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  With my background in engineering and my current study in architecture, I chose a thesis 

which incorporates both of these fields.  It also includes the field of historical preservation, 

which I have included in my choice of electives.  I have applied for a Certificate in Preservation 

for graduation as well. 

 The thesis intended to study the effects of the decisions made in the past concerning the 

installation of HVAC systems into historic buildings, specifically those historic structures used 

primarily as house museums.  These museums use, for the most part, historic homes or historic 

public buildings these structures to house museum artifacts belonging to the building or are from 

the building’s time period.  The museum attitude of strictly controlling temperature and humidity 

for the preservation of those artifacts has done much to destroy the most important artifact, the 

building itself.  These structures were never built to accommodate the air conditioning methods 

of today.  Ductwork and equipment may often be hidden or plated in unimportant areas, but the 

acts of the cooling in warm summer humid conditions has created many adverse effects.  For 

example, exterior walls have been damaged from the inside of the walls due to wood rot from 

water condensing inside with the change in dew points.  Nails and other metal work are rusting.  
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The end result of just these two examples has cased a rapid increase in the destruction of the 

structures due to age. 

 The thesis will begin with a history of the preservation movement and the reasons 

decisions such as the strict museum interior conditions were made.  The project will then move 

into the effects of these decisions and the problems that have been created due to those decisions.  

Next will be a discussion of some of the solutions that have already been studied to relieve these 

conditions.  Two good examples of places I have visited to discuss this situation are 

Independence Hall if Philadelphia, Pa., and Monticello near Charlottesville, Va.  Independence 

Hall is experimenting with computer controlled equipment which will anticipate weather 

conditions and adjust interior temperatures with the interior wall dew point as the controlling 

influence.  Monticello is experimenting with window coatings and other less costly methods of 

preserving the building while maintaining some sort of interior conditioning.  The simple 

solution of no conditioning at all will also be studies, although this idea has limitations, 

especially since most of the current historic sites have already been conditioned.  Mount Vernon 

was the last major hold out, but systems were installed there a number of years ago.  Final 

conclusions for the paper will follow, much of which will be future study proposals. 
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CHAPTER 1 
INTRODUCTION 

Lynchburg, Va.  Modern HVAC systems create humidity and condensation problems that 

were of no concern to the Abreathing@ buildings built prior to the advent of air conditioning. 

Condensation created by the differences in temperature and humidity from outdoors to indoors is 

causing extensive damage to interiors of walls and to wooden window sills and framing.  In 

effect, the protection of the artifacts introduced into the historic building is destroying the most 

valuable artifact of all, the historic building itself. 

 

Figure 1-1.  Point of Honor, Lynchburg, VA 

 

Figure 1-2.  Point of Honor artifacts 

The study will examine the history of the preservation movement in the United States, 

from its private initiatives to government involvement in order to evaluate the initial purposes of 
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the movement, the evolution of the its goals as more and varied groups joined the movement, and 

the values of the present that effect the decisions of historic preservation. After this evaluation of 

how and why the current conditions in preserved historic buildings exist, details of the problems 

created by these decisions will be examined.  Finally the most recent suggestions now available 

from industry and the National Trust for Historic Preservation will be evaluated.   

The thrust of the work will be to evaluate the appropriateness of the methods we now use, 

to suggest new evaluation criteria that might better suit preservationist needs now that the current 

problems are becoming more evident, and finally to determine, evaluate, and suggest some new 

methods of heating and cooling historic buildings.  As a working model I will be using Poplar 

Forest, the second home of Thomas Jefferson.  This historic preservation project is a major 

private restoration project that will be ongoing for the next two decades.  A decision concerning 

its HVAC needs will be made within the next three years.  It is hoped that this work may be of 

some benefit to the restoration plan. 

 

Figure 1-3.  Poplar Forest, Lynchburg, VA 
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CHAPTER 2 
EARLY HISTORY OF THE US PRESERVATION MOVEMENT 

Early restoration projects in the United States were the responsibility of individuals, civic 

groups, and on rare occasions, state or local governments.  Two of the earliest known projects 

involved restorations in 1827 and 1828 respectively.  The estate of Abraham Touro, a Newport, 

Rhode Island Shipper, was responsible for the restoration of Touro Synagogue.  In the same time 

period, the city government of Philadelphia hired William Strickland to reconstruct the tower 

(removed in 1790) of the Old State House, now known as Independence Hall, which had been 

purchased by the city in 1816 from the Commonwealth of Pennsylvania.  Strickland used the 

Georgian Style for the tower rather than a design which would have more suited the tastes of 

1828.  Other projects of the time period included the restoration of Nassau Hall at Princeton 

University in 1855.  Having been damaged by fire, it was considered important because the 

Continental Congress had met there in 1783.  Only five years earlier, in 1850, the legislature of 

New York had purchased the Hasbrouck House, a site used by Washington as his headquarters in 

Newburgh, New York during the Revolutionary War.1  From these early independent efforts at 

preservation developed patterns that would begin to define the course of preservation.  Aside 

from the private religious project of the Touro Synagogue, organizational efforts were involved 

in preservation projects, either in the form of an educational institution, or a form of lower 

government, e.g. state or local government.  Another important path taken was the selection of 

sites for preservation projects.  Patriotic events and patriotic heroes were the subjects of 

preservation projects.   

                                                 
1William J. Murtagh, Keeping Time (Pittstown, NJ, 1988),  pp.26-28 
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Figure 2-1.  Touro Synagogue 1827 

 

Figure 2-2.  Strictland Tower addition, Independence Hall, Philadelphia 

 

Figure 2-3.  The Mount Vernon Ladies’ Association of the Union 
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Following these guidelines, The Mount Vernon Ladies’ Association of the Union was 

formed in 1853 by Ann Pamela Cunningham for the purpose of saving Mount Vernon from 

being developed as a hotel area.  The significant difference between this project and previous 

projects in the United States had to do with the type of organization involved.  After both the 

federal government and the government of the Commonwealth of Virginia refused to purchase 

the property, Miss Cunningham formed the Association to raise funds first in the South, and later 

all through the United States.  The Association was so successful, that it was able to purchase the 

property within five years.  But just as important as achieving its goal was the effects the project 

had on the preservation movement in the United States.  First, it cemented the ideas of using only 

patriotically significant sites and personalities as worthy of preservation, and secondly, it brought 

forward the idea that private citizen’s organizations were best suited for preservation projects.  In 

addition, the success of the association caused other similar organizations to pattern their own 

organizations after the Association. Examples are the Ladies’ Hermitage Association for the 

preservation after Andrew Jackson’s home and Washington’s Headquarters Project at Valley 

Forge, organized by Mrs. William Holstein of Pennsylvania. 2   Although lower governments 

occasionally participated in the financing of these projects, such as the purchase of Hermitage by 

the state of Tennessee in 1856 or a gift of $5000 to the Ladies Hermitage Association in 1908, 

government participation would not be at an influential level until well into the Twentieth 

Century.3 

Around the turn of the century a new interest began to emerge which would extend the 

interests of preservation from strictly patriotic associations to interest in intrinsic aesthetic value.  

                                                 
2William J. Murtagh, Keeping Time, (Pittstown, NJ, 1988), pp. 28-30 

3Ibid., p. 52 
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Buildings were now being looked upon as historic artifacts in their own right, as architectural 

history.  The first such project was the John Whipple House restored by the Ipswich 

Massachusetts Historical Society in 1898.  The purpose of the restoration was simply to retain 

the English heritage of the area from the Seventeenth Century.   

The Paul Revere House in Boston was a restoration project in 1905 that firmly 

established this new path as a permanent addition to the preservation movement.  Although Paul 

Revere was a patriotic figure, the motivating force of the restoration was the saving of the oldest 

frame building in Boston.  Architectural interests were just as strong in this project as were the 

heroic interests.  One of the prominent persons in the restoration project was William Sumner 

Appleton.  As a historian he was a strong force in preserving New England artifacts.  He founded 

the Society for the Preservation of New England Antiquities in 1910 which would be a powerful 

force in the future path of historical preservation in the United States.4 

 

Figure 2-4.  Paul Revere House, Boston, MA 

                                                 
4William J. Murtagh, Keeping Time, (Pittstown, NJ, 1988), pp. 31-32 
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Figure 2-5.  W.S. Appleton 

During this early period of the Twentieth Century, the ideas of patriotic buildings and 

artifact architecture merged and matured. The Society for the Preservation of New England 

Antiquities placed as much importance on interior furnishings and artifacts as they did on 

buildings.  It established house-museums all over New England.  These house-museums 

showcased architecture, furnishings, and history on an equal footing.   

During this period the historic room also emerged.  In 1924, the Metropolitan Museum of 

Art opened its American Wing to display American interiors.  The Philadelphia Museum of art 

followed shortly thereafter with a similar exhibition.  At about the same time, du Pont heir H. F. 

du Pont began collecting furnishings from the United States and later from all over the world.  

As his collection grew, he built extensions to his estate home in Wilmington, Delaware to house 

his pieces in rooms built specifically to mirror the pieces= original settings.  He periodically 

opened the home to the public until the museum was completed in 1951, at which time it was 

opened on a regular basis.5 This interest in furnishings as well as the historic and architectural 

preservation moved the house-museum from New England to throughout the United States.    

                                                 
5William J. Murtagh, Keeping Time, (Pittstown, NJ, 1988), pp. 78-82 
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Soon after the Metropolitan Museum of art began its exhibits of furnishings, the largest 

private restoration project the country had ever seen began in Williamsburg, Va. in 1926.  The 

inspiration of W. A. R. Goodwin, rector of the Bruton Parish Church in Williamsburg, and 

financed by John D. Rockefeller, Jr., the project’s goal was the restoration of an entire colonial 

town, including landscape, homes, public buildings, and streets.  Not only was it the largest, but 

it was part, along with Henry Ford’s Greenfield Village in Dearborn, Michigan, of the beginning 

of a new and expanded path for preservation known as outdoor museums. The project’s goal was 

enormous, to use all the methods of preservation available to return an entire colonial town, now 

engulfed by the modern 1926 city, back to the appearance of the mid-Eighteenth Century.  The 

purpose of this enterprise is echoed in The Colonial Williamsburg Motto, “That the Future May 

Learn from the Past.” 6  Imbedded in this motto were the feelings of Goodwin toward 

Williamsburg as Athe Cradle of the Republic@ and the “birthplace of liberty”7 and Rockefeller’s 

thoughts of patriotism.8  Williamsburg would not only be a museum.  It would bring alive the 

crafts, technology, methods, mores, architecture, furnishings, dress, and countless other factors, 

and marry them to history, patriotism, and education.  It would create an educational Mecca for 

the public, and even more importantly, for preservationists to learn existing methods and to 

develop new methods of their profession.  All of the important methods of preservation would be 

used at Williamsburg; reconstruction, rehabilitation, restoration and adaptive use.  These 

methods are sometimes contradictory and will be shown to affect the HVAC problems that will 

come later in the thesis.  It is therefore important to define the above four terms in accordance 

with The National Trust for Historic Preservation. 
                                                 
6William J. Murtagh, Keeping Time, (Pittstown, NJ, 1988),  p.36. 

7Ibid. 

8Ibid., p. 96 
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Figure 2-5.  Goodwin & Rockefeller 

 

Figure 2-6.  William & Mary College, Williamsburg, VA 

 

Figure 2-7.  Capitol Building, Williamsburg, VA 
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Figure 2-8.  Governors’ Palace interior artifacts, Williamsburg, VA 

Reconstruction.  The act or process of reproducing by new construction the exact form 

and detail of a vanished building. 

Rehabilitation.  The act or process of returning a property to a state of utility through 

repair or alteration which makes possible an efficient contemporary use while preserving those 

portions or features of the property which are significant to its historical, architectural, and 

cultural values. 

Restoration.  The act or process of accurately recovering the form and details of a 

property and its setting as it appeared at a particular period of time by means of removal of later 

work or by the replacement of missing earlier work. 

Adaptive Use.  The process of converting a building to a use other than that for which it 

was designed, e.g., changing a factory into housing. Such a conversion is accomplished with 

varying alterations to the building. 

At this point in the history of preservation in the United States it can be seen that the path 

taken by the movement is merging the original ideals of patriotism and hero worship, as 

promoted by the Ann Pamela Cunningham and the Mount Vernon Ladies’ Association of the 

Union, the architectural, aesthetic, and educational passions of William Sumner Appleton and 
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the Society for the Preservation of New England Antiquities and the incorporation of historic 

rooms into Appleton=s house museums as influenced by the Metropolitan Museum of art and 

Henry Francis du Pont’s Winterthur Museum.  Using the four methods described above, how 

will all of this be accomplished?  Each group that has added to this eclectic path has its own 

agenda to fulfill.  Should preservation follow a purist, as for example Drayton Hall in South 

Carolina, where preservation is done in the most exacting manner to return the building to as 

close as possible to the original state?  Or should preservation be more lenient and move a bit 

toward rehabilitation of the buildings?  One might even question the fact of restoration itself.  

After restoration of a house-museum is complete, it will no longer be used for a house as 

originally intended.  It will be a museum.  Public accommodations must be made for comfort, 

safety, and security.  Protection of artifacts from temperature and humidity must be 

accommodated.  Is this not more towards adaptive use than restoration? 

 

Figure 2-9.  Drayton Hall, Charlestown, SC 
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Figure 2-10.  The Great Hall-Drayton Hall, Charleston, SC 

Before these problems can be analyzed, two other agencies need to be introduced as 

important to the path taken to bring the preservation movement to the position it is in today, The 

Federal Government and the National Trust for Historic Preservation.  Since these two agencies 

become involved in preservation over the same time period, and since they are intertwined in 

their functions, this work will deal with them together.  However, it is important to remember 

that The National Trust is an independent organization of private citizens, even though it is 

charted by Congress. 

The Federal Government’s first interests in preservation began with the preservation of 

Federal Lands.  In 1872 it set aside Yellowstone National Park.  After some other preservation 

land projects in the Western United States, management of the concerns was taken over by the 

National Park Service in 1916, formed for that exact purpose.  Although this had no influence on 

the topics of this study at the time, the government’s efforts in historic preservation would 

eventually fall under the National Park Service.  The Federal Government’s first major step into 

historic preservation occurred in 1933 as part of Franklin Roosevelt’s New Deal programs to pull 

the United States out of The Great Depression.  Charles Peterson of the National Park Service 

proposed a program to create an architectural archive which would put out of work draftsman 
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and architects back to work.  This was the beginning of the Historic American Buildings Survey 

(HABS) program.  Funding lasted only three months, from November, 1933 to February, 1934, 

but the results were impressive enough to refund the program again on a permanent basis in 

1935. With this program historic sites would be catalogued, documented, stored, and made 

accessible to the public. 9  Such information would prove most valuable for future preservation 

programs, public and private.  

After World War II the preservation movement had a need for a national nonprofit 

organization to lead and manage the growing popular support of the movement.  To this end the 

National Council for Historic Sites was formed in 1947.  One of the first efforts of the National 

Council was to promote the formation of an organization chartered by Congress and truly on a 

national level.  The measure was successful and on October 26, 1949 a bill was signed forming 

the National Trust for Historic Preservation.  Soon thereafter, the National Council was dissolved 

in favor of the National Trust.  Since that time the Trust has acquired and administered many 

historic properties and provides guidelines and research for all phases and types of 

preservation.10 

The National Historic Preservation Act of 1966 is probably the single most important 

effort made by government for the preservation movement.  The purpose of the bill is to 

recognize the heritage of the United States. It did this by stating three aspects of the bill: 

• The movement must recognize the importance of architecture, design and esthetics as well 
as historic and cultural values. 

• The movement must go beyond individual buildings and look at historic and 
architecturally valued areas and districts. 

                                                 
9William J. Murtagh, Keeping Time, (Pittstown, NJ, 1988), pp. 55-57 

10Ibid.,  pp. 39-55 
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• These efforts would be promoted by economic conditions and tax policies.11 

Most of the direct input to the preservation movement since the 1966 act has been in the 

form of tax bills written to provide tax relief to owners of prospective historic properties that 

engage in some type of preservation, as originally stipulated in the third goal of the bill.     

But government is a many sided figure, and its responsibilities go far beyond that of 

preserving American heritage.  It is also responsible for the health and safety of its citizens in a 

modern world.  To that end, codes and regulations are found at every level of government.  If the 

public is to enter these buildings, they must be able to do so safely, and under the laws governing 

all other public buildings.  Fire, structure, passage, handicapped concerns, and air quality are but 

a few of the concerns facing a historic preservation project of today.  That is, of course, assuming 

it is open to the public.  But even if the project was purely a private measure, laws would still 

apply to jurisdictions ranging from local fire departments through run-off regulations of local 

governments. These concerns are becoming increasing problems in Historic Districts, such as 

Historic Charleston, in Charleston, South Carolina.  As one of the earliest historic districts, 

formed by local government in 1931, it has become a model for other districts to follow, 

especially after the encouragement of the National Historic Preservation Act of 1966. 

This brief history was meant to describe how the preservation movement has evolved into 

the position it is in today.  Independent movements in the early 1800's dealing for the most part 

in patriotic historic places and people moved into an era of aesthetic and architectural objectives.  

Education entered and pushed the envelope ever wider to include room museums, furnishings, 

and an increasing public touring of these expanded house-museums.  The success of 

Williamsburg, Virginia provided the way for outdoor museums to increase in number.  

                                                 
11Ibid., pp. 64-66 
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Government concern provided a documented list of many perspective historic preservation 

projects, and then provided funds and tax incentives to allow the movement to grow even larger, 

and very importantly, to include large districts.   This inclusion meant that all four measures of 

preservation discussed earlier would be used and become more acceptable.  While adaptive use 

may severely disturb the pure preservationist, it is essential if an entire district is to be declared a 

historic zone.  It mandates the coexistence of the historic with the modern.  So, too, does the 

modern use of house-museums.  Government regulations for safety must consider a house-

museum a museum and no longer a house.  Fire protection, lighting, security, HVAC, safety, and 

structural concerns all move preservation away from pure restoration toward rehabilitation or 

even adaptive use.  The purest site for preservation in the United States may well be Drayton 

Hall in South Carolina.  Owned by the National Trust, and thus funded by the Federal 

Government itself, it is said to only repair structure and deteriorated material as minimally 

needed.  The building is said to be displayed without furnishings, or additions of any other kind.  

It is a true example of pure restoration.  Yet one need only enter the basement at the beginning of 

a tour to find electric lights, sprinklers, and computers.  Structure on the second floor is being 

stiffened by huge steel I-beams, which are not very historic.  One can only conclude that pure 

preservation does not exist in an era past the time the building was originally built.   

The artifacts that have become so important to the preservation movement from the 

room-museum to the house-museum to outdoor museums play a major part in decisions that will 

need to be made in the future.  Museums like the Metropolitan Museum of Art are able to display 

its artifacts in a completely controlled environment in a modern building, but structures designed 

in the Seventeenth and Eighteenth Centuries are ill suited for the addition of such modern 

temperature and humidity control systems. 
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The addition of such systems causes problems with the addition of non-historic elements, 

condensation problems, sealing versus breathing problems, and although not a major topic of this 

study, the space utilization problems and original material loss problems of installing the 

equipment in a manner that will allow for proper performance.  These concerns need to be 

balanced with the preservation of the artifacts, and sometimes even their existence in the 

museum.  Often artifacts are loans from patrons or other museums.  If adequate security, safety, 

and environmental protections are not installed in a house-museum, lending of an artifact may 

not take place.  Another concern is the patronage of the museum by the general public.  Most of 

these museums, even those run by the National Trust, rely on admission revenues and gift shop 

funds for their survival. If comfort levels are not adequate attendance will fall, followed directly 

by revenues.  The importance of artifacts to preservation, government approval and support for 

educational preservation, the need for support funds, and the growing acceptance of a full rage of 

preservation from restoration to rehabilitation and adaptive use, have all lead to the standard use 

of environmental control systems in historic buildings.  The study will now examine the ways in 

which temperature was originally regulated in these structures, compare these ways to the 

changes needed to adapt them to controlled environmental systems, and assess the damage that 

these adaptations have had on the historic buildings that have installed them. 



 

25 

CHAPTER 3 
EARLY CONTROL SYSTEMS 

Buildings of the Eighteenth Century used the natural effects of the elements and 

surroundings to control temperatures.  Thick walls were often used to absorb the sun during the 

day and allow heat to pass into the building during evening hours.  Windows were placed in a 

manner that would allow the natural heat and light pass into rooms during daylight hours.  For 

summer conditions deciduous trees were placed strategically to provide shade in summer yet 

allow light and heat penetration during the winter seasons.  Windows took advantage of cross 

ventilation.  Porches and large overhangs were common.  In extremely hot areas, living spaces 

were raised to the second floors, as for example in some of the elegant homes of Louisiana and 

Charleston, South Carolina.  

Clothing was utilized to a much greater extent than in modern climate controlled times.  

In winter months when the only heat source would have been a fireplace or possibly a Franklin 

Style stove in the fireplace, heavy layers of woolen clothing would provide the extended 

protection needed from the cold temperatures.  In summer periods, it is ironic to note that some 

of the heavier clothing was also used for cooling.  Linens were worn under what now would be 

considered heavy woolen clothing.  This would cause heavy perspiration to the wearer.  The 

linens would collect this moisture.  The wool weave was porous allowing breezes to pass through 

and blow over the wet linen creating a cooling effect due to the evaporating moisture.   

Winter conditions rarely provided temperatures inside to rise appreciably above outdoor 

temperatures due to the limited amount of sunlight in winter and the gross inefficiencies of 

fireplaces.  Similarly, summer temperatures inside and outside were nearly constant.  The effect 

of this was that the materials of the building were allowed to expand and contract with the 
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seasons.1   Nineteenth Century improvements to heating and ventilating did produce a larger 

differential temperature between the interior and exterior of the building, especially in winter 

heating conditions.  These newer conditions rarely produced appreciable damage to the building 

however.  This was due to a number of factors.  First the greatest temperature differential 

occurred during the winter months when outdoor humidity levels are generally at much lower 

levels, especially in Northern climates that require larger amounts of heating.  Coal furnaces 

tended to produce a dry heat when hot air systems were used.  If boilers were used to produce hot 

water or steam for heating, humidity levels would still not rise appreciably inside because 

methods of creating a Atight@ building were not yet available.  There was enough air infiltrating 

into the cracks of doors, windows, and general cracks to dissipate any added humidity created by 

occupants or internal equipment.  Without the humidity, which is at the heart of condensation 

problems, the buildings were not in danger.  During summer periods, the Nineteenth Century 

improvements were principally better methods of ventilation, using skylights, and forced air 

electric fans.  This too would not create appreciable differences between outdoor or indoor 

conditions, and once again the building would be allowed to expand and contract normally.2   

Twentieth Century technology brought us the greatest, the most effective and the most 

damaging aspects to HVAC systems for historic buildings.  Air conditioning is probably the 

most critical of these innovations.  Along with air conditioning came methods of reducing the 

added energy needed to operate it.  Buildings became more airtight with the use of new 

insulations, caulking, and thermal glazing. With these new efficiencies came integrated systems 

to provide interior climate control, fire suppression, lighting air filtration, security and 

                                                 
1Sharon C. Park, APreservation Briefs #24, (US Dept. of the Interior, 1990), p. 2 

2Sharon C. Park, APreservation Briefs #24, (US Dept of the Interior, 1990), p. 2 
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temperature and humidity control.  Vapor barriers were also available to protect the new 

buildings designed with this new technology.3  All of these new innovations may have at first 

seemed made to order for historic buildings, especially the historic house-museum which had 

grown to be so popular.  Security could be combined with government mandated fire safety 

equipment.  Total control of interior climate conditions would allow full time control and 

monitoring for the peace of mind of lenders of artifacts to these museums.  But a tremendous 

problem grew from the installation of all of this control. 

 

Figure 3-1.  Nineteenth century coal fired system

                                                 
3Ibid., p. 3 
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CHAPTER 4 
THE PROBLEMS 

Large temperature differentials were created between outdoor and indoor conditions.  

Warm temperatures tend to move toward cooler areas.  In a similar manner moist conditions tend 

to move toward dryer conditions.  This natural migration is controlled in modern buildings with 

the use of vapor barriers, installed at the time of construction.  In a historic structure, vapor 

barriers are seldom possible.  Preservationists will remove as little of the original materials of a 

structure as possible.  The idea of removing original wall coverings, paints, or even worse, 

plaster is unthinkable.  And since these materials cannot normally be removed, the idea of energy 

savings with the use of insulation is also not practical.  The results of these limitations include 

low humidity conditions in winter that may crack wooden furniture and trim, unless 

humidification measures are taken. If humidification is used in winter months, moisture tends to 

condense on the cold windows, dripping onto sills and window frames causing premature rotting 

conditions.  Moisture may also travel through walls and condense on inner cooler walls.  This 

condensation may cause a rotting of wooden frames and beams; corrosion of metal anchors, 

nails, or lath; peeling of paint; generation of efflorescence and salt deposits on masonry; and 

cracks from freezing conditions.1  Summer conditions allow the flows of humidity in the 

opposite direction.  Humid outdoor conditions will cause humidity to migrate into the lower 

humidity controlled spaces through walls and window openings.  As the humid air hits the cooler 

interior walls condensation occurs, causing the same problems as described in the winter 

conditions with indoor humidity additions.  Condensation on the exterior of the usually single 

glass panes drips onto frames and sills as before.   

                                                 
1Sharon C. Park, APreservation Briefs #24, (US Dept of the Interior, 1990), p. 4 
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Figure 4-1.  Cold climate conditions 

 

Figure 4-2.  Hot climate conditions 
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CHAPTER 5 
GENERAL SOLUTIONS PROVIDED BY THE NATIONAL TRUST FOR HISTORIC 

PRESERVATION 

The question now becomes "What can be done at this stage?"  Are the conditions for 

housing artifacts too strict?  Would less heating and more ventilating be reasonable alternatives 

to both lenders of artifacts and visiting patrons?  Is the house-museum a bad idea altogether?  

What would be the alternative?  We can look at the suggestions put forth by the National Trust 

for Historic Preservation and others as to what can be done with the systems that now exist.  The 

situations for each historic building vary considerably so the suggestions must also be general.  

• Use open windows, shutters, porches, curtains, and trees to reduce heating and cooling 
loads. 

• Retain or upgrade existing mechanical systems wherever possible.  Reuse radiators, 
upgrade boilers, upgrade ventilation, and use proper thermostats and humidistats. 

• Increase the energy efficiency of buildings by installing insulation in attics and basements.  
Add vapor barriers only if it can be done without damaging existing materials. 

• Use spaces in existing chases or closets for new mechanical systems. 

• Be as compatible with the existing architecture as possible. Hide systems in formal spaces, 
and avoid commercial registers.  Use slot registers for these types of spaces. 

• Size the systems to meet the availability of shafts and closets.  Multiple zones will allow 
for a better utility of these spaces.  If possible, use under-ground vaults for mechanical 
equipment. 

• Provide adequate ventilation to mechanical rooms and public spaces.  

• Selectively install intake grills. 

• Maintain the minimum appropriate temperature and humidity control to meet requirements 
without accelerating deterioration any more than necessary.   

• Monitor the situation of deterioration as closely as possible. 

• Design any new system with maintenance and future replacement in mind. 

• For highly significant buildings, install safety monitoring equipment, backup equipment, 
and moisture detectors. 
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• Prepare a proper maintenance program. 

• Train for proper monitoring and maintenance of equipment.  Also train for emergency 
conditions and problems. 

• Have a proper emergency plan for the building as well as artifacts in case of an emergency. 

• Do not install a new HVAC system if it can be avoided. 

• Do not install a new type of system unless proper space is assured. 

• Do not over design the system.  Do not add air conditioning or climate control unless it is 
absolutely needed. 

• Do not cut exterior historic building walls to add through the wall units. 

• Do not damage historic finishes, or mask historic features in new installations. 

• Do not drop ceilings or bulkheads across window openings. 

• Do not remove repairable windows and replace with new.  Repair them instead. 

• Do not seal operable windows unless necessary for security or pollution control. 

• Do not place new equipment on visible portions of historic roofs. 

• Consider the weight of new equipment on the existing historic structure. 

• Consider stresses caused by the vibration of new equipment. 

• Do not allow condensation on windows or within walls to rot or spall adjacent historic 
building materials.1 

 
 

                                                 
1Sharon C. Park, APreservation Briefs #24, (US Dept of the Interior, 1990), p. 12 
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CHAPTER 6 
CASE STUDY METHOD 

 This study began many years ago with my interest and education in engineering, and the 

HVAC field.  As my interests and studies broadened, I became familiar with the field of 

architecture.  My lifelong interests in history lead me to museum houses and historic 

preservation. 

 To start this project I first searched the literature for general information on the subject.  

As I researched deeper, I studied many museum examples, and spoke to many experts over the 

telephone, or sometimes had the chance to actually interview them.  Finally, I started visiting 

museums that I thought might hold a special insight into the problem.   

 The sites I chose to visit for this project included the four that are used as case studies.  

They are Independence Hall in Philadelphia, Monticello near Charlottesville, Virginia, Poplar 

Forest near Lynchburg, Virginia, and Mount Vernon, near Washington DC.  Each was chosen for 

a particular reason. 

 Independence Hall was chosen because it was undergoing the installation and testing of 

the most elaborate system to monitor, control, and anticipate psychrometric conditions for 

indoor, outdoor, and wall interior conditions.  Although only affordable for the most important 

historic buildings, it did provide some information that may be applicable to less expensive 

systems in the future. 

 Mount Vernon was chosen for exactly the opposite reason.  Although during the study 

Mount Vernon decided to go with an HVAC system, up to that time it had done almost nothing 

to control conditions within the main plantation house.  It was very close to being the same 

temperature and humidity conditions now as was in Washington’s day. 
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 Monticello was chosen because it chose to go the full HVAC path.  The Thomas 

Jefferson Foundation decided to take the strict temperature and humidity control standards that 

are used in the best artifact museums.  This is most likely due to the nature of the artifacts at 

Monticello.  Jefferson was a great collector of books and a prolific writer.  Books and papers of 

Jefferson are in abundance at the site.  He had a great love of mechanical instruments, paintings, 

and artifacts from the mid-west.  All of these items needed strict environments for safety, so 

preference was given to these over the building itself.  Time will tell of this was a good idea. 

 The last case study was also a home of Thomas Jefferson, Poplar Forest.  Although he 

only spent 2 or 3 weeks there twice a year, it was important to his design studies.  In addition, it 

was damaged by a fire in the 1850’s and remodeled after that time.  In order to return it to the 

home Jefferson built, all the interior wall finishes put there in the 1850’s were gutted.  This left 

the bear walls which would easily allow for vapor barriers, insulation and other materials not 

normally used in historic preservation. 

 Each case was evaluated for its particular situation and problems.  Common situations 

and unique situations were studied in order to arrive at a final set of conclusions. 

 Psychrometric data was prepared to aid in the analysis of the problems that arise during 

the decision to apply HVAC systems to historic properties.  
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CHAPTER 7 
INDEPENDENCE HALL CASE STUDY 

 Built between 1732 and 1753, the Pennsylvania State House (now known as 

Independence Hall) is one of the most recognized historical buildings in the United State.  It is 

also one of the most important from the standpoint of US heritage.  The site of the Second 

Continental Congress, the Declaration of Independence and the United States Constitution has 

made it one of the most historically sacred sites in the US. 

 But Independence Hall is also important from a historic preservation perspective.  It is 

the site of one of the most elaborate building monitoring systems for HVAC control.  Designed 

by William B. Rose & Associates, Inc. of Urbana Illinois, and in conjunction with Michael 

Eissenberg, Mechanical Engineer of the National Park Service, the system is designed to monitor 

both the outside and inside conditions of the building, factor in climatological data and forecast 

data in order to produce an internal environment that will not allow condensation on windows, 

and most importantly, inside walls.  This computer programmed monitoring system has the 

ability to anticipate approaching conditions and adjusts temperatures and humidity levels 

accordingly.   

 This system requires an entirely new approach to HVAC control systems.  No longer will 

building managers consider set points for humidity and temperature.  Instead they will need to 

allow indoor conditions to “drift” in response to outdoor conditions.  A comfort range will be the 

key to controlling indoor conditions.  Comfort ranges have long been known to ventilation 

experts, with lower humidity levels compensating for higher temperatures.  Air flow rates play 

an important factor here also.  But with the current questioning of exactly what artifact 

conditions can be tolerated in a museum building, this approach has merit.  It is now being 

proposed that drift conditions could be as much as from 80 degrees and 60% relative humidity in 
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summer to 60 degrees and 30% RH in winter months as was suggested to Independence Hall by 

Dr. Charles Bullock, Engineering Fellow for Carrier Corporation of United Technologies, a 

reasonable comfort condition could be maintained in historic buildings without causing undue 

damage to its structure.   

 Dr. Bullock also suggests that return air systems be eliminated as much as possible.  This 

allows a greater air flow within the building, simulating more natural ventilation.  Finally, Dr. 

Bullock has high praises for pressurizing the building.  This tends to force conditioned air into 

wall cavities and to outside conditions, keeping unwanted humidity outside. 

 This type of system would be quite costly, and could only be used in very important 

buildings.  But the research by Dr. Bullock indicates that buildings that require less costly 

systems could also benefit from the idea of drifting conditions.  His study on indoor humidity 

level limits indicate: 

1. Winter: 

a. Windows—potentially serious problem 

i. For an indoor temperature of 65F, condensation would likely occur (on the 
inside surfaces) when the outdoor temperature is less than 35F and ID RH 
is greater than 40%); 

ii. For an indoor temperature of 50F, condensation would likely occur (on the 
inside surfaces) when the outdoor temperature is less than 20F and ID RH 
is greater than 40%; 

iii. Conclusion:  When OD temperature drops below 30F, it may be necessary 
to let the ID RH drop to 30% or lower. 

b. Walls  --  minor problem 

i. For an indoor temperature of 65F, condensation would likely occur 
(within the walls) when the outdoor temperature is less than 20F and ID 
RH is greater than 40%.  For higher OD temperature, the ID RH can be 
higher than 40%; 
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ii. For an indoor temperature of 50F, condensation would occur (within the 
walls) when the outdoor temperature is less than 15F and ID RH is greater 
than 45%.  For higher OD temperatures, the ID RH can be higher than 
45%; 

iii. Conclusion:  When ID temperature drops below 30F, it may be necessary 
to let the ID RH dorp to 40% or lower. 

2. Summer 

a. Windows—very minor problems 

i. For an indoor temperature of 75F, no condensation would occur.  The ID 
RH could be greater than 85%; 

ii. For an indoor temperature of 85F, condensation would likely occur (on the 
inside surfaces) when the outdoor temperature is less than 75F andID RH 
is greater than 70%; 

iii. For an indoor temperature of 95F, condensation would likely occur (on the 
inside surfaces) when the outdoor temperature is less than 75F and ID RH 
is greater than 60%; 

iv. Conclusion:  Maintain ID temperatures below 80F and ID RH levels less 
than 60%. 

b. Walls—minor problem 

i. For an indoor temperature of 75F, condensation would likely occur 
(within the walls) when the outdoor temperature is greater than 90F and 
the outdoor RH is greater than 80%; 

ii. For an indoor temperature above 80F, condensation does not appear likely 
for any OD or ID RH; 

iii. Conclusion:  Maintain ID temperatures at 80F or higher. 
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CHAPTER 8 
MONTICELLO CASE STUDY 

 Monticello is the mountain top home designed and built by Thomas Jefferson.  The home 

is actually a combination of two homes built there, the first being Jefferson’s original design 

based on his study of Palladian architecture.  Design started in 1767, construction in 1769, and 

the basic structure was completed by 1784.  Jefferson traveled to Europe in 1784 to 1796 as a 

diplomat for the United States.  While there he studied, among other things, European 

architecture, especially that found in France.  His return to the United States began a new phase 

of demolition and building for the Monticello we know today.  The structure was essentially 

complete soon after his retirement from the Presidency in 1809. 

 On Jefferson’s death the properly was willed to Jefferson’s daughter, Martha Jefferson 

Randolf in 1826.  It then changed hands a number of times to James F. Barclay in 1831, Uriah P 

Levy in 1834, Jefferson Monroe Levy in 1879, and finally to the Thomas Jefferson Foundation 

in 1923. 

 Monticello is a prime example of a house museum that has chosen to do everything 

possible to protect the historical artifacts contained within the home.  One extremely important 

factor in this decision has been the large numbers of books, owned by Jefferson, that are housed 

in his personal library.  Although Jefferson did donate his entire library to the US government to 

prime the Library of Congress, he immediately began collection books again.  These books line 

his library and need strict humidity and temperature control to preserve. 

 Until 1954 the HVAC system was Jefferson’s design.  It consisted of 18 hearths for 

heating and a thick wall masonry construction with an abundance of windows on all floors and 

all sides for ventilation.  At that time a central system was installed, but had inadequate air flow 

and was undersized with a 26 ton compressor unit.  Although upgraded in 1974 it remained 
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undersized.  This under sizing may have actually been a benefit for the building at the expense of 

the historical artifacts.  An undersized unit will tend to remove humidity but may not reduce 

sensible heat to a level that would be dangerous for the open cavities of the exterior walls.   

 The 1954 system was state of the art at installation.  It consisted of a dual-duct, constant 

volume forced air system.  Hot and cold air ducts connected to the basement with the supply 

ducts in the attic.  Supply grilles were hidden wherever possible.  Return air ran through fire 

place chimneys.  Boilers were located 100 yards from the home. 

 In 1995 it was decided by the Thomas Jefferson Foundation to provide a system that 

would completely control the interior environment to museum standards.  The same boilers were 

used, but chiller capacity was increased to 50 tons.1   

 Only time will tell if any damaging effects to the building will result from the increased 

air conditioning capacity.   

                                                 
1 Michael Merriam and Mindy Black, “Historic Building Gets New HVAC System” HPAC Heating Piping/Air 
Conditioning, May, 1996, pp. 87-88 
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CHAPTER 9 
MOUNT VERNON CASE STUDY 

 Mount Vernon, the home of George Washington, is one of the most visited home of a 

president in the United States.  Built in 1757, it was purchased by the Mount Vernon Ladies’ 

Association of the Union in 1858.   

 In 1996 an options study was begun by Dennis J. Pogue, Director of Restoration, on 

proposed HVAC systems for the Mansion.  Mount Vernon had been, up to this point in time, one 

of the last hold outs for installing air conditioning systems to historic homes.  Reasons sited for 

looking into possible new systems included concerns for the detrimental impact on furnishings 

due to wide fluctuations in temperature and humidity, similar concerns for dirt and pollutants, 

visitor discomfort in the summer tourist season, and the inefficient and obsolete condition of the 

existing system which was some direct heating in strategic places on the first floor only.  Study 

data is included in Appendix . 

 Without cooling capabilities, inside conditions can reach 90 degrees, with relative 

humidity fluctuating between 90 and 37%.  Construction is heavy timber with wall thicknesses 

between 7 and 10 inches. 

 Important to the director was the need to reduce the swings in humidity (higher priority) 

and temperature for the internal artifacts as well as the comfort of the visitors and staff, but still 

be conscious of the concerns of condensation inside the timber frame walls.  Furniture 

consultants recommended a 70 degree 50% relative humidity standard with no more than a 3 

degree temperature variation and a 3% relative humidity swing, even in the most severe 

conditions.  The director sites recent studies that indicate that indicate humidity as being the most 

important criteria, and that wider ranges (35-60%) may be acceptable as a reason to consider 



 

40 

humidistatic controls, which give priority to humidity over temperature, may be a good 

alternative for Mount Vernon. 

 With these new parameters, engineers were given the task to study the options and make 

a recommendation as to the best type of system to meet Mount Vernon’s needs.  They studied six 

types of systems.  They were: 

• Commercial AHU, Remote Water Chiller Unit 
• Commercial AHU, Remote Condensing Unit 
• Commercial AHU, Indoor Water Chiller Unit, River Water 
• Commercial AHU, Commercial Split Ground-Coupled Heat Pump, Vertical Well. 
• Commercial AHU, Commercial Split Ground-Coupled Heat Pump, Horizontal Grid 
• Commercial AHU, Commercial Split Water-Source Heat Pump, River Water Connection. 
 

Option No. 1 was chosen due to its inherent simplicity, reliability, and minimum 

requirements for changes to the landscape.  Chilled water will be supplied by a remotely located 

air-cooled water chiller sized at 100 tons.  Under ground piping will be used.  Hot water will be 

supplied by an existing boiler. 
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CHAPTER 10 
POPLAR FOREST CASE STUDY 

Poplar Forest is a second home of Thomas Jefferson.  He began construction in 1806 on 

lands near Lynchburg, Virginia inherited at the death of his wife’s father.  Jefferson used it as a 

retreat from the large numbers of visitors that constantly inhabited Monticello and as a very 

private place where he said that he could go to read and to study.1  This project is run by The 

Corporation for Jefferson’s Poplar Forest.  Preservation of the site has been ongoing for over ten 

years and will continue for at least another twenty years.   A decision will need to be made in 

about three years as to exactly what type of HVAC system would best be suited for the project. 

 

Figure 10-1.  Virgin brick walls –Poplar Forest, Lynchburg, VA 

Poplar Forest is an ideal site for this type of study.  Because it was damaged by fire in the 

1850's, the original interior materials were replaced at reconstruction.  All of the 1850's interior 

materials have now been removed, leaving the virgin brickwork in place, both inside and out.  

That leaves the question of a vapor barrier for protection from condensation open for discussion.  

The directors of this project are willing to do whatever is necessary to return the building to as 

close as possible to the original dwelling designed by Jefferson.  To this end the discussion of a 
                                                 
1S. Allen Chambers, Jr., Poplar Forest and Thomas Jefferson, (Poplar Forest, 1993), pp. 4-10 
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vapor barrier may be very instructive as to how future preservationists may react to changing 

anything that was not original.  From that point, decisions will need to be made as to artifacts for 

the building, expected visitor load, climate control and security.  All of these issues will effect 

the decision of a proper HVAC system. 

There are a number of options open to them that are now under consideration.  The first 

option is to simply do nothing.  There are large windows around the entire home.  Natural 

ventilation is a distinct possibility, especially since rest room, gift shops, and meeting buildings 

and offices are in other buildings on the estate.   

The next step would be a central fan type ventilation system.  The center of the building is 

raised allowing warm air to naturally flow upward.  A large skylight is in the center of the 

building.  Vents around the skylight could easily hide the mechanical vents needed for a fan 

system.  The building is not very large, and has only one main floor and a basement.  Tours 

through the main floor would last under 10 minutes, making the time inside bearable, even if 

temperatures were not at the most comfortable level.  

Although the basement is used for some displays, it is large enough to allow for some 

equipment and ducts should a modern HVAC system is chosen.  The basement is cool year 

round, so air conditioning would only be required on the main floor.  Since the walls were raised 

to their brick construction to return the building to the manner is was before the 1850 fire, a 

vapor barrier insulation installation would not be a problem as it would be on most historic 

projects.  Dr. Bullock’s studies on condensation should be most useful to this project, no matter 

how simple or how elaborate the system chosen becomes.
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CHAPTER 11 
CONCLUSIONS 

• Before making any decision on installation of a HVAC system into a historic building, 
consider the general solutions by the National Trust for Historic Preservation listed in 
Chapter 5. 

• Determine if a cooling system is actually required.  Are there historic artifacts to consider?  
What materials make up the artifacts?  How do they withstand humidity?  If only a few 
artifacts need special conditions, you may want to consider replacing them with replicas 
and placing the valuable items into a more controlled museum setting. 

• Is the major consideration comfort?  If so, consider natural ventilation as an alternative.  
Fans may be able to produce an air movement that would all adequate comfort if the visit 
to the area is just a short tour. 

• If air conditioning is required, how much is necessary.  Are strict conditions to be met?  
Would it be possible to use a “drifting” set point to remain within a comfort range while 
still allowing adequate dew points within a wall? 

• Consider an open return air system when allowed by local fire codes.  Air movement 
increases comfort levels on hot days. 

• Consider a positive pressure system if air conditioning is required.  The cost of pushing 
conditioned air though open cavity walls may increase energy costs, but no cost could 
replace the historic structure. 

• Determine the possibility of supplying visitor services in auxiliary buildings, leaving the 
historic structure for tour purposes only.  Short tours may not require the level of comfort a 
longer stay would require. 

• Always consider the temperature and humidity settings written by Dr. Bullock in the 
Independence Hall Chapter when planning heating or cooling system.  These ranges can 
not only save the historic building but provide energy savings as well. 
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APPENDIX  
MOUNT VERNON STUDY DATA 
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