  The insulated wall type is defined as an exterior wall cavity that has 

insulation in its cavity. Our discussion will limit the types of insulation studied: loose blown-in 

cellulose, fiberglass batts and dense-pack cellulose. 
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potentially provide avenues for bulk water entry when their water management features 

fail or are lost through deferred maintenance. Caulking fails over time or gets damaged.  

Additionally, any mechanically applied hole or slot to accommodate any penetration 

through the exterior cladding and not properly sealed can also fail and allow rain or snow 

to enter the wall cavity. Air pressure differences created by the effects of the wind (wind 

driven rain or snow) can add an additional driving force which can move exterior 

moisture through all wall penetrations. 

Bulk moisture in the form of ground water can enter the wall cavity of both wall types. 

Poor grading in and around a home can be a factor in directing bulk moisture by way of 

the driving force of gravity into the wall cavity. Poor soil conditions or a negative grade 

can trap collected water from draining away from the building foundation. The available 

bulk water can then get driven into the foundation via hydrostatic forces (gravity). The 

bulk moisture is then available for capillarity to draw it up to the wall framing sitting 

above.   

Clogged gutters and or downspouts can overflow cascading a large volume of bulk water 

over a small area of sidewall cladding.  Often sidewalks, porches and driveways abutting 

a house foundation can provide a hard surface for overflowing or clogged gutter water to 

hit and then splash back against the exterior cladding, adding additional bulk moisture 

onto the wall assembly. The large volume of water concentrated in a comparatively small 

area of the house’s exterior cladding, beside becoming available to leak into the wall 

cavity through all the potential holes described in the prior chapter, will also increase the 

rate of erosion of the exterior paint film as a result of the increased surface moisture 

flow. As the paint film erodes away, the protective qualities it provided are lost. This 

erosion process is gradual but eventually accelerates as more paint is lost and further 
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concentrations of bulk water begin to build up pressure behind the remaining paint film, 

pushing it off by pressure helped by gravity. The 

 

Figure 9. Wall section showing an open uninsulated wall cavity 
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resultant loss of the protective paint film creates conditions for further and more severe 

paint failure in the affected areas. Once the paint film is totally lost the exposed wood 

siding can begin to absorb the deposited moisture.  The face of the wood siding absorbs 

moisture as relative humidity rises and loses it as relative humidity lowers (as the wood 

dries out).  This cycle of wetting then drying can place additional stress on the siding and 

remaining paint film causing further delamination. The siding, depending on how it is 

milled can begin to cup or warp (in extreme cases the siding is so disfigured that it pulls 

itself off of its framing), opening up additional voids where wind driven rain and snow can 

transport additional bulk moisture by way of momentum and capillarity behind the siding 

and/ or into the wall cavity itself. Left unattended, the unprotected wood siding, if not 

allowed to dry out completely, will be ripe for rot and decay to set in and/or be difficult to 

hold new paint layers. 

Any hole or crack or failed water-diverting feature can provide the entry point into the 

wall cavity by bypassing the exterior cladding. The driving mechanisms as discussed in 

Chapter III Moisture Fundamentals, for bulk water are gravity, hydrostatic forces, 

momentum, capillarity, and air pressure (wind).  These mechanisms can drive bulk 

moisture in the form of rain or snow into the wall cavity by bypassing the exterior 

protection of an inadequate exterior cladding system. No exterior cladding system is 

100% effective in keeping out 100% of the moisture in bulk form.  

 

OUTSIDE VAPOR 
 

Water in the vapor state (e.g., humidity) as an outside source of moisture generally plays 

a minimal role in the wetting of a wall cavity in historic homes located in the Cold Hygro-
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thermal Region, whether the walls are insulated or not.  An exception may occur on a 

eastern facing unshaded (exposed to the direct sun) wall assembly.  "The effects of the 

sun, incident solar radiation, in the early morning can increase the surface temperature 

of the exterior cladding material that has absorbed moisture during the evening, due to 

high ambient relative humidity, from rain, or from surface condensation, and can drive 

this moisture, by way of diffusion, inward from the cladding material into the wall 

cavity."26 As diffusion moves moisture on the molecular level, simply keeping the face of 

the siding well painted with a film of an appropriate permeance will stop this moisture 

from diffusing into the wall cavity. The danger is that once the paint film has failed 

(missing), possibly as a result of the effects of bulk water as described earlier, the 

exposed exterior face of the siding can absorb deposited moisture by way of diffusion. 

The diffused moisture can impact the siding in the same way that bulk does (moisture is 

moisture) but on a lesser scale as the amount of water vapor transported by way of 

diffusion is insignificant compared to bulk water transported by gravity, momentum and 

capillarity.  

 

Water in a vapor state as an outside source of moisture intrusion into the wall assembly 

cavity is minimal in the Cold hygro thermal region but its effect on the face of the exterior 

siding can be significant and potentially be a negative influence on exterior paint failure 

on both uninsulated and insulated wall assemblies.  

 

                                                             

26 John Carmody and Joseph Lstiburek. Moisture Control Handbook Principals and Practices for 

Residential and Small Commertial Buildings.( New York: John Wiley & Sons, Inc., 2002), 43. 
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INSIDE MOISTURE SOURCES 
 

Moisture in the form of bulk water as a result of an interior plumbing leak can find its way 

into an exterior wall cavity of either wall type, uninsulated or insulated.  This is especially 

the case if a water supply or to a lesser extent a waste pipe is located in an exterior wall. 

Potentially, the pipe could break due to poor maintenance or, much more commonly, as 

a result of a pipe burst due to the freezing of the water pipes in winter time, when the 

pipes have been located in such a risky location. Bulk water due to an interior plumbing 

leak can also find its way into an exterior wall cavity even if not directly located in an 

exterior wall. The water flow of a plumbing leak, located anywhere in the building, can 

and will find each and every available path of least resistance, moving under the 

influence of gravity. If not discovered and fixed quickly, this bulk water will continue 

flooding the entire building and eventually find an exit to the exterior.  

Moisture in the form of interior water vapor can potentially find its way into an exterior 

wall cavity.  Sources for water vapor are closely related to human activities such as 

cooking, showering, the keeping of house plants, and the use of unvented gas 

appliances. Large sources of interior water vapor can also be a result of wet foundations. 

The driving forces for water vapor are diffusion and air movement due to pressure 

differences. As discussed in Chapter III, the amount of water vapor moved by diffusion 

through the plaster/wallboard into the wall cavity is insignificant compared to the amount 

transported by way of air movement. See figure 8. . Significant amounts of unwanted 

water vapor can find its way into the cavity through cracks and holes in the 

plaster/wallboard driven by pressure differences.  In the case of water vapor transport by 

way of air movement, whether or not the wall cavity is insulated, and how it is insulated, 

(loose-cellulose, fiberglass or dense-pack) can have an effect on how much air moisture 
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will find its way into the wall assembly through cracks and holes, and voids on the 

interior side of the exterior wall.    

STACK EFFECT 
 

Stack effect can provide the driving force for water vapor to enter the exterior wall cavity 

by way of pressure differences. See figure # 5. Water vapor will only be driven towards 

the exterior walls in the area above the neutral pressure plane (NPP) where the air 

pressure inside the house is positive with reference to (wrt) to the outside, entering the 

wall cavity if a hole is available. (Remember necessary and sufficient conditions needed: 

source, hole, driving force.) The exterior walls located below the NPP will not have water 

vapor driven towards them as the air pressure inside the house below the NPP is 

negative wrt to the outside. Exterior walls located near the NPP will have little or no air 

pressure differences.  

 

HVAC INDUCED PRESSURE 

  
Interior water vapor can be transported by way of pressure differences created by the 

furnace blower or air handler into the exterior wall cavity. As discussed above, the air 

handler circulates conditioned air through the supply and return air ducts that make up a 

forced air system. Supply registers blow air into a room, potentially pressurizing a room, 

while return registers suck the air out of a room potentially depressurizing it. If the ducts 

are designed and installed properly, the pressure is balanced throughout the building, 

and no pressure differences occur, either between rooms or between inside and outside.  

However, if the duct system is not balanced, and some rooms receive more supply air 
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than the return is able to accommodate, these rooms become pressurized wrt outside.  

This positive pressure forces air into walls and, with it, water vapor in the air.  This is a 

particularly important problem in rooms which contain supply registers but no return 

registers.  When the interior door to such a room is closed the air pressure in the room 

becomes positive wrt outside and air and moisture is forced into exterior walls. 

Leaky supply and return ducts can also cause pressure differences in a building.  Supply 

leaks to the outside tend to depressurize a building, while return leaks result in positive 

pressures wrt outside.  These positive pressures can have the potential to drive moisture 

through holes and cracks in the interior wall, wetting the exterior wall assembly.  

 

WIND INDUCED PRESSURE 
 

As discussed in Chapter III, pressure differences induced by the wind can become a 

transport mechanism for water vapor to find its way into the exterior wall cavity. See 

figure 6. The wind creates a pressure difference similar to stack effect but instead of a 

top and bottom pressure distribution, a side by side distribution occurs, resulting in 

negative pressure inside the house wrt the outside on the windward side and a positive 

pressure inside the house wrt the outside on the leeward side of the house. Thus the 

walls located on the leeward side of the house could potentially receive interior water 

vapor as a result of this air pressure difference. 

 

Exterior wood frame walls assemblies can and will get wet. Significant sources of 

moisture are rain and snow and groundwater driven by gravity, momentum, capillarity, 

and air pressure.  Outside water vapor typically plays an insignificant role in wall 
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assembly cavity wetting but can potentially play a large role in exterior paint performance 

influenced by incident solar radiation. Potentially significant inside source of moisture 

that can play a role in wall assembly cavity wetting are plumbing leaks and air 

transported water vapor which can be significant.  Diffusion plays an insignificant role.  

Quoting Lstiburek again, “in most climates if the movement of moisture–laden air into a 

wall or building assembly is eliminated [controlled], movement of moisture by vapor 

diffusion is not likely to be significant.”27 

 

                                                             

27 Joseph  Lstiburek. Builder's Guide to Cold Climates. (Minneapolis: Energy and Environmental 

Building Association, 2004), 111. 

 



 

 

CHAPTER V: HOW INSULATION MIGHT AFFECT HOW 

FRAME WALLS GET WET AND HOW THEY DRY 
 

The insulated historic frame wall assemblies examined in this research can have one of 

two types of commonly used insulating materials: blown-in loose-fill cellulose or 

fiberglass batts.   

LOOSE-FILL CELLULOSE 
 

 Cellulose insulation is made of ground-up recycled newspaper with a fire retardant 

added. Cellulose became a common material for insulating existing frame houses in the 

1970’s as a result of rising energy prices due to the oil crisis.  As energy prices rose, 

many home owners (including historic home owners) found in cellulose an economically 

attractive, readily available (cellulose was already being used as an attic insulation in 

really cold climates like Canada back in the 1950’s) material to insulate their sidewalls. It 

was cheap, available and easily installed. The cellulose was blown into the open stud 

cavities via small (typically one and a half inch) holes drilled through the exterior siding 

and sub sheathing if present. After the insulation was blown in, these access holes were 

then plugged with tapered wood plugs which were sanded flush with the face of the 

existing siding.  Cellulose insulation was also sometimes installed from the interior side 

of the wall as well, but this process often added to the cost because of the mess created 

inside the interior of the finished room and the plaster/drywall patching and painting that 

was required.  We refer to this insulation as “loose-fill cellulose” to differentiate it from 
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“dense-pack cellulose” which, though it utilizes the same ground-up cellulose is installed 

with cellulose blowing machines capable of achieving very dense cellulose (3.5 pounds 

per cubic foot typically) packed into each wall cavity.  One problem with the loose-fill 

cellulose approach was that, over time, the material was found to settle.  Also, during 

installation the cellulose could hang up on fire blocking, wiring, or piping in the wall, 

resulting in uninsulated voids in the wall cavity.  See figure #10. Perhaps most 

importantly, loose-fill cellulose does not result in the significant reduction in air leakage 

into a wall that dense-pack cellulose does.  

FIBERGLASS BATTS 
 

Fiberglass insulation is a building material made from fibers spun from molten glass. It is 

available as blankets or batts, pre-cut to widths sized to fit standard framing spacings (e.g., 

16 inches on center or 24 inches on center).  In order to install this type of insulation, either 

the interior plaster/wallboard or the exterior siding has to be removed. Batts are commonly 

found in historic house walls where existing exterior wall plaster/wallboard was removed 

during remodeling projects, thus allowing access to the wall cavity.  

The simplicity, ease of installation, and availability (found in any home improvement store) 

of the fiberglass batt has resulted in fiberglass batts becoming the insulation of choice for 

many home owners and remodelers when walls are insulated. The usual method for 

installing batt insulation in historic homes is to remove the plaster or wall board down to 

bare studs and insulate from inside28.  Note in Figure 11 how this approach misses critical 

                                                             

28 Fiberglass can also be blown in to the wall cavity in loose form similar to cellulose but this 

insulation method is not widespread and is not examined in this thesis. 
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areas such as the wall space at the floor joist intersections with the wall cavity and along the 

sill plate.   

 

Figure  10. Wall section showing balloon-frame wall insulated with loose-fill cellulose. Note 

common locations of voids and spillage into joist cavities 
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Figure 11.  Wall section showing fiberglass batt insulation in the wall cavity as typically 

installed after the interior walls are removed and batts are installed from the inside usually 

missing critical areas such as the wall space at the floor joist intersections with the wall 

cavity and along the sill plate. 
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In terms of the key attribute of concern related to moisture transport – resistance to air 

flow – fiberglass performs less well than loose-fill cellulose.  The installation of fiberglass 

batts in a wall does not reduce air leakage to any measurable extent.  

DENSE-PACK CELLULOSE 
 

“Dense-pack,” a relative newcomer to most, but in reality an insulation approach that has 

been in use since the early 60s, uses the same cellulose as loose-fill, but this cellulose is 

packed into wall cavities to achieve installed densities of about 3.5 pounds per cubic 

foot. See figure 12.. 

Dense-pack cellulose has not been widely used in historic homes and is not included as 

one of the types of insulation we are examining in the thesis.  Nevertheless, it is useful to 

examine how this insulation method affects moisture transport and paint failure. When 

installed in the cavity of an exterior frame wall assembly, dense-pack cellulose provides 

slightly less thermal resistance than loose-fill cellulose (R-3.4 for dense-pack vs. R-3.7 

for loose-fill29).  However, the most important attribute of dense-pack cellulose is that it 

finds its way into every nook and cranny of the wall assembly, driven by the high air 

pressures employed in its installation.  This has the effect of significantly reducing air 

leakage into the wall cavity.  And this, in turn, has the effect of significantly reducing the 

amount of moisture transported into the wall cavity as a result of air pressure driving 

forces.  

                                                             

29  John Krigger and Chris Dorsi. Residential Energy Cost Savings and Comfort for Existing Boildings. 

(Helena: Saturn Resource Management, Inc., 2009),103. 
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Figure 12. Wall section showing wall cavity insulated with dense-pack cellulose. Note the 

"plug" of insulation installed at the floor joist and wall intersections, which can reduce 

airflow dramatically. 
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WET WALL CAVITY, WET INSULATION 
 

The type of insulation installed in the cavity does affect how moisture, if present, 

behaves in the exterior wall assembly cavity. If a significant amount of moisture finds its 

way into the wall cavity in bulk form, and temperatures are above freezing, the water will 

drain down under the influence of gravity, following  the backside of the wallboard, the 

sheathing if present, or the backside of the exterior siding. Some of the moisture will 

potentially be transported, by way of capillarity, into the insulation material as the water 

travels down, depending on what type of insulation is present. If it’s loose-fill cellulose, it 

will, according to building scientists, absorb and hold liquid water due to its hygroscopic 

properties and potentially cause the insulation to sag, creating additional voids which 

could degrade its thermal performance.  If the wall cavity is insulated with fiberglass 

batts, the water will run down the oriented fiberglass fibers, and puddle at the lowest 

point. With fiberglass batt insulation, thermal performance is not noticeably altered when 

wetted.  Excessive accumulated moisture may eventually deteriorate the sheathing if 

present and the siding along with the studs, bottom plates and even the floor box joist 

assemblies as they absorb this additional moisture.   

 

Interior water vapor entering the wall cavity (potentially significant amounts by way of air 

movement, insignificant amounts by way of diffusion) will be absorbed by cold surfaces 

inside the wall cavity as the RH of the air increases due to decreasing temperatures.  If 

any of these surfaces are below the dew point temperature of the air/vapor mix, the 

vapor may condense resulting in liquid water on wood surfaces inside the cavity.  This  

 



 

 

54 

 

moisture can have a significant impact on localized exterior paint failure on areas of 

exterior cladding directly adjacent to cavity voids (caused by loose-fill cellulose 

settling/hanging up or fiberglass batts poorly installed, sagging, or missing.) See figures 

10 and 11. 

 

Under these conditions a significant amount of moisture can be deposited on the back 

surface of the exterior sheathing if present or the back surface of the exterior cladding.  

This moisture can potentially impact exterior paint failure in these areas 

.  

The wall cavity conditions described in the previous paragraphs may occur when 

significant amounts of moisture penetrate the cavity but the more likely cause of 

moisture in an exterior wall cavity is a severe failure of a historic building’s exterior wall 

assembly.  Significant holes, in the exterior cladding and/or inside plaster/wallboard, 

missing plaster/wallboard or sections of exterior siding, can allow significant amounts of 

moisture in both bulk and vapor form to enter, creating extremely high wall moisture 

levels. If any of these extreme conditions exist, the first priority should be in making 

those repairs necessary to create a reasonably effective building envelope.  

In general, bulk water is the major source for the wetting of the wall cavity and can occur 

in any wall cavity whether insulated or not. The threat is usually from the outside, and is 

usually in the form of rain. 

The predominant moisture transport mechanism for this interior water vapor, as 

discussed at length earlier is air movement caused by air pressure differences, and not 

diffusion.  Thus, we need to examine the effects insulation in the wall cavity might have 
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on air leakage.  Loose-fill cellulose insulation and fiberglass do not resist air pressure 

differences very effectively, but dense-pack cellulose does.  

DRYING OF WOOD FRAME WALLS 
 

Wall cavities, as discussed, get wet. Insulation such as cellulose can absorb moisture 

and retain it while fiberglass batts do not. The backside of exterior sheathing or cladding 

can also absorb moisture due to elevated RH within the cavity. Wet materials dry 

predominantly by way of diffusion and air movement. Drying potential is enhanced when 

the wall assembly has the ability to dry in either direction: towards the outside and 

towards the inside. In order for maximum diffusion to occur the interior finished surfaces 

and the exterior cladding need to be vapor permeable.  

 

Some building scientists have suggested that insulation keeps the wall framing and 

exterior sheathing and/or cladding from being warmed from the inside; that colder wood 

temperatures means higher RH, which means slower drying. One more piece of the 

puzzle is that an uninsulated wall assembly will potentially have more airflow, and thus a 

higher drying potential, than an insulated wall.  How important are these factors?  How a 

wall cavity dries is a complex issue that building scientists are still trying to understand. 

It is challenging, to put it mildly, to completely understand what is happening in an 

enclosed frame wall assembly, in regard to drying. A better approach might be to put 

one’s effort into controlling/managing the amount of unwanted moisture that can 

potentially make its way into the wall cavity – in other words, not letting the wall cavity 

get wet in the first place. Strategies exist and can be relatively successful in controlling 

the wetting of a wall assembly regardless of the presence of insulation or not. 



 

 

 

 

 

CHAPTER VI: STRATEGIES FOR CONTROLLING MOISTURE 
 

CONTROLLING EXTERIOR BULK MOISTURE 
 

In their Moisture Control Handbook, Lstiburek and Carmody have this to say about 

controlling bulk moisture: 

“To control rainwater [bulk moisture which also includes snow and 

ground water] entry effectively, two general strategies should be 

applied: (1) reduce the amount of rainwater deposited on building 

surfaces and assemblies [and the building site] and (2) control 

rainwater deposited on building assemblies [and the building site]. 

Reducing the amount of rainwater deposited on building surfaces 

and assemblies has traditionally been a function of siting and 

architectural design. The following measures have historically 

proven effective: (1) Place buildings so that they are sheltered 

from prevailing winds, to reduce exposure to wind-driven rain. (2) 

Provide roof overhangs to shelter exterior walls from rain 

deposition. (3) Provide architectural detailing that sheds rainwater 

from the building faces. (4) Provide positive grade around the 

foundation to limit ground water from entering the foundation.” 
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“Controlling rainwater deposited on building surfaces or 

assemblies involves the implementation of one or more of these 

three approaches: (1) Control air pressure differentials across the 

exterior cladding using a rain screen. (2) Drain water that enters 

building assemblies (the drain screen for above assemblies). (3) 

Control above grade openings with a weatherproofing 

barrier/membrane to resist rain entry (building paper, house-

wraps) or by sealing openings (face-sealing or barrier wall)”30 

 

Many historic houses were designed and built to incorporate many of the strategies 

described above. If not necessarily sited strategically in order to be sheltered from 

prevailing winds and thus reduce exposure to wind-driven rain, often difficult to achieve 

in a tightly packed and regimented urban environment such as the case study houses, 

builders often designed and placed landscaping in order to achieve these goals. 

Depending on the architectural style, historic houses often incorporated overhangs to 

shelter exterior walls from rain deposition as well as architectural detailing that shed 

water away from building faces. Examples are the use of water tables and metal 

flashings.  As few historic houses utilized “rain screen” exterior walls designed to control 

air pressure differences across their exterior cladding, but in the late 19th century 

builders began providing a weatherproofing barrier/membrane to resist rain entry, using 

                                                             

30 John Comody and  Joseph Lstiburek. Moisture Control Handbook Principals and Practices for 

Residential and Small Commertial Buildings.(New York: John Wiley & Sons, Inc., 2002), 21. 
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building paper, such as asphalt impregnated felt, and by sealing openings with better 

quality sealants and caulks and paints. 

 

 It is difficult to control the amount of rain and wind that a building receives (controlling 

the source); a wiser strategy is to reduce or eliminate the openings or holes the building 

envelope has. Unfortunately, building features designed to control rain and wind have 

fallen into disrepair on many historic houses. Houses often have many holes and 

openings, especially along the eaves, sidewalls and interfaces between differing exterior 

building materials and finishes. These holes and cracks are a result of settling, deferred 

maintenance of crucial flashings, and the basic “laws of building science” that all 

buildings move, and materials and building systems fail. Keeping the entire exterior 

envelope, roofs and wall systems, including the exterior paint, in a well maintained state 

and providing good positive drainage will go a long ways in controlling unwanted bulk 

water intrusion and its potential effects on exterior paint performance. 

 

A common type of exterior paint failure related to bulk moisture intrusion is blistering 

along the horizontal lap on clapboard siding. This moisture problem is a result of 

capillarity and surface tension pulling water up under the lap and wetting the backside of 

the exterior cladding.  This moisture can be absorbed into the backside of the siding 

setting up conditions for stressing of the paint film as the wood swells (due to higher 

moisture content). As the paint film is stressed it can create cracks, allowing water to get 

behind the paint film and forcing it off the substrate as water pressure builds. 
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CONTROLLING CAPILLARITY ON HORIZONTAL WOOD CLAD WALL ASSEMBLIES 

 
1. Install spacers to separate the siding pieces so that the space is too large for 

capillarity to occur, thus preventing water from being drawn up or held between 

the overlap. However this strategy can then potentially create a bigger gap for 

rain driven water to enter.  

2. Back-prime the siding before installation thereby filling in and sealing the capillary 

pores.  

3. Provide an air space between the siding and sheathing by installing spacers such 

as furring strips i.e. the rain screen technique. 

4. Place an absorptive building paper such as black felt building paper or absorptive 

sheathing behind the siding.  

 

CONTROLLING IMPACTS OF INSIDE WATER VAPOR 
 

CONTROL THE SOURCE -- LOWER THE RELATIVE HUMIDITY 

 

According to Lstiburek and Carmody31, if the dew point temperature of the interior air is 

below the mean daily sub-sheathing/siding temperature for the year then condensation 

will not form in the wall cavity. Unfortunately, the interior RH required to accomplish this 

is below the normal comfort range of 30 to 60% for the occupants in buildings located in 

                                                             

31 John Carmody and Joseph Lstiburek. Moisture Control Handbook Principals and Practices for 

Residential and Small Commertial Buildings. (New York: John Wiley & Sons, Inc., 2002), 56. 
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the Cold Hygro-Thermal comfort range. This has been achieved in Chicago utilizing 

source control with dilution (air change via controlled ventilation.) 

SLOW VAPOR DIFFUSION 

 
The typical painted or wall-papered three coat plaster wall in an historic home provides a 

perfectly adequate vapor diffusion retarder, capable of protecting the wall cavity from the 

small amount of water vapor transported by diffusion.  This is because, as discussed 

above, vapor diffusion is a relatively insignificant source of moisture migration into the 

exterior wall assembly. Once again, as Lstiburek notes, “if the movement of moisture–

laden air into a wall or building assembly is eliminated, movement of moisture by vapor 

diffusion is not likely to be significant.”32  

 

SEAL AIR LEAKAGE SITES 

 

In order to control interior vapor moisture movement into the wall assembly by way of air 

pressure differences the interior wall surface must be as air-tight as possible. Interior 

plaster/wallboard provides an adequate air barrier if all holes, cracks and penetrations 

are air-sealed.  This cannot be emphasized enough:  The key to keeping interior water 

vapor out of wall cavities and other building assemblies is air-sealing.  Forget about 

vapor barriers and instead concentrate on achieving an air barrier that is as close to 

perfect as possible.  

                                                             

32 Joseph  Lstiburek. Builder's Guide to Cold Climates. (Minneapolis: Energy and Environmental 

Building Association, 2004), 111. 
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BALANCE  THE FORCED -AIR SYSTEM 

 

According to Hill, an unbalanced forced-air system can result in pressure differentials 

that can produce a driving force that can drive warm moisture-laden air into wall cavities. 

These pressure differentials will occur if a room does not have both a supply and a 

return, or if the size of the return duct is not large enough in relation to the size of the 

supply duct in the room. In either case, this room will become pressurized wrt outside 

whenever the air handler is running and the interior door is closed.  

Peter Brown, a student of Hill’s, puts it this way: 

“When the forced air system is out of balance, a pressure 

differential is created. The supply space pressure goes positive 

and the return space goes negative with reference to each other. 

The positive pressure is the result of air being forced into the 

sealed space, and the negative pressure is caused by the return 

trying to retrieve the air that is trapped in the supply space. Since 

air under pressure flows to areas of lower pressure the 

pressurized air in a supply space will find its way into the building 

envelope [building assembly] and ultimately outside if the outside 

pressure is at a lower pressure. If the return space is at a pressure 

lower than the pressure outside, outside air will infiltrate the wall 

assembly.33 

                                                             

33 Brown, Peter. “An Investigation of Unbalanced Forced-Air Heating Systems in  

     Historic Homes and the  Potential for Resultant Moisture Problems in the Building  

     Envelope,” Masters thesis, Ball State University, 2001, p 17. 
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This is often the case in bathrooms which typically do not have a return register (to 

prevent bathroom odors from being sucked in to the forced air system and distributed 

throughout the house). The lack of returns in bathrooms with active showers can be 

potentially quite problematic when the bathroom includes an exterior wall. A nice hot 

shower can result in quite high RHs in the bathroom.  If the bathroom door is closed 

during the shower (most likely) and the air handler comes on (heat in winter or AC in 

summer), we now have both a source of high concentration high temperature water 

vapor and, more importantly, a positive air pressure wrt outside.  These conditions can 

result in serious amounts of moisture being driven into exterior wall cavities. Add to this 

the following:  the typical bathroom exhaust fan is not powerful enough, is connected to  

a duct which is not properly designed or installed, and the occupants do not operate the 

fan as much as is needed to reduce moisture levels.  All these factors work together to 

push water vapor into the exterior wall cavity which ultimately can be made manifest as 

paint failures on the siding outside the bathroom. 

 

CONTROL DUCT LEAKAGE 

 

Ductwork can leak, whether it’s an older forced air-heating system or brand new ducts. 

Ductwork may have holes in it from the day it was installed; it may also develop holes 

from building movement, or it may simply deteriorate over time. The possibility of 

deterioration is especially true if duct tape is used to seal connections.  It warrants 
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mentioning that duct tape loses its adhesion within six months or less depending upon 

the conditions it is under.34  

OTHER MOISTURE CONTROL STRATEGIES 
 

Other strategies such as installing an insulated sheathing behind the siding effectively 

raising the temperature of the first condensing surface, reducing vapor diffusion by 

installing a vapor impermeable asphalt-impregnated fiberboard or building paper behind 

the siding aren’t terribly realistic as they require the removal and reinstallation of the 

historic siding and may also impact the relationship between the siding and adjacent 

trims. Back-priming the siding, discussed above, is also not a very realistic strategy as it 

too requires removal and reinstallation of the siding. All of these strategies present 

significant and probably insurmountable challenges for historic siding already installed 

on the sidewalls, but could be wise strategies in the event that the siding is replaced or 

siding is added on. 

 

 

 

                                                             

34 William Hill, Professor of Urban Planning, Ball State, Muncie, IN, Lecture for Building Diagnostics, 

Plan 598 Handout, Muncie, IN, spring semester 2007. 

 



 

 

 

 

 

CHAPTER VII: OTHER CAUSES OF EXTERIOR PAINT 

FAILURE UNRELATED TO MOISTURE WITHIN THE 

WALL 
 

As discussed above, moisture within the wall cavity can play a role in exterior paint 

performance. However, not all exterior paint failure is a result of moisture within the wall. 

In fact, exterior sources of moisture are typically far more important. 

POOR MANAGEMENT OF BULK MOISTURE 
 

Poor management of bulk moisture (rain water), such as allowing plugged gutters and 

downspouts to overflow or water to “splash back” onto the siding from hard surfaces 

abutting a house foundation, is perhaps the leading cause of paint failures on wood 

siding.  The large volume of water concentrated in a comparatively small area of the 

house’s exterior cladding, besides becoming available to leak into the wall cavity as 

discussed in Chapter V, will also increase the rate of erosion of the exterior paint.  As the 

paint film erodes away the protective qualities it provided are lost. This erosion process 

is gradual but eventually accelerates as more paint is lost and further concentrations of 

bulk water begin to build up pressure behind the remaining paint film, pushing it off.  

The resultant loss of the protective paint film creates conditions for further and more 

severe paint failure in the affected areas. Once the paint film is totally lost the exposed 

wood siding can begin to absorb the deposited moisture.  The face of the wood siding 
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absorbs moisture when wetted and later dries out.  This cycle of wetting and drying can 

place additional stress on the siding and remaining paint film causing further 

delamination. The siding, depending on how it is milled, can begin to warp or cup (in 

extreme cases the siding is so disfigured that it pulls itself off of its framing), opening up 

additional voids where wind driven rain and snow can transport additional bulk moisture 

behind the siding and into the wall cavity itself. Left unattended, the unprotected wood 

siding will be ripe for rot and decay to set in, making it extremely difficult for the wood to 

hold new paint layers. 

 

PAINTING OVER WEATHERED AND DECAYED WOOD 
 

When wood siding is exposed as a result of the loss of its protective paint layer, the face 

of the wood will begin to weather. The surface will degrade as a result of additional 

erosion caused by additional water flow, the effects of the abrasive debris carried by the 

wind, and the effects of solar radiation, etc.  If the wood is not allowed to dry adequately, 

the surface of the exposed substrate can begin to support mold and decay, causing 

more rapid deterioration and attracting carpenter ants and other wood destroying critters.  

The deteriorated, eroded face of the wood substrate present serious challenges for any 

subsequent painting, as paint requires a stable surface to adhere to. Repainting a 

weathered, decayed surface is not a recipe for a long lasting paint job. If the weathering 

is moderate the use of epoxy consolidants and wood stabilizers can provide the 

necessary consolidation for the wood fibers to once again hold a new paint film. More 

aggressive weathering usually requires aggressive resurfacing such as light sanding 

which removes the layer of weather-damaged wood fibers, and or the use of a wood 
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stabilizer which consolidates the weathered damaged wood fibers which exposes a new 

or more stable surface for the new paint film. This approach is only possible if the 

substrate is substantially thick enough to allow some surface removal without making it 

too thin, which would compromise its structural integrity: If rot and decay is allowed to 

endure for too long, replacement of the element will be required as it is too far gone to 

rehabilitate. 

 

AGING OF OIL/ALKYD PAINT 
 

Another significant cause for exterior paint failure unrelated to moisture within the wall 

cavity is the aging and eventual failing of aged oil/alkyd paint layers. In my experience 

many historic homes still retain significant coats of aging oil/alkyd paint layers. They are 

often found under difficult to reach areas such as overhangs, dormers and high peaks 

but also on sidewalls protected by wide overhangs and porch roofs.  Sometimes we 

even find these good paint coats on large swaths of unprotected sidewalls. The reasons 

why some aging alkyds continue to adhere after so many years is varied and interesting 

but one thing is sure: as old generation alky/oil paints age they begin to shrink and crack 

and at some point in time these paint films will crack into tinier and tinier pieces and lose 

their adhesion. This is commonly called alligatoring, where stress cracks develop in the 

paint film in both horizontal and vertical directions. See figures 13 and 14. 
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Figure 13. Early stage of paint cracking/alligatoring. 

 

Figure 14. Advanced stage of paint cracking and alligatoring. 
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OIL BASED AND ALKYD PAINTS 

Often used synonymously, oil based paint and alkyd paint are not the same.  They differ 

in their binders. Paint consists of four components: pigment, binders, solvent and fillers. 

Pigments are the solids which provide texture, color, and hiding properties of the paint 

and also provide UV protection. The binder is the part which solidifies to form the dried 

paint film. It also supplies the adhesive properties, its sticking power. Both these types of 

paints dry by absorbing oxygen which changes the molecular structure of the solids. Oil 

based paints use natural oils such as linseed oil or tung oil and alkyd paints use alkyd 

resins. Alkyd resins are synthetic and were developed as a replacement for linseed and 

tung oil which became scarce during WW II. Solvents act as a vehicle or carrier for the 

pigment and binders. The solvents provide the paint’s liquidity and are responsible for 

the paint’s consistency, and cohesiveness. The fillers are cost-effective bulk added to 

the paint product and may include performance enhancers. 

Many historic house exteriors were originally painted with either alkyd or oil based paints 

before latex and acrylic paints were invented. Their chemical makeup provided for 

excellent adhesion, vibrant colors, and a durable but inflexible hard finish. Oil exterior 

paints are continuing to be manufactured today but are not chemically the same as the 

earlier historic paints which were made with linseed oil and often contained lead. Oil 

paints are still available today. They are mostly soy based but linseed oil paint is 

showing a small comeback as well. An organic linseed oil paint manufactured in Sweden 

has recently been reintroduced.  This paint is made with purified organic boiled linseed 

oil or linseed oil wax. 

The inflexible finish is the Achilles heel of the alkyd/oil based paints. Under most 

conditions the substrate over which the paint is applied – and especially wood, the 
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substrate of concern in this research – over time will be affected by environmental 

stresses and will move. This continuous movement of hygroscopic fibers due to the 

changes in RH on the surface of the siding/ wood element may increase or decrease the 

wood element’s width or thickness causing stress on the inflexible properties of the 

surface paint finish. Stress cracks will form where the paint film is stretched to a point of 

breaking. This breaking commonly referred to as cracking or alligatoring can occur 

longitudinally and/or vertically.  

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

CHAPTER VIII: FIELD WORK 
 

SELECTION CRITERIA AND RESEARCH APPROACH 
 

The field study consisted of selecting 10 houses out of a sample pool of historic houses 

located in a Cold Hygro-Thermal Region.  This is the climate that the thesis author is 

most familiar with, having lived in northern and central Indiana for over 55 years, over 35 

of those years as a historic preservation advocate, consultant, contractor, or student. 

The sample pool for the house selection was the West Washington Street Historic 

District located in South Bend, Indiana, and The Fall Creek Neighborhood located in 

Indianapolis, Indiana. Both of these neighborhoods have an extensive selection of late 

19 and early 20th century wood–framed, wood clad historic homes which the author is 

familiar with. Together these two neighborhoods contain more than 500 single and 

double family homes. Seven of the houses in South Bend were selected by Paul 

Hayden, preservation specialist from the Indiana Landmarks Northern office. These 

houses were selected because they met two criteria:  first, they had a known and 

verifiable exterior painting history, and second, it could be ascertained whether or not the 

sidewalls were insulated.  Three additional houses were selected from the Fall Creek 

Neighborhood in Indianapolis using the same criteria. 

 



 

 

71 

 

 

The ten case study houses were selected using the following additional criteria: 

1. Houses that have wood frame construction and painted exteriors clad in their 

original historic lap siding and wood trim. Some case study houses have had 

minor exterior siding and trim replacement.  

2. Houses that have not had their exteriors repainted during the last 10 years. 

3. Houses that have wood siding that retains major areas of original or early 

alkyd/oil paint layers, presently covered over with newer more recent paint 

layers. (The identification of the type of subsequent paint layers was not 

conducted. The potential for the difference in the expansion/contraction 

coefficient between alkyd/oil and latex layers may be a factor in promoting shear 

stresses in the interface between dissimilar paint films is beyond the scope of 

this thesis.) 

4. Houses that have a verifiable minimum 10 year history of the presence or 

absence of insulation in the exterior sidewalls and, if insulated, the type of 

insulation and installation method are known. 

             

The selected houses were identified by postal address and then visually inspected 

for evidence of one or more of the common paint defects listed below. Defects were 

noted and documented by way of digital photography. An exterior 

painting/repainting history of each selected house was provided by the current 

owners.  
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COMMON PAINT DEFECTS: 
 

A. Cracking and checking of old alkyd/oil paint layer(s) 

B. Failure due to paint application over weathered or rotted substrate  

C. Failure due to overflowing/splash-back of bulk water on painted surface 

D. Intercoat cracking or peeling  

E. Blistering below the exterior siding overlap 

 CHALLENGES OF FINDING CASE STUDY HOUSES 
 

The author realizes that the sample of case study houses is small. The challenges of 

locating historic houses still clad in their historic siding and trim is dwindling, especially 

those still retaining significant areas of historic alkyd/oil paint layers. Having a verifiable 

10 year record of their paint history, sidewall insulation history, and not being repainted 

within the last ten years added to the challenge.  All these criteria were felt to be 

essential for the success of any attempt to examine the possible effects of sidewall 

insulation on paint failures 



 

 

CHAPTER IX: TYPES OF PAINT FAILURE 
 

Below we examine common types of paint defects. 

CRACKING AND CHECKING OF OLD ALKYD/OIL PAINT LAYER(S) 
 

Alkyd paint over time shrinks resulting in cracking and alligatoring. This shrinking will 

eventually result in loss of adhesion to the underlying substrate (in this case the wood 

siding). The loss of adhesion occurs at a faster rate on those surfaces exposed to direct 

sunlight than those surfaces that are shaded. This is commonly evidenced on unshaded 

eastern, southern and western elevations. 

 

Figure 15. Paint failure on siding in unshaded part of house. 
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Figure16. Paint failure is much less severe on siding on the shaded part of the same house. 

 

 

FAILURE DUE TO PAINT APPLICATION OVER WEATHERED OR ROTTED SUBSTRATE 
 

Any primer or finish paint that has been applied over a deteriorated surface such 

as a weathered or rotted wood will exhibit adhesion challenges. If the underlying 

wood surface has been left exposed to the sun and weather for a time so that the 

top most layer of wood cells are dried and exfoliating (a surface which can easily 

be scratched off with a finger nail), getting paint to adhere will be a challenge  

Picture trying to paint sand on a beach. The same can be said for painting over 

old or new wood decay.  
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Figure 17. Weathered wood. 

 

 

Figure18. Rotted wood. 
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FAILURE DUE TO OVERFLOW/SPLASH BACK OF BULK WATER ON PAINTED SURFACE 
 

Two types of bulk water effects: 

1. Areas where excessive bulk water cascades over the painted surface. This is 

often exhibited under clogged gutters and or downspouts below a roof eave.  

 

 

 

Figure 19. Effects of cascading water on painted siding. 

 

2. Areas that are excessively wetted when bulk water, mainly in the form of 

rain, splash back onto wood surfaces after bouncing off hard surfaces such 

as sidewalks or porch decks. This condition is commonly called splash-back.  
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Figure 20. Effects of splash back on painted siding 

 

INTERCOAT CRACKING OR PEELING 

  
Intercoat cracking or peeling is a result of the failure of a recent layer of paint to 

adhere to a previous layer. This is due to either a previous paint layer with a high 

gloss finish not being deglossed prior to repainting, or a latex layer applied over a 

previous oil layer.  
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Figure 21. An example of intercoat peeling. 

 

BLISTERING BELOW THE SIDING OVERLAP 
 

Blistering in the area immediately below where one row of siding overlaps the 

one below is caused by the small gap between the course of siding which allows 

bulk water in the form of wind driven rain or capillarity to enter behind the siding. 

The water finds its way behind the paint film which is also cracked at the interlap. 

Once enough water collects the pressure builds and eventually forces the paint 

film to crack.  
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Figure 22. Under lap blistering of paint 

 

 

 

 

 

 

 

 

 

 



 

 

 

CHAPTER X: CASE STUDY HOUSES 
 

 

CASE STUDY #1 819 PARK, SOUTH BEND, CIRCA 1890 
 

 

Figure 23. Case study house #1, 819 Park, South Bend 
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Description: A balloon-framed circa 1890 two story single family house. The exterior is 

predominantly original wood sided with 4” exposed horizontal lap siding and flat wood 

5/4” wood trim and decorative Victorian elements. The fascia and soffits are mostly 

original wood boards. The front porch is original retains original balustrade and 

decorative Victorian trim. All wood features are painted. 

The exterior wall assembly consists of balloon framed studs approx. 16” on center with 

the wood lap siding fastened directly on the exterior face of the studs. These walls are 

laterally braced with 1 x spaced sheathing on the interior face of the stud walls directly 

under the original interior lath and plaster. The wall cavities are insulated with loose-fill 

cellulose insulation which was installed via 1.5” drilled holes thru the lap siding from the 

exterior. 

Exterior Painting History: According to the current owner, he “purchased the home in 

1971. It was painted that year by the previous owner; by 1974 the paint was peeling 

badly. I painted in 1976 with Olympic oil primer and Olympic overcoat. The same year it 

began to peel quite a bit. By 1978 it looked as though it had not been painted in 

decades. About 1982 I insulated the walls. Shortly after, I painted with water based 

paint. The paint job held up a little better but started to peel in about 3 years and by 5 

years it was a mess. About 1990 I painted with Pittsburg oil primer and paint and the 

peeling started at about 5 years and by 7 years it was a mess. In 2002 I painted with 

Mautz oil paint and had a little peeling at 6 years and also began to get mold.” 

      Observed paint failure 

A. Cracking and checking of old alkyd/oil paint layer(s) 

None observed. 
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B. Failure due to paint application over weathered or rotted substrate. 

 

Figure 24. Weathered/rotted siding 
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C. Failure due to overflow of bulk water on painted surface

 

Figure 25. Overflow of bulk water 

 

D. Intercoat  Cracking or Peeling  

E.  Blistering below the siding overlap. 
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Figure 26. Intercoat peeling and blistering at the overlap. 
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THE DETACHED GARAGE AT 819 PARK AVE  
 

 

Figure 27. Detached garage at 819 Park 

 

Observed Paint Failure 

A. Cracking and checking of old alkyd paint layer(s) 

              None observed  
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B. Failure due to paint application over weathered or rotted substrate

 

Figure 28. Weathered and rotted siding. 

C. Failure due to oversaturation of bulk water(splash back) on painted surface

 

Figure 29. Splash back 
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D. Intercoat peeling  

None Observed 

E. Blistering below the side overlap 

 

 

Figure 30 Under lap blistering. 
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CASE STUDY #2 118 GARFIELD, SOUTH BEND, CIRCA 1880 
 

 

Figure 31. Case study house #2 118 Garfield, South Bend. 

 

 

Description: A balloon-framed circa 1890 two story single family house. The exterior is 

predominantly original wood sided with 4” exposed horizontal lap siding and flat wood 

5/4” wood trim and decorative Victorian elements. The fascia and soffits are mostly 

original wood boards. The front porch is original retains original balustrade and 

decorative Victorian trim. All wood features are painted. 
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The exterior wall assembly consists of balloon framed studs approx. 16” on center with 

the wood lap siding fastened over 1 x wood sub-sheathing. The wall cavities are 

insulated with loose-fill cellulose insulation which was installed via 1.5” drilled holes thru 

the lap siding from the exterior. 

 

 

Figure 32. Insulation plugs 

 

 

Exterior Painting History: The house was repainted in 1992 using an oil primer and oil 

topcoat.  
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Current Exterior Paint Condition: The general condition of exterior paint is poor in all 

unshaded and unprotected areas.  Alligatoring and cracking of prior alkyd paint layers 

are present and signs of paint failure where paint was applied over weathered wood.  

 

Observed Paint failure 

A. Cracking and checking of old alkyd paint layer(s) 

 

 

Figure 33. Cracking and alligatoring 
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B. Failure due to paint application over weathered or rotted substrate 

 

Figure 34. Weathered siding. 

C. Failure due to oversaturation of bulk water on painted surface 

None observed 

D. Intercoat Cracking or Peeling 

            None observed 

E. Blistering Below The Siding Overlap 

      None observed. 
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THE DETACHED GARAGE AT 118 GARFIELD 

 

 
 

Figure 35. Detached garage 118 Garfield, South Bend 

 

Observed Paint Failure 
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A. Cracking and checking of old alkyd paint layer(s) 

 

Figure 36. Cracking and checking. 

B. Failure due to paint application over weathered or rotted substrate 

 

Figure 37. Weathered and rotted. 
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C. Failure due to oversaturation of bulk water(splash back) on painted surface 

 

Figure 38. Splash back 

D. Intercoat peeling  

E. Blistering below the siding overlap 
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CASE STUDY #3 OLIVER INN, SOUTH BEND, 1886 QUEEN ANNE 
 

 

Figure 40. Case Study house #3 Oliver Inn, South Bend, 1886 Queen Anne 

 

Description: A balloon-framed built in1886 two and a half story single family house now 

being operated as a bed and breakfast Inn. The exterior is predominantly original wood 

sided with 4” exposed horizontal lap siding and flat wood 5/4” wood trim and decorative 

Victorian elements. The fascia and soffits are mostly original wood boards. The porches 

are original and retain the original balustrades and decorative Victorian trim. All wood 

features are painted. 
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The exterior wall assembly consists of balloon framed studs approx. 16” on center with 

the wood lap siding fastened over 1 x wood sub sheathing. The wall cavities are 

insulated with loose-fill cellulose insulation. 

Exterior Painting History:  The house is currently being repainted (2010) and was last 

painted in 2002 with latex. According to the present owner the exterior paint was starting 

to fail in 2006.  

Description of Current Paint Condition: as stated earlier the house is currently being 

repainted, utilizing acrylic latex primer and paint after total stripping down to bare 

substrate.  The house shows various painting failures as described below.  

         Observed Paint Failure 

A. Cracking and checking of old alkyd paint layer(s) 

 

Figure 41. Cracking and checking. 
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B. Failure due to paint application over weathered or rotted substrate  

 

Figure 42. Weathered and rotted. 

C. Failure due to overflow of bulk water on painted surface 

 

Figure 43. Overflow of bulk water. 
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D. Intercoat  Cracking or Peeling  

 

Figure 44. Intercoat peeling. 

 

E. Blistering below the siding overlap

 

FIGURE 45. BLISTERING AT SIDING LAP. 
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CASE STUDY #4 705 WEST WASHINGTON, SOUTH BEND, 1905 FREE CLASSIC 
 

 

Figure 46. Case Study house #4 705 Washington, South Bend 

 

Description: A balloon-framed circa 1905 two story single family house. The exterior is 

predominantly original wood sided with 4” exposed horizontal lap siding and flat wood 

5/4” wood trim and decorative Victorian elements. The fascia and soffits are mostly 

original wood boards. The front porch is original and retains original balustrade and 

decorative Victorian trim. All wood features are painted. 
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The exterior wall assembly consists of balloon framed studs approx. 16” on center with 

the wood lap siding fastened over 1 X wood sub-sheathing. The wall cavities are not 

insulated.  

Exterior Painting History: According to the current owner the house was last painted in 

1992 using alkyd primer and topcoat.  

Description of Current Paint Condition:  The exterior paint is in fair condition with 

some signs of alligatoring and cracking of prior alkyd paint layers and indications of paint 

failure due to painting over weathered or rotted wood.  There are also indications of 

exterior paint failure which have resulted from oversaturation under roof eaves and along 

bottom courses of siding and water table due to splash back.  

      Observed Paint Failure 

A. Cracking and checking of old alkyd paint layer(s) 

 

Figure 47. Cracking and checking 
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B.  Failure due to paint application over weathered or rotted substrate 

 

Figure 48. Rot 

 

Figure 49. Weathered 
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C. Failure due to overflow of bulk water on painted surface 

 

Figure 50. Overflow 

A. Intercoat Peeling and Blistering Below The Siding  Overlap 

B.  

Figure 51. Intercoat peeling and blistering.               
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CASE STUDY #5 711 WEST WASHINGTON, SOUTH BEND, 1885 QUEEN ANNE 
 

 

Figure 52. Case House Study #5 711 West Washington, South Bend 

 

Description: A balloon-framed built in 1885 two story single family house. The exterior 

is predominantly original wood sided with 4” exposed horizontal lap siding and flat wood 

5/4” wood trim and decorative Victorian elements. The fascia and soffits are mostly 

original wood boards. The front porch is original and retains original balustrade and 

decorative Victorian trim. All wood features are painted. 
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The exterior wall assembly consists of balloon framed studs approx. 16” on center with 

the wood lap siding fastened directly over 1 x wood sub-sheathing. The wall cavities are 

insulated with loose-fill cellulose insulation.  

Exterior Painting History: House was last painted in 1992 using latex paint.  

Description of Current Paint Condition: The exterior paint is in fair condition with 

some signs of alligatoring and cracking of prior alkyd paint layers and indications of paint 

failure due to painting over weathered or rotted wood.  There are also indications of 

exterior paint failure which have resulted from oversaturation under roof eaves and along 

bottom courses of siding and water table due to splash back. 

         Observed Paint Failure 

A. Cracking and checking of old alkyd paint layer(s) 

 

Figure 53. Cracking and checking. 

B. Failure due to paint application over weathered or rotted substrate 
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Figure  54. Weathered and rotted 

 

 

Figure 55. Notice minimal paint failure on new replacement siding below weathered 

original siding. 
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C. Failure due to overflow of bulk water on painted surface and 

D. Intercoat cracking or peeling 

            Note the  six or so horizontal courses of siding above porch roof edge that 

are a darker blue than the horizontal band and porch header. 

                       

 

 

Figure 56. Overflow and intercoat peeling. 
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A. Blistering below the siding overlap 

 

Figure  57. Blistering below the siding lap 
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THE DETACHED GARAGE AT 711 WEST WASHINGTON 

 

 

Figure 58. Detached garage 711 West Washington 

Observed Paint Failure 

A.  Cracking and checking of old alkyd paint layer(s) 
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Figure 59. Cracking and checking. 

B.   Failure due to paint application over weathered or rotted substrate 

 

Figure 60. Weathered and rotted 
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C.   Failure due to oversaturation of bulk water(splash back) on painted surface 

 

Figure 61. Splash back 

D.   Intercoat peeling none observed 

E.  Blistering below the siding overlap 

 

Figure 62. Blistering at the lap 
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CASE STUDY #6, 714 WEST WASHINGTON, SOUTH BEND, 1884 QUEEN ANNE 
 

 

Figure 63. Case Study House #6 714 West Washington, South Bend 

 

Description: A balloon-framed built in 1884 two story single family house. The exterior 

is predominantly original wood sided with 4” exposed horizontal lap siding and flat wood 

5/4” wood trim and decorative Victorian elements. The fascia and soffits are mostly 

original wood boards. The front porch is original and retains original balustrade and 

decorative Victorian trim. All wood features are painted. 
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The exterior wall assembly consists of balloon framed studs approx. 16” on center with 

the wood lap siding fastened over 1 x wood sub-sheathing. The wall cavities are not 

insulated.  

 

Exterior Painting History: According to the current owners the house is scheduled to 

be repainted soon. It is not known exactly when the house was last painted, but it clearly 

has been in this condition for at least 5 years.  

Description of Current Exterior Paint Condition: the exterior paint is in generally poor 

condition with extreme signs of alligatoring and cracking of prior alkyd/oil paint layers 

and indications of paint failure due to painting over weathered or rotted wood.  There are 

also indications of exterior paint failure which have resulted from oversaturation under 

roof eaves and along bottom courses of siding and water table due to splash back.  
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         Observed Paint Failure 

A. Cracking and checking of old alkyd paint layer(s)  

 

Figure 64. Cracking and Checking 
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Failure due to paint application over weathered or rotted substrate

 

Figure 65. Weathered and rotted and splash effect 

 

C. .Failure due to overflow of bulk water on painted surface 

 

Figure 66. Overflow of bulk water. 
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A. Intercoat Cracking or Pealing 

       None observed 

 

B. Blistering Below The Siding  Overlap 

            None observed 
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CASE STUDY #7, 1012 WEST WASHINGTON, SOUTH BEND, 1892 QUEEN ANNE 
 

 

Figure 67. Case Study House #7 1012 West Washington, South Bend 

 

Description: A balloon-framed two story single family house built in 1892. The exterior 

is predominantly original wood sided with 4” exposed horizontal lap siding and flat wood 

5/4” wood trim and decorative Victorian elements. The fascia and soffits are mostly 

original wood boards. The front porch is original retains original balustrade and 

decorative Victorian trim. All wood features are painted. 
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The exterior wall assembly consists of balloon framed studs approx. 16” on center with 

the wood lap siding fastened over 1 x wood sub-sheathing. The wall cavities are not 

insulated.  

Exterior Painting History: the house was last painted in 1982 using alkyd primer and 

topcoat.  

Descriptions of Current Exterior Paint Condition:  The exterior paint is in poor 

condition with some signs of alligatoring and cracking of prior alkyd paint layers and 

indications of paint failure due to painting over weathered or rotted wood.  There are also 

indications of exterior paint failure which have resulted from oversaturation under roof 

eaves and along bottom courses of siding and water table due to splash back. 

         Paint failure Observed 

A. Cracking and checking of old alkyd paint layer(s) 

 

Figure 68. Cracking and checking. 
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B. Failure due to paint application over weathered or rotted substrate 

 

Figure 69. Weathered and rotted. 

C. Failure due overflow of bulk water on painted surface 

 

Figure 70. Overflow of bulk water 
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D. Intercoat  Cracking or Peeling  

 

Figure 71. Intercoat peeling 

E. Blistering Below The Siding  Overlap 

None Observed 

 

 

  



 

 

120 

 

CASE STUDY #8 2405 NORTH PENNSYLVANIA STREET, INDIANAPOLIS, CIRCA 1880 

QUEEN ANNE 
 

 

 

Figure 72. Case House Study #8 2405 N Pennsylvania, Indianapolis 

 

Description: A balloon-framed circa 1880 two story single family house. The exterior is 

predominantly original wood sided with 4” exposed horizontal lap siding and flat wood 

5/4” wood trim and decorative Victorian elements. The fascia and soffits are mostly 

original wood boards. The front porch is original and retains original balustrade and 

decorative Victorian trim. All wood features are painted.  The exterior wall assembly 
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consists of balloon framed studs approx. 16” on center with the wood lap siding fastened 

over 1 x wood sub-sheathing. The wall cavities are insulated with fiberglass batt 

insulation which was installed when the house’s interior was gutted.  

 Exterior Painting History: According the current owners the house was painted in 

2005 using latex paint.  

Description of Current Exterior Paint Condition: The exterior paint is in fair condition 

with some signs of alligatoring and cracking of prior alkyd paint layers and indications of 

paint failure due to painting over weathered or rotted wood.  There are also indications of 

exterior paint failure which have resulted from oversaturation under roof eaves and along 

bottom courses of siding and water table due to splash back. 

      Observed Paint Failure 

A.  Cracking and checking of old alkyd paint layer(s) 

 

Figure 73. Cracking and checking 
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B.  Failure due to overflow of bulk water on painted surface 

 

Figure 724. Overflow of bulk water 

C. Blistering below the side overlap 

 

Figure 75. Blistering under the siding lap 
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D.  Intercoat Cracking or Peeling 

    None observed 

E.  Blistering Below The Siding Overlap 

    None observed. 
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CASE STUDY #9 2403 PENNSYLVANIA STREET, INDIANAPOLIS, CIRCA 1900 

CRAFTSMAN 
 

 

 

Figure 76. Case House Study #9 2403 N. Pennsylvania street, Indianapolis 

 

Description: A balloon-framed circa 1900 story and a half single family house. The 

exterior is predominantly original wood sided with 4” exposed horizontal lap siding and 

flat wood 5/4” wood trim and craftsman trim detailing. The fascia and soffits are mostly 

original wood boards. The front porch is original and retains original balustrade and 

decorative Victorian trim. All wood features are painted.  The exterior wall assembly 
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consists of balloon framed studs approx. 16” on center with the wood lap siding fastened 

to 1 x wood sub-sheathing. The wall cavities are insulated with fiberglass batt insulation 

which was installed when the interior of the house was gutted. 

Exterior Paint History: According to the current owner the house was painted in 2004 

using latex paint.  

Description of Current Exterior Paint Condition: The exterior paint is in good 

condition with some signs of alligatoring and cracking of prior alkyd paint layers and 

indications of paint failure due to painting over weathered or rotted wood.  There are also 

indications of exterior paint failure which have resulted from oversaturation under roof 

eaves and along bottom courses of siding and water table due to splash back 

         Observed Paint Failure 

A. Cracking and checking of old alkyd paint layer(s) 

 

Figure 77. Cracking and checking. 



 

 

126 

 

 

B. Failure due to paint application over weathered or rotted substrate 

 

Figure 78. Weathered and rotted 

C. Failure due overflow of bulk water on painted surface 



 

 

127 

 

 

Figure 79. Overflow 

D. Blistering below the side overlap and E. Blistering Below the Siding Lap 

 

Figure  80. Blistering below the siding lap 
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THE DETACHED GARAGE AT 2403 PENNSYLVANIA  
 

 

Figure. 81.  Detached garage 2403 N. Pennsylvania 

 

Observed Paint Failure 

A. Cracking and checking of old alkyd paint layer(s) 

      None observed 
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B.  Failure due to paint application over weathered or rotted substrate 

 

Figure 82. Weathered and rotted 

 

C.  Failure due to oversaturation of bulk water(splash back) on painted surface 

    None observed 

D. Intercoat peeling  

    None observed 

E. Blistering below the siding overlap 

    None observed 
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CASE STUDY #10 2364 BROADWAY, INDIANAPOLIS, CIRCA 1880 QUEEN ANNE 
 

 

Figure 83. Case Study House #10 2064 N. Broadway, Indianapolis 

 

Description: A balloon-framed circa 1880 two story single family house. The exterior is 

predominantly original wood sided with 4” exposed horizontal lap siding and flat wood 

5/4” wood trim and decorative Victorian elements. The fascia and soffits are mostly 

original wood boards. The front porch is original and retains original balustrade and 

decorative Victorian trim. All wood features are painted. 
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The exterior wall assembly consists of balloon framed studs approx. 16” on center with 

the wood lap siding fastened over 1 x wood sub-sheathing. The wall cavities are not 

insulated. 

Exterior Painting History: the house is currently vacant and appears to have not been 

painted over 5 years.  

Description of Current Exterior Paint Condition: The exterior paint is in poor 

condition with some signs of alligatoring and cracking of prior alkyd paint layers and 

indications of paint failure due to painting over weathered or rotted wood.  There are also 

indications of exterior paint failure which have resulted from oversaturation under roof 

eaves and along bottom courses of siding and water table due to splash back.     

  Observed Paint Failure 

A. Cracking and checking of old alkyd paint layer(s) 

 

Figure 84. Cracking and checking. 
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B. Failure due to paint application over weathered or rotted substrate

 

Figure 85. Weathered and rotted 

C. Failure due to overflow of bulk water on painted surface 

 

Figure 86. Overflow of bulk water 
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D. Intercoat peeling 

None observed 

 

E. Blistering Below the siding overlap 

 

Figure#87 Blistering 

below the overlap 
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CHAPTER XI:  SUMMARY AND CONCLUSION 
 

After the sample was compiled it was determined that, of the 10 houses selected: 

1. Three houses were found to have no evidence of their sidewalls being insulated.  

2. Seven houses are insulated with loose-fill blown in cellulose present in their exterior 

stud cavities. Of the seven two houses have a wall or two located in secondary 

rooms (later add-ons to the rear of the main house) in which select walls were 

insulated with batt fiberglass insulation installed from the interior when these walls 

were gutted and resheathed with modern drywall.  

3. In addition four of the houses have detached garages which were found not to have 

insulation in their wall cavities. The garages were repainted at the same time (same 

year) as the house was. 

TYPES OF PAINT FAILURES OBSERVED 
 

Paint failure types were observed on the sample case study houses as per the criteria 

established in Chapter VII: Field Work: Selection and Criteria. 

CRITERIA 
 

1. Are the exterior paint failure types on the six insulated houses different than on 

the four uninsulated houses? 

2. Do the insulated houses exhibit any different types of paint failure than the 

uninsulated houses? 
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And for the houses with garages: 

3. Are the exterior paint failure types on the six insulated houses different than on 

their adjacent uninsulated garages? 

4. Do the insulated houses exhibit any different types of paint failure than the 

uninsulated garages? 

MATRIX OF OBSERVED EXTERIOR PAINT CONDITIONS: 

 

Case Study  

House 

Number 

A. Failing 

Alkyd/Oil 

Layers 

B. Weathered/ 

Rotted Failure 

C. Over wetting 

Failure 

D .Intercoat 

Peeling 

E. 

Blistering 

at Lap Insulated 

House #1 no X X X X yes 

House #2 X X no no no yes 

House #3 X X X X X yes 

House #4 X X X X X no 

House #5 X X X X X yes 

House #6 X X X no no no 

House #7 X X X X no no 

House #8 X X X no no yes 

House #9 X X X X no yes 

House#10 X X X no X no 
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MATRIX OF OBSERVED EXTERIOR PAINT CONDITIONS ON HOUSES WITH GARAGES 
 

Case Study  

House Number 

A .Failing 

Alkyd Oil 

Layers 

Weathered/R

otted Failure 

C. 

Oversaturation 

Failure 

D 

.Intercoat 

Peeling 

E. 

Blistering 

at Lap Insulated 

House #1 no X X X X yes 

Garage no X X no X no 

            

House #2 X X no no no yes 

Garage X X X X X no 

            

House #5 X X X X X yes 

Garage X X X X X no 

            

House #9 X X X X no yes 

Garage no X no no no no 
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CONCLUSIONS 
 

MATRIX FINDINGS: UNINSULATED VS. INSULATED: 

 

1. All of the ten case study houses, both uninsulated and insulated, exhibit two or 

more of the five types of paint failure we defined and observed.  

2. All except house (insulated) #1 exhibit  A. failing alkyd/oil layers, 

3. All ten houses exhibit B. weathered/rotted failure, 

4. All expect house (insulated) #2 exhibit C. concentrated wetting failure.   

5. Only six houses exhibit D. Intercoat peeling: three houses are insulated and 

three are uninsulated.  

6. Only five houses exhibit E. Blistering at lap; three houses are insulated and two 

are uninsulated.  

In terms of an aggregate total of all incidences of the five types of paint failure compared 

by insulated wall condition: among the uninsulated houses a total of 16 incidences of 

paint failure type divided by the total of the 4 uninsulated houses equals an average of 

4.0 types of paint failure per uninsulated house. Among the insulated houses a total of 

23 incidences of paint failure type divided by the total of the 6 insulated houses equals 

an average of 3.8 types of failure per insulated house. There does not appear to be any 

identifiable pattern differentiating paint failure types on the uninsulated houses versus 

insulated houses. 
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MATRIX FINDINGS; HOUSE VS. UNINSULATED GARAGE  

 

1. All houses that have garages have insulated exterior sidewalls. 

2. All garages have uninsulated sidewalls. 

3. Only paint failure type B. Weathered/rotted failures are present on all houses and 

their associated garage. 

4. Only house #5 and its associated garage show presence of all five paint failure 

types. 

 

In terms of an aggregate total of all incidences of the five types of paint failure compared 

by insulated house to their associated uninsulated garage: among the houses a total of 

15 incidences of paint failure type divided by the total of the 4 uninsulated houses equals 

an average of 3.75 types of paint failure per house and among the garages a total of 14 

divided by 4 equals an average of 3.5 types of paint failure. There does not appear to be 

any identifiable pattern differentiating paint failure types on the insulated houses versus 

uninsulated garages. 

 

The thesis author realizes that the sample is small and further study needs to be 

pursued on a larger scale (more case study houses, with multi-year verifiable painting 

history) but feels fairly confidant to preliminarily conclude exterior paint failure is not 

necessarily related to the presence of insulation in the exterior wall cavity by comparing 

the type and incidence of the five types of identifiable and common paint failure types 

often found on historic houses and their accessory buildings such as garages. The 
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conclusion is consistent with the author’s professional experience of over 35 years of 

exterior façade restoration of scores of historic buildings throughout Indiana. 

 

 The commonly held belief that exterior paint failure is a result of unwanted interior 

based water vapor that finding its way into insulated wall cavities by way of diffusion, 

wetting the insulation and causing significant exterior paint failure has largely been 

disproven by building scientists.. The thesis author after reviewing the most recent 

literature on the subject and through his case study presented in this thesis concludes 

that the evidence presented indicates that significant exterior paint failure is mostly 

unrelated to vapor diffusion, more related to vapor transported by air movement  and is 

predominantly related to mismanaging bulk water on the exterior side of the exterior wall 

cavity, the aging of alkyd/oil paints, and the lack of appropriate prep prior to repainting 

and that these are the primary reasons for significant paint failure and are mostly 

unrelated to the presence of insulation in the sidewall cavity. 

 

 

 

 

 

 

\ 
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