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Abstract 
 

Battle Hall, located at the heart of the University of Texas at Austin’s campus 
since 1911, has been serving the University for a century.  It was designed for cooling 
with natural ventilation prior to being fully air conditioned in the mid-1960s.  The 
mechanical system currently installed in Battle Hall is over 40 years old.  While it 
provides reasonable environment for the collections, it struggles to achieve stable 
conditions for various zones in the building.  The purpose of this study is to consider 
isolating the Reading Room as an individual zone and explore the possibility of restoring 
natural ventilation as it was originally designed. 

 
There are various benefits in restoring natural ventilation to the hundred-year old 

Reading Room, including psychological benefits, indoor air quality, and energy savings.  
However, various concerns, such as environmental conditions, air pollutants, acoustic, 
and potential light damages, also exist.  This study focuses on investigating the 
possibility of restoring natural ventilation by examining existing conditions, collection 
care requirements for library collections and historic architectural elements. 
 
 Two data-loggers were placed in the Reading Room to record temperature and 
relative humidity readings for approximately five months.  Through analysis of these 
readings of existing collection care settings and existing architectural settings, potential 
solutions and alternatives were considered and examined.  These included non-action, 
hybrid natural ventilation, Johnson Controls Personal Environmental System, and HVAC 
shut-off.  

 
This study is the first of its kind for Battle Hall.  As a Historic Structures Report 

of Battle Hall is commissioned by the University, this study provides a better 
understanding of potential solutions and alternatives to restore natural ventilation to 
Battle Hall.  This may also serve as a platform to stimulate ideas and research on natural 
ventilation restoration to other buildings in the University.     
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Chapter 1:  Introduction 

In 2007, members of the American Institute of Architects and the public voted 

Battle Hall as one of America’s favorite buildings.1 The iconic Battle Hall at the 

University of Texas at Austin was designed by Cass Gilbert and constructed in 1910-

1911.  It has withstood a century of use and weathering as a collection facility and 

offices.  The University of Texas at Austin has commissioned a Historic Structure Report 

for the building’s 2011 centennial.  This provides an excellent opportunity to investigate 

and evaluate Battle Hall for any preservation, restoration, and improvement needed.  

Since the building design and construction is architecturally significant, the proposed 

Historic Structure Report will be a fundamentally important teaching tool. 

Battle Hall remained naturally ventilated for decades until air conditioning was 

installed in the 1960s.  The building has been operating with a central heating, ventilation 

and air conditioning system (HVAC) since then.  Whereas the mechanical system 

currently installed provides reasonable environment for the collections, it lacks the 

efficiency that satisfies the University’s goal to maximize the efficiencies of its 

operations and services while minimizing its wastes and carbon footprint.2  In addition, 

Battle Hall is a library, and a stable environment is essential to its collections.  Ambient 

indoor temperature and relative humidity play a critical role in the life of the collections.  

                                                 
1 AIA Archiblog.  American’s Favorite Architecture: Battle Hall, University of Texas (1911) - Austin, TX; 

Cass Gilbert, FAIA 2007. http://blog.aia.org/favorites/2007/02/150_battle_hall_university_of.html 
(Accessed 30th November, 2010)  

2 The University of Texas at Austin. Revised Handbook of Operating Procedures: Campus Sustainability 
Policy. http://www.utexas.edu/policies/hoppm/01.A.03.html (accessed February 18, 2011) 
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Consequently, a balance between energy efficiency and collection care environment must 

be achieved to ensure the collection’s survival for future generations.  

 

There are different strategies in which energy saving, minimizing waste, and 

enhancement of collection care can be explored.  This thesis takes natural ventilation as 

one of the measures and explores the possibility of reopening the building’s Reading 

Room for natural ventilation.  Battle Hall, because it is a library, requires a stricter 

environmental standard than other historic buildings in the University.  Any solutions or 

alternatives examined in this study can potentially be applied or used as a tool to other 

historic buildings on campus. 

 

 

Figure 1 – Battle Hall utilizing natural ventilation, ca. 1950s (Courtesy: The Dolph 
Briscoe Center for American History, The University of Texas at Austin) 
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Chapter 2:  Battle Hall  

Before Cass Gilbert arrived at the University of Texas at Austin as the campus 

Architect in 1910, there were only eight buildings scattered across the original campus, 

also known as the Forty Acres.   These buildings were of different styles and materials as 

the campus lacked a coherent development plan.  Although multiple attempts had been 

made to create a general plan for the campus, none of the ideas satisfied the University’s 

officials at the time.  The Board of Regents determined that it was essential to the 

University’s growth to have a renowned Architect create the first developmental plan for 

the campus.  University President Sidney E. Mezes called for the “best equipped 

Architect, or firm of architects in the country that can be secured be appointed to the 

position.”3  After a nationwide search, the Regents appointed Cass Gilbert as University 

Architect, a position which he held for 13 years. 

CASS GILBERT AND BATTLE HALL 

When the University of Texas was established in 1883, American architecture 

was in the midst of the classical revival period.  Leland Roth classified it as a period of 

Creative Eclecticism II, followed by the City Beautiful movement that was first 

expressed in large scale during the World Exposition Fair in Chicago in 1893. 4  Within 

the period of 1880s to late 1910s, many Americans went to Paris to study Architecture at 

the École des Beaux-Arts, and then returned to America bringing the Beaux-Arts 

                                                 
3 Halton, Cheryl Mays. “Battle Hall” in The Alcalde.  Austin: The University of Texas at Austin, 

July/August 1978 
4 Roth, Lenand M. American Architecture: A History. Cambridge: Westview Press, 2001, p. 558 
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principles to their design.  One of the most prominent firms to apply Beaux-Arts 

principles was the firm of Mead, McKim and White.  The partners of the firm had 

mastered the Beaux-Arts and Richardsonian Romanesque styles by training at the École 

des Beaux-Arts or under Architect Henry Hobson Richardson.  After his education in 

Architecture at the Beaux-Arts-oriented Massachusetts Institute of Technology, Cass 

Gilbert further mastered his style in the Beaux-Arts while working at the firm of Mead, 

McKim and White.     

 

Throughout Cass Gilbert’s career, he utilized a hybrid of Romanesque and 

Classical influences in his design and his buildings were highly praised.  His public 

buildings reflected the optimistic American idea that the nation was heir to Greek 

democracy, Roman law and Renaissance humanism.5  As architectural historian Drury 

Blakeley Alexander had stated, “Without attempting to divine the exact proportions of 

Spanish, Italian or French influence in Gilbert’s library (Battle Hall), we can admire the 

successful accomplishment of a composition that blends so skillfully the practical and the 

aesthetic from numerous sources, a skill that was basic to the training at the Ecole des 

Beaux-Arts.”6  Cass Gilbert’s career was at its peak when he accepted the appointment at 

the University of Texas at Austin.  When he started his position, he hoped “to make the 

planning of the University of Texas one of the greatest works of my life, if not in fact the 

                                                 
5 Blogett, Geoffrey. Cass Gilbert: The Early Years. Minnesota: Minnesota Historical Society Press, 1999 
6 Alexander, Drury Blakely. “Introduction” to Paul Cret at Texas: Architectural Drawing and the Image of 

the University in the 1930s by Carol McMichael Reese. Austin: The University of Texas at Austin, 
1983 
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greatest single enterprise."7  He accomplished this goal with his University of Texas 

campus development plan and the two buildings he designed, Battle Hall and Sutton Hall, 

continually influencing the campus’ overall design and style for the past century.  

PLACEMENT OF BATTLE HALL 

 In 1910, the University was in need of a new library because the old Main 

Building was not large enough to hold all the books in the growing University 

collections.  Therefore, the first task Cass Gilbert took was designing a new library along 

with the campus development plan.  After Cass Gilbert inspected the campus in 1909, he 

proposed separating the campus into quadrants with the old Main Building at the center.  

He was familiar with the idea as he had employed similar ideas for the University of 

Minnesota, but the placement of Main Library (Battle Hall) was a challenge. 

 

 Cass Gilbert felt that the placement of Main Library (Battle Hall) was critical to 

the stature and prominence of the University.  He expressed his concern in a letter to 

Edward House, University President Sidney E. Mezes’s brother-in-law and influential 

Texas leader, “The University of the future and, in fact, of today is not simply an 

assemblage of buildings but an assemblage of buildings properly organized, properly 

balanced, correlated and connected and that it is of the highest importance that this 

                                                 
7 McMichael, Carol. Paul Cret at Texas: Architectural Drawing and the Image of the University in the 

1930s. Austin: The University of Texas at Austin, 1983. 
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should be done…  Austin should become a great educational center and we must look 

many years ahead.”8 

 

Battle Hall sits diagonally across from the southwest corner of the then Main 

Building.  His concept for the placement of the building was to serve as a reminder to the 

visitors and users of the building of the Renaissance ideals where learning was valued.  

He emphasized the significant relationship between educating the public and civil 

architecture, “The poor man cannot fill his home with works of art.  The State can, 

however, satisfy his natural craving for such things in the enjoyment of which all may 

freely share, by properly embellishing public buildings.”9   

 

Figure 2 – Forth-Acres Campus map, 1926 (Courtesy: The Dolph Briscoe Center for 
American History, The University of Texas at Austin) 

                                                 
8 UT Briscoe Center for American History. Cass Gilbert to Sidney E. Mezes, February 2, 1911. POR, VF 

3/Ba  
9 Irish, Sharon. Cass Gilbert, Architect. New York: Monacelli, 1999 
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DESIGN OF BATTLE HALL 

 University President Sidney E. Mezes suggested that the campus buildings should 

be of a “southern style” after he noticed the University United Methodist Church, located 

at the corner of 24th Street and Guadalupe Street.  It was constructed in 1907 with 

limestone and a red clay tile roof which portrayed Spanish influences as well as notions 

of Romanesque architecture with its architectural massing, oversized arches and rows of 

arched windows.  Mezes explained, “I have never known the proper name for that style, 

and have myself thought of it vaguely in terms of its place of origin along the shores of 

the Mediterranean, the general idea would be generously hanging eaves; broad simple 

lines, which as far as possible, coincided with lines of structural importance, and the 

absence of minor ornamentations.”10   

 

Figure 3 – The University United Methodist Church, 2011 

                                                 
10 Christen, Barbara Snowden. Cass Gilbert and The Ideal of The City Beautiful: City and Campus Plans,   

1900-1916. New York: City University of New York, 1997 
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It is from the University United Methodist Church’s and the Boston Public 

Library’s massing, style, and use of materials that Cass Gilbert found the style for his 

campus building, which he once described as “modified Spanish Renaissance” style.  He 

felt that the overall campus style should be “naturally induced by the Spanish influence in 

Texas, and, since it was originally developed in a country whose climate and atmosphere 

is similar to that of Texas it is altogether suitable to the local conditions.”11  He designed 

several buildings under this style.  However, only two, Battle Hall and Sutton Hall, were 

constructed.  These two buildings and Gilbert’s campus development plan guided the 

future designs of buildings on the University campus. 

 

Figure 4 – Battle Hall, 2010 

                                                 
11 Speck, Lawrence W. "Battle Hall: Old Library, University of Texas at Austin." In Landmarks of Texas 

Architecture, by Lawrence W. Speck, 55-57. Austin: University of Texas Press, 1986. 
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Figure 5 – Sutton Hall, 2010 

 
 Gilbert’s design is heavily influenced by the McKim, Mead and White-designed 

Boston Public Library, which in turn was inspired by Labrouste’s Bibliothèque Ste.-

Geneviève in Paris.  These buildings employ a form of Renaissance palazzo with a rank 

of arched windows at the piano nobile on the upper floors.  Battle Hall employs the same 

design elements with the modest lower floors housing the administrative offices while the 

spectacular Reading Room and other library functions are elevated into the more elegant 

and gracious upper floors along with rows of arched double height windows and ceiling.  

To a certain degree, Battle Hall can be viewed as a smaller scale version of the Boston 

Public Library, especially from the east façade.  The number of arches at the Reading 
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Room was reduced to seven and the number of entrances was reduced to only one 

compared to the Boston Public Library.   

 

 

Figure 6 – Bibliothèque Ste.-Geneviève, Paris, 2006 (Wikimedia Commons, Author: 
Jastrow) 

 

Figure 7 – Boston Public Library, 1909 postcard (HABS through Wikimedia Commons) 
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By late 1930s, the campus had a strong cohesive character which had been 

envisioned by Cass Gilbert.  His concepts for the campus development plan, use of 

materials and style have influenced and inspired the University’s subsequent Architects.  

In 1937, the library was relocated to the newly-constructed Main Building designed by 

Paul Cret.  Battle Hall then became offices for various departments.  It was converted 

into the Barker Texas History Center housing collections and artifacts related to Texas 

and its history in 1950.  In 1970s, Battle Hall became part of the School of Architecture 

Complex housing the Architecture and Planning Library, Alexander Architectural 

Archive, and the Center of American Architecture and Design.   

CHARACTER DEFINING FEATURES IN THE READING ROOM 

Many character-defining features can be found in the Reading Room.  The most 

prominent and distinctive feature is the vaulted wood ceiling.  The beams, rafters, and 

trusses are intricately laid and painted.  Six heavy wooden trusses span across the space 

from the east wall to the west.  Decorative patterns in cinnabar red, light yellow ochre, 

emerald green, and Prussian blue are painted on the trusses and rafters.12  Similar colors 

are used on the geometric patterns on the linoleum floor.   

 

Three double-height arched openings are centered upon the west wall of the 

Reading Room.  The center opening enters into the Reading Room from the circulation 

desk area.  An elaborately carved wooden panel with a carved wooden clock is centered 

above the primary opening.  On each side of the clock, an angel leans over the clock, 

                                                 
12 Volz and Associates. Battle Hall, University of Texas at Austin: Preservation Investigations.  Austin: 

Volz and Associates, June 2008 
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holding a torch while sitting on a dragon.  Similar motifs are used on each double-height 

archway that flanks the center opening.  These screens run the entire height of the arch 

with double tracery doors.  A crest bearing the University initials, UT, are centered 

between the angels in lieu of the clock.  Due to security purposes, the tracery doors are 

closed to limit access solely from the center opening.     

 

The entire room is lined with original built-in wooden bookcases on top of dark 

green marble baseboard.  Accompanying the bookcases, original rectangular tables and 

chairs occupy the space.  An outstanding piece of furniture is exhibited in the space; it is 

the desk of James Riley Gordon (1863-1937), a well-known Architect whose drawings 

and papers are stored at the Alexander Architectural Archive and is best known for his 

use of Romanesque Revival style, his designs of courthouses across America, the Arizona 

State Capitol in Phoenix, and the Texas Pavilion at the World’s Fair held in Chicago in 

1893.  With all these distinctive elements, the entire Reading Room is, in essence, a 

character-defining feature of the building.  

 

 

Figure 8 – Reading Room Carved Wooden Panel atop Center Archway, 2011 
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Figure 9 – Reading Room (left), 2011 

   Figure 10 – Decorative Ceiling (right), 2011  

 

 

Figure 11 – James Riley Gordon’s desk and chair, 2011  
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CURRENT CONDITION 

Battle Hall is a three-story building with a basement in a T-configuration.  The 

horizontal length of the T consists of offices and the Reading Room while the vertical 

length is 7 stories of stacks, vertical circulations, and offices.  The main entrance to the 

building faces east.  Due to the sloping nature of the site, the south entrance opens into 

the basement.   

 

The building is constructed with cream-colored limestone that was quarried 

locally.  Large arched windows punctuate the walls of the Reading Room.  At each 

window, there are double frames of operable casement doors as well as operable awning 

windows above to increase air circulation.  Multi-lite casement doors open to the exterior 

while operable screen panels are installed in the interior frame.13   The only shading 

devices for the arched windows are deep roof eaves and interior blinds.  In attempt to 

minimize light damage at the northwest corner of the Reading Room, an ultraviolet and 

light reflecting film was applied to the glass panes in 2009.14  The film filters out 

ultraviolet light and reflects heat to the collections, exhibits, furniture, and historic 

architectural materials without altering the appearance of the windows. 

                                                 
13  Alexander Architectural Archive.  Battle Hall Architectural Construction Documents. The University of 

Texas at Austin, 1910. 
14 Coates, Donna, interviewed by Daniel Yen. Library Assistant II (13th October, 2010). 
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Figure 12 – Battle Hall Arched Window – Ease Façade, 2010 

 
Operable windows and transoms in the lower floor offices allow fresh air to 

circulate through the building.  In the Reading Room, large operable windows in the east 

elevation allow fresh air and daylight to enter the space while smaller windows at the 

west elevation enhance airflow.  Unfortunately in 1962, the construction of West Mall 

Office Building covered the west façade of Battle Hall, thus, these features was 

diminished and eventually lost when air conditioning was installed. 
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Three air handlers were installed in mid-1960s and are still operational today.   

Two of the air handlers are installed in the basement Mechanical Room which provide 

cooling and heating for the Reading Room and general spaces within the building.  An air 

handler in the attic serves the Stacks area.15  In addition to the three air handlers, the 

building is also equipped with a humidification and dehumidification system, installed in 

2005, as well as a system to program the air handlers.  According to Wallace Shoan, this 

system for programming air handlers is intended to turn on the basement air handlers in 

the early morning to provide better comfort when occupants enter the building.  

However, it is not being used and is not part of the daily operation.16   

 

 

Figure 13 – Battle Hall Existing Air Handler, 2010 

                                                 
15 Mcllhaney, Frank. VFA Asset Detail Report for Battle Hall and Littlefield Home. Asset Detail Report, 

Austin: VFA, 2008. 
16 Shoan, Wallace, interview by Daniel Yen. Campus Facilities Maintenance Personnel (3rd November, 

2010). 
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In 1983, a Design Development analysis for restoration and improvement to 

Battle Hall was produced with a list of major works required, including removal of the 7 

levels of stack and replacing them with 4 levels, reinforcing existing floor structure, 

addition of fire sprinklers, provision for two new elevators for public and staff, 

restoration of original high ceilings and vaulted corridors, and more.17  These works were 

not completed.  Most of these major works still require attention as they do not meet 

today’s building code, fire code, and accessibility code.  For example, the solid marble 

flooring system at the Stacks is considered a fire hazard since the marble flooring can 

crack considerably and break under the weight of the stacks during a fire.  In addition, 

Battle Hall lacks convenient handicapped-accessible access to the Reading Room as well 

as handicapped-accessible restrooms. 

EXPERIENCE 

Today, the experience of using the Reading Room in terms of thermal comfort 

and environment does not differ much from any other enclosed, mechanically ventilated 

libraries.  Prior to the installation of air condition, double casement doors and awning 

windows above were opened to ventilate the space.  Most of the fresh air and breeze 

would have entered from the east and mixed with those that may have entered from the 

casement doors and awning windows on the north, south and west walls.  The air would 

flow through the three archways at west wall of the Reading Room, circulation area, and 

                                                 
17 Thomas, Booziotis & Associates and Newton, Chartier.  Schematic Design/Design Development 

Facilities Improvements for the School of Architecture at the University of Texas at Austin for 
Restoration and Improvements to Battle Hall.  Austin: Thomas, Booziotis & Associates and 
Newton, Chartier, February 1983  



 18

the stacks and exit the building from the numerous smaller double hung windows on the 

now covered west façade.  Airflow speed is not desirable in a library; therefore, opening 

all the windows in the Reading Room and the Stacks, which would have promoted 

maximum air change, may not be desirable. 

 

For the workroom above the circulation office, part of the fresh air would have 

entered through the top part of the south archway.  According to Professor David Gracy 

II with the School of Information at the University, who worked in Battle Hall when it 

was not air-conditioned, the Workroom was hot, hotter than other areas of the building 

despite the fresh air that went into the room.  He stated that he spent more time in the 

Workroom and the Stacks than the Reading Room.  His only recollection of the 

atmosphere in the Reading Room was that it was comfortable.18 

                                                 
18 Gracy II, David. Professor, School of Information, The University of Texas at Austin. Personal e-mail 

communication. 2011. gracy@ischool.utexas.edu 
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Chapter 3:  Ventilation 

Prior to the invention of air conditioning in 1902, buildings took advantage of 

natural ventilation to provide fresh air and maintain comfort.  However, today’s buildings 

depend largely on expensive and complex mechanical climate-control systems.  By 2006, 

the United States was one of the most air conditioned countries in the world.  

Approximately 63% of the commercial sector in the United States is air conditioned.19  In 

merely decades, air conditioning systems have greatly altered how men and women 

spend their lives indoors.  It has reshaped cities and towns, buildings and farms, and even 

transportation systems. 

 

While many people were satisfied with the cool comfort that air conditioning 

brought, some were concerned with the then-new technology during the first 20-30 years 

of its invention.  Although air conditioning was installed in the United States Capitol in 

December 1928, it was not until President Franklin Delano Roosevelt’s New Deal in 

1933 and 1936, that air conditions was widely installed in public buildings.  Advocates of 

this technology argued that this would enable politicians and government officials to 

perform consistently over longer work hours, and be able to guide the country’s destiny 

more efficiently.20 

 
                                                 
19 Waide, P. “Climate and comfort: International energy efficiency policy and air conditioning” in 

Advances in Passive Cooling, edited by Mat Santamouris. London: Earthscan, 2007   
20 Ackermann, Marsha E.  Cool Comfort: America’s Romance with Air-conditioning. Washington and 

London: Smithsonian Institution Press, 2002 
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Even though the expansion of air conditioning was promoted through the New 

Deal, President Roosevelt appeared to find air conditioning uncomfortable.  President 

Roosevelt’s speechwriter, Samuel I. Rosenman, wrote, “The President did not like air 

conditioning.  It seemed to affect his sinuses.  He did not even use an electric fan…; he 

never seemed to mind the heat.  He would take off his coat and tie, unbutton his collar, 

and roll up his sleeves.  He perspired freely, and constantly mopped his brow.  But he 

seemed to enjoy it – at least he seldom had the air conditioning turned on.”21  In addition 

to President Roosevelt, Architect Frank Lloyd Wright also expressed his concerns on the 

health benefits and desirability of air conditioning, at least in residential settings.  In his 

1954 book, The Natural House, he further explained that air-conditioned space is 

dangerous and he recommended that it is far better to go with the natural climate than try 

to create an artificial climate to suit individual need.22 

 

Another question that arose during the early days of air conditioning was the 

“genuine need” of air conditioning.  Ellsworth Huntington, Yale geographer and part-

time air conditioning advocate had been indecisive about the morality and desirability of 

comfort.  He was convinced that uniform environment could profoundly affect human 

achievement although he enjoyed air conditioning.23  For decades, he was worried about 

the effects of man’s increasing detachment from nature.  In an unpublished manuscript, 

he indicated that people increasingly tend to live in a purely artificial environment which 
                                                 
21 Rosenman, Samuel I.  Working with Roosevelt. New York: Harper, 1952 
22 Wright, Frank Lloyd. The Natural House. New York: Horizon Press, 1954 
23 Ackermann, Marsha E.  Cool Comfort: America’s Romance with Air-conditioning.  Washington and 

London: Smithsonian Institution Press, 2002 
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impairs our physiological adaptation to environmental conditions.  We put ourselves at 

the mercy of natural disasters which make us more dependent than before.24   

 

Air conditioning was commonly installed in American buildings regardless of 

initial concerns.  It was not until the oil and energy crisis of the early 1970s and the 

emergence of Sick Building Syndrome in early 1980s that the public started to reexamine 

the “genuine need” for air conditioning.   

NATURAL VENTILATION 

The use of natural ventilation was the main building ventilation method prior to 

the invention of air conditioning.  Indoor air circulation is necessary to provide fresh air 

into the space, provide cooling, and to maintain acceptable levels of indoor air quality.   

 

Traditionally, natural ventilation was achieved by introducing outdoor air into the 

space through the use of building orientation, shading, and opening sizes.  The wind 

created high- and low-pressure areas around the house which encouraged air to enter the 

building through openings in high-pressure areas and exit through low-pressure areas.  

Manipulation of building orientation and opening sizes can regulate the exposure to 

incident solar radiation and wind.  These can also influence the availability of natural day 

lighting and air flow into the interiors.  Shadings or awnings can be used to manipulate 

the direction of air flow and regulate direct day lighting.    

                                                 
24 Ibid. 
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The concept of sustainable architecture was simply not a consideration fifty years 

ago when buildings were largely replacing the traditional dominance of day lighting and 

natural ventilation with mechanical ventilation within sealed buildings and permanent 

artificial lighting.  It is during this period that many architectural designs relied on the use 

of mechanical systems and had less consideration for natural ventilation, or cross 

ventilation.  It was not until the late 20th century that discussions amongst professionals 

on natural ventilation became more prevalent.  This is due to the sustainability movement 

caused by the energy crisis and the Sick Building Syndrome.  This movement 

reestablished a more intentional link between buildings and the ambient environment, as 

well as establishing a series of new architectural theories and new architectural 

languages, such as low-energy, green building, and sustainable design.25  It is clear that 

building designs have to be re-evaluated and adapted to this new transition and 

requirements, in order to properly facilitate natural ventilation. 

 

When natural ventilation is utilized during favorable climatological conditions, it 

can reduce cooling loads and energy loads, maintain healthy indoor environment and 

provide thermal comfort.26   Another advantage of natural ventilation is to introduce fresh 

air into the space; in doing so, it achieves higher user satisfaction by use of individual 

                                                 
25 Hawkes, Dean. In brief: a history of sustainable architecture.  Architecture.com, Royal Institution of 

British Architects.  
http://www.architecture.com/SustainabilityHub/Designstrategies/Introduction/1-0-5-
Inbriefahistoryofsustainablearchitecture.aspx (Accessed April 22, 2011) 

26 Santamouris, M. and Asimakopoulos, D.  Passive Cooling of Buildings.  London: James and James, 
1996 
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control of windows and indoor environment conditions.  When unpredictable events 

happen, users have a tendency to quickly control or alter the conditions.  According to D. 

Rowe, most occupants appear to have higher tolerance when they are able to intervene 

directly; however, this tolerance varies from individual to individual and from day to 

day.27  Because natural ventilation is unpredictable, an exhaust or supply fan-assisted 

natural ventilation system can be useful in regulating its performance.  In addition, a 

mechanical system can be added to the natural ventilation to combine a two-mode system 

into one hybrid ventilation system to further customize the environment as desired. 

 

ADVANTAGES IN READING ROOM NATURAL VENTILATION RESTORATION 

We are all living in an environment that is either shaped by ourselves or shaped 

by others.  John Dewey explained that life goes on in an environment; not merely in it, 

but because of it, through interaction with it.28  By restoring natural ventilation, we can 

reestablish connection between the interior and exterior environments.  A Newsweek 

article in February 12, 2009, described an experiment performed by psychologist Marc 

Berman regarding the relationship between nature and our brains.  He found that our 

mind shifts to a more relaxed and passive mode while interacting with nature, allowing 

                                                 
27 Rowe, D. “Wilkinson Building: The University of Sidney – Case Study Report in Principles of Hybrid 

Ventilation” in Building Ventilation: The State of the Art edited by Sanamouris M. and Wouters, 
P. 2002 

28 Dewey, John. “Art as Experience” in Architectural Environment and Our Mental Health by Clifford B. 
Moller. New York: Horizon Press, 1968 
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more analytical powers in our mind to restore themselves. 29  Also reported in the journal 

“Current Directions in Psychological Science”, even with minimal connection with 

nature, one can have significantly better focus and attention.  It also indicates that a 

different and less demanding form of focus is utilized when interacting with nature; and 

this allows concentration to replenish during the workday.30  If natural ventilation is 

restored in the Battle Hall Reading Room, it will reestablish a certain degree of 

connection between the Reading Room and the South Mall garden outside, as well as 

possibly assists students in their concentration.  

 

Another advantage in restoring natural ventilation in Battle Hall’s Reading Room 

is to recreate a similar feel and atmosphere to the Reading Room when Battle Hall was 

first opened, since the building was originally designed to operate using natural 

ventilation for most of the year.  According to the Secretary of Interior’s Guidelines for 

Restoring Historic Buildings, “Most Restoration projects involve re-creating features that 

were significant to the building at a particular time, but are now missing… the goal of 

this treatment is to replicate the "appearance" of the historic building at a particular time, 

not to retain and preserve all historic materials as they have evolved over time.”31  The 

Reading Room was naturally ventilated for around 50 years despite other buildings on 

                                                 
29 Unknown Author. In Our Nature. Newsweek Magazine. February 12, 2009.  

http://www.newsweek.com/2009/02/11/in-our-nature.html (assessed February 11, 2011)  
30 Kahn Jr., Peter, Severson, Rachel, & Rucket, Jolina. The Human Relation with Nature and 

Technological Nature. Current Directions in Psychological Science.  February 2009. 18: p.37-42 
31 National Park Services.  Secretary of Interiors Standards for Restoration and Guidelines for Restoring 

Historic Building.  http://www.nps.gov/hps/tps/standguide/restore/restore_approach.htm 
(Accessed February 11, 2011) 
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campus being installed with air conditioning system since the 1920s.  Fresh air and 

breezes in the Reading Room integrated with the tangible elements of the whole space, 

and the experience became one complete character defining feature of the original design.  

Therefore, to a certain degree, restoring natural ventilation to recreate a comparable 

experience as in the original design is consistent with the Guidelines. 

 

According to the United States Environmental Protection Agency, Americans stay 

indoors for 90% or more of their time, where pollutants may be 2 to 5 times, and 

occasionally more than 100 times more concentrated than outdoors.32  These pollutants 

can include biological contaminants (molds, mildew, dust, pollen), carbon monoxide, 

lead, nitrogen dioxide, radon and second-hand smoke.33  Consequently, indoor air quality 

is important to maintain a healthy environment for its occupants.  As defined by the 

Leadership in Energy and Environmental Design (LEED), indoor air quality is “the 

nature of air inside the space that affects the health and well-being of building occupants.  

It is considered acceptable when there are no known contaminants at harmful 

concentrations and a substantial majority (80% or more) of the occupants do not express 

dissatisfaction.”34  In response to this, effective natural ventilation where outdoor 

climatological conditions are favorable can maintain and regulate proper indoor air 

                                                 
32 United States Environmental Protection Agency. Buildings and their Impact on the Environment: A 

Statistical Summary.  Revised April 22, 2009 
33 Idaho Department of Environmental Quality.  Air Quality: Indoor Air Pollution.  

http://www.deq.idaho.gov/air/prog_issues/pollutants/indoor.cfm (accessed April 20, 2011) 
34 United States Green Building Council.  ASHRAE Standard 62.1-2007 in Green Building and LEED Core 

Concepts Guide. 2009   
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quality by reducing airborne contaminants created by the buildings and human 

activities.35   

 

Figure 14 – Battle Hall Reading Room, ca. 1930s (Courtesy: The Dolph Briscoe Center 
for American History, The University of Texas at Austin) 

POTENTIAL ISSUES AND CONCERNS IN READING ROOM NATURAL VENTILATION 

RESTORATION 

In attempting to restore natural ventilation in Battle Hall’s Reading Room, some 

potential issues and concerns arise.  These issues include collection care requirements in 

environmental monitoring and stabilization, original air circulation path diminished by 

the adjacent West Mall Office Building, air pollutants that are generated indoors and 

outdoors, direct light and ultraviolet light damages through open windows, potential 

                                                 
35 Edited by Ghiaus, Cristian and Allard, Francis.  Natural Ventilation in the Urban Environment: 

Assessment and Design. London: Earthscan, 2005 
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damages to historic architectural elements with fluctuation in humidity, and pedestrian 

noises from the South Mall.   

 

For the purpose of this study, the research and analysis presented is focusing on 

collection care requirements in environmental monitoring and stabilization – mainly 

temperature, relative humidity, and exposure to ultraviolet light.  Temperature, humidity 

and ultraviolet light are the main factors that can damage the collection and historic 

architectural fabrics directly.  If the temperature and relative humidity in the room are not 

stable, the fluctuation in humidity causes shrinkage, expansion, erosion and 

unrecoverable damages to the original wood furniture, bookcases, and roof trusses.36  The 

wood elements in Battle Hall are unique because they have experienced approximately 50 

years of weathering without air conditioning and 50 years with air conditioning.  No 

documentation has been found cataloging any damages during 1911 to the 1960s.  Upon 

visual inspection of the bookcases, furniture, wood screens and tracery doors at archways 

in March 2011, evidences of damages were noted.  Deterioration at joints and separation 

of trim from the bookcases were noted.  Damages to crests at wood screens and tracery 

doors shown in an article at 1978 still exist.37  These damages to the wood elements were 

most likely be caused by shrinkage and expansion of wood when the space was converted 

to mechanical ventilation.  However, with 50 years of air conditioning, the wood 

elements should have achieved its equilibrium moisture content.  Reintroducing natural 

                                                 
36 Watt, David S. Building Pathology: Principles and Practice, 2nd edition. Oxford: Blackwell Publishing. 

2007  
37 Halton, Cheryl Mays.  Battle Hall.  The Alcalde.  Austin: The University of Texas. July/August 1978 
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ventilation will cause temperature and humidity to fluctuate.  Treatments and mitigation 

strategies to the wood elements before restoration must be considered. 

 

 

Figure 15 – Bookcase in Reading Room showing deterioration at joints and separation of 
trims from the bookcase, 2011 

 

Figure 16 – Damages at crests on tracery doors, 2011 
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In 1960s, West Mall Office Building, a separate building designed to be 

compatible with Battle Hall, was constructed in front of the Battle Hall west façade 

(Figure 18 and 19).  This building obstructs part of the original air circulation path 

designed to enhance east/west air flow.  This poses another issue for this study. 

 

The Reading Room currently serves as a quiet study area.  With the restoration of 

natural ventilation, the noise in South Mall may distract the students inside.  According to 

Milton Babbitt, an architect at 3D/International-Parsons Architecture, who was a frequent 

user at the then Architectural Library in Goldsmith Hall when it was not air conditioned 

and the windows were opened, he mentioned that it was quite noisy at times because of 

vehicular traffic on Guadalupe Street.38  The location of Goldsmith Hall is in close 

proximity to Battle Hall.  As shown in Figure 17, vehicular traffic was allowed in front of 

Battle Hall and old Main Building in 1928; therefore, the noise level in Battle Hall 

Reading Room will be similar to that of Goldsmith Hall.  Although vehicular traffic is not 

allowed in front of Battle Hall today, foot traffic at South Mall has increased due to the 

expansion of the University.  This acoustical concern requires careful consideration.  

                                                 
38 Babbitt, Milton. Architect, 3D-International/Parsons Architecture. Personal e-mail communication. 

2010. miltonbabbitt@att.net 
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Figure 17 – View from Garrison Hall towards Battle Hall, 1928 (Courtesy: The Dolph 
Briscoe Center for American History, The University of Texas at Austin) 

 
The central problem in caring for and conserving buildings and collections is that 

every object deteriorates over time.  The goal is to slow down the decay and mitigate 

damages to the possible extent.  Even though this study focuses on temperature and 

relative humidity in relation to natural ventilation restoration, it is crucial to consider all 

other potential issues and concerns prior to executing the restoration.    
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Figure 18 – Battle Hall, West Façade, 1938 (Courtesy: Alexander Architectural Archive, 
The University of Texas at Austin) 

 

 

Figure 19 – West Mall Office Building, West Façade, 2009 
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Chapter 4:  Library Collection Care  

Approximately 30-40% of the contents in research libraries in North America are 

estimated to be too brittle to handle without causing serious physical damage, while other 

contents appear to have other types of damages.39  Therefore, how to minimize further 

damages to these collections and how to ensure the collection’s survival becomes critical 

to conservators and librarians.      

 

CLIMATE AND MICROCLIMATE 

The World Meteorological Organization defined climate as “average weather, or 

more rigorously, as the statistical description in terms of the mean and variability of 

relevant quantities over a period of time”40 and as “a totality of meteorological elements 

that, in their usual succession and at a given period, characterize the state of the 

atmosphere”.41   

 

There are four climatic classifications in scale:  The global scale has a range of 

thousands of kilometers in relation to the general characteristics of the earth which affects 

the climatic characteristics of the planet.    The regional scale has a range of hundreds of 

                                                 
39 Depew, John N. A Library, Media, and Archival Preservation Handbook. Santa Barbara, California: 

ABC-CLIO, Inc., 1991 
40 World Meteorological Organization.  Understanding Climate. 

http://www.wmo.int/pages/themes/climate/understanding_climate.php  (accessed February 11, 
2011) 

41 Edited by Allard, Francis.  Natural Ventilation in Buildings: A Design Handbook.  London: James & 
James, 1998 
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kilometers which is influenced by landscape layout.  The local scale, also known as the 

topo-climatic scale, has a range of approximately 10 kilometers which is affected by any 

morphology of the landscape.  The microclimate scale has a range of within a thousand 

feet which is perhaps the most important scale for a collection facility.  It is the only scale 

where one can utilize artificial means to modify the environment to suit individual needs 

of the space.42   

AUSTIN CLIMATE 

According to National Weather Service, Austin is considered to have humid 

subtropical climate with hot summers and relatively mild winters.  Daytime temperatures 

in the summer have highs over 90°F for about 80% of the time.  Normally, the 

moderating effects of the Gulf of Mexico limit daytime highs, while at the same time also 

bringing higher humidity to the area.  During most of winter, mild weather prevails with 

an average of 25 days of sub-freezing temperatures each year.43    

 

Austin has a high humidity with a seasonal average relative humidity ranging 

from 74% to 79% as stated in Austin Energy’s Green Building Program Austin’s Climate 

Factsheet.  It also states that 13% of the year is suitable for cross ventilation.  The 

                                                 
42 Ibid. 
43 National Weather Service.  Austin Climate Summary.  

http://www.srh.noaa.gov/images/ewx/aus/ausclisum.pdf (Accessed November 18, 2010) 
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temperature and relatively humidity are critical components that affect consideration for 

natural ventilation in Battle Hall.44 

GENERAL REQUIREMENTS FOR LIBRARY AND ARCHIVAL STORAGE 

Each library is different; each has its own character and features suitable for the 

collections inside and the regional and local environment.  Although Battle Hall will 

likely not be expanding, every other institute, sooner or later, will face the need for 

library space and storage as new collections arrive continually.  Initial planning for an 

academic and research library becomes a complex undertaking.  Every aspect of these 

buildings has to be thoroughly considered for any future alterations and expansion.45    

 

Conservators and librarians often face other challenges other than building design.  

Each library’s media and archival collection materials has its own unique requirements 

for prolonging its lifespan.   For example, the storage of photographic collections requires 

a much lower temperature than those of book collections in order to reduce chemical 

deterioration and bio-deterioration of photographic artifacts.46   

 

A stable environment for library materials is ideal and of critical importance to 

regulate and prolong the lives of collections.  Environmental control measures regulate 

                                                 
44 Austin Energy. Austin Energy’s Green Building Program Austin’s Climate Factsheet. 

http://www.austinenergy.com/energy%20efficiency/Programs/Green%20Building/Resources/Fact
%20Sheets/austinClimate.pdf  (Accessed November 19, 2010) 

45 Leighton, P. D. & Weber, D. C.  Planning Academic and Research Library Buildings 3rd Edition. 
Chicago and London: American Library Association, 2000. 

46 Depew, John N. A Library, Media, and Archival Preservation Handbook. Santa Barbara, California: 
ABC-CLIO, Inc., 1991 
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temperature, relative humidity, pests and vermin, birds and bats, light, pollutants in the 

air, mold and mildew.  In the long run, environmental control measures are more cost 

effective in preventing damages to the collections than individual treatment of archival 

materials as it can serve as preventive preservation program for the whole collection.47  

Within these measures, regulating temperature and relative humidity are perhaps the most 

important.   

 

Relative humidity is the amount of the weight of the water vapor in a given 

volume of moist air.  Paper-based materials are most affected by fluctuations of 

temperature and relative humidity.  If fluctuations of temperature and relative humidity 

occurred over a short period for time, these rapid changes stress and break down paper 

fibers.  While low temperature causes little damages to books, high temperature with low 

relative humidity will dry out paper, bindings, and adhesive.  On the other hand, high 

temperature and high relative humidity promote general decomposition of paper as well 

as encourage biological growth.48  Therefore, it is essential that temperature and relative 

humidity are considered together for an archival facility.      

STANDARD TEMPERATURE AND RELATIVE HUMIDITY PARAMETERS 

A large amount of research on archival conservation has been published since the 

1970s.  Conservators have been looking for the best environment for their collection as it 

                                                 
47 Ibid. 
48 Swartzburg, Susan. Preserving Library Materials:  A Manual, 2nd Edition.  London: The Scarecrow 

Press. 1995 
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has a direct and continuing influence on the physical condition of all materials, often 

affecting the rate of natural processes and introducing factors that may adjust the nature 

and direction of the processes.49   

 

According to the National Archives and Records Administration (NARA), the 

standards for paper collection storage is 65° F ± 5° F in temperature and 35-45% ± 5% in 

relative humidity (See Table 1 for temperature and relative humidity standards for other 

mediums).50  These settings may be uncomfortable for most people in many regions and 

is not energy efficient to maintain.  A temperature of 68° F -72° F is often cited as 

acceptable by libraries and conservators as most academic and public libraries have to 

maintain an environment that is safe for the collections as well as comfortable for its 

users and economically feasible for all seasons.  Therefore, this range is often cited as 

reasonable for implementation.51  However, most collection facilities do not have enough 

resources to create and maintain ideal environmental conditions.  Given that fact, another 

factor that becomes important is environmental continuity.52 Consistency in the 

environment around collections is more critical than the acceptable parameters since the 

collections may have already achieved equilibrium with the existing environment.  When 

                                                 
49 Association of Research Libraries. Preservation Planning Manual.  Washington, D.C: Association of 

Research Libraries, 1982 
50 Carlin, John W. Archival Storage Standards (NARA 1571).  National Archives and Records 

Administration. 2002 
51 Banks, Paul N. Environmental Standards for Storage of Books and Manuscripts. Library Journal 99. 

February 1, 1974. 
52 Cassar, May.  Environmental Management: Guidelines for Museums and Galleries. Routledge, London: 

Museums & Galleries Commission, 1995. 
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implementing changes in the space, consideration and compromise must be made 

between the existing environment and the published standard.   

 

The National Archives and Records Administration also recommends the standard 

temperature and humidity for research rooms to be 70° F ± 5° F and 35-50% ± 5%.  

Battle Hall Reading Room should fall within this category as both collections and people 

occupy this area most of the time. 

 

Records Medium 
Temperature  

(± 5° F) 
Relative Humidity 

(± 5%) 

Paper 65° F  35-45%  

Photographic media (black and 
white non-acetate/non-nitrate) 

65° F 35%  

Photographic media (black and 
white acetate) 

35° F  35%  

Photographic media (color) 35° F  35%  

Transition/barrier room at “cold” 
storage stack 

50° F  35%  

Magnetic/electronic media 65° F  35%  

Other: Artifacts and Presidential 
library gifts 

65° F  35-45%  

Table 1 – National Archives and Records Administration: Temperature and Relative 
Humidity Standards for Archival Records at Records Storage Areas  
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CURRENT BATTLE HALL SETTING 

Battle Hall, like any other library, needs to provide a stable environment for its 

collections.  Based on the standard described in the previous section, the Battle Hall 

library staff determined acceptable and fairly stable environment temperature and 

humidity parameters for Battle Hall.  According to Donna Coates, library assistant at 

Battle Hall, the existing air handlers were installed over 40 years ago and they do not 

perform as effectively as equipment available in the market today; therefore, the 

acceptable settings for Battle Hall is set at 70° F ± 2° F, and a relative humidity of 50% ± 

10% in order to compensate for any fluctuation of temperature and relative humidity.53 

 

Table 2 and 3 compared the daily average temperature and relative humidity data 

of National Weather Stations (NWS) from Camp Mabry and Austin-Bergstrom 

International Airport, against the research room standards recommended by the National 

Archives and Records Administration and the acceptable parameter of Battle Hall from 

1st January, 2007, to 1st April, 2011.  The tables showed the number of days each year 

when average temperature and relative humidity were within the standards and 

parameters respectively.  Although the Camp Mabry weather station is located closer to 

The University of Texas at Austin, than Austin-Bergstrom International Airport weather 

station, these still only represent average conditions at the local scale.  At least 12 months 

of environmental data should be collected at close proximity of Battle Hall in order to 

gather more precise hourly data on a microclimatic scale.    

                                                 
53 Coates, Donna, interviewed by Daniel Yen. Library Assistant II (13th October, 2010). 
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Year 

Battle Hall 
Parameter: 

T: 70° F ± 2° F 
RH: 50% ± 10% 

NARA Standard: 
T: 70° F ± 5° F 

RH: 35-50% ± 5% 

2007 8 days 9 days 

2008 15 days 21 days 

2009 5 days 7 days 

2010 16 days 23 days 

2011 (till April 1) 2 days 4 days 

Table 2 – Daily Averages of Temperature and Relative Humidity at Camp Mabry NWS: 
Number of days within paper-based NARA standards & Battle Hall 

parameter from 1st January, 2007, to 1st April, 2011. 

 

Year 

Battle Hall 
Parameter: 

T: 70° F ± 2° F 
RH: 50% ± 10% 

NARA Standard: 
T: 70° F ± 5° F 

RH: 35-50% ± 5% 

2007 3 days 3 days 

2008 19 days 12 days 

2009 1 days 4 days 

2010 8 days 3 days 

2011 (till April 1) 1 days 1 days 

Table 3 – Daily Averages of Temperature and Relative Humidity at Austin-Bergstrom 
International Airport NWS: Number of days within paper-based NARA 

standards & Battle Hall parameter from 1st January, 2007, to 1st April, 2011. 
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Currently, Battle Hall does not have any computerized system for monitoring 

temperature and relative humidity in all areas.  A humidity control system was installed 

in the Battle Hall Mechanical Room in 2005.  A sensor installed in the Mechanical Room 

detects humidity of the return air, and supplies moisture or drying necessary to reach 

desired humidity level.54      

 

The library staff employs thermo-hydrograph monitors in the library stack, the 

Archive, and two workrooms for monitoring temperature and relative humidity.  Twice a 

day, the staff record the readings to ensure the temperature and relative humidity are 

within the acceptable level.  The library stack is the only area that employs a digital 

monitor; unfortunately, this monitor does not log any data and relies on staff to manually 

record the data.  The Archive and two workrooms employ mechanical thermo-

hydrograph monitors.  This type of monitor does not clearly show the exact reading as it 

relies on a needle for logging data into a graph, but it is excellent for showing daily 

fluctuation on temperature and relative humidity.55   

 

                                                 
54 Shoan, Wallace, interviewed by Daniel Yen. Campus Facilities Maintenance Personnel (3rd November, 

2010). 
55 Coates, Donna, interviewed by Daniel Yen. Library Assistant II (13th October, 2010). 
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Figure 20 – Battle Hall Existing Humidifier (installed 2005), 2010 

 

  

Figure 21 – Existing Monitor at Stacks (left), 2010 

Figure 22 –Thermo-hydrograph at Basement Conservation Workroom (right), 2010 
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Figure 23 – Existing Thermo-hydrograph at Alexander Architectural Archive (left), 2010 

Figure 24 – 3rd Floor Conservation Workroom (right), 2010 

 
Portable humidifiers and dehumidifiers are also equipped at all locations with the 

thermo-hydrograph monitors.  These machines are used to help regulate humidity for 

instances when the humidity reading is out of the acceptable parameter.  This relies on 

the staff to determine if it is necessary to humidify or dehumidify based on the readings 

from the monitors.56 

                                                 
56 Ibid. 
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Figure 25 – Existing humidifier at Basement Conservation Workroom (left), 2010 

Figure 26 – Existing humidifier at Alexander Architectural Archive (right), 2010 

 
The collections in Battle Hall require a stable temperature and relative humidity.   

The mechanically thermo-hydrograph monitors and manually operated humidity control 

devices are inadequate.  A more accurate digital sensor is more appropriate for Battle 

Hall for the purpose of monitoring the environment. 

ENVIRONMENTAL DATA-LOGGERS IN READING ROOM   

The Reading Room has never been environmentally monitored.  For this research, 

two HOBO® RH/Temp/Light/External Data Loggers, model number H08-004-02, were 

placed at North and South ends of the Reading Room from 2nd December, 2010, to 19th 
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April, 2011, to document the temperature, relative humidity, dew point, and light 

intensity of the space.  The data-loggers recorded these readings on an hourly basis.   

 

Figure 27 – Reading Room Data-Loggers Locations Map 

 
During the monitoring period, the temperature readings generally stayed within 

the acceptable range of 70° F to 74° F, which was within the NARA standards, but was 

over the Battle Hall acceptable parameter.  There was also fluctuation and discrepancy 

between the relative humidity readings from data-loggers A: Jermaine at South end and 

B: Michael at North end (See Appendix).  This was most likely caused by the location of 

the data-loggers and their relative exposure to sunlight and radiant heat.  Both data-

loggers were placed on top of the 7 foot tall bookcases; however, the northern data-logger 

(B) was placed closer to the window whereas the southern data-logger (A) was placed 
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further from the window (Figure 27).  During the recording period, relative humidity 

readings on both data-loggers were fluctuating frequently between 20% and 40%.  This 

might be caused by the malfunctioning of the humidity control system in the Mechanical 

Room in December, 2010, and in January, 2011.  This poses a serious concern for the 

integrity of any library materials and architectural elements in the Reading Room.  The 

multiple times the humidity control system has malfunctioned within such a short period 

has resulted in deeming the logged data inclusive due to the unreliability of the humidity 

control equipment.57   

 

It is advisable to replace or perform periodic maintenance of the mechanical and 

humidity control equipment and continue the environmental monitoring for a minimum 

of 12 months to collect enough data to identify any factor that causes unstable conditions 

and determine appropriate strategies.  In addition to monitoring temperature and relative 

humidity, carbon dioxide level should also be monitored for determining periods of 

human presence and to identify periods of heavy usage.  

                                                 
57 Battle Hall Reading Room environmental data logged by Tiffany Criswell.  2nd December, 2010, to 1st 

March , 2011. 
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Chapter 5:  Potential Solutions and Alternatives  

For the purpose of this study, Battle Hall is divided into three primary zones:  The 

Reading Room, the Stacks, and the Circulation Area/Offices (Figure 28).  Each of these 

three zones requires a different standard in temperate and relative humidity as well as 

different levels of control over the environment.   

 

The Stacks zone should be designated as a critical area for objects and collections 

use while the Circulation Area/Offices zone should be designated as a non-critical area 

for public use.  Critical areas require more stringent environmental controls whereas non-

critical areas require less stringent environmental controls.  Therefore, all sensitive 

collections should be placed within critical area, in this case, the Stacks zone.  As staff 

continually occupies the Circulation Area/Offices zone, it should be considered as a non-

critical zone where less sensitive collections can be located.  Because both collections 

and people occupy the Reading Room; its requirements need to meet critical control 

requirements as humans are more tolerant about environmental change than most 

collection materials.58    

                                                 
58 Cassar, May.  Environmental Management: Guidelines for Museums and Galleries. Routledge, London: 

Museums & Galleries Commission, 1995 
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Figure 28 – Battle Hall Environmental Control Zones 

 

ZONE: READING ROOM   

The Secretary of Interiors Standards for Rehabilitation dictates that “New 

additions, exterior alterations, or related new construction will not destroy historic 

materials, features, and spatial relationships that characterize the property. The new work 

shall be differentiated from the old and will be compatible with the historic materials, 

features, size, scale and proportion, and massing to protect the integrity of the property 

and its environment” and “New additions and adjacent or related new construction will 
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be undertaken in such a manner that, if removed in the future, the essential form and 

integrity of the historic property and its environment would be unimpaired.”59 

 

Because the Reading Room zone has different requirements than the Circulation 

Area zone and the Stacks, one of the most effective ways to isolate the Reading Room is 

by use of glass curtain walls with an automatic door in the center section of the three 

arched openings into the Reading Room (Figure 29), similar to those of Hong Kong 

Airport World Trade Center (Figure 30).   The glass wall can be custom-framed to be 

compatible with the openings.  It should be placed in the Circulation Area zone behind 

the wood screens and tracery doors, so the historic wood elements can be viewed clearly 

from the Reading Room.  The glass wall should be reversible and avoid irreparable 

damages to the historical elements if removed in the future.   

 

Even though the relative humidity is inconclusive as mentioned in the previous 

chapter, the readings from the North and the South walls are substantially different at 

points.  In order to assure that the Reading Room has the stable environment for its 

collections and occupants, the Reading Room should be divided into 3 subzones (North, 

Center and South – Figure 31) to minimize differences between each zone.   

                                                 
59 National Park Services.  Secretary of Interiors Standards for Rehabilitation and Guidelines for 

Rehabilitating Historic Building.  
http://www.nps.gov/hps/tps/standguide/rehab/rehab_standards.htm (Accessed February 14, 2011) 
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Figure 29 – Arch openings in Reading Room, 2011 

 

Figure 30 – Glass wall at Hong Kong Airport World Trade Center, 2009 (Wikimedia 
Commons, Author: Tao280m) 
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Figure 31 – North, Center and South Zones for Displacement Ventilation 

NATURAL VENTILATION IN READING ROOM 

Restoring natural ventilation in the Reading Room amongst the three zones: north, 

central and south is more complicated than simply opening all the windows.  As 

mentioned in Chapter 3 and 4, natural ventilation is unpredictable, and temperature and 

relative humidity are not constant between the Reading Room and the exterior.  

Therefore, multiple sensors are needed to detect airflow, occupancy, interior and exterior 

temperature and relative humidity.  A building management system is also needed to 

analyze the data as well as regulate airflow through the windows and alert the staff to 

open or close the windows manually or mechanically if motors are installed.  By 

mechanically operating the windows, it eliminates any human errors made in manually 

operating the windows at the correct time.   
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DISPLACEMENT VENTILATION   

Traditional mechanical ventilation distributes fresh air into the room using supply 

air vents at ceiling or at the top of the wall.  The fresh air mixes with room air and 

pollutants throughout the room before exiting the room through return air vents.  Unlike 

traditional ventilation systems, displacement ventilation uses low velocity supply air at 

the bottom of the wall or floor to pick up heat generated by heat sources such as people, 

computers, lighting, electrical equipment; then brings the warmer and polluted air to the 

ceiling and exits the room.  This system utilizes the buoyancy forces generated by heat 

sources in a room to remove heat and pollutants from the occupied space.   

 

The goal of displacement ventilation is to condition only the occupied space and 

carry contaminants directly up and out of the occupied zone with minimal induction and 

mixing.  Thus, it is an effective way to control indoor air quality, temperature, and 

humidity by regulating air flow rate.  It also takes advantages of the difference in air 

temperature and density between an upper contaminated zone and a lower clean zone.  

However, it is not suitable for every location because it requires a significant amount of 

wall space or floor space for the supply air vents and ducts.  A tall ceiling, preferably 

over 3 meters (10 feet), is essential for proper circulation and uniform distribution.60  It 

also requires supply air to be colder than the ambient air for pushing the warmer air up to 

its respective equilibrium levels.  Return vents should be located as high as possible, 

                                                 
60 Skistad, Håkon. Displacement Ventilation. England: Research Studies Press Ltd., 1994 
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ideally at ceiling height, for the removal of as much of the contaminated zone as possible 

for filtration.   

 

Figure 32 – Principle of Displacement Ventilation 

  

In addition to regulating indoor air quality and environment, displacement 

ventilation can reduce room cooling loads since cool supply air enters into the lower 

occupied zone, thus further reducing energy usage.  Greater flexibility can also be 

achieved since diffusers/terminals are available in different sizes and shapes.  They can 

be mounted in ceiling, floor, wall, furniture, architectural elements or retrofitted to work 

with existing vents.61    

                                                 
61 Price Industries presentation. Displacement Ventilation. Date unknown. 
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HYBRID DISPLACEMENT VENTILATION  

The basic concept of hybrid ventilation is to utilize and combine the advantages 

of natural ventilation and mechanical ventilation systems.  By combining them, a 

comfortable environment can be achieved by using features of both of these systems 

depending on circumstances.  The general principle is that natural ventilation is provided 

during intermediate seasons and mechanical ventilation is used during mid-summer or 

mid-winter.  This system can be customized to operate with mechanical ventilation 

during occupied hours, and with natural ventilation for overnight cooling, or with any 

other user intervention as deemed appropriate.     

 

One difference between traditional ventilation systems and hybrid ventilation 

systems is that the latter requires a specific control system to regulate the environment 

and switch between natural and mechanical systems based on the control strategy to 

provide the best ventilation mode.  This control system should include sensors for 

temperature, relative humidity, carbon dioxide and/or airflow, as well as manual or 

mechanical controls for operating windows and vents or special ventilation.  

 

The success of hybrid ventilation depends largely on local and regional climates.  

Generally, in cold climates, the control strategy should aim to achieve a proper indoor 

climate in spring and summer without mechanical cooling, minimizing the energy used to 

achieve proper indoor air quality.  On the other hand, in warm climates, the strategy 
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should focus on energy reduction for mechanical cooling during summer.     

 

Hybrid ventilation requires comprehensive studies of the space, the building, and 

its surroundings to determine the best control strategy including locations for vents and 

diffusers.  Multiple sensors for various elements should be placed in the space to gather 

data for a prolong period of time to determine the best control strategy prior to system 

implementation whenever possible, such as retrofitting a historic or existing building.   

HYBRID DISPLACEMENT VENTILATION : READING ROOM  

In the Battle Hall Reading Room, based on the construction documents by Cass 

Gilbert, the distance between the finished floor and bottom of the decorative beams is 22 

feet, which is compatible with the ceiling height criteria for displacement ventilation.  In 

addition, as the Reading Room needs to be temperature, humidity and noise regulated, 

displacement ventilation appears to be appropriate for this setting.   

 

For hybrid displacement ventilation to operate correctly, outdoor air needs to be 

colder than the indoor air.  A combination of natural and mechanical displacement 

ventilation should be suitable in the Reading Room.  Natural displacement ventilation 

seems possible during parts of spring, fall, and winter in Austin, as the temperature 

during these seasons is significantly cooler outdoors than indoors, while the summer heat 

in Austin demands mechanical displacement ventilation.  Natural displacement 

ventilation introduces cold unconditioned air through openings at windows or vents to 
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draw constant air into the Reading Room.  Introducing fresh air directly from the east 

windows or filtered unconditioned air from vents at the east elevation may provide a 

similar atmosphere and experience as originally designed in 1911.        

 

Mechanical displacement ventilation introduces cool air through a supply air 

terminal/diffuser or wall or floor vents to regulate air flow mechanically.  Supply air 

terminal/diffuser requires more vertical space and may obstruct the appearance and 

atmosphere of the space.  Floor vents require a subfloor system to operate properly.  

Since the existing floor is character defining, building a subfloor is not an option.  Instead 

of building a subfloor, duct work can potentially be installed at the ceiling of the offices 

below; however, it does not seem to be appropriate as original light fixtures still affix to 

the ceiling beams (Figure 33).  In the Reading Room, several existing vents exist at the 

marble bases of the bookcases which line the north and south elevations (Figure 34).  

These vents can potentially be reused.  Similarly, existing vents exists above the 

bookcases at the east elevation, thus, existing ductwork should be available inside the 

existing walls.  These vents can potentially be relocated to the marble bases of the 

bookcases for vents.  Existing ductwork should be reused to minimize any extensive 

modification to the character defining interior walls. 
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Figure 33 – Ceiling of office below the Reading Room, 2009 

 

 

Figure 34 – Existing vents at marble base of bookcases, 2011 
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In order for displacement ventilation to operate properly, a return vent is required.  

Since the ceiling is significantly character defining, placing any vent at ceiling is not 

appropriate.  Return vents can potentially be installed at the west elevation between the 

ceiling and the three arch openings.  A summer and winter control strategy for Battle Hall 

should be prepared to accommodate the typical fluctuations of the Austin climate.  A 

demand control system is highly useful.  The use of multiple sensors can assist in 

effective environmental control.  Temperature and relative humidity sensors, carbon 

dioxide sensors, and airflow sensors at openings; however, can raise the cost considerably 

especially if they are needed in each building zones.   

 

 

Figure 35 – Displacement Ventilation in Battle Hall Reading Room 
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PERSONAL ENVIRONMENT SYSTEM  

Another potential alternative examined in this study is the Personal Environment 

System developed by Johnson Controls Inc.  The Personal Environment System puts the 

occupant in control of his own environment through a desktop control unit.  It has 

controls for adjusting temperature, air flow, light and acoustic levels.  Research suggests 

as much as a 15% increase in productivity if employees worked in their choice of office 

environment.62    

 

This individual system can benefit students studying in the Reading Room as they 

can adjust their immediate environment to their liking which may lead to an improvement 

of their concentration and productivity.  However, this system requires constructing a 

subfloor for the vents and cables.  As previously explained, this system cannot be 

considered as the existing floor is character defining.  This system only addresses human 

comfort.  It does not address any collection care concern.  In addition, retrofitting 

multiple individual systems into the Reading Room may pose a challenge in allocating 

proper system location.  While this system is not appropriate for Battle Hall, this can be 

appropriate for offices in other campus buildings.   

                                                 
62 Personal Environments. Johnson Controls Inc. 

http://www.johnsoncontrols.com/publish/us/en/products/building_efficiency/integrated_hvac_syst
ems/hvac/personal_environments.html (accessed February 15, 2011) 
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HVAC SHUT-OFF  

Another potential alternative has been recently introduced and tested in several 

house museums, such as Winterhur House Museum in Delaware and Colonial 

Williamsburg in Virginia.  The idea behind this is by shutting off HVAC at night when 

the building is not occupied. Although this alternative does not involve restoring natural 

ventilation, a considerable amount of energy and cost can be saved.   

 

Rose Daly, an alumnus of the University of Texas at Austin and a graduate 

student at the Winterthur/University of Delaware Program in Art Conservation, 

performed a HVAC shut-off test at the Winterthur historic house museum.  The HVAC 

was shut off for 12 hours a day for three days in September, 2009.  The data logged 

during those three days indicated fluctuations in temperature and relative humidity; 

however, they were well within the acceptable range and the normal trend of daily use.63     

 

Federal Energy Management guidelines indicate that a saving of 40% or more 

energy consumption can be achieved by a complete or partial HVAC shut-off during 

unoccupied hours.64  Battle Hall can potentially benefit from this.   

 

Delaware’s climate is temperate and humid.  An average summer temperature in 

Delaware is approximately 20° F - 25° F lower than that in Austin.  Sufficient 

                                                 
63 Daly, Rose. Conservation of Material and Resources, draft.  2010 
64 Reilly, J. “Energy Grant Narrative.  Institute for Museum and Library Services (IMLS) application” from 

Conservation of Material and Resources, draft by Rose Daly. 2010 
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consideration and testing should be prepared before the implementation of this type of 

alternative.  

NON-ACTION  

There are various potential solutions and alternatives available for providing 

similar benefits in restoring natural ventilation to the Reading Room.  However, the 

University has its own goals, considerations, and criteria for its buildings.   

 

It is always beneficial to keep non-action as an option.  If the harm brought from 

these solutions and/or alternatives outweigh the benefits, the work should not be done and 

the space should be kept as is for further research and consideration. 
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Chapter 6:  Conclusion 

In conjunction with the current project of the Historic Structure Report of Battle 

Hall, this study aims to provide additional information and research to assist the report on 

potential solutions and alternatives to restoring natural ventilation in the Reading Room.  

In an ideal naturally ventilated environment, students could experience a similar 

experience as the space was originally designed, while replenishing their concentration.   

 

The existing mechanical system was installed in the 1960s; it is inadequate for 

Battle Hall as it has degraded with age and consumes more energy than modern systems 

for the same performance.  In separating the building into zones with different systems to 

maintain the different requirements for each zone, the building operation can be more 

efficient and prolong the lives of the collections.  

 

As a collection facility, Battle Hall requires a stable environment.  Although the 

environmental readings in the Reading Room during the cataloging period appears to be 

inconclusive due to the equipment repeatedly malfunctioning in a short period, it suggests 

that equipment replacement is desirable to ensure all components of the systems work 

together efficiently and further environmental monitoring should be completed.   

 

Filtered hybrid displacement ventilation is a potentially effective solution in 

restoring natural ventilation in the isolated Reading Room.  It incorporates the best of 
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natural, assisted-natural and mechanical displacement ventilation to serve the space 

properly and effectively.  However, some of the character defining features of the 

Reading Room, such as the limestone finishes, may have to be partially modified.   

 

Both natural and mechanical displacement ventilation can provide proper 

ventilation and indoor air quality within Battle Hall’s acceptable library care 

requirements during different seasons and weather conditions throughout the year.  

Although this system provides flexibility in diffuser locations, it does not completely 

recreate what Cass Gilbert had originally designed.  Instead it provides fresh air and a 

certain degree of connection to the outdoor environment.  It is critical to perform proper 

monitoring, research other potential issues and concerns prior to implementation to 

ensure optimal system performance and compatibility.  If the data collected indicated 

more harm than benefits, the building should be left untouched for further consideration.  

 

This is the first time a research in natural ventilation restoration has taken place 

for Battle Hall.  As Battle Hall is a collection facility, it has a stricter environmental 

requirement than other historic buildings on campus.  Therefore, the solutions discussed 

in this thesis should also be considered for other less restricted buildings across campus.  

Furthermore, the findings of this study act as a stepping stone in assisting the 

architectural team for assembling Battle Hall’s Historic Structural Report.  
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Appendix 

 DATA CHARTS FROM DATA-LOGGERS IN READING ROOM  

MICHAEL-NORTH AS OF 2010-12-06 
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MICHAEL-NORTH AS OF 2010-12-16 
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MICHAEL-NORTH AS OF 2011-01-18 
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MICHAEL-NORTH AS OF 2011-02-01 
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MICHAEL-NORTH AS OF 2011-02-15 
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MICHAEL-NORTH AS OF 2011-03-01 
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MICHAEL-NORTH AS OF 2011-03-22 
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MICHAEL-NORTH AS OF 2011-04-05 
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MICHAEL-NORTH AS OF 2011-04-19 
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JERMAINE-SOUTH AS OF 2010-12-06 
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JERMAINE-SOUTH AS OF 2010-12-16 
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JERMAINE-SOUTH AS OF 2011-01-18 
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JERMAINE-SOUTH AS OF 2011-02-01 
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JERMAINE-SOUTH AS OF 2011-02-15 
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JERMAINE-SOUTH AS OF 2011-03-01 
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JERMAINE-SOUTH AS OF 2011-03-22 
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JERMAINE-SOUTH AS OF 2011-04-05 
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JERMAINE-SOUTH AS OF 2011-04-19 
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