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INTRODUCTION

Background

In 2019, the Getty Conservation Institute (GCI) and the Government Museum and Art Gallery in
Chandigarh, India, developed a work plan in which the GCI, assisted by museum staff, would in-
vestigate the environmental conditions at the museum through extensive monitoring and data
analysis. Based on this investigation, the GCI developed recommendations for environmental im-
provements to the building that would benefit its occupants and collection, while maintaining the
historic integrity of the building.

This environmental improvements project was conceived as a complement to the Conservation
Management Plan (CMP) prepared for the Government Museum and Art Gallery by the Indian
heritage consultant Development and Research Organisation for Nature, Arts and Heritage (DRO-
NAH), which was funded through a Keeping It Modern Grant from the Getty Foundation. The GCI
saw the Government Museum and Art Gallery’s environmental project as an opportunity to lever-
age its experience in the areas of collection environment and conservation of modern heritage to
develop a case study to demonstrate low-energy solutions for climate management in museums
from the modern era. This experience came from many years of research studying museum en-
vironments through the Managing Collection Environments Initiative and in conserving modern
places through the Conserving Modern Architecture Initiative. Developing strategies for improve-
ments to the Government Museum and Art Gallery has the potential to assist other museums in
similar hot and humid climates and will be of increasing value as the climate crisis continues.

Prior to this partnership with the Government Museum and Art Gallery, the GCI had conducted
a workshop in India in 2018 for representatives from the three museums, all of which were de-
signed by the French Swiss architect Le Corbusier. Two are located in India, the Sanskar Kendra in
Ahmedabad and the Government Museum and Art Gallery in Chandigarh, and the third is located
in Japan, the National Museum of Western Art in Tokyo. This workshop gave GCl an understanding
of how the Government Museum and Art Gallery fit into this family of similar buildings, as the three
museums were all based on a prototype developed by Le Corbusier to create the ideal museum
(Arato Gongalves, McCoy, and Macdonald 2019).

A Significant Modern Museum

Based on a master plan by Le Corbusier, who is considered one of the Modern Movement's leading
and most celebrated figures, Chandigarh is an outstanding example of modern urban planning,
and its buildings are iconic works of modern architecture. He conceptualized Chandigarh as an
ideal modernist city at the request of Prime Minister Jawaharlal Nehru, who wanted the new capital
of the Indian state of Punjab and Haryana to be a symbol of the country’s post-independence de-
mocracy. Following the partition of India and Pakistan in 1947, Punjab was in need of a new capital
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city after the original, Lahore, became part of Pakistan. The Government Museum and Art Gallery
was envisioned by Le Corbusier to be a central part of Chandigarh’s cultural core, which occupies
the city’s sector 10, and was completed in 1968.

The building that houses the Government Museum and Art Gallery is both an iconic work of
modern architecture and a vessel to protect and display a significant and renowned collection of
artworks (fig. 01). It has all the design elements that define Le Corbusier's modernist works and
addresses the Indian climate. Le Corbusier familiarized himself with local annual temperature fluc-
tuations, rainfall, and wind direction. Natural ventilation and natural lighting became key aspects
of the building’s design and are reflected in the form of the building (fig. 0.2). Raising the first floor
of this reinforced concrete structure on pilotis allows breezes to enter through openings in the
ground-floor walls. Vertical aerators located on all sides of the building’s exterior provide cross-
ventilation throughout the museum and gallery spaces, allowing for occupant-controlled natural
conditioning of the interior (fig. 0.3). On each facade, large undulatory windows, which have fixed
glazing occasionally alternating with aerators, let in direct sunlight (fig. 0.4). Rooftop clerestories,
which cover the entire roof of the museum (fig. 0.5), bring in indirect light, while a series of angled
baffles prevents direct sunlight from entering the building in the hottest months.

FIGURE O.1.
Southwest exterior view of the Government Museum and Art Gallery, showing pilotis at the ground floor, a mostly
solid first floor and second floor, and rooftop clerestories with angled fins. © Fondation Le Corbusier. Photo: Ana

Paula Arato Gongalves, 2018, © J. Paul Getty Trust.
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FIGURE 0.2. FIGURE 0.3.

The soaring Great Hall, three stories in height, is the Vertical metal aerators in the south corner of the
museum’s central core, with a ramp (background, right) museum. © Fondation Le Corbusier. Photo: Chandler
connecting to the main gallery floor. Controlled natural McCoy, 2017, © J. Paul Getty Trust.

daylight from the clerestories above brightens the
space. © Fondation Le Corbusier. Photo: Tim Webster,
2020, © J. Paul Getty Trust.

FIGURE 0.4.
Undulatory windows
grouped on each side of
the building admit light
into the galleries at eye
level and alternate with
opaque aerators to allow
ventilation. © Fondation
i | 1| Le Corbusier. Photo: Tim
i | | | Webster, 2020, © J. Paul
i 1' l Getty Trust.

ISEESIFEE & 0

6

Environmental Management at the Government Museum and Art Gallery, Chandigarh Introduction



FIGURE 0.5.
Eight parallel rows of clerestories fill the museum’s rooftop. © Fondation Le Corbusier. Photo: Tim Webster, 2020, ©
J. Paul Getty Trust.

A Significant Collection of Art and Artifacts

The museum’s collection has a rich history dating back to the partition of the country in 1947. Fol-
lowing the division of Punjab into East Punjab and West Punjab, the Central Museum in Lahore
split its holdings between the two newly independent nations. India received 40% of this collec-
tion, which eventually found a home at the Government Museum and Art Gallery in Chandigarh.
In addition, Dr. M. S. Randhawa, the first commissioner of Chandigarh and an art connoisseur,
spearheaded a remarkable acquisition of antiquities and modern Indian art for the Government
Museum and Art Gallery. With the assistance of dedicated individuals such as the architects Pierre
Jeanneret, S. D. Sharma, and M. N. Sharma, as well as chief engineer Kulbir Singh and designer
Ratna Fabri, the museum was inaugurated in 1968.

Today, the Government Museum and Art Gallery stands as a testament to the foresight of Chan-
digarh's founders in meeting the cultural needs of a modern city in post-independence India. The
collection includes outstanding Gandhara sculptures (fig. 0.6), Pahari miniature paintings from the
eighteenth and nineteenth centuries (fig. 0.7), and modern Indian art from the post-independence
era (fig. 0.8). Masterpieces by renowned miniature artists like Pandit Seu, Manaku, Nainsukh, and Pur-
khu, and artworks by modern artists such as Nicholas Roerich, Tyeb Mehta, Sobha Singh, S. L. Para-
sher, M. F. Husain, and many more, attract visitors from across the country and abroad. The museum
also boasts impressive collections of textiles, coins, metal sculptures, decorative arts, and pottery.
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FIGURE 0.6. FIGURE 0.7.

Stone sculpture of a standing bodhisattva. Folio from the Bhagavata Purana, ca. 1780, opaque watercolor on paper, Pahari minia-

Photo: © Government Museum and Art Gallery.  ture painting. Photo: © Government Museum and Art Gallery.

FIGURE 0.8.
Magbool Fida Husain, Blue Head, 1967, oil on canvas.
Photo: © Government Museum and Art Gallery.
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The Importance of the Exhibition Display Furniture

In addition to the collection and the building, the original exhibition display furniture within the
museum has high heritage value. The furniture, including cases, stands, pedestals, and movable
partitions for mounting art, was designed by the noted artist-designer Ratna Fabri. Her work com-
plements the modernist building and provides a carefully considered way to accommodate the
wide-ranging types, shapes, and sizes of the artworks. Constructed of wood, glass, and steel,
these pieces have been engineered to show the varied works in their best light and, when neces-
sary, can be used to create smaller, more intimate environments within Le Corbusier’s lofty interi-
ors (figs. 0.9-011). The CMP rates the original Fabri display furniture as having exceptional signifi-
cance. Many newer pieces have been added over the years in the style of the original works, and
it is sometimes difficult to ascertain exactly which pieces are attributable to Fabri; nevertheless,
the overall impression is that the display furniture is mostly well coordinated and suits its purpose.

FIGURE 0.9.
Stone sculptures are displayed on steel and wood pedestals and stands, allowing viewers to experience the three-
dimensionality of the forms. © Fondation Le Corbusier. Photo: Sagar Studio, 1968, © Government Museum and Art

Gallery archive.
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FIGURE 0.10.

Miniature art is displayed on freestanding panels, creat-
ing an intimate viewing space. The works are covered by
a canopy that reflects uplighting while also providing pro-
tection from daylight entering from above. © Fondation
Le Corbusier. Photo: Sagar Studio, 1968, © Government
Museum and Art Gallery archive.

FIGURE 0.11.

Contemporary art is displayed on freestanding panels supported by metal stands that span from floor to ceiling.
Mounting on panels instead of directly on masonry walls avoids moisture transfer from the walls to the paintings.
© Fondation Le Corbusier. Photo: Sagar Studio, 1968, © Government Museum and Art Gallery archive.
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Challenges

Providing an interior environment conducive to preventive conservation of the collection and hu-
man thermal comfort in a hot-humid climate without compromising the architectural integrity
of a naturally ventilated building poses significant challenges. Adding to this challenge was the
need to increase security by installing grates and grilles (figs. 012-0.14) and closing off access
to balconies after a theft occurred in the 1970s. Currently, only portions of the building are air-
conditioned, leading to varying temperature and relative humidity levels throughout the museum.
Electric supply disruptions, particularly in the summer months, affect climate control systems
in air-conditioned areas, impacting the preservation of delicate artifacts. To mitigate these chal-
lenges, museum staff continuously monitor displayed collections, periodically rotating organic
materials. Silica gel is used in selected galleries to help manage humidity levels, such as in min-
iature showcases. During summer, aerators remain open during museum hours, while pedestal
fans provide additional air movement. In winter, portable electric heaters are used to counter cold
temperatures, although these measures are not always sufficient.

Despite these challenges, the museum remains a cultural hub, with an average daily visitation of
around two hundred people. It continues to host regular temporary exhibitions, workshops, talks,
and lectures, reinforcing its significance as a cultural cornerstone of the city and region.

£
i
|

0
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FIGURE 0.12. FIGURE 0.13.
Metal grates are installed in front of the undulatory win- Detail of a metal grate installed in front of an exterior
dows in all galleries. © Fondation Le Corbusier. Photo: balcony door. © Fondation Le Corbusier. Photo: Chan-
Chandler McCoy, 2024, © J. Paul Getty Trust. dler McCoy, 2024, © J. Paul Getty Trust.
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FIGURE 0.14.
Metal grille installed in an interior opening to prevent passage between two galleries. © Fondation Le Corbusier.
Photo: Foekje Boersma, 2017, © J. Paul Getty Trust.

Cultural Significance and Applicable Guidance

The 2019 CMP for the Government Museum and Art Gallery, Chandigarh, establishes the cultural
significance of this place in terms of the values sustained by its different elements. For example,
the landscape and its location make the building an integral and contributing part of the modern
urban ensemble that is Chandigarh, and its historic association with the creation of modern in-
dependent India. As a key feature in Chandigarh's cultural core, the museum plays an important
role in the cultural life of the city. The building has great architectural value, as it illustrates Le Cor-
busier’s integration of modern architecture principles and local climate and context. It also repre-
sents the influential exchange between Western and Indian modern architecture. In addition, this
building is the third and final application of Le Corbusier's concept for the Museum of Unlimited
Growth. The collection contained inside the museum has artistic and historic value not only for its
antiquities and its contemporary art objects but also for its historic association with the partition
of India and Pakistan. Fabri's exhibition design was created to display this highly varied collection
of miniatures, small metal sculptures, midsize stone sculptures, contemporary works on canvas,
and so forth. Her modern designs embody aesthetic values by responding to the architecture that
surrounds them while creating the appropriate context and scale for viewing the individual com-
ponents of the collection (DRONAH 2019, 125-29).
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Statement of Signiﬁcance it is part of an ensemble of outstanding modern
architecture of Chandigarh that marks the trans-
“The Government Museum and Art Gallery national exchange of architectural ideas and

Chandigarh, is an exceptional national example  its subsequent impact on Indian and Western
of modern architecture in India. It simultane-  architecture, which lasted for more than three

ously illustrates formal, technological and ma- decades. It is an iconic modern museum build-

terial innovation in modernism to reflect post- NG designed by Le Corbusier as the final realiza-

independence ideals of nation building along tion of his concept for the Museum of Unlimited
Growth.”

with new ideas in museum design. Additionally,
—DRONAH 2019, 87

The authors of the 2019 CMP explain the heritage framework in India, noting that there are still
challenges in the recognition of modern architecture as heritage. The national and state heritage
protection agencies only list sites more than one hundred years old, effectively excluding most
modern structures from this type of protection. However, there have been successful local initia-
tives, beginning with those undertaken by Mumbai in 1996, to recognize and protect buildings
younger than the national age limit (DRONAH 2019, 123).

In Chandigarh, the importance of modern heritage is recognized and protected. The Chandigarh
Master Plan 2031 acknowledges the city’s original plan and its modern buildings as heritage un-
der the categories of Heritage Zones, Heritage Precincts, and Heritage Buildings. Within these
categories, buildings are graded and protected as either Grade |, I, or lll, based on their cultural
significance (Chandigarh Administration 2015, 493). All listed heritage zones, precincts, and build-
ings require approval of the Special Heritage Committee before any changes or interventions
can be carried out. The Government Museum and Art Gallery is located within Heritage Zone X,
which is identified as a heritage precinct, and has been recognized as a Grade | Heritage Building
(Chandigarh Administration 2015, 486). The Chandigarh Master Plan states that Grade | buildings
must be protected and permits only those changes that are essential. Minimal changes would be
allowed as long as they are in conformity with the original (DRONAH 2019, 123).

Purpose and Scope of the Work

The work defined for the environmental improvements project reviewed how the building’s occu-
pants and its collection are affected by the internal environment, as well as the role of the building,
its operation, and its display cases in managing the external climate. The project was implemented
in two parts. The first part collected environmental data for approximately eighteen months from
sensors installed throughout the building (fig. 0.15), inside display cases, and from a roof-mounted
weather station (fig. 0.16). The second part was composed of analysis of environmental data, col-
lection risk assessment, and development of proposals for improvements in consultation with
staff at the Government Museum and Art Gallery and other stakeholders.
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FIGURE 0.15. FIGURE 0.16.

Two sensors measuring temperature and relative Weather station mounted on the roof of the museum
humidity installed in the Miniatures Gallery at different in 2020 for the collection of data on external weather
heights (indicated by dotted circles). © Fondation Le conditions, including wind direction and wind speed.
Corbusier. Photo: Vincent Laudato Beltran, 2020, © J. © Fondation Le Corbusier. Photo: Vincent Laudato
Paul Getty Trust. Beltran, 2020, © J. Paul Getty Trust.

This monitoring system was installed in late 2019, and data collection began in January 2020. Vari-
ations in interior and exterior conditions were recorded, including relative humidity, temperature,
visible and UV light, and atmospheric pollutants in the air.

While the collected environmental data were being analyzed, a risk assessment was done for the
collection. First, the value of the collection was assessed in terms of its rarity, cultural significance,
and replacement cost. Next, agents of deterioration that could affect the condition of the col-
lection were identified, including the effects of high relative humidity and dew point, light, high
temperature, and air pollution.

Based on analysis of the data collected, strategies for environmental improvements were devel-
oped by the project team in collaboration with the Government Museum and Art Gallery’s curato-
rial staff. This was done in three online workshops: The first was aimed at identifying objectives
for improving the collection’s environments, the second focused on environmental assumptions
and findings from environmental monitoring, and the third one discussed proposed strategies
with key stakeholders. The final strategies provide recommendations for how to manage heat
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gain and interior moisture; improve natural ventilation; manage temperature and relative humidity
extremes; limit damage to collections from visible light, UV light, and particulates; and improve
human thermal comfort.

Environmental Guidance for Collections in Museums

The GCl's monitoring results indicated that four of the ten widely acknowledged agents of dete-
rioration for collections are present in the Government Museum and Art Gallery’s environment:
pollutants, light and UV radiation, incorrect temperature, and incorrect relative humidity. This is
an expected result for buildings designed to manage their interior environments with natural day-
lighting and natural ventilation, which creates an interior environment that fluctuates with exterior
conditions. In the case of many museums in Europe and North America, the general role of the
building’s exterior construction, or envelope, is to limit or manage the influence of these factors
on the interior environment. In addition to the building envelope, artificial lighting and mechani-
cal systems for filtering and conditioning the interior air are usually employed to reduce the risk
to collections from these agents of deterioration. However, effective mechanical air-conditioning
requires a sufficiently airtight building envelope to limit the exchange of thermal energy, moisture
vapor, and air between the interior and exterior.

The challenges of using mechanical air-conditioning for museums in South Asia and Southeast
Asia were first noted nearly fifty years ago. In his writings dating from the early 1970s, the conser-
vationist O. P. Agrawal recognized that in this region, air-conditioning systems can be installed
readily, but their long-term operation is often too expensive to sustain and requires maintenance
by trained personnel. Instead of reliance on mechanical air-conditioning, he advocated that mu-
seums in South and Southeast Asia address their climate conditions through design (Agrawal and
Baxi 1974).

Technological advances in today’s mechanical air-conditioning systems further compound the
problem noted by Agrawal because they contain sophisticated electronics that require stable,
high-quality electrical power and whose controls often require wireless internet access and
internet communications. To achieve effective and energy-efficient mechanical air-conditioning
throughout the Government Museum and Art Gallery, extensive and unacceptable alterations to
Le Corbusier’s building design would be required, such as the need to seal the building envelope
to limit the exchange of thermal energy, air, and moisture vapor between the exterior and interior.
It would also be necessary to guarantee steady, uninterrupted power to the building 24 hours a
day, which is currently not feasible. For this reason, this report does not recommend air-condition-
ing or complex lighting systems as the solution to the building’s environmental challenges (and as
a way of protecting the collection) but instead examines the original architecture and exhibition
furniture and seeks inspiration from Le Corbusier’s design to devise a plan to sustain and enhance
the building’s ability to provide natural ventilation and natural daylight.

In resolving the challenges presented by climate conditions, architectural constraints, human
thermal comfort, and collection conservation, the recommendations in this report have been in-
formed by the following publications:
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« Environmental Management for Collections: Alternative Preservation Strategies for Hot
and Humid Climates (Maekawa, Beltran, and Henry 2015)

«  “Museums, Galleries, Archives, and Libraries,” chapter 24 in ASHRAE handbook (ASHRAE
2023)

«  “Agents of Deterioration” (Canadian Conservation Institute 2017)

«  Design of Indoor Conditions per Adaptive Thermal Comfort Model, in National Building
Code of India 2016 , (National Building Code Sectional Committee 2016, 19, section 6.2,
subsection a)

Organization of This Report

This report is organized into six chapters followed by four appendices. In chapter 1, the climate
of Chandigarh is discussed, along with projections of how climate change will affect local cli-
mate and an examination of atmospheric pollution. Chapter 2 explains how the building’s existing
environmental systems currently operate to modify conditions, including a description of both
mechanical and non-mechanical systems. Chapter 3 discusses the collection, describing what
objects it includes and how it is valued, and provides an assessment of its significance and its
vulnerabilities.

In chapter 4, the environmental monitoring program and the methodology for data collection are
described. Data results are shown in a series of charts and graphs with an explanation of their mean-
ing. Chapter 5 presents the recommended strategies to improve environmental management at
the Government Museum and Art Gallery, based on the data results from chapter 4. These strate-
gies were developed to manage heat gain and interior moisture vapor, improve natural ventilation,
manage temperature and relative humidity extremes, and limit damage from light and UV to the
collection. Each strategy is presented on an individual data sheet that provides a description of the
strategy, the environmental factors addressed, the current situation at the museum, the actions re-
quired to implement and operate the strategy, and any potential risks. Finally, the steps involved in
the decision-making process of reviewing, selecting, and implementing the environmental manage-
ment strategies are discussed in chapter 6. The appendices include architectural drawings as well as
reference documentation of equipment installation, sensor location, and environmental data.

16

Environmental Management at the Government Museum and Art Gallery, Chandigarh Introduction



CHAPTER 1

THE CLIMATE OF CHANDIGARH

This chapter focuses on the climate contexts of the Government Museum and Art Gallery, Chan-
digarh, including the classification of the climate of the recent past, seasonal characterization,
future projections for climate change, and presence of pollutants.

Exterior environmental conditions and a more nuanced determination of the seasons during the
monitoring period are presented in chapter 4 in addition to information on pollutants during the
monitoring period.

Classification of the Climate

An understanding of the past climate of the Government Museum and Art Gallery is helpful. There
are two methods for classifying the climate: the Képpen system, based in large part on vegeta-
tion, and the ANSI/ASHRAE method, based on thermal loads for heating and/or cooling and on
moisture loads for humidification and/or dehumidification.

The Koppen classification for Chandigarh has been reported as Cwa (Wikipedia, n.d.), defined as
a humid subtropical climate with a dry winter (fig. 11). The available statistical data (Government
of India, Ministry of Earth Sciences, India Meteorological Department 2010) support this classifica-
tion using the driest winter month and the wettest summer month (Maekawa, Beltran, and Henry
2015, appendix 2); however, it should be noted that over the year, the driest months actually occur
in spring (April) and autumn (November) (Government of India, Ministry of Earth Sciences, India
Meteorological Department 2010).

The second method, ANSI/ASHRAE Standard 169, Climatic Data for Building Design Standards
(American National Standards Institute/ASHRAE 2020), assigns a numeric thermal zone designa-
tion ranging from O (extremely hot) to 8 (subarctic/arctic) and a letter moisture zone designation
of A (Humid), B (Dry), or C (Marine). The thermal zones are based on heating or cooling degree
days, and the moisture zones are based on a process of elimination that starts with characteristics
of C (Marine) zones and ends with A (Humid) zones, using criteria that include combinations of
average monthly temperature and average monthly precipitation patterns.

ANSI/ASHRAE Standard 169 lists the climate zone classification for hundreds of cities worldwide
and provides climate data summaries for each location. It does not list Chandigarh, presumably
because the World Meteorological Organization monitoring station (WMO 42103) at Chandigarh
was closed in 1979 (Government of India, Ministry of Earth Sciences, India Meteorological Depart-
ment 2010). ANSI/ASHRAE Standard 169 includes a map of climate zones in India, but the map is
low resolution with large pixels and shows Chandigarh at the intersection of two climate zones, 1A
(Very Hot-Humid) and 2A (Hot-Humid), and adjacent to 1B (Very Hot-Dry).
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M Monsoon climate (Am)
[ Tropical savanna climate (Aw)
M Warm desert climate (BWh)
["IWarm semi-arid climate (BSh)
["|Cold desert climate (BWk)
Cold semi-arid climate (BSk)
Warm mediterranean climate (Csa)
__ Humid subtropical climate (Cwa)
["IHumid subtropical climate/
Subtropical oceanic highland climate (Cwb)
[l Oceanic subpolar climate (Cwc)
'Warm oceanic climate/
Humid subtropical climate (Cfa)
| |Temperate oceanic climate (Cfb)
Il Temperate continental climate/
Mediterranean continental climate (Dsb)
[l Cool continental climate/
Subarctic climate (Dwc)

[l Cold continental climate/
Subarctic climate (Dwd)

" Warm continental climate/
Humid continental climate (Dfa)

[l Temperate continental climate/
Humid continental climate (Dfb)

FIGURE 1.1.

Map showing Képpen climate zones for India. Dashed box indicates the area occupied by the states of Punjab and
Haryana, with the approximate location of Chandigarh (starred). Image: Ali Zifan (enhanced, modified, and vector-
ized), licensed under CC BY-SA 4.0.

Estimation of the Chandigarh climate classification using the ANSI/ASHRAE Standard 169 map of
climate zones in India can be verified by considering the three cities nearest to Chandigarh that
are listed and classified: Patiala, Dehradun, and Hisar (table 1.1). Comparison of the salient data
used for ANSI/ASHRAE Standard 169 climate classification for these locations and data from the
India Meteorological Department for the period from 1961 to 1977 leads to the reasonable conclu-
sion that the ASHRAE classification of the Chandigarh climate is Zone 1A (Very Hot-Humid).

Seasonal Characterization of the Climate

The India Meteorological Department identifies four principal seasons in the Chandigarh climate:
winter (January to February); pre-monsoon (March to May); monsoon (June to September); and
post-monsoon (October to December) (India Meteorological Department 2023).
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TABLE 1.1

Climate Classification of Chandigarh and Nearest Cities

City Patiala Dehradun Hisar Chandigarh
Location 30.3578N, 76.4499E 30.317N, 78.033E 29.1736N, 75.7393E 30.7505N, 76.7876E
Elevation 25T m 682 m 231m 320 m
Location 57 km southwest, 127 km southeast, 205 km southwest,
Relative to 69 m lower 362 m higher 89 m lower
Chandigarh
WMO 421010 421110 421310 42103

IMD Clima- | ASHRAE IMD Clima- | ASHRAE IMD Clima- | ASHRAE IMD Climatological
Data Source tological 169 - 2020 | tological 169 - 2020 | tological 169 - 2020 | Normals

Normals Normals Normals
Period 1961-90 1994-2019 | 1961-90 1994-2019 | 1961-90 1994-2019 | 1961-77
Thermal Not 5158 Not 4513 Not 5784 Not available
Cooling Load available available available
(CDD10°C)

Not Zone 1 Not Zone 2 Not Zone 1 Zone 1 estimated
Thermal Class available (5000 < available (3500 < available (5000 <

CDD10°C < CDD10°C < CDD10°C <
6000) 5000) 6000)

e 24.2°C 24.1°C 221°C 22.4°C 25.5°C 25.8°C 25.2°C
Annual
Temperature
Total Annual 819 mm 599 mm 2250 mm 2118 mm 491 mm 463 mm 1064 mm
Precipitation
April- 695 mm 516 mm 2013 mm 1873 mm 431 mm 404 mm 898 mm
September
Precipitation
April- 84% 86% 89% 88% 88% 87% 84%
September/
Annual
Precipitation
ASHRAE 169 766 mm 762 mm 722 mm 728 mm 790 mm 796 mm 784 mm
Dry/Humid
Threshold

819 > 766 516 <762 2250 >722 | 2118 > 728 491<790 463 <796 1064 > 898 mm
Moisture Zone it mm mm mm mm B (Dry) A (Humid)

A (Humid) | B (Dry) A (Humid) | A (Humid) | B (Dry)
Climate Zone B (Very Hot-Dry) 2A (Hot-Humid) 1B (Very Hot-Dry) 1A (Very Hot-Humid)
(Current) ASHRAE ASHRAE ASHRAE estimated
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Projections for Climate Change

Historical data are helpful in understanding the past and recent climate of Chandigarh; however,
the potential trends and changes in climate must also be considered. Data involving future chang-
es cannot be quantified to the same extent as past data, but the science-based projections for
future trends are informative when considering management of the interior environment of the
building.

The Ministry of Earth Sciences of the Government of India summarized projected changes in tem-
perature in India as follows:

The frequency and intensity of warm days and warm nights are project-
ed to increase over India in the next decades, while that of cold days and
cold nights will decrease (high confidence). The changes will be more
pronounced for cold nights and warm nights. The pre-monsoon season
heatwave frequency, duration, intensity and areal coverage over India
are projected to increase substantially during the twenty-first century
(high confidence). (Krishnan et al. 2020, 42)

The ministry also summarized projected changes in precipitation as follows:

Global as well as regional models project an increase in seasonal mean
rainfall over India while also projecting a weakening monsoon circulation.
However, this weakening of circulation is compensated by increased at-
mospheric moisture content leading to more precipitation. Frequency
of extreme precipitation events may increase all over India, and more
prominently so over the central and southern parts as a response to en-
hanced warming. Monsoon onset dates are likely to be early or not to
change much, and the monsoon retreat dates are likely to be delayed,
resulting in lengthening of the monsoon season. (Krishnan et al. 2020,
66-67)

With respect to extreme storms, the ministry summarized the following projected changes:

Localized convective storms such as thunderstorms over the Indian sub-
continent indicate a declining frequency by 34% in the post-1980 period
which is suggestively attributed to reductions in rainfall activity and in
the moisture amount due to a fall in the frequency of monsoon depres-
sions, and enhanced intensities of natural variability climate drivers. Al-
though short-lived cloudburst and mini-cloudburst occurrences gener-
ally indicate a decline in frequency in the recent decades, it is observed
that there is a significant increase in these events along the Himalayan
foothills (1 per decade) and west coast of India (5 per decade). (Krishnan
et al. 2020, 169)

In response to projected future changes in climate, the Union Territory of Chandigarh prepared
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a report titled U.T. Chandigarh Action Plan on Climate Change (Chandigarh Administration, n.d.),
which lists infrastructure improvements for resiliency and guidance for site and building design
to reduce the city’s anthropogenic impacts on climate. The government has also published the
Greening Chandigarh Action Plan 2020-2021 (Department of Forests and Wildlife, Chandigarh
Administration 2020).

Pollutants

The World Health Organization defines air pollution as “contamination of the indoor or outdoor
environment by any chemical, physical or biological agent that modifies the natural characteris-
tics of the atmosphere.” Air pollution encompasses a range of agents such as particulate material
(including PM,), sulfur dioxide, and nitrogen dioxide, and sources can be domestic, vehicular, or
industrial. Exposure to elevated air pollution levels increases the occurrence of respiratory and
other diseases and mortality rates (World Health Organization, n.d.).

South Asia is particularly vulnerable to the health burdens brought on by air pollution, as the re-
gion includes the four most polluted countries in the world (encompassing 22.9% of the world
population): Bangladesh, India, Nepal, and Pakistan. The Northern Plains region of India, where
Chandigarh is situated, is the most polluted (Greenstone and Hasenkopf 2023). Local sources of
air pollution in Chandigarh include fossil fuel emissions from automobiles and industry, residential
combustion, biomass and waste burning, and construction (Bhargava et al. 2018; Guttikunda et al.
2019; Ravindra et al. 2020).

Environmental conditions can also impact air pollution levels. Rain can act as a pollutant scav-
enger, with removal rates proportional to the intensity of the rainfall (Ravindra et al. 2006; Shukla
et al. 2008; Yoo et al. 2014). Increases in air temperature and wind speed can mitigate pollutant
levels: Higher temperatures during summer destabilize the atmosphere and promote vertical mix-
ing (Ravindra et al. 2019; Cichowicz et al. 2017; Akpinar et al. 2008), while elevated wind speeds
disperse pollutants and particulate material.
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CHAPTER 2

THE BUILDING AND ITS
ENVIRONMENTAL MANAGEMENT

The significance of Le Corbusier's architecture and its international influence are well document-
ed in the academic literature and scholarly research. The Conservation Management Plan written
by the Development and Research Organisation for Nature, Arts and Heritage (DRONAH 2019)
refers to this significance and influence in its analysis of the Government Museum and Art Gallery
in Chandigarh and its formulation of the museum’s statement of significance.

This chapter looks at Le Corbusier’'s work in a more focused way to understand how the architect’s
approach to and interest in climate response shaped his built work, including the Government
Museum and Art Gallery, and to assess the effectiveness of his design in producing a suitable
museum environment.

Modernism and the Hot and
Humid Environment

Le Corbusier’s design work for India began in the early
1950s, when he was involved in planning not only the
new capital city of Chandigarh but also several inde-
pendent commissions in Ahmedabad (figs. 21, 2.2). In
all of these projects, he was confronted with the need
to design buildings for a climate that was different
from what he was accustomed to in Europe. However,
he was not the first European modernist to face the
challenge of working in both hot and dry and hot and
humid climates. The exploration of a distinctive mod-
ernism that responded to these two different climate
conditions, frequently referred to as “tropical modern-
ism,” began in the 1940s with the knowledge shared be-
tween modernist European and North American archi-
tects and their counterparts in Africa, South America,
and South Asia. Antonin Raymond, a Czech American
architect practicing in Japan, and George Nakashima,
a Japanese American architect and craftsman work- FIGURE 2.1.
ing for Raymond, are credited with creating India’s Villa Shodan, Ahmedabad (1954), one of several con-
first modern building. Their Golconde Ashram Dormi- current projgcts of Le C.Orb.US[ers while he was plan-
ning Chandigarh. The villa is open to the elements and
tory in Pondicherry, completed in 1942 (Gupta, Mueller, uses a brise-soleil to shade the building. © Fondation

and Samii 2021), was designed to respond to the local Le Corbusier. Photo: Susan Macdonald, 2013, © J. Paul
Getty Trust.
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FIGURE 2.2.
Mill Owners Association Building, Ahmedabad (1954), includes brise-soleils on both east and west elevations.
© Fondation Le Corbusier. Photo: Ana Paula Arato Gongalves, 2018, © J. Paul Getty Trust.

climate (fig. 2.3). Raymond and Nakashima used
reinforced concrete for the structure (also a first
in India at the time) and elevated it on pilotis
above the garden level to allow breezes to pass
under the dorm block. The dormitory is oriented
at an angle on the site to provide only northern
and southern exposures. The exposed concrete
frame on the north and south sides is filled from
floor to ceiling with operable cement-board
louvers to block the sun and provide effective
cross-ventilation through the narrow building
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FIGURE 2.3.

Golconde Ashram Dormitory, Pondicherry (1942),
designed by Antonin Raymond and George Nakashima
for the region’s hot and humid climate. Elevated off the
ground on pilotis to enhance airflow, the building's oper-
able north- and south-facing exterior louvers allow for
control of sunlight. Photo: © William Whitaker.
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footprint. Its arched roof is composed of a double layer of concrete with an air gap in between
that insulates the interior from solar radiation.

Edwin Maxwell Fry and Jane Drew were English architects who practiced tropical modernism in
West Africa in the final days of the British colonial government and continued to work there after
its demise. Focusing on climatically responsive design, they completed seventeen modern educa-
tional buildings in Nigeria, Ghana, and Togoland (the latter is currently divided between Togo and
Ghana) from 1946 to 1956 (fig. 2.4). Because of their reputations, they were then recruited by In-
dian officials to work on the new city of Chandigarh and convinced Le Corbusier to join the team,
which also included his cousin Pierre Jeanneret (Jackson and Holland 2014, 215). Le Corbusier
designed the Capitol Complex buildings and the Government Museum and Art Gallery, and Fry,
Drew, and Jeanneret and a group of younger Indian architects took charge of the remaining resi-
dential, commercial, and institutional structures. All were concerned with designing buildings that
worked with the climate; according to Jane Drew, it was the determining factor in Chandigarh's
architecture (Jackson and Holland 2014, 230).

Long before his involvement in India, Le Corbusier was interested in how his buildings interact-
ed with their physical environment; his earlier projects had provided building occupants with
abundant amounts of daylight and access to fresh air. His most canonical work, the Villa Savoye

FIGURE 2.4.
Residential building at Ibadan University, Nigeria (1948-58), designed by Edwin Maxwell Fry and Jane Drew. Photo:
Leendert Adriaan van Es, 1962, licensed under CC 4.0 BY-SA.
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FIGURE 2.5.

Villa Savoye, Poissy, France (1928-29), was designed to allow a maximum amount of daylight into the interior and
provide direct access from the interior to the exterior courtyard and roof terrace. © Fondation Le Corbusier. Photo:
Ana Paula Arato Gongalves, 2023, © J. Paul Getty Trust.

(1928-29), demonstrated his approach to architecture and its relationship to the physical environ-
ment through its white forms, slender pilotis, and horizontal ribbon windows (Curtis 2015, 98).
The villa maximized the ingress of daylight with its wrapping steel casement windows. The semi-
enclosed courtyard, elevated to the level of the main floor, was readily accessed and separated
from the living spaces only by a steel-and-glass wall containing operable windows and doors, and
its roof terrace further connected the occupants to the sun, views, and breezes (fig. 2.5).

Management of the interior environment occupied Le Corbusier’s thinking during the 1920s and
‘30s, as he sought ways to create a functional architecture that also provided for human thermal
comfort. Le Corbusier’s early interest in environmental systems focused on two approaches: air
exact, or manufactured air, which controls temperature and humidity, supplied by mechanical
systems; and le mur neutralisant, a sealed wall enclosure that neutralizes temperature exchange
between indoors and outdoors (Sobin 1996). These ideas came together in the architect’s re-
nowned Cité de Refuge in Paris (1929-33) (fig. 2.6), built for the French Salvation Army to provide
social services and temporary housing for those in need. The south-facing facade of the thin
residential slab was a single glazed, sealed 10,000 sq. ft. glass-and-metal wall (le mur neutralisant)
with forced-air ventilation for heating and cooling (lair exact). This system never functioned as
intended and overheated severely in the summer during its first year. The mechanical ventilation
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FIGURE 2.6.

La Cité de Refuge, Paris (1929-33), originally featured a sealed metal-and-glass curtain wall on its south facade
with mechanical ventilation. This system was not sufficient to provide thermal comfort to the building’s occupants.
After the structure suffered damage during World War |l, a brise-soleil was added, as shown here. © Fondation Le
Corbusier. Photo: Fred Romero, 2016, licensed under CC BY-SA 2.0 Generic.

and automation systems available in 1929 were not advanced enough to produce the results Le
Corbusier sought. After the original facade was destroyed during World War II, Le Corbusier was
able to redesign it, this time with operable windows and an exterior shading device that later be-
came one of his signature postwar design elements, the brise-soleil (Sobin 1996, 221).

By the 1930s, Le Corbusier had turned away from his reliance on mechanical air-conditioning sys-
tems and toward a more natural approach to managing the interior environment. Two phases of
design work emerged from this approach (Requena-Ruiz 2012). In the first, dating to 1930-50, Le
Corbusier focused on analysis of solar radiation patterns and moderation of heat gain from solar
radiation by introducing the aforementioned brise-soleil. These were usually integrated into the
building’s structure. The High Court of Justice (1951-54), in the Capitol Complex at Chandigarh, is
perhaps the best example of this (fig. 2.7). In the second phase, from 1950 to 1965, Le Corbusier
looked to vernacular and passive solutions for use in tropical regions to manage the climate. In
1951, his atelier adopted a new methodological tool, the grille climatique, or climate grid. The cli-
mate grid was used in Chandigarh to identify the conditions that should be considered: protection
from sunlight, ensuring good natural ventilation and avoiding humidity in spring, protecting the
building from summer rain, and bringing in sunlight while blocking out wind in autumn. Le Cor-
busier’s atelier developed individual building features to address each of these conditions.
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FIGURE 2.7. FIGURE 2.8.

High Court of Justice, Chandigarh Capitol Complex Metal vertical aerators with an aerodynamic shape
(1951-54). Brise-soleils break the sun while operable are used throughout the Government Museum and
vertical aerators allow air into the building. The massive Art Gallery. © Fondation Le Corbusier. Photo: Foekje
roof, separated from the interior spaces, acts as a giant Boersma, 2017, © J. Paul Getty Trust.

parasol to shade the spaces below. © Fondation Le
Corbusier. Photo: Ana Paula Arato Gongalves, 2018, © J.
Paul Getty Trust.

Also in the early 1950s, Le Corbusier introduced two building elements he called the pan de verre
undulatoire, or undulatory window wall, which was an enclosure consisting of vertical, irregularly
spaced members (usually concrete) with narrow panes of floor-to-ceiling fixed glass in between,
and the vertical aerateur, or aerator, a term he coined in 1957 for his ventilation window (Sobin
1996, 225). At first, the aerator was an opaque hinged door or casement inserted into a section
of solid wall or into a window wall system whose purpose was to provide controllable ventilation.
Later he created a second type of aerator, fabricated from aluminum with a more aerodynamic
shape, that pivoted on its center vertical axis to open and close and that would be used in the
construction of the Government Museum and Art Gallery (fig. 2.8).

Aerators also would be incorporated into Le Corbusier's High Court of Justice in Chandigarh in
the form of narrow, hinged wood doors inserted in the walls and used for ventilation. By 1953, the
aerator had become a standard element in his architectural vocabulary (Sobin 1996, 224).

Environmental Management at the Government Museum and Art Gallery, Chandigarh
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Both the undulatory window wall and—for the first time—the aerodynamic aerator were used
in Le Corbusier's design for Sainte-Marie-de-la-Tourette Monastery, Eveux-sur-lArbresle, France
(1953-60). The undulatory window wall, featuring vertical concrete elements, faces the monas-
tery’s interior courtyard and parts of the outward-facing exterior walls (fig. 2.9). The aerodynamic
aerators are incorporated into the undulatory window wall. These elements are used throughout
La Tourette in such quantity that they are one of the monastery’s key design elements.

The Government Museum and Art Gallery is informed by Le Corbusier’s long-standing interest in
climate response, yet it is unusual among the other buildings he designed in Chandigarh in that it
is based on a previously developed design prototype that determined its primary form. What he
called the Museum of Unlimited Growth, originally conceived and developed in the 1930s, con-
sists of a series of rectangular galleries elevated on pilotis and organized around a central square
atrium. The galleries could presumably be expanded infinitely, forming a square spiral around
the central space (Chin 2016). The first of these museums to be built was the Sanskar Kendra in
Ahmedabad, completed in 1954, followed by the National Museum of Western Art in Tokyo (1959);
the Government Museum and Art Gallery was the last, in 1968 (figs. 2.10a-c). Though the design
of the latter was started at Le Corbusier’s atelier in the late 1950s, construction was not completed
until three years after the architect’s death.

o

& | -

FIGURE 2.9.
Undulatory window walls with aerators are used throughout La Tourette monastery (1953-60). © Fondation Le Cor-
busier. Photo: Sara Lardinois, 2016, © J. Paul Getty Trust.
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(c)

FIGURE 2.10.

(a) Sanskar Kendra museum, Ahmedabad (1954). © Fondation Le Corbusier. Photo: Lucien Hervé, 1954-57, © J. Paul
Getty Trust. Getty Research Institute, Los Angeles (2002.R.41). (b) National Museum of Western Art, Tokyo (1959).

© Fondation Le Corbusier. Photo: Lucien Hervé, 1957, © J. Paul Getty Trust. Getty Research Institute, Los Angeles
(2002.R.41). (c) Government Museum and Art Gallery, Chandigarh (1968). © Fondation Le Corbusier. Photo: Sagar
Studio, 1968, © Government Museum and Art Gallery.

All three museums follow the same conceptual scheme and function in a similar way, but each is
different in terms of its response to the local context and specific climate. For example, Ahmed-
abad, 950 km southwest of Chandigarh, has a hot, semiarid climate, and the Sanskar Kendra has
a number of features to help keep the building cool during the long periods of heat in this region.
The roof was originally designed to be covered with plant material, and the tall, ventilated attic story
isolates the interior from extreme solar radiation. A roofless central atrium allows air to flow freely
from below and up through the center of the building, encouraging both stack-effect ventilation
and cross-ventilation (fig. 211). All three museums have a central atrium or Great Hall with different
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FIGURE 2.11.

Sanskar Kendra, Ahmedabad, the first of Le Corbusier’'s three museums to be constructed, includes an open court-
yard at its center. © Fondation Le Corbusier. Photo: Lucien Hervé, 1954-57, © J. Paul Getty Trust. Getty Research
Institute, Los Angeles (2002.R.41).

features according to the local climate. Tokyo's National Museum of Western Art is in a temperate
climate with four distinct seasons, including hot summers and cold winters, and as such has a
closed atrium (fig. 212) and the fewest wall openings of the three museums. The Chandigarh mu-
seum experiences cool winters, which may explain why it has a roof over the central atrium.

Le Corbusier designed the Government Museum and Art Gallery to respond to its hot and humid
climate by drawing on familiar elements and features he had used in previous projects at the
Chandigarh Capitol Complex and from his large portfolio of European buildings. He began by
elevating the museum’s first floor off the ground, supporting it with an alternating pattern of struc-
tural concrete piers and rounded pilotis. This lifted the principal gallery space above the ground
floor, which was to be occupied by the main entrance, reception area, collections storage, and
originally the workshop and canteen. Plans for the ground floor and first and second floors, as well
as a longitudinal section of the building, are shown in figure 213. As the building was originally
constructed, about half of the ground-floor space was open to the outdoors but covered by the
first floor above. Over time, this space has been gradually filled in to provide new, enclosed rooms
for specific museum use or activities such as additional storage or to accommodate the Child Art
Gallery, currently used as storage. On the southwest side of the building, this open space serves
as a colonnaded portico at the building’s entrance facade and provides a shaded, breezy area to
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FIGURE 2.12.

Central atrium at the National Museum of Western Art, Tokyo. This is the most enclosed of the three museums, a
response to Japan's temperate climate. © Fondation Le Corbusier. Photo: Lucien Hervé, 1957, © J. Paul Getty Trust.
Getty Research Institute, Los Angeles (2002.R.41).

enjoy the outdoor sculptures. Finally, Le Corbusier designed the long expanses of blank exterior
wall with thermal breaks in the form of air gaps between interior and exterior surfaces to limit heat
transmission to the building's interior.

Le Corbusier also employed the undulatory window walls he had used at the High Court of Jus-
tice and at La Tourette monastery. In place of the solid wood aerator featured at the High Court,
he used the aerodynamic aerator. Le Corbusier's use of undulatory windows at the museum is as
prolific as it was at the High Court building and La Tourette, but at the museum a considerably
higher number of aerators were installed to allow as much air movement as possible. On each
elevation, he stacked undulatory window walls equipped with operable aerators. Off-center on
the northwest elevation is a bank of undulatory windows, vertically arranged over all three stories
of the building rising from the ground level, with aerators to capture breezes (fig. 2.14). In addition,
these undulatory window walls are used on the building’s interior to enclose the mezzanines (sec-
ond-floor levels) overlooking the gallery spaces below, which include the former director’s office
(currently the Bir room, housing Sikh scriptures), the library, and the conference room (currently
the chairman room). The three-story-high Great Hall, located at the center of the building, opens
to all levels by way of undulatory windows with aerators at ground level, balconies at first floor, and
undulatory windows with aerators at mezzanine level. As a result, the Great Hall offers the best
opportunity for cross-ventilation augmented by interior stack effect between floor levels, allowing
breezes to enter the building from below and circulate to the galleries above. On the two-story-
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FIGURE 2.13.
Floor plans for the Government Museum and Art Gallery: (a) ground floor; (b) first floor; (c) second floor; (d) longitudinal

section. © Fondation Le Corbusier. Drawings: DRONAH, modified by Timothy Augustus Y. Ong, Tahmida Afroze, and
Hongye Wang. Image: © J. Paul Getty Trust.
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FIGURE 2.14.

Northwest elevation of the museum, showing three stories of undulatory windows. The aerators are obscured in this
view by metal screening that has been added for security. © Fondation Le Corbusier. Photo: Chandler McCoy, 2024,
© J. Paul Getty Trust.

high gallery spaces located on the first floor, aerodynamic aerators are used on the southeast and
northwest facades to provide ventilation—they appear either as single aerators or in trios, in a total
of nine locations in each facade, including two that are set perpendicular to the facade, creating a
recessed area where the mezzanines and the facades meet.

Because fenestration above the piloti level is limited in all three museums, there is little need for
vertical brise-soleils as part of the exterior wall structure. However, for the Government Museum
and Art Gallery, Le Corbusier employed the concept of the brise-soleil on the roof clerestories,
which are arrayed in rows across the roof of the building to provide even distribution of natural
daylight to all spaces below (see fig. 213d). In a sense, the entire roof of the museum acts as a
brise-soleil in that it performs in the same manner as the more common vertical systems do: Be-
cause of its angles and shape, the roof controls how sunlight enters the building on a seasonal
basis. Sun shading was achieved by careful design of the overhang of the clerestory roof com-
bined with a series of angled concrete fins arranged along the entire length of each clerestory.
These angled fins are labeled “brise-soleil” on some of the developmental sketches (fig. 2.15) and
are placed at 135-degree angles relative to the geometry of the building, which corresponds to
true north and south.
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Environmental Management in Hot and Humid Climates

Management of interior environments of buildings in hot and humid climates such as that of
Chandigarh utilizes one or more of the approaches below. The first three are considered non-me-
chanical because they do not require equipment to move or alter the temperature or the moisture
content of the air.

Heat gain reduction
Natural ventilation
Natural conditioning
Mechanical ventilation
Mechanical conditioning

Heat Gain Reduction

Heat gain in the building’s interior results when thermal energy is transmitted through the walls
and roof of a building envelope by conduction. It also occurs when the infrared component of
solar radiation penetrates windows and openings in the walls and roof. Heat gain reduction is an
essential element in design for buildings in hot climates and includes elements such as building
orientation, shading of window openings to minimize penetration of solar radiation, and thermal
breaks in wall and roof assemblies to reduce thermal conductivity.

FIGURE 2.15.
Sectional sketches of the museum from Le Corbusier’s atelier, used to study possible configurations of clerestories
with attention paid to sun angles and shading. Images: © Fondation Le Corbusier Archives.
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Natural Ventilation

Natural ventilation is the introduction of outside air into a building without the use of fans or other
mechanical means to force air movement in order to improve the quality of the interior air. Two
non-mechanical forces drive natural ventilation: buoyancy and wind.

Stack-effect ventilation, or buoyancy-driven ventilation, occurs because warm air is less dense than cool
air, resulting in a slight difference in pressure. When indoor air is warmed by interior surfaces, occupants,
lighting, or equipment, it rises in the space. The difference in pressure between the warm interior air and
the cooler exterior air causes the warm air to escape through openings in the ceiling or roof or high in
the walls. The escaped warm air is replaced by cooler outside air entering through openings in the floor
or low in the walls. In a multistory building with a large open space connecting multiple levels, such as an
atrium or large stair hall, warm air will escape through openings in the walls or roof of the upper stories,
and cooler air will enter through openings in the walls of the lower stories.

Cross-ventilation, or wind-driven ventilation, occurs when there is a difference in pressure be-
tween opposing sides of a building, causing outside air to pass through inlets in the windward wall
and interior air to exit through outlets in the leeward wall. For best effect, the interior air movement
from windward inlet to leeward outlet should not be obstructed, and the maximum distance be-
tween opposing facades must be less than five times the floor-to-ceiling height (Irving, Ford, and
Etheridge 2005, 16).

Stack-effect ventilation and cross-ventilation may be combined.

The efficiency of natural ventilation is dependent on several factors:

«  The outlet openings should be larger than the inlet openings.

« Restrictions to airflow through the inlet and outlet openings must be minimized. Ex-
amples of restrictive elements include bars, grilles, screens, shades, drapes, and exhibit
panels or cabinets. These restrictions cause a pressure drop through the openings.

- QOutlet openings for stack-effect ventilation should be at the highest point in the building
and, if possible, should extend above the roof.

« Internal heat sources such as lighting loads, and heat gain from solar radiation through
windows, should be minimized.

Natural Conditioning
Natural conditioning results from natural ventilation when the temperature and relative humidity
of the replacement (outside) air improves the thermal comfort of the building’s occupants (Sim-
monds and McConahey 2021, chap. 2). Natural conditioning is predicated on the exterior air being
within the range of acceptable conditions for human thermal comfort, for preventive conservation
of the collection, or both.

Mechanical Ventilation

Mechanical ventilation may be necessary to supplement stack-effect ventilation and cross-ventila-
tion in order to achieve the desired ventilation rate. An example of mechanical ventilation is when
one or more electric-powered exhaust fans are used to increase the outward flow of air from the
building. Inlets must be open when mechanical ventilation is used in this manner.

Mixed-mode ventilation utilizes both natural ventilation and mechanical ventilation.
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Mechanical Conditioning

Mechanical conditioning of interior air and air for ventilation may be necessary if natural ventila-
tion and natural conditioning cannot achieve the desired interior environmental conditions for
occupants or the collection. Depending on climate and the internal heating loads of the building,
mechanical conditioning may include heating, cooling, and dehumidification or humidification of
the air.

For energy-efficient mechanical conditioning, infiltration of outside air and exfiltration of condi-
tioned air from the mechanically conditioned spaces must be minimized.

Mixed-mode conditioning applies when mechanical conditioning is required for extreme seasonal
conditions and natural conditioning is suitable for the balance of the year.

Non-Mechanical Environmental Management at the
Government Museum and Art Gallery

The main block of the museum incorporates several features for heat gain reduction:

« Solar radiation for illumination of the interior enters through eight longitudinal roof-
mounted lanterns or clerestories, with deep overhangs and vertical concrete daylight
baffles set at an angle to the fixed glazing on either longitudinal side of each clerestory
(see fig. 2.13d). The clerestories provide diffuse natural light while reducing the amount
of direct natural light striking, and warming, interior surfaces. However, because the
clerestories are not ventilated, they function as a heat trap for hot interior air.

- The ground-floor exterior walls and glazed openings are shaded by orientation or by the
overhanging first floor formed by the pilotis (fig. 2.16).

«  Glazed openings, one on each of the four first-floor exterior walls, consisting of full-
height undulatory windows, are set back from the exterior wall plane. The four glazed
panels constitute less than 15% of the total surface area of the first-floor walls.

« The first-floor exterior walls incorporate a thermal break, or air space, between the tile
panels on the exterior and the structural concrete on the interior (fig. 2.17). The wall
assembly appears to be a variant of Le Corbusier’s concept for a mur neutralisant cav-
ity wall or double-glazed wall. As reported by S. D. Sharma in an interview conducted
on-site with the authors on 12 February 2018, the wall assembly consists of the following
layers, which are listed from exterior to interior (measurements were originally given in
imperial units):

A. 2in. (5 cm) thick fired clay tile

B. 6to8in. (15.3 to 20.3 cm) thick reinforced concrete
C. 3in. (76 cm) wide air space

9in. (22.9 cm) thick brick

E. Plaster with paint

O
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FIGURE 2.16.
The first floor of the museum, supported by pilotis, provides shade over the ground floor along the southwest fa-
cade. © Fondation Le Corbusier. Photo: Ana Paula Arato Gongalves, 2018, © J. Paul Getty Trust.

The main block incorporates several features for natural ventilation:

A centrally located atrium, or Great Hall, 10.7 m high, open to all three stories and occu-
pying 25% of the enclosed area of the ground floor and 12% of the enclosed area of the
first floor, provides stack-effect ventilation (fig. 2.18).

Aerators approximately 2.8 m high are set in undulatory windows in the exterior walls of
the ground floor in the office, reception area, and Great Hall.

Thirty aerators approximately 5 m high are set in the exterior walls of the first-floor, two-
story-high gallery spaces and are distributed as follows: fifteen on the northwest facade
and fifteen on the southeast facade.

Aerators approximately 2.2 m high are set in the interior walls of the second-floor (mez-
zanine) spaces overlooking the first floor. The interior aerators allow cross-ventilation
through the library, the present HVAC mezzanine above the Miniatures Gallery, the
reserve collections for pottery and Gandhara sculptures, and the Bir room.

38

Environmental Management at the Government Museum and Art Gallery, Chandigarh The Building and Its Environmental Management



FIGURE 2.17.
Location of the cavity wall (indicated by dotted rectangle), shown in a drawing dated 11 June 1963. The label within
the rectangle reads “mur de briques double paroi avec vide dair” (brick wall double wall with air void). Image:

© Fondation Le Corbusier Archives.
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FIGURE 2.18.
The Great Hall opens to all three stories and provides stack-effect ventilation. © Fondation Le Corbusier. Image:
Timothy Augustus Y. Ong, © J. Paul Getty Trust.

The effectiveness of the original non-mechanical environmental management features of the
museum is compromised by the following:

Due to the original placement of aerators, cross-ventilation is highly dependent on the
availability of wind from the northwest and southeast directions.

Functionality of aerators may be reduced by limited range of movement due to corro-
sion or debris in the pivot joints.

Exhibit casework and security grilles placed in air pathways between spaces and in front
of aerators reduce cross-ventilation (fig. 2.19).

Cross-ventilation has been reduced by the installation of glazed partitions and doors at
the entrance to the Miniatures Gallery. This was done to help contain airflow when the
gallery was air-conditioned in 2003 (fig. 2.20).

Stack-effect ventilation is limited due to the lack of air outlets at the clerestory and roof
level.

Stack-effect ventilation is reduced by closure of interior and exterior aerators in second-
floor (mezzanine) spaces, including the library (fig. 2.21), the reserve collections for pot-
tery and Gandhara sculptures, the Bir room, and the HVAC mezzanine.

Stack-effect ventilation is reduced by elimination of exterior aerators at the ground floor
due to partial enclosure of spaces in the original piloti zone.
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FIGURE 2.19.

Exhibit casework and security grilles that block
openings, such as the one shown here between
the Medieval Sculptures Gallery and Metal
Sculptures Gallery, reduce cross-ventilation. ©
Fondation Le Corbusier. Photo: Chandler McCoy,
2024, © J. Paul Getty Trust.

FIGURE 2.20.
Glazed partitions and doors installed at the entrance to the Miniatures Gallery reduce cross-ventila-
tion. © Fondation Le Corbusier. Photo: Michael C. Henry, 2018, © J. Paul Getty Trust.
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Mechanical Environmental Management at the Government
Museum and Art Gallery

Mechanical environmental management at the museum includes the following equipment and
systems:

«  Two exhaust fans for mechanical ventilation are located in the clerestory above the mez-
zanine overlooking the Miniatures Gallery (fig. 2.22). Date of installation of these units has
not been determined, and they are no longer operating.

« Temperature and humidity in the Miniatures Gallery is controlled by an air-handling unit
with particulate filtration and heating and cooling coils located on the mezzanine above
the gallery (fig. 2.23). Chilled water and hot water are provided by mechanical equip-
ment in the southeast wing. The four chilled-water units are rated at 40 tons each and
are set to deliver chilled water at 7°C to 8°C. The two hot-water generators are rated at
90 kW and are set to deliver hot water at 42°C. This system was installed in 2003, and
the chilled-water units were replaced in 2022.

«  The ground-floor collections storage room in the main block is heated, cooled, and hu-
midified by two fan coil units in a mechanical room and two 17.5-ton air-cooled condens-
ers mounted on the roof of the rear block (installed in 2010).

+  The ground-floor temporary exhibition gallery in the rear block is served by approximately
fifteen ductless heating and cooling units in the spaces with twenty-two air-cooled con-
densers (1- to 2-ton capacity) mounted on the roof of the rear block (fig. 2.24).

FIGURE 2.21.
Bookcases in the second-floor library block operation of aerators that face the gallery space below. © Fondation
Le Corbusier. Photo: Chandler McCoy, 2024, © J. Paul Getty Trust.
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FIGURE 2.22. FIGURE 2.23.

One of two exhaust fans for mechanical ventilation installed in Air vents for the HVAC system installed above the
the clerestory and no longer operating. © Fondation Le Cor- Miniatures Gallery. © Fondation Le Corbusier. Photo:
busier. Photo: Chandller McCoy, 2024, © J. Paul Getty Trust. Tim Webster, 2020, © J. Paul Getty Trust.

FIGURE 2.24.
Air-cooled condensers mounted on the roof of the rear block. © Fondation Le Corbusier. Photo: Chandler McCoy,

2024, © J. Paul Getty Trust.
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+  The second-floor library and conference room are served by four ductless heating and
cooling units in the spaces, with two 2-ton air-cooled condensers mounted next to the
first-floor undulatory window and aerators on the northeast wall and two 2-ton air-
cooled condensers on the roof of the main block.

« Ductless air conditioners are installed in the library, with air-cooled condensers located
on the roof of the rear block now housing the temporary exhibition gallery (fig. 2.25).
These units were replaced in 2021.

The effectiveness of the mechanical environmental management features of the museum has
been compromised by the following:

«  The two exhaust fans in the clerestory above the mezzanine overlooking the Miniatures
Gallery may not be usable without repairs.

« During the monitoring period, the chilled-water units were not able to maintain tempera-
ture of the chilled water. This issue reportedly has been resolved by replacement of the
units in 2022.

«  The ductless air-conditioning units in the library have a high failure rate. This is appar-
ently due to variability in the quality of the incoming electrical power.

- Museum staff report a high failure rate of the mechanical equipment, generally attributed
to instability of the electrical voltage or frequency; stabilizers have been fitted to most of
the equipment. This suggests that the electrical supply to the museum is inadequate in
terms of either service capacity or quality of the utility output. Museum staff also report
that electricity, and consequently all mechanical equipment, is turned off when the mu-
seum is closed; critical security and fire detection systems remain powered.

FIGURE 2.25.
Ductless air conditioners installed on a wall of the library. © Fondation Le Corbusier. Photo: Chandler McCoy, 2024,

© J. Paul Getty Trust.
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CHAPTER 3

ASSESSMENT OF THE COLLECTION

This chapter presents the preliminary results of a collection assessment at the Government Mu-
seum and Art Gallery in Chandigarh, conducted to identify potential risks to the collection and
their probable causes. The assessment was carried out by the Getty Conservation Institute in col-
laboration with museum staff. Data were gathered through collection observations during a site
visit from 6 to 24 January 2020, environmental monitoring results, and staff interviews.

Background Information on the Collection

The collection of the Government Museum and Art Gallery consists of 12,012 items, with coins
(837%), miniature paintings (35%), contemporary paintings (11%), and Gandhara sculptures (5%) rep-
resenting the largest groups of objects. The three most valuable groups are Pahari miniature paint-
ings on paper from the eighteenth and nineteenth centuries; Indian paintings from the post-inde-
pendence erain a variety of supports and materials; and Gandhara stone sculptures. This collection
is currently managed by two professional staff and two support staff (at this time, five profes-
sional staff positions related to collection care remain open). Museum administration has eight
staff (with one vacant position at the time of writing), and museum operations has thirty-five staff
(also with one vacant position at the time of writing).

Stakeholders

Stakeholders who have a decision-making

role in relation to the collection and conser- Mission Statement

vation thereof are described below:

“Our mission is to encourage appreciation of
values embedded in Art and bring it close to
the lives of people through interpretation of
its rich collection and innovative programs.”
(Government Museum and Art Gallery, n.d.)

«  The Chandigarh administration
(governor, secretary of culture,
and museum director): funds daily
museum operations, maintenance,
and acquisitions; hires perma-
nent staff; authorizes requests for
grants to external institutions; and
approves the long-term strategic
plan of the Government Museum and Art Gallery as one of the four Chandigarh govern-
ment museums.

« Museum staff (curator and curatorial assistant): coordinate daily museum operations
and collaborate with all other external stakeholders. They are consulted during the
decision-making process, are responsible for coordinating the long-term strategic ac-
tions to improve future collection care, and are involved in acquisitions.
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Other stakeholders who may influence decisions regarding the collection include the following:

- External experts: advocate for the museum collection worldwide and use the museum’s
collection for research. They play a role in acquiring new works that fall within their do-
main of expertise.

«  The Development and Research Organisation for Nature, Arts and Heritage (DRONAH):
engaged by Punjab Engineering College to conduct research into the building, land-
scape, and interiors; coordinated efforts to write a Conservation Management Plan
(CMP) for the museum, including its collection; and assists in developing the necessary
documentation to request government funding to realize the CMP.

« The Getty Conservation Institute: through its Managing Collection Environments and
Conserving Modern Architecture Initiatives, collaborates with museum staff to provide
advice related to care of the collection.

«  Local community members and visitors: the main museum audience. They play an im-
portant role in influencing how the collection and museum spaces are used.

Storage

Staff at the museum indicate that acquisitions have slowed due to lack of storage space. This has
a particular impact on the collection of contemporary art. In response, capacity of the current
storage spaces may be enlarged slightly by adding additional archival storage systems, but this
will not entirely resolve the problem of needing more storage. Proposed actions elsewhere in the
museum may further impact the limited storage space, including

- removal or repurposing of current indoor storage spaces;

« removal of the Child Art Gallery as recommended by the CMP, which is a space that
could function as storage if it were retained;

- relocation of objects in the Bir room on the second floor due to this room’s unsuitable
environment, a move that would put further strain on existing storage areas; and

« designation of temporary collections storage that will be needed during any future
building renovation campaigns.

Loans

Each year, the museum receives several national and international loan requests that are predomi-
nantly for items in the miniatures collection. Some administrative and logistic support for outgo-
ing loans is currently being provided by staff at the National Museum in Delhi. For the most part,
however, the museum staff must travel with the works that leave Chandigarh.

Several museum stakeholders have shown an interest in getting objects loaned from other institu-
tions as part of future exhibition programs. This is challenging due to the lack of environmental
control at the museum. Staff express a desire to focus their energy and attention on exhibitions
primarily on India and on requesting loans from other Indian museums. Likewise, this is also a chal-
lenge due to the diverse climate conditions throughout India.

Programming

Stakeholders express a wish for the museum to become a cultural hub, with temporary exhibi-
tions as part of its programming. While there is a need for a more specific definition of the type of
programming desired, presumably the building and the collection can accommodate a variety of
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programs and exhibits taking place simultaneously. There is a particular interest in the creation of
an expertise center for Pahari miniatures.

Staffing Needs

At present, the museum has a small staff compared to the size of its collection, its mission and
programming, and its aspiration to increase its lending and borrowing with other museums. Cu-
ratorial and other staff have multiple duties that include organization of exhibitions and oversight
of programming, documentation, and basic conservation functions, particularly for collections in
storage. Although staff work hard to juggle this heavy and disparate workload, it would be helpful
for the museum’s directorate to consider adding more curatorial, conservation, and administrative
positions.

The current number of staff limits their ability to focus on preventive conservation and to address
security issues that could leave the museum vulnerable to additional risks. At the time of the Janu-
ary 2020 visit and assessment, the museum had no integrated pest management or emergency
planning and preparedness protocols. The museum’s plan to increase loans in the future could be
compromised by lack of staff with experience in environmental and other requirements of objects
on loan.

As the museum plans the future development of its spaces and programming, the addition of
a conservator or conservation technician trained in preventive conservation in future develop-
ment proposals and budgeting requests would be advisable. The appointment of such a specialist
would better position the museum to fulfill its ambitions.

Exhibition Design

As discussed in the introduction to this report, the designer Ratna Fabri's exhibition furniture was
intended to complement the building and create appropriate ways to display the varied collec-
tions in the expansive gallery spaces designed by Le Corbusier. The exhibition design is therefore
identified in the museum’s CMP as having exceptional significance and the need to be preserved
and retained wherever possible (DRONAH 2019). However, it is important to recognize that some
of the display cases are difficult to operate and may require adaptations that respect their cultural
significance.

Some of the measurements taken during the assessment were used to analyze the microenviron-
ment of the display cases. Environmental monitoring results have found them to be effective in
reducing the range of fluctuations in relative humidity within the cases.

Composition of the Collection

This collection is part of the government museums that administratively belong to the Union Ter-
ritory of Chandigarh. Other museums in this group are the Chandigarh Architecture Museum and
the Natural History Museum, which, like the Government Museum and Art Gallery, are in sector 10
of the city, and the National Gallery of Portraits, located in sector 17.
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The composition of the collection and its historical relevance are adequately described in the CMP
(DRONAH 2019, 40-41,105-16). Table 3.1 and figure 3.1 summarize the quantity of each type of ob-
ject in the collection. Table 3.2 and figure 3.2 indicate how much each type of object contributes
to the overall value of the collection.

The following observations can be made on the composition and value of the collection:

«  Paperis alarge and highly valued part of the collection (miniatures, manuscripts, and
scrolls). This excludes the collection of letters on the development of Chandigarh,
present in the library. Many of these works are small and intended to be viewed at close
range so that the viewer can properly engage with them and appreciate the details.

»  Metal (sculptures and coins) represents a large number of items but with relatively less
value. Coins, in particular, can be stored and displayed in a compact way.

TABLE 3.1. Decorative ~ Wasli

: . . Glass arts <1%
Number of Objects per Group in the Museum Collection paintings % (34)

<1%
1) (200)

%
(No. of Objects)

Group

Gandhara
sculptures
Coins 37 (4,419) 5%
(627)

Miniature paintings | 35 (4,267)

Contemporary 11 (1,300)
paintings
Gandhara 5 (627)
sculptures
R Miniature

Textiles 1(259) i paintings

35%
Pottery 2 (225) (4267)
Stone sculptures 2(217) :
Decorative arts 2 (200)
Contemporary 1(167)
sculptures Contemporary
Manuscripts 1(103) Textiles pa;T;‘gs

2% (1300)
Metal sculptures 1(100) (259)
Stone
Terracotta 1(72) Terracotta Contemporary Metal sculptures
. 2%

Wasli <1 (34) (:;‘}26) S:;(Qs Mam;.;:rlpts SCUI]'_);ures sculf;ures (217)
Glass paintings <1(14) @ (103) (167) (100)
Scrolls <1(8) FIGURE 3.1.

Composition of the collection of the Government Museum and Art Gal-
lery by percentage and number (in parentheses). Chart: Cecilia Winter,
© J. Paul Getty Trust.

Total 100 (12,012)
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TABLE 3.2. Decorative arts

. . Glass 1%
Value of Each Group in the Museum Collection paintings Wasli
as a Percentage of the Collection’s Overall Value Coins 1% 1%
Scrolls 2% Pottery
o Terracotta 1% 1%
Group 3 1%
Miniature paintings | 35 Te;;:es
antgmporary 15 Manuscripts
paintings 2%
Gandhara

Gandhara 15 sculptures
sculptures Contemporary 15%

sculptures
Stone sculptures 10 5%
Metal sculptures 7
Contemporary 5
sculptures Contemporary

paintings
Textiles 3 15%
Manuscripts 2 Miniature
paintings
Coins 2 Metal 35%
sculptures
Terracotta 1 7%
Scrolls 1 Stone
sculptures
Glass paintings 1 10%
Decorative arts 1
Wasli 1
Pottery 1
Total 100 FIGURE 3.2.
ota Percentage of value of each group in the collection.

Chart: Cecilia Winter, © J. Paul Getty Trust.

« Larger sculptures (Gandhara sculptures, stone sculptures, and contemporary sculp-
tures) are numerically a smaller part of this collection but take up considerable space
in both storage and exhibition. Works can be heavy to handle. Materials vary (different
types of stone, wood, plaster, and other materials).

- Contemporary paintings are an important part of the collection, but due to lack of stor-
age space there has been no active acquisitions in recent years. A variety of supports
and painting materials are used.

« The Holy Sikh scriptures (scrolls and manuscripts) are largely stored in the Bir room. The
scriptures in this room can be consulted and handled under certain conditions and only
by Sikh personnel at the museum.

- Textiles are not among the most valuable groups in the collection. Only a limited num-
ber of pieces were on display at the time of assessment.
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Preliminary Assessment of the Collection

The goal of this assessment is to improve collection care by targeting specific issues and suggest-
ing short-, mid-, and long-term changes without increasing risk. A collection environment should
be thought of as an organism in which small changes can have a large impact. More in-depth as-
sessment was conducted in collaboration with museum staff and based on environmental moni-
toring to allow for a better understanding of the different agents of deterioration that affect the
collection and the relationships between them.

Method

This assessment used the agents of deterioration (Canadian Conservation Institute 2017) and the
ABC method to assess risks to the collection (Canadian Conservation Institute 2021). These agents
(fire, vandalism, and water, among others) can, in certain quantities, have a negative impact on the
life of a collection. Understanding them is useful in developing strategic plans for the preventive
conservation of a collection.

Every agent has a source and follows a path that leads to an effect. For example, discoloration
(an effect) can be caused by light (an agent) or by exposure (a source) that is introduced through
clerestories (a path). The landscape and the building envelope are considered the first line of
defense to interrupt the path of a source, keeping it from entering the building. Therefore, the
importance of understanding the building envelope cannot be underestimated.

Some of these agents are discussed in the CMP for the Government Museum and Art Gallery, in
particular chapter 5, section 5.5: Collection (DRONAH 2019, 205-11), and section 5.8: Risk Assess-
ment (217-34). The results presented below can be considered as an addition to these discussions
and may repeat some findings to confirm or contextualize the results brought forth in the CMP.

Process

During the January 2020 visit, installation of the environmental monitoring equipment was com-
pleted and some data were collected on light and microenvironments. This included spot read-
ings of UV and visible light values that were measured throughout the exhibition spaces in five
directions (upward, northeast, southeast, southwest, and northwest).

Over several weeks, measurements in the miniatures and contemporary art storages focused on
buffering qualities of the archival furniture and materials, as well as the influence of the HVAC in-
stallation on different spaces in the storage.

In addition, targeted observations of the collection and the building envelope were made in rela-
tion to the collection. The second part of the inspection was minimal since DRONAH had con-
ducted a detailed condition assessment of the building envelope and interiors.

This information was later complemented by the findings of the environmental monitoring, which
are presented in detail in chapter 5 of this report.
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Agents of Deterioration

Figure 3.3 summarizes the results of the risk assessment for the museum’s collection. It is impor-
tant to note that this report focuses on proposing strategies to improve the environment for the
collection and building occupants; therefore, these strategies may have a significant impact on
lowering some of the current risks, but they do not target all risks. Current risks targeted by strate-
gies proposed in this report are highlighted in boldface in figure 3.4. Some of the major risks iden-
tified, such as risk of fire or physical damage from moving display cases, are not part of the scope
of work for this project; development of a plan to manage these risks remains of utmostimportance.

W A. Frequency or Rate

Major fire

HVAC equipment failure causing damage to miniatures in storage

Mold in storage due to high RH and lack of ventilation

Light fading of pristine miniatures

Accidental physical damage during movement of vitrines with objects inside
Oxidation of miniatures due to VOC of wooden furniture in storage
Acelerated chemical degradation of paper in galleries due to high temperatures
Loss of object data or associated data (written, computer)

Insect damage

Staff retirement, loss of knowledge

Physical damage resulting from storage overcrowd

Inadequate support causing damage to objects

Oxidation causing damage to coins inside plexi cases

Light/UV damage to sensitive contemporary art

HVAC condensation causing damage to objects in storage

Isolated theft of miniatures by visitors of storage

Roof/window/aereators leak causing damage objects in galleries

Use of inappropriate material for housing objects in storage

Incomplete or missing (location) registration, object out of place, unidentified object or non-collection item
Mold grow on back of contemporary paintings due to dampness of north wall
Physical damage resulting from continual handling and touching in galleries
Light fading of faded miniatures

Delamination of schist stone (intrinsic)

Use of inappropriate material / preparation method causing damage to paintings in micro-climate frames
Damage caused by fire, incl. smoke, soot and water damage

RH variation causing crack to wooden objects and paintings

Leak or flooding causing damage objects in storage

Isolated vandalism

Mold in galleries due to high RH

Oxidation causing damage to metal outside cases

Major theft (professional heist)

Accidental physical damage during maintenance, security or repair operations
Oxidation causing damage to metal in cases

Physical damage to the collection from crowds during visitation

Rodents and birds (defecation and nests)

Dust causing damage to objects

FIGURE 3.3.

OB. Loss of value to each affected item B C. Items affected

I

°
«n

Magnitude of risks identified for the collection. Chart: Cecilia Winter, © J. Paul Getty Trust.
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B A. Frequency or Rate

Major fire
HVAC equipment failure causing damage to miniatures in storage

Mold in storage due to microclimate high RH and lack of ventilation

Light fading of pristine miniatures

Accidental physical damage during movement of vitrines with objects inside
Oxidation of miniatures due to VOC of wooden furniture in storage

Acelerated chemical degradation of paper in galleries due to high temperatures

Loss of object data or associated data (written, computer)

nsect damage

Staff retirement, |

Physical damage resulting from st

Inadequate support causing damage to objects

Oxidation causing damage to coins inside plexi cases

Light/UV damage to sensitive contemporary art

HVAC condensation causing damage to objects in storage
Isolated theft of miniatures by visitors of storage
Roof/window/aereators leak causing damage objects in galleries

Use of inappropriate material for housing objects in storage

Incomplete or missing (location) registration, object out of place, unidentified object or non-collection item

ow on back of contemporary paintings due to dampness of north wall
>hysical damage resulting from continual handling and touching in galleries
Light fading of faded miniatures

Delamination of schist stone (intrinsic)

Use of inappropriate material / preparation method causing damage to paintings in micro-climate frames
Damage caused by fire, incl. smoke, soot and water damage
RH variation causing crack to wooden objects and paintings
Leak or flooding causing damage objects in storage

Isolated vandalism

Mold in galleries due to high RH

Oxidation causing damage to metal outside cases

Major theft (professional heist)

Accidental physical damage during maintenance, security or repair operations
Oxidation causing damage to metal in cases
Physical damage to the collection from crowds during

sitation

Rodents and birds (defe

on and nests)

Dust causing damage to objects

FIGURE 3.4.

OB. Loss of value to each affected item B C. Loss of value as % of collection
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Highlighted risks (in boldface) can be affected by environmental management of the collection and are the focus of
this report and the proposed strategies in chapter 5. Chart: Cecilia Winter, © J. Paul Getty Trust.

The scale of the risks identified in figure 3.3 should be analyzed according to table 3.3.

Fire

Fire, manifesting either indoors or outdoors, can cause total or partial destruction of a collection
and can cause damage due to exposure to soot or smoke.

Sources. The main potential source of damage at the museum seems to be dated electrical wir-
ing and use of older electrical equipment. Moreover, the pest problem faced by the museum in-
creases the risk of short circuits (fig. 3.5). A positive factor, however, is that the main power supply
to the museum is disconnected outside of opening hours.

Paths. Any fire originating in the surrounding sector or within the building would be fueled by air
movement caused by cross-ventilation within the building, which occurs when the exterior and in-
terior aerators are open. This is less of a concern in storage rooms where cross-ventilation does not
take place. Timely fire control will likely be challenging due to the museum’s lack of a fire protocol,
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TABLE 3.3.
Magnitude of Risk Scale with Implications

Magnitude of Risk General Implications of the Range

15-13% Catastrophic Priority:
All or most of the asset value is likely to be lost in a few years or less.

13-1% Extreme Priority:

Significant damage to all the heritage asset or total loss of a significant fraction of the heritage
asset is possible in a decade or less.

1-9% High Priority:

Significant loss of value to a small fraction of the heritage asset is possible in a decade, or
significant loss to most of the collection is possible in a century.

9-7% Medium Priority:
Moderate damage or likelihood of loss over many decades. Or significant loss over most of the
heritage asset that is expected to take many millennia.

7-5% Negligible Priority:
This level of risk means one expects tiny or miniscule damage to occur to a tiny fraction of the
heritage asset value in centuries.

Source: Canadian Conservation Institute 2021, table 23.

a complicated key system (keys are divided among various personnel authorized to open differ-
ent doors), and lack of a smoke-detection or automated fire-extinguishing system. Additionally, the
distance to a number of fire exits exceeds 30 m (around 100 ft.) because of blocked stairways or
partitions.

Itis unclear if the fiberboard used as ceiling coverings is flammable. Combined with pests and old
wiring systems, this material could become fuel for a potential fire. However, fire propagation will
likely be slowed by the relatively large distance between objects on display; by the use of other,
less flammable construction materials (mainly concrete, glass, terrazzo tiles, metals); and by non-
original partitions in the building.

Observed effects. Evidence of short-circuiting of the electrical system was observed in one loca-
tion. The CMP mentions past incidents of short circuits and observation of soot deposits on aera-
tors (fig. 3.6) (DRONAH 2019).

Potential effects. Both objects and people are in danger due to the potentially slow response in
the event of a fast-spreading fire. Organic materials are most at risk, though the display cases
provide some protection from both open flames and soot deposits.

Water

Water can cause damage in its extreme form such as natural disasters, as well as gradual damage
over time through leaks (from the roof, wall openings, and pipes), condensation, rising groundwa-
ter, or even an accidental spill.
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FIGURE 3.5.
Rodent droppings at the bottom of a fuse box in the Gandhara Sculptures Gallery. © Fondation Le Corbusier. Photo:
Annelies Cosaert, 2020, © J. Paul Getty Trust.

FIGURE 3.6.
Soot deposit on an aerator as seen from the Medieval Sculptures Gallery toward the reserve collection of sculptures
and pottery. © Fondation Le Corbusier. Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.
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Sources. The main source of water damage comes from minor to heavy rainfall, especially dur-
ing the monsoon season (fig. 3.7). Malfunctioning air-conditioning or condensation around such
equipment could be another source of water damage. Flooding on the ground floor or through
aerators could increase the relative humidity indoors, leading to mold and mildew outbreaks, and
damage objects and display cases.

Paths. The predominant paths through which water enters the museum are the roof and clere-
stories. Museum staff report that whenever a roof leak is repaired, the water finds another way to
enter, indicating that a comprehensive roof covering replacement is likely needed. Additionally,
the CMP (DRONAH 2019) mentions that leakage has occurred through aerators during heavy rain
and wind events. Objects and exhibition furniture affected by leaks are currently protected by
plastic sheeting (fig. 3.8) or have been relocated. In the exhibition spaces, the majority of objects
are elevated off the floor on pedestals and/or in display cases; however, this is not the case in the
storage spaces, where bulky items are stored on the ground due to lack of suitable storage furni-
ture and space (fig. 3.9). These objects have limited or no barrier to protect them from potential
damage from flooding or leaks.

FIGURE 3.7.
Water damage to the fiberboards on the ceiling caused by rain seeping through the roof of the Coin Section.
© Fondation Le Corbusier. Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.
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FIGURE 3.8.
Plastic sheeting is used to protect exhibition furniture from leakage in the roof in the Gandhara Sculptures Gallery.
© Fondation Le Corbusier. Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.

FIGURE 3.9.
In the storage space for miniatures, larger objects are placed against cabinets, some objects are stored on top of
shelving units, and some are protected by plastic sheeting. © Fondation Le Corbusier. Photo: Annelies Cosaert,

2020, © J. Paul Getty Trust.
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Observed effects. Salt deposits were observed on floors (fig. 3.10), as was staining on exhibition
furniture (fig. 311) and on objects due to water.

FIGURE 3.10.
Salt deposits caused by water percolating through the concrete roof and landing on the floor. © Fondation Le
Corbusier. Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.

FIGURE 3.11.
Detail of staining from water on exhibition furniture in the Gandhara Sculptures Gallery. Photo: Annelies Cosaert,

2020, © J. Paul Getty Trust.
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Potential effects. Continuous roof leaks can lead to deterioration of the fiberboard ceiling and
potentially result in partial collapse if left untreated. This can cause mechanical damage to objects
in addition to further staining, warping, and increased development of mold.

Damage such as staining, mold outbreaks, structural weakening, deformation, and bleeding is likely for
all objects, but especially for objects on the ground floor and predominantly in the storage facilities.

Light Exposure

Light damage can occur through exposure to both natural and artificial light. Damage can be caused
by visible light, UV light, and infrared radiation. While natural light is often considered the brightest
and therefore the most damaging, artificial sources such as ceiling lights, object-specific lighting,
emergency lighting, and flash photography can contain high levels of light over the whole spectrum.

Sources. Light measurements (visible light and UV) have indicated that light levels throughout
the exhibition spaces are high overall. The predominant source is natural light. Artificial-light levels
change throughout the exhibition due to the various types of fixtures and light bulbs in use.

Paths. The predominant sources of high levels of light are the clerestories, which are located
above all exhibition spaces that are two or three stories tall (fig. 312). The large window openings
located on all four sides of the building also let in natural light, but because these windows face
rooms that are only one story tall and are recessed a few meters from the main building facade,

FIGURE 3.12.
Sunlight penetrating exhibition spaces through clerestories in Contemporary Art Gallery Il during winter. © Fonda-
tion Le Corbusier. Photo: Tim Webster, 2020, © J. Paul Getty Trust.
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they are somewhat protected and thus also allow in less light (fig. 3.13). Furthermore, these win-
dows are always equipped with some type of blind or curtain. High levels of light are also mea-
sured next to open aerators; this light path as well is local, can be traced, and is often blocked by
concrete columns (fig. 314).

Artificial light is provided by either original fixtures or new systems. The original fixtures are often
in close proximity to the object, which can overexpose and overheat the object (fig. 315). Various
types of light bulbs are used throughout the museum.

The works in the Contemporary Art Galleries and the Miniatures Gallery can be considered per-
manent or semipermanent. While light from the terrace windows is sometimes filtered by UV film
on the glass and by curtains or blinds, clerestories are not currently equipped with any type of
light management. Light-meter readings taken in January 2020 indicate the collection is exposed
to high levels of light during the day. In addition, they are constantly exposed to artificial lighting
during opening hours.

FIGURE 3.13. FIGURE 3.14.
Natural light is filtered through the northeast terrace Natural light penetrating through aerators and cleresto-
window coverings in Contemporary Art Gallery Il. © ries in the Gandhara Sculptures Gallery. © Fondation
Fondation Le Corbusier. Photo: Annelies Cosaert, 2020, Le Corbusier. Photo: Annelies Cosaert, 2020, © J. Paul
© J. Paul Getty Trust. Getty Trust.
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FIGURE 3.15.

Original light fixtures in the Gandhara Sculptures Gallery. © Fondation Le Corbusier. Photo: Annelies Cosaert, 2020,

© J. Paul Getty Trust.

Observed effects. Three material types are
particularly sensitive to light damage: paper
(fig. 316), textiles (of which there were only few
on exhibition at the time of assessment), and
all contemporary art materials. Fading of the
miniatures has been reported based on com-
parison with historical photographs of these
objects. Exhibition furniture textiles also clearly
show signs of fading (fig. 317).

Potential effects. While clear signs of fading
were observed, there have been no visible signs
of structural instability of artworks believed to be
caused by light exposure. However, if artworks
sensitive to light damage remain on display for
long periods of time unprotected from natural
light, they will decay further and fade, and it will
become increasingly challenging for the visitor
to appreciate their details (this is of great impor-
tance for the miniature paintings). If curtains or
blinds are removed, objects will need additional
protection from exposure to daylight.

FIGURE 3.16.

Miniature paintings exposed to natural light from the
clerestory above. © Fondation Le Corbusier. Photo: An-
nelies Cosaert, 2020, © J. Paul Getty Trust.
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FIGURE 3.17.
Fading of textiles on freestanding panels became evident after artworks were removed in Contemporary Art Gallery
I. © Fondation Le Corbusier. Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.

Pests and Plants

Pests, other animals, and plants can cause all types of damage. (For mold, see the section “Incor-
rect Temperature and Relative Humidity” below.) Under the right conditions, pests and plants can
spread rapidly and exponentially.

Sources. Insects, rodents, and birds can find their way inside the building in different ways.
Plants were not identified as posing any risks to the collection at the Government Museum and
Art Gallery.

Paths. Pests can penetrate the building envelope in several places. At the museum, there appear
to be two predominant paths of entry. The first is the museum’s reception area, where both the
main entrance door and the door to the Great Hall stay open during opening hours. The second
path is through the fiberboard used on the ceiling outdoors above the recessed windows (fig.
318). This fiberboard is showing signs of decay and may provide a way for small- to medium-size
animals to enter the interstitial ceiling space and spread throughout the museum undetected.
While storage areas are accessed through a separate entrance and do not have fiberboard ceil-
ings, they are connected to the mechanical room and to one another. Therefore, if an animal en-
ters one of these spaces, it may gain access to the others as well (fig. 3.19). In some cases, screens
have been installed in cavities connecting rooms to prevent animals from traveling between them
(fig. 3.20). Another issue is the consumption of food in museum spaces. This could attract larger
animals such as rodents, birds, and squirrels.
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FIGURE 3.18.
Damaged fiberboard panels on the ceiling of an exterior recessed window allow pests to enter interstitial ceiling
space. © Fondation Le Corbusier. Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.

FIGURE 3.19.
Wall openings connect the contemporary art storage and miniatures storage with the mechanical room. © Fonda-
tion Le Corbusier. Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.
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Observed effects. Signs of the presence of
rodents were observed in the exhibition hall,
library, storage areas, and director’s office dur-
ing the 2020 visit. Evidence of animals and in-
sects was also found in exhibition spaces and
in the ceiling space (fig. 3.21). However, few
objects show visible damage from insects or
rodents.

Potential effects. If the interstitial ceiling space
is found to have large quantities of dead ani-
mals or insects and their droppings, cleaning
that space would constitute a health hazard
and require workers to wear appropriate pro-
tective equipment. On the other hand, not ad-
dressing this issue could pose a major fire risk
for the museum.

Damage caused by pests over the long term
can weaken objects structurally, stain them,
and create losses. At major risk for the Gov-
ernment Museum and Art Gallery is the tex- FIGURE 3.20.

tiles collection; not only is it vulnerable to this Screen separating two spaces to avoid circulation of
t fd but it is al itored and birds and larger animals between rooms. © Fondation
ype of damage, but 1t 1S also monitored an Le Corbusier. Photo: Annelies Cosaert, 2020, © J. Paul
inspected less frequently because of its lower Getty Trust.

value compared to that of other collections.

FIGURE 3.21.
Dead insects visible inside a light fixture mounted in the ceiling. © Fondation Le Corbusier. Photo: Annelies Cosaert,

2020, © J. Paul Getty Trust.

63

Environmental Management at the Government Museum and Art Gallery, Chandigarh Assessment of the Collection



Food inside the building obviously attracts pests. Lack of an appropriate space for food storage
and for eating meals outside the museum, especially for staff, makes it difficult to completely de-
ter staff and visitors from bringing food into museum spaces.

Physical Forces

This category includes all physical forces that have an impact on objects, including gravity, wear,
and handling by museum personnel, visitors, and other external factors. Like fire and water, physi-
cal forces can also occur in extreme forms such as natural disasters.

Sources. People handling the objects are the most significant source of damage due to physical
forces.

Paths. Museum personnel’s lack of training in
art handling can result in damage due to ac-
cidents. Because most display cases are labor-
intensive to open, they are sometimes moved
with the objects inside. Additionally, there are
often no barriers between visitors and objects,
particularly concerning the indoor and outdoor
sculptures, which can lead to both unintention-
al and intentional damage.

The condition of some exhibition furniture or
architectural elements, such as the fiberboard
ceiling, can make them unstable, posing risk to
nearby objects. Another potential issue is the
use of unsuitable mounts for hanging fragile
objects. Further, not removing all objects from
a space that is being prepared for a new exhi-
bition or that is being renovated can also pres-
ent the risk of damage (fig. 3.22).

Observed effects. Scratches (fig. 3.23), impact
damage leading to loss (fig. 3.24), and paint splat-
ters (fig. 3.25) have been found on works of art FIGURE 3.22.
caused either by improper handling or by insuf-  Painting without removal of contemporary artwork in
fic]ent protection when mount]ng an exhibit. the Great Hall. © Fondation Le Corbusier. Photo: An-

. . nelies Cosaert, 2020, © J. Paul Getty Trust.
The rope used to hang two-dimensional works
is often made of cotton, an organic material that
deteriorates over time and is not recommended for heavier objects. Other mounting techniques were
found to cause cracks from the back to the front of the object, weakening its stability. Some book sup-
ports are unsuited (fig. 3.26), both in the library and for the exhibition of manuscripts. More well-suited
mounts were observed elsewhere in the museum (fig. 3.27), and the way these are used in consultations
in the Bir room is appropriate. An angled support for consultation or display of books is recommmended,
as it causes less strain on the book cover and binding.
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FIGURE 3.23.
Scratches likely caused by a sharp object or by movement from an object in close proximity in Contemporary Art
Gallery Il. Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.

FIGURE 3.24.
Dent on a Gandhara sculpture that could have been caused by improper handling of the object. Photo: Annelies
Cosaert, 2020, © J. Paul Getty Trust.
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FIGURE 3.25.
Paint splatters on an artwork in Contemporary Art Gallery |, likely originating when the gallery wall was painted in the
past. Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.

FIGURE 3.26.
This support is flat and not high enough, making it unsuited for book display in the Miniatures Gallery. Photo: An-
nelies Cosaert, 2020, © J. Paul Getty Trust.
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FIGURE 3.27.
An angled, raised support is the recommended method for book display, as shown in the Miniatures Gallery, similar
to the support used to consult Sikh manuscripts. Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.

Potential effects. Handling and transport will become more important if the museum increases
its number of loans.

Contaminants

Contaminants include the effects of gases, vapors, liquids, or dust on objects. These contami-
nants can be related to different types of outdoor pollution entering the museum or can origi-
nate within the museum itself. Objects in the textiles collection that are currently stored in small
wooden cabinets need to be folded or rolled to avoid cracks over time.

Sources. Indoor sources of contaminants are predominantly products used within the museum
mainly for maintenance, including cleaning products, paint, and pesticides. Additional sources are
animal droppings, urine, or carcasses of pests. Newer mounting materials and display case materi-
als can also be sources of contaminants.

Outdoor sources include urban pollution from fuel burning for heating and cooking and from
combustion vehicles.

Paths. Natural ventilation can draw in outside pollution. Conversely, ventilation can play a positive
role in venting out harmful indoor pollutants. Indoor pollutants potentially come from the storage
of chemical products, such as for cleaning, in exhibition spaces or other spaces close to collection
objects.
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Objects in display cases are partially protected from both particle and gaseous pollutants. How-
ever, when display cases are cleaned with aggressive products and not allowed to air out, gaseous
pollutants cannot escape and can create a long-lasting, hazardous environment for the objects
housed within.

Overall, the exhibition rooms and storage areas are clean, but traces of excessive cleaning were
noted on display cases and construction materials. The smell of most of the maintenance prod-
ucts used (paint, floor cleaning product, and glass cleaner used to clean the interior of display
cases and other surfaces) was extremely strong; these products should be evaluated for aggres-
sive gaseous pollutants.

Dust deposits were rarely observed, and the choice of packing materials is relatively good.

Observed effects. The clear acrylic material used in the coins display cases is showing signs of
deterioration (fig. 3.28). This material presumably can generate gaseous pollutants that can cause
corrosion. In addition, aggressive cleaning materials, combined with other agents, can play a role
in the corrosion of metal sculptures and staining of the display case lining. Stains on the lining
may also be caused by the board underneath the lining, since these stains have been frequently
observed in different types of cases and on non-enclosed exhibition furniture throughout the mu-
seum (fig. 3.29).

FIGURE 3.28. FIGURE 3.29.
Coins case made of clear acrylic, showing visible Staining of display case lining in the Metal Sculptures Gallery,
deterioration that can potentially generate gaseous most probably caused by a combination of factors, including the
pollutants. Photo: Annelies Cosaert, 2020, © J. Paul board used underneath the lining and high humidity. Photo: An-
Getty Trust. nelies Cosaert, 2020, © J. Paul Getty Trust.
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Potential effects. A new ventilation protocol can change the environmental dynamic of the building.

Incorrect Temperature and Relative Humidity

Incorrect temperature and relative humidity (RH) accelerate chemical degradation, promoting
biological activity and inducing mechanical stress. Inappropriate RH levels lead to mold growth,
metal corrosion, and swelling of organic materials, while low RH causes drying, shrinkage, and
cracking. Extreme variations in RH and temperature create stress on objects, especially those
made from composite materials, leading to warping, delamination, or joint failure.

Sources. The predominant source of incorrect temperature and RH is the outdoor climate and
sunlight. Indoors, artificial light is an additional source of high temperatures.

Paths. The building envelope is by nature open
to natural ventilation through the use of aera-
tors. All gallery spaces in the museum closely
follow the trends in exterior air temperature,
humidity ratio, and RH. However, the building
envelope clearly has a buffering effect. The

Miniatures Gallery is the only exhibition room
controlled by an HVAC installation (fig. 3.30),
but the environmental monitoring data sug-
gest that the environments in the galleries with
and without air-conditioning were largely iden-
tical (see chap. 4, p. 85).

by
1

The storage spaces have no natural ventilation

and are controlled by an HVAC system. While

the contemporary artworks are predominantly
stored on metal shelving units, the miniatures

are stored in wooden boxes placed in metal

or wooden cabinets. The HVAC system serv-

ing the miniatures storage room appears to j
perform well (see chap. 4, p. 88). The small 3
volume of the space, its minimal external heat

——

]

and moisture loads, and a simple HVAC system
contribute to its good performance.

Display cases were found to be effective in re-
ducing the range of fluctuations in RH within
FIGURE 3.30.

the cases but had little effect on temperature HVAC installation in the Miniatures Gallery. © Fondation Le Cor-
(see chap. 4, p. 90). busier. Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.
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Observed effects. The observed effects are often caused by a combination of factors. In the ex-
amples chosen, temperature and RH may have played a predominant role in causing these effects.

Some of the works on paper show signs of
undulation, or curling (fig. 3.31). Corrosion was
observed on metal objects (fig. 3.32), and stain-
ing was evident on exhibition textiles. Also not-
ed was deterioration of manuscripts, delami-
nation of paint layers on polychrome wooden
sculptures (fig. 3.33), and possibly nonhistori-
cal cracks in wooden sculptures (fig. 3.34).

Potential effects. Improper maintenance and
operation of HVAC systems and improper man-
agement of natural ventilation can increase the
risk of mold outbreak.

FIGURE 3.31.

Undulation, or curling, appears in a framed artwork on
paper in Contemporary Art Gallery Il. Photo: Annelies
Cosaert, 2020, © J. Paul Getty Trust.

FIGURE 3.32.
Corrosion of a metal sculpture in a display case. Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.
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FIGURE 3.33. FIGURE 3.34.

Detachment of paint layer on a polychrome wooden Cracks in a wooden sculpture. Some cracks are
sculpture in the Medieval Sculptures Gallery. Photo: presumably historical, but others seem more recent.
Annelies Cosaert, 2020, © J. Paul Getty Trust. Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.

Theft and Vandalism
Theft and vandalism are perpetrated by people, known or unknown, who intentionally steal or
damage collection items during or outside of opening hours.

Sources. Visitors, personnel, and professional thieves can be sources of theft and vandalism. Af-
ter a professional break-in took place in the 1970s at the museum, metal grilles were installed on
windows and doors (fig. 3.35).

Paths. The current system, which allows different people to open different doors, combined with
the closing ceremony of the museum (during which the main entrance is sealed with wax for the
night), is relatively safe against theft by a third party but presents challenges in situations that may
require an emergency response, as mentioned above in the section “Fire”

Window grilles protect against external intruders outside of museum hours. During the 2020 visit,
a ladder was found outside next to one of the terraces (fig. 3.36). This can allow a thief or vandal
easy access to some of the terraces.

The mounting system for the contemporary art collection consists of hooks and cotton ropes.
These make the objects easy to remove. However, the works are large and difficult to steal during
opening hours. Smaller objects are overall secured. Security cameras are present throughout the
museum (fig. 3.37). The extent to which the CCTV system is maintained is unclear.

A
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FIGURE 3.35.
Grilles were installed on windows and doors after a theft occurred at the museum in the 1970s. © Fondation Le
Corbusier. Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.

FIGURE 3.36.
Equipment such as this ladder, lying next to the museum building, can facilitate access for intruders. © Fondation Le
Corbusier. Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.
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During museum hours, at least two staff monitor
the exhibition rooms. These personnel do not al-
ways move through the spaces in a coordinated
way. At nighttime, after the main entrance door of
the museum is closed and sealed, security guards
keep watch outdoors. Security cameras indoors
stay active 24/7.

While active vandalism has not been reported, visi-
tors do touch objects occasionally out of curiosity.

Observed effects. There were no observed effects
during the visit.

Potential effects. If grilles are removed, additional
steps need to be taken to maintain the existing se-
curity levels.

Dissociation

Dissociation is the detachment of objects from the
information about these objects; for example, in-
formation indicating where the object is located
or the different parts of the object. This can occur
due to loss of archival resources, undocumented

FIGURE 3.37.

A security camera mounted on a museum wall.

© Fondation Le Corbusier. Photo: Annelies Cosaert,
knowledge of museum personnel, or loss of identi- 2020, © J. Paul Getty Trust.

fication numbers.

Sources. Dissociation can occur through improper implementation of museum protocols of ac-
quisition and displacement of objects.

Paths. The museum'’s paper archives have been only partially digitized. However, these registration
procedures seem to work for museum staff, and photos are available for almost all objects.

Observed effects. No dissociation effects were observed during the visit.

Potential effects. During construction work, many objects need to be moved, and these reloca-
tions must be logged carefully. Loss of institutional knowledge and understanding of the collec-
tion due to retirement and other staffing changes pose future challenges in the management of
the museum.

Conclusions
Decision-makers for the Government Museum and Art Gallery should consider that the risk of a major

fire has been identified as the largest risk and the only one in this assessment to rise to the level of ex-
treme priority. However, developing strategies to manage this risk are outside the scope of this report.
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All other risks identified can be considered medium priority risks or lower. This report focuses on
the medium priority risks that can be affected by the environmental management of the collection
and that are targeted by the proposed strategies discussed in chapter 5. These risks are as follows:

«  HVAC equipment failure causing damage to miniatures in storage

«  Mold in storage due to microclimate high RH and lack of ventilation

« Light fading of pristine miniatures

« Accelerated chemical degradation of paper in galleries due to high temperatures

As this risk assessment reflects conditions at the time it was conducted, it is recommended that
a new risk assessment be carried out after significant changes have been made, such as changes
to the building, exhibitions, or institution.
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CHAPTER 4

ENVIRONMENTAL CONDITIONS

This chapter discusses the methodology employed to collect and analyze environmental data
from the Government Museum and Art Gallery in Chandigarh. Results of the data analysis are
also presented. The primary variables of interest were temperature, relative humidity, dew point
temperature, and humidity ratio, with data collected for the museum building’s exterior, in various
spaces in the interior, and within select display cases; other variables considered were light, pol-
lutants, and particulates. Gaining an understanding of how the environment and building interact
provides insight into the assessment of both environmental risk to the collection and human com-
fort. This information provided the basis for the development of potential mitigation strategies,
discussed in chapter 5.

Environmental Monitoring Program for the Government
Museum and Art Gallery

The environmental monitoring program for the museum consisted of monitoring and analysis of
selected interior conditions and their probable exterior influences for a period of eighteen months.
The program’s primary objectives were as follows:

« Understanding the thermal and hygric behavior of the naturally ventilated building
and the spaces that are mechanically conditioned, except for the temporary exhibition
gallery—located behind the main block of the museum—which was not included in the
building monitoring program

+ Understanding the environmental risks to the exhibited and stored collections in terms of
temperature, relative humidity, light, corrosion and particulates, and the effect of the vari-
ous display cases in terms of mitigating or attenuating the ambient interior conditions

« Understanding human thermal comfort

Building Behavior

Monitoring of building behavior was directed toward understanding the relationship between ex-
ternal environmental conditions and the conditions in naturally ventilated and mechanically con-
ditioned museum spaces.

Exterior measured variables included the following:

« Exterior temperature, relative humidity, and calculated moisture content

« Rainfall, wind direction, and wind speed

- Solar radiation on the roof plane and the planes of the northeast, southeast, and south-
west exterior walls
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Interior measured variables included the following:

Interior temperature and relative humidity in the Great Hall, at three locations in the first-
floor galleries, and in the second-floor library
Interior surface temperature of the envelope on the underside of the library’s clerestory
roof and at one location on the interior surface of the southwest wall

« Solar radiation (horizontal plane) at one point under the library’s clerestory roof

The building monitoring system utilized HOBO RX3000 data loggers and a weather station kit
from Onset Computer Company (https://www.onsetcomp.com/), and the collected data were
transmitted via the museum’s wireless internet connections to Onset’s HOBOIlink secure site
(https://www.onsetcomp.com/products/software/hobolink). Below are the locations of the three
HOBO RX3000 data loggers and the associated environmental sensors:

«  CGMAGI (nine sensors and sixteen data channels): exterior conditions at the roof-
mounted sensor mast/weather station (air, wind, rain, and solar radiation) and Contem-
porary Art Gallery | (first- and second-floor levels).

+  CGMAG2 (nine sensors and twenty-one data channels): entrance; the Great Hall
(ground-, first- and second-floor levels), library, and library lantern, and the particulate
monitor.

«  CGMAGS (seven sensors and nineteen channels): Miniatures Gallery (first floor low and
high); Miniatures Gallery HVAC (supply air and return air); Gandhara Sculptures Gallery
(first floor low and high); and Gandhara Sculptures Gallery exterior wall.

Methods of Data Collection

The environmental monitoring system used the following instrumentation:

«  HOBO RX3000 data loggers to collect data on building behavior
Met One Instruments ES-642 remote dust monitor to gather particulate data

« Standalone HOBO UX100-011 data logger to complement data collection on building
behavior and on behavior of display cases
ELSEC 765 environmental monitor to measure visible and UV light

«  Blue Wool cards to assess light exposure

«  Purafil coupons to assess pollution exposure

Building Behavior: HOBO RX3000 Data Loggers

The HOBO RX3000 data loggers recorded measurements at 15-minute intervals, and data up-
loads to the HOBOIlink website were scheduled at one-hour intervals. Data transfer was depen-
dent on the availability and capacity of the wireless internet access connection and the internet
connection. The HOBO RX3000 loggers have robust (32 MB) memory relative to the size of the
typical data packets (~1.5 MB) for CGMAG1 and CGMAGS, but the particulate data packets from
CGMAG2 were much larger (10.5 MB).

The HOBO RX3000 data loggers were installed in late January 2020. Final configuration of the
three data loggers and the associated sensors for air temperature, relative humidity, surface tem-
perature, and exterior climatic variables was achieved remotely on 6 February 2020.
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Incidents during the monitoring period included the following:

+ CGMAGS had infrequent connectivity issues, which museum staff and service techni-
cians resolved.

«  Normal museum operations were disrupted due to the COVID-19 pandemic, which re-
sulted in loss of monitoring data from CGMAG2 and CGMAGS for the period from 9 July
2020 to 5 August 2020 and from April to June 2021.

+ The southwest-facing solar radiation sensor entered failure mode on 2 August 2020.

- The wind speed sensor reported infrequent erratic data starting on 13 May 2021.

+  The roof-mounted mast containing wind and solar radiation sensors overturned during a
wind event around 1 November 2021.

Particulate Size: Met One Instruments ES-642 Remote Dust Monitor

Particulate data were collected in the library using a Met One Instruments ES-642 remote dust
monitor equipped with a PM, sharp-cut cyclone inlet; the latter sets the size threshold to particu-
lates with a diameter of 10 microns (um) or smaller. The instrument was mounted on a tripod and
positioned within the library next to southeast-facing exterior windows (fig. 4.1). The dust monitor
was connected to a HOBO RX3000 data logger in the library (CGMAG2) and collected data (units:
ng/m3) at one-minute intervals. Retrieval of this particulate data occurred during periodic remote
downloads from the HOBO RX3000 data logger.

[ [ d
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FIGURE 4.1.

Met One Instruments ES-642 remote dust monitor positioned next to the southeast-facing windows in the library at
the Government Museum and Art Gallery. © Fondation Le Corbusier. Photo: Vincent Laudato Beltran, 2020, © J. Paul
Getty Trust.
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Particulate data were collected during museum visiting hours (roughly 10:00 to 16:30) from Feb-
ruary 2020 to August 2021; the lack of data available during closed periods was due to a nightly
electrical shutdown (note that the ES-642 was powered independently from the HOBO RX3000s
in the library). Prolonged periods of missing data occurred from March to June 2020, July to Au-
gust 2020, and April to June 2021.

Building and Display Case Behavior: HOBO UX100-011 Data Loggers

Complementing the sensors wired to the three HOBO RX3000 data loggers, nine standalone
HOBO UX100-011 data loggers measuring air temperature and relative humidity were positioned
throughout the museum, including two in storage, four in galleries, and three in display cases
(fig. 4.2). Retrieval of these data required museum staff to connect a wire between each data log-
ger and a computer, and data files were periodically shared with the Getty Conservation Institute
(GCI). Data were collected at 30-minute intervals from March 2020 to February 2021.

Handheld Light Measurements: ELSEC 765 Environmental Monitor

Spot measurements of visible light (units: lux) and UV light (units: pW/lumen) were taken with an
ELSEC 765 environmental monitor (fig. 4.3). Data were collected between 11:00 and 14:00 from
13 to 19 January 2020. At each location, data were recorded orienting the sensor in five differ-
ent directions, each corresponding to a letter: (a) facing upward, (b) facing southwest, (c) facing
northwest, (d) facing northeast, and (e) facing southeast.

FIGURE 4.2.
One of nine standalone HOBO UX100-011 data loggers, deployed in a display case with a Corrosion Classification
Coupon. Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.
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FIGURE 4.3.
Measurement of visible and UV light in the Miniatures Gallery using an ELSEC 765 environmental monitor. Photo:
Annelies Cosaert, 2020, © J. Paul Getty Trust.

Light Exposure: Blue Wool Cards

Blue Wool (BW) cards consist of eight strips of
dyed wool, with BW1 considered the most light
sensitive and BW8 the most lightfast (fig. 4.4).
These cards can be deployed as dosimeters to
gauge the level of light exposure at a particu-
lar location. Various locations throughout the
museum were identified for placement of BW
cards, informed by spot measurements of vis-
ible and UV light. At each location, BW cards
were oriented in multiple directions, similar to
the protocol for handheld light measurements.

1
2
3
4
5
6
7
8

FIGURE 4.4.

Left: Blue Wool (BW) card with eight strips of dyed wool;
BW1 is the most sensitive to light and BW8 is the most
lightfast. Right: Schematic of covered BW card with
area A initially exposed. Photo: Vincent Laudato Beltran
and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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The BW cards were initially deployed in August 2020. Three-fourths of each card was covered with
aluminum foil, and the remaining exposed area was labeled A (see fig. 4.4). In December 2020,
the left one-third of the foil was removed from each card, exposing areas A and B. In April 2021,
the adjacent one-third of the foil was removed to expose area C in addition to A and B. In August
2021, each BW card was entirely re-covered with foil and all sets were sent to the GCI. Note that
the final one-third of the foil was not removed; this unexposed area was labeled D and served as
the control. This protocol resulted in the exposure to light of areas A, B, and C for twelve, eight,
and four months, respectively.

After receipt by the GCI, the color differences (AEOQ) between areas A and D, B and D, and C and
D were measured with an X-Rite eXact handheld spectrophotometer using an aperture of 1.5 mm.
This involves collecting spectra for each area; defining their L*, a*, and b* colorimetric coordinates
(2° standard observer, D65 illuminant); and calculating the distance in CIE L*a*b* color space using
the 2000 AE equations (CIE = Commission Internationale de I'Eclairage/International Commission
on lllumination).

Pollution Exposure: Purafil Coupons
Corrosion Classification Coupons (CCCs) by
Purafil are reactivity monitors that passively as-
sess the quality of ambient air (fig. 4.5; see also
fig. 4.2). CCCs consist of strips of copper and
silver that are exposed to the environment; the
observed level of corrosion over time coarsely
indicates the pollution level. Following expo- = I TR S e
sure, the CCCs are sent to Purafil for analysis, DO NOT TOUCH METAL COUPUN
with results ranging from class 1 (Extremely _
Pure) to class 5 (Polluted). Corrosion Classification Coupon
[senome G1MAG |
An initial set of six CCCs was installed in PR Obvggarbs.
January 2020 at three storage locations and _ .!5- e e miiebon e ' 'i
within three display cases and recovered in Il-'-{--.?.ol I_I
June 2020. A second set was immediately o {AEOSE facking ¢ 1023987 |
redeployed at the same locations and recov- lsetae 5. 19 |
ered in November 2020. In November 2020, a
third set was positioned in six different loca-
tions—including a cupboard, a filing cabinet,
two display cases, a manuscript bed, and in
the Miniatures Gallery—and recovered in April
2021. The duration of each exposure was six

months. Upon recovery, the coupons were FIGURE 4.5.

sent to Purafil for analysis. A Corrosion Classification Coupon by Purafil, which
consists of reactive copper and silver strips. Photo:
Purafil Inc.

I3 Ny Lodo

Data Analysis Methodology
Seasons
The India Meteorological Department (IMD) has defined four seasons: winter (January-February),

pre-monsoon (March to May), monsoon (June to September), and post-monsoon (October to De-
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cember) (India Meteorological Department 2023). Based on analysis of on-site exterior climate data
from February 2020 to August 2021, the GCl team was able to review these seasonal distinctions.

The collected exterior data aligned relatively well with these seasonal periods regarding air tem-
perature, dew point (calculated from concurrent air temperature and relative humidity data), and
rainfall (fig. 4.6). A point of discussion was a period of rising dew point occurring in June, which
marks the start of the monsoon season; in contrast, dew point remains relatively constant through-
out the remainder of this season. For purposes of this analysis, which emphasizes the impact of ex-
terior moisture content on interior spaces, separation of these two periods was preferred. Thus, the
monsoon season would be narrowed from July to September, and pre-monsoon would encompass
the month of June. A fifth season, spring, would extend from March to May (previously defined as
pre-monsoon). Additionally, the winter and post-monsoon seasons were defined as December to
February and October to November, respectively, reflecting prior classifications by the IMD.

Air Temperature and Relative Humidity

The analysis period for air temperature and relative humidity data was limited to twelve months,
extending from March 2020 to March 2021; this ensured that seasonal variations were captured.
Two of the three HOBO RX3000s (CGMAG2 and CGMAGS) were missing data from July to August
2020 (during the monsoon season), so data from July to August 2021 were used to fill this gap
(fig. 4.7). For consistency, this data replacement was also made in the sets collected by the third
HOBO RX3000 (CGMAGT1) and the standalone HOBO UX100-011 data loggers.

Spring Pre-Monsoon Monsoon Post-Monsoon Winter Spring Pre-Monsoon Monsoon
(Mar-May) (Jun) (Jul-Sep) (Oct-Nov) (Dec-Feb) (Mar-May) (Jun) (Jul-Sep)

Temperature (°C)

W i,
N ww* oo N le ” )

15
—L11ExtT
——1.1Ext DP 10
— 1.2 Precip
LI 5
|.|;., .IL .llnAllllﬂ ailin 0

Mar-20 May-20 Jul-20 Sep-20 Nov-20 Jan-21 Mar-21 May-21 Jul-21 Sep-21
Month-Year

Precipitation (mm)

FIGURE 4.6.
Exterior air temperature, dew point, and precipitation, overlaid with modified seasons, from March 2020 to August
2021. Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE 4.7.

Time series of exterior and Miniatures Gallery (first floor) temperature from March 2020 to March 2021. The pink
vertical rectangle indicates the period of missing data replaced with values from the same period in 2021. Chart:
Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.

To take advantage of their psychrometric relation, measurements of dew point (units: °C) and
humidity ratio (units: gram of water vapor/kilogram of dry air, assumed an elevation of 334 m for
the Government Museum and Art Gallery) were calculated from concurrent air temperature and
relative humidity data using the GCI Excel Tools (Cosaert et al. 2022, appendix 3.1). Whereas rela-
tive humidity is dependent on both air temperature and moisture content, dew point and humidity
ratio, which reflect the moisture content of the air, are independent variables (as is air tempera-
ture) and can provide more insight into the driving factors for the interior environment. Statistical
analysis of the data (also using the GCI Excel Tools) examined short-term variation (moving 24-
hour range), seasonal averages, and percentiles. Visualizations of air temperature, relative humid-
ity, dew point, and humidity ratio included time series, box plots, and psychrometric charts.

Though not discussed in this report, the interior environment can be classified using criteria from
various guiding resources, including ASHRAE's 2023 handbook (ASHRAE 2023, chap. 24, table
13A), the classification protocol from the GCI publication Environmental Management for Collec-
tions: Alternative Preservation Strategies for Hot and Humid Climates (Maekawa, Beltran, and Hen-
ry 2015), preservation metrics from the eClimateNotebook web-based tool (Image Permanence
Institute 2025), and risk indices from the online platform HERIe (HERIe 2020).
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Environmental Guidance

The 1978 publication of The Museum Environ-
ment by Garry Thomson underscored the con-

Environmental Management for Collec-
tions: Alternative Preservation Strategies
for Hot and Humid Climates (Maekawa,
Beltran, and Henry 2015)

» British Standards (BS) EN 16893:2018:
Conservation of Cultural Heritage: Speci-
fications for Location, Construction and
Modification of Buildings or Rooms In-
tended for the Storage or Use of Heritage
Collections (BSI 2018)

+ ASHRAE handbook, chapter 24, “Muse-
ums, Galleries, Archives, and Libraries”
(ASHRAE 2023)

« Australian Institute for the Conservation
of Cultural Material (AICCM) Environmen-
tal Guidelines (AICCM 2022)

« Bizot Green Protocol, updated in 2023 by
the National Museum Directors’ Council
(Bizot Group 2023)

cept of environmental management as a means
of preventive conservation. Continued re-
search, practice, and discourse on the topic (for
example, Michalski 2007; ICOM-CC 2014; Stau-
derman and Tompkins 2016; IIC 2021) have im-
pacted the development of recent guidance on
collection environments, which integrates risk
management principles, aims toward sustain-
ability, and allows for classification of the inte-
rior environment based on air temperature and
relative humidity criteria. This heritage-focused
environmental guidance includes but is not lim-
ited to the following:

Light
Handheld measurements of visible and UV light were recorded on a floor plan of the museum,
with the data at each location reflecting the five sensor orientations as noted above.

Continuous solar radiation data were collected in the library lantern (connected to CGMAG?2), as
were directional solar data at the weather station on the museum’s roof (connected to CGMAG1).
These datasets were compared using time series.

Analysis of the Blue Wool coupons focused on the color difference of BW1 (the most light-sensitive
wool) between area A (twelve months of light exposure) and area D (control) and visualized the
data using bar charts.

Particulates

Monthly average PM,, data (particulate matter with a diameter of 10 um or smaller) were obtained
for sector 17-C (the closest location with data) from the Chandigarh Pollution Control Committee
(CPCQ). To facilitate comparison, the interior PM,, data, which were collected in the library at one-
minute intervals, were recalculated as a monthly average. Both the one-minute data and monthly
PM,, data were visualized using time series.

Pollution

Analysis of the copper and silver CCCs by Purafil resulted in a class designation for each, ranging
from class 1 (Extremely Pure) to class 5 (Polluted). These coarse pollution levels were visualized
using bar charts.
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Results

The discussion of environmental monitoring data collected at the Government Museum and Art
Gallery focuses on the following topics:

+ Exterior climate

+  Gallery comparison

«  Gallery and storage comparison
+  Gallery and case comparison

« Daily variation

« Data distribution

+ Seasonal variation

« Stratification of the Great Hall

« Particulates and pollution

+ Light measurements

Exterior Climate

The outside climate is a driving factor for the interior conditions at the Government Museum and
Art Gallery. This climate is defined by five distinct seasons, shown in figure 4.8 in alignment with
exterior air temperature, dew point, and relative humidity from March 2020 to March 2021.

Spring Pre-Monsoon Monsoon Post-Monsoon Winter
(Mar-May) (Jun) (Jul-Sep) (Oct-Nov) (Dec-Feb)

Relative Humidity (%)
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FIGURE 4.8.

Exterior air temperature, relative humidity, and dew point (calculated), using data collected from the museum’s
weather station. Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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As indicated in figure 4.8, air temperature increases through spring (March to May), peaking at
43.4°C near season’s end, and stays relatively constant (though slightly lower) through pre-mon-
soon (June) and monsoon (July to September). Subsequently, air temperature decreases through
post-monsoon (October to November) to a minimum of 2.5°C in winter (December to February).

Following a period of fluctuation during spring, dew point steadily increases during pre-monsoon
and remains relatively constant during monsoon, peaking at 28.8°C. Dew point then decreases
steadily during post-monsoon to a minimum of 0.4°C in winter, when it begins to fluctuate again.

Prolonged periods of high relative humidity occur during the monsoon and winter months, when
air temperature and dew point are similar. Note that dew point is less than or equal to air tempera-
ture, and saturation or 100%RH occurs when air temperature and dew point are the same. Air tem-
perature and dew point coincide at high values during monsoon, and at low values during winter.
Periods of lower relative humidity are observed in spring, pre-monsoon, and post-monsoon, when
air temperature and dew point diverge.

Gallery Comparison

Beyond the collections they house, the museum’s first-floor galleries are differentiated by their
climate control strategies. The Miniatures Gallery is a physically isolated space air-conditioned
by a mechanical climate control system. In contrast, the remaining galleries, including both Con-
temporary Art Galleries and the Gandhara Sculptures Gallery, rely on the building’s architecture
and envelope to manage their environment and do not have mechanical air-conditioning. Despite
these differences, review of the data from March 2020 to March 2021 suggests that the environ-
ments in the galleries with and without air-conditioning were largely identical. It should be noted
that a difference was observed in the Miniatures Gallery data from around 6 July to 6 August, with
slightly cooler temperatures compared to the Contemporary Art Galleries and Gandhara Sculp-
tures Gallery; recall that this set of data is from the same period in 2021 and was used to fill a gap
in the 2020 dataset.

All gallery spaces in the museum closely follow the trends in exterior air temperature, humid-
ity ratio, and relative humidity. However, the building envelope clearly has a buffering effect on
the interior variations in air temperature and relative humidity, while interior humidity ratio closely
matches exterior values (fig. 4.9). The interior air temperature exhibits a narrower daily variation
(mean rolling 24-hour range: 0.9°C) than the exterior air temperature (mean rolling 24-hour range:
11.5°C), with the interior air temperature situated toward the higher end of the exterior temperature
range (fig. 410). Interior relative humidity similarly shows a narrower variation (mean rolling 24-
hour range: 7%RH) when compared to the exterior (mean rolling 24-hour range: 39%RH), with inte-
rior relative humidity situated toward the lower end of the exterior relative humidity range (fig. 4.11).

As an example of the typical environment observed in gallery spaces, figure 412 shows air tem-
perature, dew point, and relative humidity in the Miniatures Gallery. The exterior data reveal rela-
tive humidity peaks during monsoon and winter, when the differential between dew point and air
temperature is small.

Gallery and Storage Comparison
The ground-floor storage for the miniatures collection is mechanically air-conditioned, and the im-
pact of this system can be observed in the dew point, air temperature, and relative humidity data.
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FIGURE 4.9.
Humidlity ratio in galleries and the exterior. Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE 4.10.
Air temperature in galleries and the exterior. Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty
Trust.
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FIGURE 4.11.
Relative humidity in galleries and the exterior. Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul
Getty Trust.
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FIGURE 4.12.

Air temperature, dew point, and relative humidity in the Miniatures Gallery. Chart: Vincent Laudato Beltran and Jenny
Youkyoung Kim, © J. Paul Getty Trust.
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From early spring to late post-monsoon (coinciding with the warmest exterior temperatures), the
air temperature of the storage is significantly reduced compared to that of the Miniatures Gallery;
during winter, storage and gallery air temperature is similar (though storage temperature is slightly
higher) (fig. 413). With respect to humidity ratio, storage values are lower than those in the gallery
from late pre-monsoon to the middle of post-monsoon season (coinciding with the highest exte-
rior humidity ratios) (fig. 4.14).

Compared to the gallery, relative humidity in storage is relatively stable (fig. 415). The interquartile
range (IQR) (defined by the 25th and 75th percentiles) for storage relative humidity ranges from
53% to 60%, with a maximum of 74%. In contrast, the IQR for gallery relative humidity is 44% to
62%, with a maximum of 81%. The stability of storage relative humidity is reflected in the more
consistent difference between dew point and air temperature (fig. 4.16).

Gallery and Case Comparison

Within the gallery spaces, cases are used for the display and physical protection of objects. These
cases can also establish a microclimate that can be different than the gallery environment. The
environmental monitoring program at the Government Museum and Art Gallery examined several
display cases, and the findings below compare their interior conditions—focusing on cases in the
Coin Section and Miniatures Gallery—to the ambient conditions in the Miniatures Gallery.
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FIGURE 4.13.
Air temperature in the Miniatures Gallery, miniatures storage, and the exterior. Chart: Vincent Laudato Beltran and
Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE 4.14.
Humidlity ratio in the Miniatures Gallery, miniatures storage, and the exterior. Chart: Vincent Laudato Beltran and
Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE 4.15.

Relative humidity in the Miniatures Gallery, miniatures storage, and the exterior. Chart: Vincent Laudato Beltran and
Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE 4.16.

Air temperature, dew point, and relative humidity in the miniatures storage. Chart: Vincent Laudato Beltran and
Jenny Youkyoung Kim, © J. Paul Getty Trust.

With respect to air temperature, the interior of a display case closely matches the ambient gal-
lery conditions throughout the year (fig. 4.17). This indicates that the case materials provide little
thermal insulation against the gallery environment. However, the humidity ratio within the case,
which reflects the interior moisture content, begins to deviate from the humidity ratio of the gal-
lery; in particular, the daily variation in case humidity ratio (mean rolling 24-hour range: 1.0 g/kg
for miniatures case, 0.8 g/kg for coins case) is smaller than that in gallery humidity ratio (mean
rolling 24-hour range: 2.0 g/kg) (fig. 4.18). Case relative humidity shows a similar trend, with the
daily variation within the case (mean rolling 24-hour range: 1.2%RH for miniatures case, 1.8%RH
for coins case) below that of the gallery space (71%) (fig. 419). Additionally, the range of relative
humidity in the miniatures and coins cases (minimum and maximum of ~40%RH and ~67%RH,
respectively) is less than that in the Miniatures Gallery (minimum and maximum of ~20%RH and
~80%RH, respectively), and case relative humidity exhibits a delayed trend compared to gallery
conditions. Figure 4.20 shows data results of the interaction of air temperature and dew point in
the miniatures case and its resulting relative humidity behavior.

Daily Variation

The exterior climate is a driving factor for interior conditions, but the building envelope and op-
eration can mitigate this impact, particularly in the short term. This interaction was examined by
comparing the daily variation in air temperature and relative humidity outside and inside the mu-
seum. Rather than rely on daily or weekly time series, which can vary with changing environments,
the following analysis considers two one-month periods—mid-August to mid-September 2020
during monsoon, and mid-October to mid-November 2020 during post-monsoon—and focuses
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FIGURE 4.17.
Air temperature in the Miniatures Gallery, miniatures case, coins case, and the exterior. Chart: Vincent Laudato Beltran
and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE 4.18.
Humidlity ratio in the Miniatures Gallery, miniatures case, coins case, and the exterior. Chart: Vincent Laudato Beltran
and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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Relative humidity in the Miniatures Gallery, miniatures case, coins case, and the exterior. Chart: Vincent Laudato
Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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Air temperature, dew point, and relative humidity in the miniatures case. Chart: Vincent Laudato Beltran and Jenny
Youkyoung Kim, © J. Paul Getty Trust.
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on exterior and Miniatures Gallery data. These two seasons were selected because they exhibit
different environmental trends; monsoon air temperature and relative humidity are near the an-
nual peak and are relatively constant, whereas these variables transition to lower values during
the subsequent post-monsoon (relative humidity increases again as winter approaches). The Min-
iatures Gallery data are further separated into data collected on the days the museum is closed
(Mondays) and the days it is open (Tuesday to Sunday). These three datasets were then binned
hourly and box plots created to visualize the daily variation over these one-month periods.

As expected, exterior air temperature and relative humidity exhibit strong diurnal variation. Exte-
rior air temperature peaks at 14:00 (median values: 33.1°C in monsoon, 29.4°C in post-monsoon)
and is at its lowest at 05:00 and 06:00 (median values: 26.1°C in monsoon, 14.9°C in post-mon-
soon) (figs. 4.21, 4.22). Relative humidity shows the opposite trend, with peak values observed at
06:00 and 07:00 (median values: 92%RH in monsoon, 73%RH in post-monsoon) and minimum val-
ues occurring from 14:00 to 16:00 (median values: 66%RH in monsoon, 27%RH in post-monsoon)
(figs. 4.23, 4.24).

In contrast, the interior air temperature and relative humidity indicate relatively stable conditions.
Median interior air temperature has a daily range of 0.7°C on closed days and 0.5°C on open days
during monsoon (exterior daily median range during monsoon: 5°C), and 0.7°C (closed/open) dur-
ing post-monsoon (exterior daily median range during post-monsoon: 14.5°C) (see figs. 4.21, 4.22).
For interior relative humidity, median values show a daily range of 3%RH (closed) and 1%RH (open)

Monsoon: Mid August-Mid September 2020, Miniatures Gallery (First Floor)
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FIGURE 4.21.

Hourly air temperature box plots for data collected from mid-August to mid-September 2020 (monsoon season),.
From left: exterior, Miniatures Gallery on closed Mondays, and Miniatures Gallery on open days. Chart: Vincent Lau-
dato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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Post-Monsoon: Mid October-Mid November 2020, Miniatures Gallery (First Floor)
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FIGURE 4.22.
Hourly air temperature box plots for data collected from mid-October to mid-November 2020 (post-monsoon season). From left: exte-

rior, Miniatures Gallery on closed Mondays, and Miniatures Gallery on open days. Chart: Vincent Laudato Beltran and Jenny Youkyoung
Kim, © J. Paul Getty Trust.
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FIGURE 4.23.

Hourly relative humidity box plots for data collected from mid-August to mid-September 2020 (monsoon season). From left: exterior, Miniatures
Gallery on closed Mondays, and Miniatures Gallery on open days. Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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Post-Monsoon: Mid October-Mid November 2020, Miniatures Gallery (First Floor)
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FIGURE 4.24.

Hourly relative humidity box plots for data collected from mid-October to mid-November 2020 (post-monsoon sea-
son). From left: exterior, Miniatures Gallery on closed Mondays, and Miniatures Gallery on open days. Chart: Vincent
Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.

during monsoon (exterior daily median range during monsoon: 26%RH), and 5%RH (closed) and
6%RH (open) during post-monsoon (exterior daily median range during post-monsoon: 46%RH)
(see figs. 4.23, 4.24).

When examining interior conditions during closed and open periods, we also see a wider vari-
ability in air temperature and relative humidity during both seasons when the museum is open for
visitation.

Data Distribution

Examinations beyond the time-series domain can offer additional insights into the environmental
data. Figures 4.25 and 4.26 show plots of cumulative relative frequency (CRF) for air temperature
and relative humidity, respectively. These figures allow the exploration of the spread or distribution
of data and, assuming the data are continuous (as the Government Museum and Art Gallery data
are), can indicate percentages of time above or below specific thresholds.

Focusing on air temperature, thresholds of 35°C, 30°C, and 25°C were chosen as a means of
comparing exterior and interior trends (see fig. 4.25). While 4% (CRF = 0.96) of the exterior data ex-
ceeds 35°C, this value is exceeded in 7% (CRF = 0.93) and 5% (CRF = 0.95) of the Miniatures Gallery
and case data, respectively. In contrast, maximum air temperature (33.1°C) in the miniatures stor-
age never exceeds this threshold. As the threshold is decreased to 30°C, data for the exterior, Min-
iatures Gallery, and miniatures case exceed this 23%, 44%, and 40% of the time, respectively; the
higher percentage of elevated interior temperatures in both the Miniatures Gallery and miniatures
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FIGURE 4.25.

Cumulative relative frequency of air temperature for the exterior, Miniatures Gallery, miniatures case, and miniatures

storage. Thresholds of 35°C, 30°C, and 25°C are shown on the plot. Chart: Vincent Laudato Beltran and Jenny You-
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FIGURE 4.26.

Cumulative relative frequency of relative humidity for the exterior, Miniatures Gallery, miniatures case, and miniatures
storage. Thresholds of 70%RH, 65%RH, 60%RH, and 40%RH are shown on the plot. Chart: Vincent Laudato Beltran
and Jenny Youkyoung Kim, © J. Paul Getty Trust.

96

Environmental Management at the Government Museum and Art Gallery, Chandigarh Environmental Conditions



case reflects the impact of the high thermal mass of the building. In the miniatures storage, where
air temperature is controlled by HVAC, 30°C is exceeded by 3% of the data. At a threshold of 25°C,
the exterior, Miniatures Gallery, miniatures case, and miniatures storage air temperature exceed
this value during 49%, 59%, 58%, and 28% of the period, respectively. The overlapping lines of the
air temperatures of the Miniatures Gallery and miniatures case indicate the similarity in behavior
in these two spaces.

For relative humidity, values of 70%RH, 65%RH, 60%RH, and 40%RH were selected to explore the
data (see fig. 4.26). The first two examine values near the mold growth threshold (~75%RH), while
the remaining two roughly define a range of acceptable relative humidity levels for many mixed
collections as defined by the Bizot Green Protocol (Bizot Group 2023). While the 70%RH threshold
is exceeded in the exterior and Miniatures Gallery by 49% and 10% of the data, respectively, this is
reduced to less than 1% for the miniatures case and 1% for miniatures storage, reflecting the abil-
ity of the case to limit moisture infiltration and operation of the storage HVAC system. A similar
trend is observed for the 65%RH threshold; data for the exterior and Miniatures Gallery exceed this
value during 54% and 19% of the period, while this occurs in less than 1% of the miniatures case
data and 6% of the miniatures storage data. Focusing on the region between 40%RH and 60%RH,
Miniatures Gallery data are within this range during 51% of the period (CRF at 60%RH = 0.66, CRF
at 40%RH = 015, percentage between 40%RH and 60%RH = 0.66-0.15), while this occurs for 85%
and 73% of the miniatures case and storage data, respectively. In contrast to the similar behavior
of the air temperature in the Miniatures Gallery and miniatures case shown previously, relative
humidity data for the miniatures case more closely align with that observed in miniatures storage.

Seasonal Variation

Overlaying environmental data on a psychrometric chart, as shown in figure 4.27, demonstrates
the interconnectedness of air temperature (shown on the x-axis), humidity ratio (right y-axis), and
relative humidity (lines of constant relative humidity curving upward and to the right, also known
as isohumes). These are part of a suite of psychrometric variables (including dew point, enthalpy,
wet bulb temperature, and specific volume) that describe a parcel of air. By identifying the season
associated with each data point, environmental shifts can be delineated throughout a year.

During spring (March to May, yellow), air temperature ranges from 18.7°C to 37.8°C (mean: 27.9°C)
and humidity ratio ranges from 6.5 g/kg to 16.7 g/kg (mean: 10.5 g/kg); this results in a relative
humidity range from 20%RH to 65%RH (fig. 4.27). In the subsequent pre-monsoon (June, red),
air temperature (30.8°C to 37.9°C, mean: 34.4°C) and humidity ratio (11.5 g/kg to 21.7 g/kg, mean:
16.8 g/kg) increase, and relative humidity ranges from 28%RH to 60%RH. During monsoon (July
to September, orange), air temperature decreases slightly (range: 27.3°C to 36.3°C, mean: 32.2°C)
and humidity ratio (range: 12.5 g/kg to 23.8 g/kg, mean: 20.2 g/kg) and relative humidity (range:
43%RH to 80%RH) increase. The following post-monsoon (October to November, green) brings
decreases in air temperature (17.4°C to 31.5°C, mean: 25.1°C), humidity ratio (4.8 g/kg to 14.8 g/
kg, mean: 9.3 g/kg), and relative humidity (range: 23%RH to 67%RH). Finally, winter (December to
February, blue) exhibits further decreased air temperature (range: 11.8°C to 25.3°C, mean: 16.9°C)
and a slightly narrower humidity ratio range (4.6 g/kg to 111 g/kg, mean: 7.8 g/kg). Because the
cooler air temperature is approaching dew point, the relative humidity range widens from 28%RH
to 81%RH. Complementing the psychrometric chart, figures 4.28 to 4.30 use box plots to assess
the seasonal Miniatures Gallery environment for individual variables.
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Psychrometric chart showing seasonal environments in the Miniatures Gallery. Chart: Vincent Laudato Beltran and
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Stratification of the Great Hall

The Great Hall in the Government Museum and Art Gallery encompasses the full height of the
building, and its interior environment is subject to stratification. Figures 4.31 and 4.32 examine
air temperature and relative humidity, respectively, in the Great Hall, with data collected at the
ground floor, first floor, and second floor. With respect to air temperature, the difference between
the second floor and ground floor increases through spring, peaking at 4.8°C in May (see fig. 4.31).
This air temperature difference gradually diminishes through the end of post-monsoon, when the
difference is negligible (near zero). Near the end of winter, the difference between second-floor
and ground-floor air temperature slowly begins to increase. Figure 4.32 shows a similar but reverse
trend for relative humidity, with ground-floor relative humidity exceeding second-floor relative hu-
midity by a maximum of 20%RH at the end of spring, to be followed by diminishing stratification
through the end of post-monsoon. This indicates the impact that temperature has on relative
humidity, with lower temperatures leading to higher relative humidity and vice versa (assuming
relatively uniform dewpoint through the Great Hall at any given time).

Particulates and Pollution

The collection and analysis of PM,, data from the museum’s library indicated a seasonal trend,
with peak values (maximum: 975 pg/m3, collected at one-minute intervals) occurring in winter
(fig. 4.33). This trend also aligns with monthly average PM, values recorded by the CPCC for sec-
tor 17-C (the closest location with data), which also peaked during winter (Chandigarh Pollution
Control Committee 2023). When library PM, , data were recalculated as monthly averages, its val-
ues were consistently lower than those of sector 17-C.
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FIGURE 4.31.

Air temperature recorded on the ground floor, first floor, and second floor of the Great Hall, indicating the difference between

second-floor and ground-floor values. Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE 4.33.

PM,, particulate data (one-minute intervals and monthly averages) collected at the library and the exterior. Note that the sector

17-C exterior data were provided by the CPCC. Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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Interior pollution was also assessed through deployment of Purafil CCCs. The results indicated
that all but one location was class 4 (Contaminated) or class 5 (Polluted); the exception was Con-
temporary Storage Prints Shelf 5, which was assessed as class 3 (Clean) (fig. 4.34).

Light Measurements

The collection of handheld light measurements in January 2020 helped guide the selection of
seventy-one locations throughout the museum for the deployment of Blue Wool cards (table 4.1).
Focusing on the one-year exposure of BW1 (area A: August 2020 to August 2021), which is most
sensitive to light, the highest color change was observed at two locations in the Gandhara Sculp-
tures Gallery (813a: case near column E7, close to the undulatory window; 817e: south corner of
building, near column A8) and one location in the Metal Sculptures Gallery (8.07a: case near col-
umn E5, adjacent to the Great Hall) (fig. 4.35). Within the Miniatures Gallery, the most color change
was observed at locations 819b (case near column B5) and 8.20e (between columns A5 and B5),
both of which are near the southwest terrace. Similar results were observed for BW1in area B (De-
cember 2020 to August 2021) and area C (April 2021 to August 2021) (figs. 4.36, 4.37).
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FIGURE 4.34.

Pollutant classifications for Purafil Corrosion Classification Coupons exposed to ambient air in various locations.
Class 1is Extremely Pure, class 2 is Pure, class 3 is Clean, class 4 is Contaminated, and class 5 is Polluted. Chart:
Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.

102

Environmental Management at the Government Museum and Art Gallery, Chandigarh Environmental Conditions



TABLE 4.1.

Location of Blue Wool Cards

Location No. Column(s), Notes E::}ﬁgon
8.01e D3 SE
8.02b D4 SW
8.02¢c D4 NW

- 8.02d D4 NE
- 802 | D4 SE
o 8.03b | Between F4 and F5 SW
S 8.04c Ramp, D5 NW
8.04e Ramp, D5 SE
8.05b Ramp, between E5 and E6 SW
8.06¢c Ramp, D5 NW
8.07a E5, in display case Up
E 8.08¢c E4 NW
C(D(: 8.08d E4 NE
< 8.08e | E4 SE
—é‘ 8.09a Between E3 and F3, in display case Up
i’) 8.09e Between E3 and F3, in display case SE
é 8.10b F4 SW
8.11a Between F4 and F5, in display case Up
8.12e F7 SE
8.13a E7, in display case close to window Up
> 8.14a E7, in display case Up
i: 8.15b D7 SW
g 8.15¢ D7 NW
= 815d | D7 NE
E 8.15e D7 SE
g 8.16e AB, next to stairs SE
5 817c A8 NW
8 8.17d A8 NE
8.17e A8 SE
8.18a Between A7 and A8, in display case Up

(continued on next page)
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TABLE 4.1.
(continued)

Location No. Column(s), Notes E::}ﬁgon
8.19a B5, in display case Up
8.19b B5 SW
8.19c B5 NW
8.19d B5 NE
8.19e B5 SE
8.20e Between A5 and B5 SE

Z 8.21a B3, in display case Up

% 8.22b B3, in display case SW
% 8.22¢c B3, in display case NW

é 8.22e A3, in display case SE

-g 8.23b A3, in display case SW
E 8.23c A3, in display case NW
8.23e A3, in display case SE

8.24a B3, in display case Up

8.25a B1, in display case Up

8.25b B1, on staircase SW

8.26e Between A1 and B1 SE

8.27e Between B1and C1 SE

> > 8.28d Cc2 NE
% % 8.29a Between C1 and D1, in display case Up
= g30c | D3 NW
@ 8.31b E2 SW
S5 = P E2 NW

S5

. g o 8.3l E2 SE
8.32b Between F2 and F3 SW
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TABLE 4.1.

(continued)
Location No. Column(s), Notes Direjction
Facing

8.33e G1 SE
8.34c G2 NW
8.34e G2 SE

= 8.35b Between H2 and H3 SwW

g 8.36d | Between F3and F4 NE

P 8.37b H5 sw

EJ 8.38¢c G5 NW

§ 8.38d G5 NE

i 8.38e G5 SE

g 8.39b Between G6 and G7 SW
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Color difference for BW1, area A (exposed to light from August 2020 to August 2021). Chart: Vincent Laudato Beltran

and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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Color difference for BW1, area C (exposed to light from April 2021 to August 2021). Chart: Vincent Laudato Beltran
and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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CHAPTER 5

OBJECTIVES AND RECOMMENDED
STRATEGIES

This chapter presents the objectives and the recommended strategies for improving the collec-
tion’s environments at the Government Museum and Art Gallery in Chandigarh.

Methodology

Members of the project team met with Seema Gera and Megha Kulkarni of the Government Mu-
seum and Art Gallery’s curatorial staff in two virtual online workshops held on 8 and 9 June 2022.
The first workshop focused on the current condition of the collection and the environment, and its
participants collaboratively identified realistic and achievable objectives for improving the collec-
tion's environments at the museum. The second workshop discussed environmental assumptions,
findings, and possible strategies for achieving the objectives defined in the first workshop.

A third online workshop held on 13 and 14 September 2022 presented the findings of the first two
workshops to stakeholders of the Government Museum and Art Gallery. This meeting included the
project team from the Getty Conservation Institute (GCI); the museum’s curatorial staff; one elec-
trical engineer and one mechanical engineer from the Chandigarh city government; S. D. Sharma,
one of the architects who worked on the construction of the building; and two staff members
from the Development and Research Organisation for Nature, Arts and Heritage (DRONAH), who
wrote the Conservation Management Plan (CMP) for the museum. Input from stakeholders on the
proposed strategies was gathered and then used to refine the strategies.

Objectives for the Collection’s Environments

The first workshop began with a review of the findings of the collection and environmental assess-
ments by the GCl team, including the following:

« Distribution of the collection by material type and by value

«  Risks to the collection, factored by frequency and by loss in terms of type and of value

- Environmental risks to the collection, factored by frequency and by loss in terms of type
and of value

- Seasonal analysis and spatial comparison of the exterior environment and the environ-
ments of the naturally ventilated spaces and mechanically conditioned rooms

Discussions during the workshop centered on the museum staff's responses to the following
questions:

- What are your concerns with respect to environmental damage to the exhibited and
stored collections?
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Adaptive Human Thermal
Comfort

The National Building Code of India 2016 pro-
vides separate environmental criteria for build-
ings with natural ventilation (NV) and buildings
with HVAC systems. Although these criteria ap-
ply to new buildings, they are useful guidance
when considering occupant comfort in the
naturally ventilated galleries of the Government
Museum and Art Gallery.

The National Building Code of India states
that when exterior temperatures are higher than
15°C,

“the following equation should be
used for design and operation of natu-
rally ventilated (NV) buildings. It indi-
cates that occupants in NV buildings
thermally adapt to the outdoor temper-
ature of their location. It is based on the
30-day outdoor running mean tempera-
ture (in °C).

Indoor operative temperature = (0.54 x
outdoor temperature) + 12.83

Where indoor operative temperature (in
°C) is neutral temperature, and outdoor
temperature is the 30-day outdoor run-
ning mean air temperature (in °C).

The 90 percent acceptability range for
the India specific adaptive models for
naturally ventilated buildings is +2.38°C.
(National Building Code Sectional Com-
mittee 2016, 19)”

If the National Building Code of India re-
quirement for naturally ventilated buildings was
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applied to the Government Museum and Art Gal-
lery, the desired interior temperature at the first
floor on 1 July 2020 would be 27.2°C to 31.0°C,
based on the prior 30-day average exterior tem-
perature at the entrance. However, the actual
temperature on 1 July in Contemporary Art Gal-
lery | was 35°C to 35.7°C, and in the Gandhara
Sculptures Gallery it was 35.3°C to 36°C. Since
the air temperature at the entrance on 1 July was
31.5°C to 34.3°C, it would not be possible to low-
er the interior temperature by natural ventilation
to within the range indicated by the National
Building Code of India.

The conditions in the example above are
representative of the problem of maintaining
human thermal comfort in the museum with nat-
ural ventilation during conditions in late spring
through pre-monsoon, monsoon, and early
post-monsoon seasons (April to October). Al-
though exterior air temperatures during this pe-
riod might be lower than interior temperatures,
nighttime ventilation is not recommended for
the following reasons:

Atmospheric moisture (dew point tem-
perature) tends to increase at night, and
the combination of increased dew point
temperature and decreased air tempera-
ture will elevate interior relative humidity,
increasing the risk of mold.

Since the aerators must be manually
operated, leaving them open at night
would be problematic during rain events,
which would result in increased moisture
content of the interior air.

The retained heat of the concrete struc-
ture increases from April to September,
and the retained heat of this thermal
mass has a strong influence on interior
air temperature.

Environmental Management at the Government Museum ar

1d Art Gallery, Chandigarh

Objectives and Recommenc




«  What are your priorities for improving the interior environmental management for the
Government Museum and Art Gallery’s collection?

«  What are your concerns for preserving the significance and condition of the museum
building, especially exhibition furniture and spaces that contain collections?

«  What are your concerns with respect to the Government Museum and Art Gallery’s visi-
tor experience/comfort?

Workshop attendees discussed the responses and agreed upon the following objectives for envi-
ronmental management for the collection:

«  The Miniatures Gallery, the temporary exhibition gallery, the library, and the collections stor-
age area will continue to be heated, cooled, and dehumidified/humidified by HVAC systems.

«  The remaining spaces will continue to be naturally ventilated rather than mechanically
conditioned due to the cost and the visual and physical encroachment of HVAC sys-
tems on architecturally significant building fabric and spaces.

« High value/risk collections in mechanically conditioned and naturally ventilated spaces
must have object-level protection from environmental risk factors.

- Effective environmental management by natural ventilation will require reestablishing
functionality and seasonal operation to original features such as the aerators.

- Effective environmental management by natural ventilation may necessitate introduc-
tion of reversible, sensitively designed architectural interventions.

« Human thermal comfort should be improved where possible but may not meet current
expectations for adaptive human thermal comfort in new, naturally ventilated buildings.

Strategies for Improving the Collection’s Environments

Following the collaborative development of objectives for environmental management, the GClI
team then used these objectives to identify a set of possible strategies for improving environmen-
tal conditions in the museum'’s collection spaces. These were presented to and discussed with
museum staff in the second workshop and further refined after input was received from museum
stakeholders during the third and final workshop.

As the GCl team developed the strategies, the following issues and opportunities became apparent:

« Any attempt to control the interior environment of a large portion of the main block with
an HVAC system would require unacceptable changes to the appearance of the build-
ing. In addition to introducing HVAC piping and ductwork into the main gallery spaces,
it would be necessary to seal the aerators, install doors at the main entry, and apply
thermal insulation and vapor control barriers in the walls and ceiling of the galleries.

«  The HVAC system serving the miniatures storage room appears to perform well. Small
space volume, minimal external heat and moisture loads, and a simple HVAC system are
contributing factors.

« The collections storage is congested and requires additional space, separation from
adjoining spaces, and improved/updated HVAC equipment.

« There is a precedence for exhaust fans in the clerestories. This is a viable opportunity for
improved airflow and for destratifying hot air in the galleries and library.
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« The rear gallery has the potential to be a conditioned space for temporary exhibitions if
artwork is not hung directly on the exterior walls and if upgrades are made to the roof,
walls, and HVAC system.

« The large expanse of high mass, nonreflective roof surface adds to interior heat load,
especially in the clerestories.

« Aninherent characteristic of the museum is to facilitate natural ventilation by stack-
effect ventilation and cross-ventilation; it is programmed into the “design DNA” of the
building. The architecture of the Government Museum and Art Gallery is consistent
with Le Corbusier's design approach for interior environmental management for other
buildings in Chandigarh. The natural ventilation characteristic of the building can be
enhanced with minimal impact on its character-defining architectural features.

- The interior temperatures tend to stratify vertically, with the highest air temperatures in
the clerestories.

« Inaccessible or inoperable aerators reduce the capacity for cross-ventilation. Stack-
effect ventilation into or out of the Great Hall has been greatly reduced by inaccessible
or inoperable aerators.

+ Partitions on the sides of the stairways to the library block airflow from Contemporary
Art Gallery Il to the nearby aerators.

«  During pre-monsoon/monsoon rain events, splashing discharge that travels from the
roof spouts to the large gutters allows water to be blown onto the metal screens at the
aerators, adding to moisture load of air that enters the building.

« Exhibit cases are effective in reducing the range of fluctuations in relative humidity
within the cases.

«  The absorbent facing brick of the exterior walls can have a high moisture load from rain.
The potential for this moisture to dry toward the inside wall surface poses a mold risk for
objects mounted directly on the exterior wall.

« The seasonal variations in exterior temperature, rainfall, and water vapor will necessi-
tate seasonal protocols for operation of the aerators to manage natural ventilation and
interior conditions. Continued environmental monitoring will be required to optimize
seasonal protocols for the Building Strategies and Object-Level Strategies.

- Itis important to empower museum staff to collect and interpret the data to support
implementation of the various mitigation strategies.

The GCl team organized the recommended strategies into four broad categories: mechanical sys-
tems, building envelope and operation, collection protection, and environmental monitoring. Each
strategy addresses one or more of the environmental factors shown in table 5.1.
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TABLE 5.1.
Environmental Factors

Icon ‘ Environmental Factors

- - Manage Heat Gain

S Manage Interior Moisture Vapor

~ o | Improve Natural Ventilation

Manage Temperature/RH Extremes

Limit Light Damage to Collections

Limit UV Damage to Collections

Limit Particulate Damage to
Collections

Improve Human Thermal Comfort

Strategy Sheets

In this section, each of the seventeen recommended strategies to improve environmental man-
agement at the Government Museum and Art Gallery is presented in individual data sheets.
These data sheets provide a description of each strategy, including the environmental factors
addressed, the existing situation, implementation and operation, and potential risks. See figure 5.1

for a sample strategy sheet. Photographs and schematic drawings are also included. A summary
of the strategies is shown in table 5.2.

m
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Type of Strategy

Icons

(identifying environmental
factors addressed by the strategy)

Strategy ID

(unique identifier)

(building, mechanical,
object level, or
monitoring)

Name of Strategy

Existing Situation

(brief explanation of
the current situation,
including issues and
opportunities for
improvement)

Required Actions

N

(actions required to
implement the strategy)

Supporting Actions
Required

(supporting actions
required to implement
the strategy)

Potential Risks

(potential risks involved
in implementing the
strategy)

Seasonal Operation

(table describing
seasonal operation,
when relevant)

BUILDING STRATEGY

Clerestory Roof

Existing Situation

The current roofing system on the clerestories does not
include thermal insulation and has a weathered, low-re-
flectivity surface (fig. 5.B11). This results in significant heat
gain through this system from solar radiation, raising sur-
face temperature of the underside of the roofs and rais-
ing air temperature in the spaces below the clerestories.
Reduction of heat gain through the roof is necessary even
if the clerestories are mechanically ventilated (Extraction
Fans Strategy [M4]). Due to age and poor condition of the
present roofing system, replacement is a high priority to
prevent further water damage to the reinforced concrete
roof slabs of the clerestories (fig. 5.81.2).

Required Actions
Hire an architecture/engineering firm to
specify and design a replacement roofing sys-
tem that incorporates thermal insulation above
the roof slab and an exposed surface with high
reflectivity and high emissivity.
Based on the above specification and design,
fund and implement the replacement of the
existing clerestory roof.

Supporting Actions Required

Removal of existing roof membrane is likely to reveal
concrete damage that must be repaired before the new
roof system is installed.

Potential Risks

Temporary protection from rain will be required to pro-
tect the museum during the period between removal
and replacement of the roof system.

Seasonal Operation
No seasonal actions required.

FIGURE 5.B1.1.
Exterior view of clerestories at roof level. © Fondation Le
Corbusier. Photo: Tim Webster, 2020, © J. Paul Getty Trust.

Notes

(may indicate interdependencies

between different strategies, as well

as warnings of any potential for
adverse effects on the cultural
significance of the building if
implementation of the strategy

is not properly studied or executed)

Notes
None.
FIGURE 5.B1.2.

y Interior view of the underside of the clerestoryv roof, show-
ing salt deposits likely caused by water percolation through
the concrete slab. © Fondation Le Corbusier. Photo: Chan-
dler McCoy, 2024, ® J. Paul Getty Trust.
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Sample strategy sheet, with labels explaining each element.
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TABLE 5.2.
Summary of Recommended Strategies for Environmental Management

ID

M1

Strategy

Collection Storage
Enclosure and HVAC

M2

HVAC - Miniatures
Gallery

M3

HVAC - Library

M4

Extraction Fans

M5

Mechanical Strategies

Ceiling Circulation
Fans

B1

Clerestory Roof

B2

Terrace (Main) Roof

B3

Clerestory Daylight
and UV Management in
Second-Story Spaces

Clerestory Daylight and
UV Management above
Galleries

B5

Natural Ventilation and
Natural Conditioning
with Exterior/Interior
Aerators

Building Strategies

B6

Daylight and UV Man-
agement in Two-Story
Terrace Windows

B7

Baffle/Deflect Daylight
through Clerestories
above Contemporary
Art Gallery Il

B8

Artificial Lighting

o1

Cases

02

Microclimate Frames

03

Strategies

Seasonal Object
Rotation

Mo1

Monitoring | Object-Level
Strategies

Environmental
Monitoring

Environmental Management at the Government Museum and Art Gallery, Chandigarh
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MECHANICAL STRATEGY e 3

Collections Storage Enclosure and HVAC

Existing Situation
Environmental monitoring data suggest that the exist-
ing enclosure and HVAC system for collections storage
is generally effective in protecting collections from en-
vironmental deterioration/damage. However, improve-
ments can be made to
« increase HVAC system reliability (fig. 5.M11),
« minimize particulates by improving filtration
(fig. 5.M1.2), and
« reduce dehumidification load/cost by reducing
moisture vapor infiltration through openings in
the storage space enclosure (fig. 5.M1.3).

Required Actions

- Engage a highly qualified contractor to main-
tain and service the collections storage HVAC
system on a regular basis and provide on-call
emergency service if needed. The service con-
tract should include system controls, air-han-
dling unit, piping, valves, filtration, condenser,
and humidifier.

«  Regularly service and test the emergency gen-
erator that powers the storage HVAC unit.

« Increase the frequency of filter replacement
in the HVAC unit. Verify that condensate pans
and drains function and are free of standing
water and mold.

+  Check the accuracy of the HVAC temperature
and relative humidity sensors.

« Estimate the remaining service life of the HVAC
unit and schedule replacement before reliabil-
ity loss or failure.

Supporting Actions Required
« Engage an architect to survey the walls and
ceiling of the storage room and to
o design closures for any openings that per-
mit entry of particulate or moisture vapor,
and

14

FIGURE 5.M1.1.

HVAC unit serving the collections storage room. © Fonda-
tion Le Corbusier. Photo: Chandler McCoy, 2024, © J. Paul
Getty Trust.

FIGURE 5.M1.2.
Heavily soiled air filter on HVAC unit serving the collections
storage room. Photo: © Michael C. Henry, 2018.
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o investigate and specify coatings for the concrete walls, ceiling, and floor that will reduce particulate
shedding from the exposed concrete surface. Coatings should be low in volatile organic compounds,
and floor coatings must be resistant to traffic abrasion.

+  Assess space organization according to ICCROM’s RE-ORG method (ICCROM, n.d.).

Potential Risks
Potential environmental risks include
« electrical power failure and emergency power failure,
+  blocked or slow condensate drainage in HVAC units,
« excessively dirty air filters due to infrequent service, and
+ particulate and moisture vapor entry through openings in storage room walls/ceiling.

Seasonal Operation

No seasonal actions required.

Notes

None.

4"
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FIGURE 5.M1.3.
Opening in the storage room wall. © Fondation Le Corbusier. Photo: © Michael C. Henry, 2018.
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MECHANICAL STRATEGY

HVAC - Miniatures Gallery

Existing Situation

The value and environmental vulnerability of the minia-
tures collection requires better management of relative
humidity and high temperature than other collection
materials. The Miniatures Gallery is cooled and dehu-
midified and heated and humidified by an HVAC system
consisting of an air-handling unit (AHU), a chilled-water
system, a hot-water system, and a humidifier (figs. 5.M211,
5.M2.2). There are two management approaches posed,
one focused on mechanical (main M2) and the other on
non-mechanical solutions (alternate M2; see Notes be-
low). Reliability is required 24 hours/day, 7 days/week.
Environmental monitoring data indicate that the chilled-
water unit serving the AHU for the Miniatures Gallery
HVAC did not cool or dehumidify the gallery during the
monitoring period. The chilled-water unit has been re-
placed since the monitoring period.

Currently, the HVAC is only operated during periods
when the museum is open to the public.

Required Actions

« Engage a highly qualified contractor to main-
tain and service the HVAC system on a regular
basis and provide on-call emergency service
if needed. The service contract should include
system controls, chiller, AHU, piping, valves,
filtration, condenser/cooling tower, and humidi-
fier.

+  Repair the HVAC system so that it is fully func-
tional and operate it 24 hours/day, 7 days/week.

« Regularly service and test the emergency gen-
erator that powers the HVAC unit.

- Increase the frequency of filter replacement
in the AHU. Verify that condensate pans and
drains function and are free of standing water
and mold.
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FIGURE 5.M2.1.

AHU serving the Miniatures Gallery in second-floor room
adjacent to southwest terrace window. © Fondation Le Cor-
busier. Photo: © Michael C. Henry, 2018.

FIGURE 5.M2.2.
Supply air grilles above the Miniatures Gallery. © Fondation Le
Corbusier. Photo: Tim Webster, 2020, © J. Paul Getty Trust.
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«  Check the accuracy of the HVAC temperature and relative humidity sensors annually.
« Estimate the remaining service life of the AHU and schedule replacement before reliability loss or failure.

Supporting Actions Required
« Engage an architect to carry out the following:

o Survey the walls and ceiling of the Miniatures Gallery and design closures for any openings, including
aerators, that permit entry of particulate or moisture vapor.

o Prepare drawings to relocate the glass partition on the south end of the Miniatures Gallery northward
by one structural bay to eliminate the thermal influence of the southwest terrace window on heat gain
in the Miniatures Gallery (fig. 5.M2.3). This will also reduce the risk of damage to the collection from
leaks in the overhead mechanical room.

Potential Risks
Potential environmental risks for the mechanical approach include

- electrical power failure and emergency power failure,

« failure of the chilled-water units, pumps, and piping,

« chilled-water leaks in the mechanical room above the Miniatures Gallery,

«  blocked/slow condensate drainage in the AHUs in the mechanical room above the Miniatures Gallery,
and

« excessively dirty air filters due to infrequent service.

OFEN TO GREAT HALL

MINIATURES GALLERY o 1 ] GANDHARA GALLERY

ADDITIONAL SPACE
I I I(GANDH#RA GALLERYI

SOUTHWEST
TERRACE

FIGURE 5.M2.3.
Plan of proposed relocation of glass partition between the Gandhara Sculptures Gallery and Miniatures Gallery.
© Fondation Le Corbusier. Image: Timothy Augustus Y. Ong, 2024, © J. Paul Getty Trust.
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Seasonal Operation

No seasonal actions required.

Notes

If the above mechanical strategy is not feasible, adopt the alternate, non-mechanical strategy described below:

1. Remove the HVAC system and the glass partitions at the Miniature Gallery entries. Remove ductwork and
false ceiling. Assess if removal results in direct light on collection displays.

2. Implement Natural Ventilation and Natural Conditioning with Exterior/Interior Aerators Strategy (B5).

3. Implement Cases Strategy (O1) and Microclimate Frames Strategy (O2) and place collections in rehabili-
tated and upgraded exhibit cases for environmental stability.

4. Implement Seasonal Object Rotation Strategy (O3).

Potential environmental risks for non-mechanical approach:

« Particulate and moisture vapor entry through openings in gallery walls/ceiling
«+ Failure to consistently implement non-mechanical management strategies
« Additional risks listed in Cases Strategy (O1) and Microclimate Frames Strategy (02)
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MECHANICAL STRATEGY

HVAC - Library

Existing Situation

The library is served by several individually controlled,
wall-mounted ductless fan coil air-conditioning units
(fig. 5.M31) with air-cooled condensers mounted on the
roof of the rear gallery, or temporary exhibition gallery
(fig. 5.M3.2).

At present, the air-conditioning units experience fre-
quent failures, reportedly due to variations in the elec-
trical power supply. Power stabilizers have not com-
pletely resolved this problem (see fig. 5.M3.1). Because
the library is mechanically conditioned, the interior and
exterior aerators in the library spaces are kept closed
and are blocked by furniture (fig. 5.M3.3). This greatly re-
duces the potential effectiveness of Natural Ventilation
and Natural Conditioning with Exterior/Interior Aerators
Strategy (B5).

Required Actions
« Implement Natural Ventilation and Natural

Conditioning with Exterior/Interior Aerators

Strategy (B5) but operate HVAC in the library

when necessary for human thermal comfort

during extreme conditions.
« Improve current HVAC system as follows:

o Resolve the problem with air-conditioning
unit failure.

o Provide for removal and disposal of con-
densate.

o Clean filters regularly.

o Estimate the remaining service life of the
air-conditioning units and schedule re-
placement before reliability loss or failure.

o Implement Clerestory Roof Strategy (B1).

FIGURE 5.M3.1.

Fan coil air-conditioning unit and power-stabilizing units in
the library. © Fondation Le Corbusier. Photo: Tim Webster,
2020, © J. Paul Getty Trust.

FIGURE 5.M3.2.
Roof-mounted condensers. © Fondation Le Corbusier.
Photo: © Michael C. Henry, 2018.

o Implement Clerestory Daylight and UV Management in Second-Story Spaces Strategy (B3).

Supporting Actions Required
+ Implement Extraction Fans Strategy (M4).
« Implement Cases Strategy (O1).

«  Reposition library furniture away from aerators to allow for operation and airflow.
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Potential Risks
Potential risks of the present HVAC units are
« electrical power failure,
+ blocked condensate drains,
- infrequent replacement of air filters,
«  potential risks for non-mechanical approach,
and
- failure to consistently implement non-mechan-
ical management strategies.

Seasonal Operation

Operate according to seasonal operation protocols of
Natural Ventilation and Natural Conditioning with Exte-
rior/Interior Aerators Strategy (B5).

Notes
None.

FIGURE 5.M3.3.

Interior aerators blocked by library furniture. © Fondation
Le Corbusier. Photo: Foekje Boersma, 2017, © J. Paul Getty
Trust.
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MECHANICAL STRATEGY WL e T G

Extraction Fans

Existing Situation

Two clerestories each feature an exhaust fan (fig.
5.M41), but neither fan is currently used. Operating and
potentially adding more exhaust (extraction) fans will in-
crease the rate of air exchange when Natural Ventilation
and Natural Conditioning with Exterior/Interior Aerators
Strategy (B5) is active.

Required Actions

« Engage an architect and an engineer to evalu-
ate and design provisions for using existing ex-
traction and adding more fans to improve the
ventilation and seasonal temperature reduction
of the Great Hall (fig. 5.M4.2), the first-floor gal-
leries, and the second-floor spaces. Potential
issues that must be addressed in the design
process include airflow rate, physical size, secu-
rity, water entry, noise, and electrical power.

«  Fund and implement the installation of extrac-
tion fans.

FIGURE 5.M4.1.
Existing exhaust fan in clerestory. © Fondation Le Corbusier.
Photo: Chandler McCoy, 2024, © J. Paul Getty Trust.

FIGURE 5.M4.2.
Longitudinal section through the Great Hall, showing proposed natural ventilation and operation of extraction fans
on clerestories. © Fondation Le Corbusier. Image: Timothy Augustus Y. Ong, 2024, © J. Paul Getty Trust.
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Supporting Actions Required
« Coordinate with the following:
o HVAC - Library Strategy (M3)
o Natural Ventilation and Natural Conditioning with Exterior/Interior Aerators Strategy (B5)

Potential Risks
No potential risks foreseen.

Seasonal Operation
Extraction fans should be operated in coordination with seasonal opening/closing of exterior/interior aerators as

described in Natural Ventilation and Natural Conditioning with Exterior/Interior Aerators Strategy (B5).

Notes
None.
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Ceiling Circulation Fans

Existing Situation

During periods of high temperature and high relative humidity, natural ventilation may need to be supplemented
with mechanical fans to produce sufficient air movement to improve human thermal comfort for visitors and staff.
From May to October, encompassing late spring, pre-monsoon, monsoon, and early post-monsoon seasons, the in-
terior environment can become uncomfortable to users due to high temperature and relative humidity (fig. 5.M51).

Required Actions
- Engage an architect and an engineer to evaluate the potential for low-speed ceiling fans to destratify air
and increase air movement during hot and humid conditions. The study should evaluate fan speed, air

speed at the occupant level, effectiveness in improving comfort, noise, electrical power requirements,
weight and mounting methods, and access for service.

- If the evaluation is positive, perform a trial installation to confirm satisfactory performance.

Supporting Actions Required
No supporting actions required.
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FIGURE 5.M5.1.

Time series of air temperature (red), dew point (green), and relative humidity (blue) in the Medieval Sculptures
Gallery. Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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Potential Risks
No potential risks foreseen.

Seasonal Operation

TABLE 5.M5.1.
Seasonal Operational Protocols for Ceiling Circulation Fans

Spring Pre-Monsoon Monsoon Post-Monsoon Winter
(Mar-May) (Jun) (Jul-Sep) (Oct-Nov) (Dec-Feb)
Operate in late Operate during public | Operate during public | Operate during early | Do not operate.
spring (May). open hours. open hours. post-monsoon.
Notes
None.
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Clerestory Roof

Existing Situation

The current roofing system on the clerestories does not
include thermal insulation and has a weathered, low-re-
flectivity surface (fig. 5.B11). This results in significant heat
gain through this system from solar radiation, raising sur-
face temperature of the underside of the roofs and rais-
ing air temperature in the spaces below the clerestories.
Reduction of heat gain through the roof is necessary even
if the clerestories are mechanically ventilated (Extraction
Fans Strategy [M4]). Due to age and poor condition of the
present roofing system, replacement is a high priority to
prevent further water damage to the reinforced concrete
roof slabs of the clerestories (fig. 5.81.2).

Required Actions

« Hire an architecture/engineering firm to
specify and design a replacement roofing sys-
tem that incorporates thermal insulation above
the roof slab and an exposed surface with high
reflectivity and high emissivity.

»  Based on the above specification and design,
fund and implement the replacement of the
existing clerestory roof.

Supporting Actions Required

Removal of existing roof membrane is likely to reveal
concrete damage that must be repaired before the new
roof system is installed.

Potential Risks

Temporary protection from rain will be required to pro-
tect the museum during the period between removal
and replacement of the roof system.

Seasonal Operation
No seasonal actions required.

Notes
None.
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FIGURE 5.B1.1.
Exterior view of clerestories at roof level. © Fondation Le
Corbusier. Photo: Tim Webster, 2020, © J. Paul Getty Trust.

FIGURE 5.B1.2.

Interior view of the underside of the clerestory roof, showing
salt deposits likely caused by water percolation through the
concrete slab. © Fondation Le Corbusier. Photo: Chandler
McCoy, 2024, © J. Paul Getty Trust.
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Terrace (Main) Roof

Existing Situation

The current roofing system on the terrace (main) roof
(fig. 5.B21) has significant heat gain due to solar radia-
tion, raising underside surface temperature and possi-
bly elevating air temperature in the cavity between the
roof slab and the Thermafriz ceiling panels composed
of wood and wool fibers (fig. 5.B2.2). The resultant heat
transmission can contribute to elevated air temperature
in the building that adversely affects both collections
and human comfort. Due to age and poor condition of
the present roofing system, replacement is a high prior-
ity to prevent further damage to the reinforced concrete
slabs of the main roof.

Required Actions

« Hire an architecture/engineering firm to
specify and design a replacement roofing sys-
tem with a high-reflectivity and low-emissivity
surface. Replace any existing thermal insulation
on the top surface of the roof but do not add
thicker insulation, because this will increase the
risk of water leakage at the window frame.

«  Based on the specification and design devel-
oped by the architecture/engineering firm,
fund and implement the replacement of the
existing terrace roofing system.

Supporting Actions Required

Removal of existing roof membrane is likely to reveal
concrete damage that must be repaired before the new
roof system is installed.
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FIGURE 5.B2.1.

Exterior view of terrace (main) roof with clerestory windows
at left and right. © Fondation Le Corbusier. Photo: Ana Paula
Arato Gongalves, 2018, © J. Paul Getty Trust.

FIGURE 5.B2.2.

View of red and white Thermafriz ceiling panels. ©
Fondation Le Corbusier. Photo: Tim Webster, 2020, © J. Paul
Getty Trust.
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Potential Risks

Temporary protection from rain will be required to pro-
tect the museum during the period between removal
and replacement of the roof system.

Seasonal Operation
No seasonal actions required.

Notes

The distance between the bottom of the clerestory win-
dow frame and the top of the terrace concrete slab will
limit the thickness of thermal insulation between the
roof membrane and the concrete roof slab (fig. 5.82.3).

FIGURE 5.B2.3.
Exterior view of clerestory window at roof level. © Fondation
Le Corbusier. Photo: © Michael C. Henry, 2018.
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Clerestory Daylight and UV Management in Second-Story Spaces

Existing Situation

The clerestory windows allow unfiltered entrance of vis-
ible and infrared light and UV radiation directly above
occupants/collections in second-floor spaces such as
the library (figs. 5.B31, 5.B3.2). This contributes to high
temperatures that adversely affect both collections and
human comfort. In addition, the visible and infrared light
and UV radiation contribute to light and UV damage to
collections.

Required Actions
« Hire an architect to assess the exterior and
interior conditions of the existing window as-
semblies, including glass and plastic glazing

FIGURE 5.B3.1.
and metal frames. Exterior view of clerestory window at roof level. © Fondation
o If the conditions do not require replace- Le Corbusier. Photo: © Michael C. Henry, 2018.

ment of the window glazing or frames, the
architect should select a neutral tint light-
reducing film with 99% UV reduction.

o |f the existing window glazing and frames
must be replaced, the architect should
specify replacement glazing that reduces
transmitted visible light, infrared light, and
UV radiation.

+  Mock-ups should be evaluated to inform final
selection of the film and/or replacement glaz-
ing and to confirm that the film/glazing does
not cause color shifts or excessive daylight
reduction.

«  Fund and implement the necessary improve-

FIGURE 5.B3.2.

for th ducti fvisible light. inf Interior view of clerestory window with security grilles. ©
ments for the reduction of visible light, infra- Fondation Le Corbusier. Photo: © Michael C. Henry, 2018.

red light, and UV through the clerestory glass
above the library and second-floor spaces that
contain collections.

Supporting Actions Required

Temporary weather protection, overhead protection, and security measures will be required during repair or re-

placement of glass or window frames.
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Potential Risks

The effectiveness of reducing visible light, infrared light, and UV with adhered film will degrade with time and ex-
posure and may require replacement within ten years. A program of annual measurements of visible light, infrared
light, and UV should be established so that the efficacy of the adhered film can be quantified and a replacement
plan can be developed.

Seasonal Operation
No seasonal actions required.

Notes
1. In some locations, access to the interior side of clerestory windows may be limited by security grilles (see
fig. 5.83.2).
2. See also Clerestory Daylight and UV Management above Galleries Strategy (B4).
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Clerestory Daylight and UV Management above Galleries

Existing Situation

The clerestory windows allow visible and infrared light
and UV radiation into the adjoining first- and second-
floor spaces and galleries (fig. 5.B4.1). This contributes
to light and UV damage to collections and to high tem-
peratures that adversely affect both collections and hu-
man comfort.

The intensity and duration of sunlight entry through the
windows varies by orientation and season.

Required Actions
« Hire an architect to assess the exterior and
interior conditions of the existing window as-
semblies, including glass and plastic glazing
and metal frames. The architect should also
perform a “daylight” analysis for the clerestory
windows to determine the level of daylight

FIGURE 5.B4.1.

View of Contemporary Art Gallery Il in winter, showing visible
light coming through the clerestory windows. © Fondation Le
Corbusier. Photo: Tim Webster, 2020, © J. Paul Getty Trust.

reduction needed to protect the collections from damage.

o If the observed conditions do not require replacement of the window glass or frames, the architect
should select a neutral tint light-reducing film with 99% UV reduction. Mock-ups should be evaluated
to inform final selection of the film and/or replacement glazing and to confirm that the film/glazing
does not cause color shift or excessive daylight reduction.

o |f the existing window glazing and frames must be replaced, the architect should specify neutral tint
light-reducing replacement glazing that reduces transmitted UV radiation. Mock-ups should be evalu-
ated to inform final selection of the film and/or replacement glazing and to confirm that the film/glaz-
ing does not cause color shift or excessive daylight reduction.

«  Fund and implement the necessary improvements for the reduction of visible light, infrared light, and UV

through the clerestory windows above galleries.

Supporting Actions Required
No supporting actions required.
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Potential Risks

The effectiveness of UV reduction with adhered film will degrade with time and exposure and may require replace-
ment within ten years. A program of annual measurements of UV reduction by adhered film should be established
so that film replacement can be planned.

Seasonal Operation
No seasonal actions required.

Notes
See related strategies:

1. Clerestory Daylight and UV Management in Second-Story Spaces (B3)
2. Daylight and UV Management in Two-Story Terrace Windows (B6)
3. Baffle/Deflect Daylight through Clerestories above Contemporary Art Gallery 11 (B7)
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Natural Ventilation and Natural Conditioning with Exterior/Interior Aerators

Existing Situation

Le Corbusier’s original concept for natural ventilation at
the Government Museum and Art Gallery included air-
flow created by opening internal and external aerators
to allow hot air to move up through and out of the build-
ing. Currently, Le Corbusier's intended airflows have
been compromised by

aerators that are no longer accessible or oper-
able due to window shades (fig. 5.B51),

grilles and exhibition furniture that block air-
flow between spaces (fig. 5.85.2),

partitions on the sides of the stairway to the
library that block airflow from Contemporary
Art Gallery Il to the southeast aerators (fig.
5.B5.3), and

glass doors that block airflow between the
Great Hall and the reception area on the
ground floor (fig. 5.85.4).

Required Actions
For exterior and interior aerators and glass doors at
Great Hall entry (fig. 5.B5.5):

Relocate exhibition furniture that is blocking
exterior and interior aerators so that airflow is
not impeded.

Operate aerators in exterior walls so that
exterior air can be used to lower interior tem-
perature in late pre-monsoon (June), monsoon
(July to September), and early post-monsoon
(October to November) seasons, provided that
interior temperature is maintained at least 8°C
higher than interior dew point temperature so
that interior relative humidity does not exceed
70% (table 5.B5.1).

Open second-floor interior aerators (for
example, those between the library and the
surrounding galleries) when exterior aerators
are open. Open entry to Great Hall (doors,
grilles, and/or operable glass panels) when
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FIGURE 5.B5.1.

View of aerators in the Great Hall that are inaccessible due
to window shades. © Fondation Le Corbusier. Photo: ©
Michael C. Henry, 2018.

FIGURE 5.B5.2.

Grilles and exhibition furniture blocking airflow between the
Medieval Sculptures Gallery and Metal Sculptures Gallery. ©
Fondation Le Corbusier. Photo: Chandler McCoy, 2024, © J.
Paul Getty Trust.
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FIGURE 5.B5.3. FIGURE 5.B5.4.

Partitions flanking the stairway from Contemporary Art View of glass doors at entry to the Great Hall on the ground
Gallery Il to the library. © Fondation Le Corbusier. Photo: © floor; above, opening to the Medieval Sculptures Gallery
Michael C. Henry, 2018. blocked by grilles and exhibition furniture on the first floor. ©

Fondation Le Corbusier. Photo: Ana Paula Arato Gongalves,
2018, © J. Paul Getty Trust.

FIGURE 5.B5.5.
Longitudinal section through Great Hall, showing proposed natural ventilation. © Fondation Le Corbusier. Image:

Timothy Augustus Y. Ong, 2024, © J. Paul Getty Trust.
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temperature difference between second floor and ground level is 3°C to enhance natural ventilation.
Reconfigure open grilles at Great Hall entry doors and install operable glass panels surrounding the
doors.

Reconfigure window shades so they only cover glazing.

For openings in interior walls:

Relocate exhibition furniture and remove or open grilles that block interior openings between galleries so
that airflow is not impeded.

Remove window shades from interior openings.

Design and install new guardrails to replace grilles in openings between the first floor and the Great Hall
to prevent falls and to improve airflow.

Remove the walls enclosing the space under the stairway between the Gandhara Sculptures Gallery and
the library. Install a guardrail or similar protection to prevent impact injury with the stairway.

Trained staff must be available to open and close aerators when seasonal conditions are appropriate
(see table 5.B51).

The functionality of interior and exterior aerators must be restored and aerators must be airtight and
watertight when closed.

Aerators must be maintained in operable condition.

Limited redesign of some exhibit spaces will be necessary to reposition exhibit cases away from openings.

Supporting Actions Required
No supporting actions required.

Potential Risks

Exterior aerators must be closed during rain and high wind events to prevent damage to collections.
Increasing airflow through the museum will increase deposition of particulates and will require more
frequent housekeeping to remove particulate deposition.

Lack of sufficient staff or training of staff will result in failure to consistently implement non-mechanical
management strategies and may increase environmental damage to collections.

Seasonal Operation
Operate exterior and interior aerators, entry hall doors, and entry hall glass panels as indicated in table 5.B5.1.
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TABLE 5.B5.1.

Seasonal Operational Protocols for Ventilation

Spring

Pre-Monsoon

Monsoon

Post-Monsoon

Winter

(Mar-May)

Open aerators
during public open
hours if exte-

rior temperature
exceeds 17°C and
exterior dew point is
at least 5°C less than
interior temperature.

(Jun)

Open aerators during
public open hours if

exterior temperature
is less than 30°C and
exterior dew point is

at least 5°C less than
interior temperature.

(Jul-Sep)

Open aerators during
public open hours if
exterior temperature
is less than 30°C and
if exterior dew point
is at least 5°C less
than interior tempera-
ture so that interior
relative humidity does
not exceed 70%.

(o1 &\ [e}%)]

Open aerators during
public open hours if
exterior temperature
is between 25°C and
18°C and exterior
dew point is at least
5°C less than interior
temperature.

(Dec-Feb)

Open aerators during
public open hours if
exterior temperature
exceeds 18°C and
exterior dew point is
at least 5°C less than
interior temperature.

« during rain events, or
« during high wind events.

During any season, close the ventilation shutters

« when the above conditions do not occur,
« when the museum is closed to the public,

Notes

None.
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Daylight and UV Management in Two-Story Terrace Windows

Existing Situation

The two-story-high banks of exterior windows (figs. 5.861,
5.B6.2) allow unfiltered entrance of visible and infrared light
and UV radiation into the adjoining first-floor and second-
floor spaces and galleries. This contributes to light and UV
damage to collections and to high temperatures that ad-
versely affect both collections and human comfort.

The intensity and duration of sunlight entry through
the windows varies by orientation and season, with the
southwest-facing and southeast-facing terrace windows
receiving the most direct sunlight per unit area, and the
northeast-facing and northwest-facing terrace windows
receiving diffuse sunlight.

The windows are fitted with vertical blinds (fig. 5.B6.3),
many of which have individual blades that are missing or in
disarray. The blinds do not appear to be periodically adjust-
ed for best effect in managing sunlight entry. According to
the CMP, the blinds are not original (DRONAH 2019, 100,
figs. 119, 121) and should be removed (DRONAH 2019, 156).

Required Actions
« Hire an architect to do the following:

o Select a neutral tint light-reducing film with
99% UV reduction. Mock-ups should be
evaluated to inform final selection of the
film and/or replacement glazing and to con-
firm that the film/glazing does not cause
color shift or excessive daylight reduction.

o |f the non-original blinds are removed as
recommended by the CMP, a new method
of natural light management through the
glazing will be needed. One possibility
would be automatically controlled light-
reducing fabric roll-up shades. The shades
should not cover the aerators.

o Perform a “daylight” analysis for each window
to determine the optimal light reduction of
the fabric shades and the schedule on which
the shades must be lowered.
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FIGURE 5.B6.1.

Southwest terrace window, similar to the window on the
northeast terrace. © Fondation Le Corbusier. Photo: Ana
Paula Arato Gongalves, 2018, © J. Paul Getty Trust.

FIGURE 5.B6.2.

Northwest terrace window, similar to the window on the
southeast terrace. © Fondation Le Corbusier. Photo: Ana
Paula Arato Gongalves, 2018, © J. Paul Getty Trust.
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«  Fund and implement the necessary improve-
ments for reduction of visible and infrared light
and UV, and replacement of the blinds with fabric
roll-up shades instead of removal of the blinds as
recommended by the CMP above.

« Establish monthly protocols for maintenance,
operation, and positioning of the fabric shades.

«  Train staff in the protocols and monitor compliance.

Optional Actions

« Hire an architect to develop a design for a floor-
to-ceiling transparent enclosure parallel to and
set away from the southwest terrace window
(fig. 5.B6.4). The study should include a digi-
tal model and/or a physical prototype of the

FIGURE 5.B6.4.

Plan for optional installation of
passive solar heating enclosure on
the southwest terrace windows,
and proposed relocation of glass
partition between the Gandhara
Sculptures Gallery and Miniatures
Gallery (see strategy sheet M2).

© Fondation Le Corbusier. Image:
Timothy Augustus Y. Ong, 2024,
© J. Paul Getty Trust.
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FIGURE 5.B6.3.

Vertical blinds at the southwest terrace window. © Fonda-
tion Le Corbusier. Photo: Chandler McCoy, 2024, © J. Paul

Getty Trust.
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Vents on new transparent enclosure open
to interior from late Post-Monsoon
to early Spring

GANDHARA GALLERY

Ui
’ '

Vent new transparent enclosure to exterior
through existing operable aerators from
late Spring to early Post-Monsoon
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proposed assembly to evaluate any risks to architectural significance. This enclosure should have the ca-
pacity to be ventilated to the exterior and to the interior of the building (table 5.B6.1). The enclosed space
needs to be accessible for periodic cleaning.

+  Fund and implement the necessary improvements for passive solar heat collection at the southwest ter-
race window.

« Establish seasonal protocols for operation and positioning of the ventilators. Train staff in the protocols
and monitor compliance.

TABLE 5.B6.1.
Seasonal Operational Protocols for Ventilation of Optional Enclosure at Southwest Terrace Window

Spring Pre-Monsoon Monsoon Post-Monsoon Winter
(Mar-May) (Jun) (Jul-Sep) (o1 &\ [e}%)] (Dec-Feb)
Vent to interior in Vent to exterior. Vent to exterior. Vent to interior in late | Vent to interior.
early spring. post-monsoon.

Supporting Actions Required
Train museum staff in coordination and operation of the fabric roll-up shades and the optional passive solar heating
enclosure.

Potential Risks

The effectiveness of daylight and UV reduction with adhered film will degrade with time and exposure and may
require replacement within ten years. A program of annual measurements of visible and infrared light and UV by
adhered film should be established so that film replacement can be planned.

The benefit to interior environment should be measured against the risk to architectural significance.

Seasonal Operation
Protocols for seasonal operation of fabric roll-up shades and the optional passive solar heating enclosure must be
developed based on analysis.

Notes

Design of the passive solar heat collector and light-blocking system must minimize their potential impact on the
building’s architectural value as much as possible. It should only be implemented if design studies arrive at a solu-
tion that is compatible with cultural significance.
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Baffle/Deflect Daylight through Clerestories above Contemporary Art Gallery Il

Existing Situation

Direct sunlight enters through the clerestories in Con-
temporary Art Gallery Il during winter, causing light

damage to paintings and prints (fig. 5.B71).

Required Actions

Hire an architect to develop a design for light
baffles/deflectors or louvers to be installed

at clerestory window level in Contemporary
Art Gallery Il to redirect strong winter sunlight
away from collections (fig. 5.87.2). This will
require further measurements and study, such
as creation of a digital model and/or a physical
prototype to evaluate the visual impact of the
baffle/deflector on the architectural signifi-
cance of the space. The baffle/deflector may
be fixed, or it may have features that require
seasonal adjustment to account for sun angle
and light intensity.

=

FIGURE 5.B7.1.

View of Contemporary Art Gallery Il, showing visible
light entering through clerestory windows during winter.
© Fondation Le Corbusier. Photo: Tim Webster, 2020,

© J. Paul Getty Trust.

Install light baffles/deflectors where needed after prototype development.

FIGURE 5.B7.2.
Detail of longitudinal section through Contemporary Art Gallery Il, showing clerestory with proposed light baffle.
© Fondation Le Corbusier. Image: Timothy Augustus Y. Ong, 2024, © J. Paul Getty Trust.
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Supporting Actions Required
If the baffle/deflector requires seasonal adjustment, staff will need to be trained in its operation.

Potential Risks
There is a slight risk that the baffle/deflector will lower ambient natural light in seasons other than winter.

Seasonal Operation

Depending on the design of the baffle/deflector, it may be necessary to make seasonal adjustments to account for
sun angle and light intensity.

Notes

The baffles/deflectors should be designed to minimize their visual impact on the building’s architectural value. This
building strategy should only be implemented if design studies and prototypes arrive at a solution that is compat-
ible with cultural significance of the interior.
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Artificial Lighting

Existing Situation

The current light fixtures in the gallery spaces (fig.
5.B81) and in the exhibit cases (fig. 5.88.2) use a variety
of lamps and light bulbs, including fluorescent lamps,
halogen bulbs, and incandescent bulbs. These types of
light sources present risks to collections that are sensi-
tive to UV radiation (fluorescent lamps), radiant heat
(halogen and incandescent bulbs), and excessive light
levels (all types). These artificial-light sources also emit
waste heat into the surrounding environment.

Almost all light fixtures that use the above listed lamps
or bulbs are architecturally significant and must be re-
tained for the architectural integrity of the museum inte-
rior and the design integrity of the architecturally signifi-
cant exhibition furniture.

Required Actions

» Hire a museum lighting specialist to design
and specify the work necessary to convert the
lamps/bulbs of the existing light fixtures and
lighted exhibition furniture to museum-quality
light-emitting diode (LED) lamps with light
levels appropriate to the collections on exhibit.
The necessary work may include replacement
of wiring, lamp/bulb holders, and switching.
Reflectors may need modification for even light
distribution, and exposed fixture surfaces may
need restoration.

- If possible, the replacement LED lighting in
the galleries should be equipped with dimmer
controls to adjust illuminance levels according
to the vulnerability of the collections.

Supporting Actions Required

FIGURE 5.B8.1.

Ceiling-mounted light fixtures over exhibit cases in the Metal
Sculptures Gallery. © Fondation Le Corbusier. Photo: Tim
Webster, 2020, © J. Paul Getty Trust.

[~

FIGURE 5.B8.2.

Light fixture mounted in canopy of an exhibit case. © Fonda-
tion Le Corbusier. Photo: Foekje Boersma, 2017, © J. Paul
Getty Trust.

« Museum staff will need to be trained in cleaning of fixtures, installation of replacement lamps, and opera-

tion of dimmer controls.

+ Wiring and lamp holders for existing light fixtures should be examined for poor insulation and loose con-
nections, which can pose a fire risk. Wiring and lamp holders should be replaced as needed.

1M
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Potential Risks
Changes in staff will require retraining in cleaning of fixtures, installation of replacement lamps, and operation of
dimmer controls.

The quality of the electrical power supply will affect the service life of lamps and dimmers.

In the future, when new LED lamps are needed, it will be important to obtain high-quality lamps with performance
characteristics comparable to the lamps selected by the lighting specialist. Low-quality LED lamps can have a short
life, may overheat, or may have poor color-rendering.

Seasonal Operation
No seasonal actions required.

Notes
Every effort should be made to retain and use any original light fixtures. Adaptations should be made on an as-
needed basis to avoid adversely impacting the building’s cultural and architectural value.
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OBJECT-LEVEL STRATEGY

Cases

Existing Situation

The original cases designed by Ratna Fabri are of excep-
tional cultural significance. Current cases contribute to
stabilizing fluctuations in relative humidity, but their per-
formance and operation could be improved through a
careful adaptation approach that aims to conserve their
cultural significance.

Cases should be used to create microclimate environ-
ments for miniatures, coins (fig. 5.011), and metal sculp-
tures (fig. 5.01.2).

Required Actions
« Engage a designer to adapt existing cases to

o improve airtightness of cases, especially
those used for displaying metals and coins,
to lower the air exchange rate;

o improve operation;

o replace plexiglass in the coins cases (fig.
5.01.3) with polystyrene coin holders, for
example; and

o add silica gel trays inside cases.

« Adaptation of cases should
o improve performance without negatively
impacting cultural significance and
o use only new materials (wood, boards, lin-
ings, and sealants) of archival quality.

Supporting Actions Required

« If Clerestory Daylight and UV Management
above Galleries Strategy (B4) and Artificial
Lighting Strategy (B8) are implemented, the
glazing of the cases does not need a UV filter.

- If active corrosion is identified, metal pieces
and coins require treatment prior to mounting
inside cases.
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FIGURE 5.01.1.
Coins cases on display. © Fondation Le Corbusier. Photo:
Tim Webster, 2020, © J. Paul Getty Trust.

FIGURE 5.01.2.
Metal sculptures cases on display. © Fondation Le Corbusi-
er. Photo: Tim Webster, 2020, © J. Paul Getty Trust.
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Potential Risks

New materials used in adapting the cases can off-gas
and damage the artwork, hence the importance of using

archival materials.

Seasonal Operation

TABLE 5.01.1.

Seasonal Operational Protocols for Cases

Spring

Pre-Monsoon

FIGURE 5.01.3.
Detail of current condition of plexiglass in a coins case.
Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.

Monsoon

Post-Monsoon

Winter

(Mar-May)

Consider opening
cases for mainte-
nance or reposition-
ing when interior
relative humidity is
low (possibly late
spring).

(Jun)

Add/change silica
gel to lower relative
humidity to 30%

in metal and coins
cases.

(Jul-Sep)

Keep cases closed
due to high relative
humidity conditions.

(e &\ [e}%)]

Keep cases closed
due to high relative
humidity conditions.

(Dec-Feb)

Keep cases closed
due to high relative
humidity conditions.

Notes

The original cases designed by Ratna Fabri are considered of exceptional value, as they are integral to the cultural
significance of the Government Museum and Art Gallery and should be retained. Therefore, adaptations to these
cases must minimize their potential impact on the cases’ cultural value as much as possible. Adaptations should

only be implemented if design studies arrive at a solution that is compatible with cultural significance.
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OBJECT-LEVEL STRATEGY &

Microclimate Frames

Existing Situation

If paintings are hung directly on the northeast wall, the
high humidity in the wall poses a risk of mold growth
in the space between the canvas and the wall, created
by the stretcher on the back of the painting. Using the
existing freestanding panels helps to avoid this risk (fig.
5.021). However, if it is necessary to hang paintings di-
rectly on the northeast wall, microclimate frames should
be considered.

Required Actions

+ Mount paintings in microclimate frames if
hanging paintings directly on the northeast wall. FIGURE 5.02.1.
A microclimate frame is designed to create a Original freestanding panels on the northeast wall help
sealed enclosure around the artwork to buffer avoid the risk of mold growth. © Fondation Le Corbusier.

] . ) o Photo: Tim Webster, 2020, © J. Paul Getty Trust.

fluctuations in relative humidity and prevent the
ingress of external pollutants, dust, and pests.
Due to the small volume of air, there is no need to include any buffer material such as silica gel.

« The construction materials of microclimate frames (wood, boards, linings, and sealants) need to be of
archival quality.

Supporting Actions Required
« If Clerestory Daylight and UV Management above Galleries Strategy (B4) and Artificial Lighting Strategy
(B8) are implemented, the glazing of the microclimate frame does not need a UV filter.
-« Staff trained in maintaining microclimate frames must be available.
«  Maintenance is required.

Potential Risks

New materials used in microclimate frames can off-gas and damage the artwork, hence the importance of using
archival materials.
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Seasonal Operation
TABLE 5.02.1.
Seasonal Operational Protocols for Microclimate Frames

Spring Pre-Monsoon Monsoon Post-Monsoon Winter
(Mar-May) (Jun) (Jul-Sep) (Oct-Nov) (Dec-Feb)
No action Maintenance of mi- No action Maintenance of mi- No action
croclimate frames croclimate frames
Notes

It is preferable to avoid hanging paintings directly on the northeast wall and use the existing freestanding panels
instead.

For more information on microclimate frames, consult the following resources:

American Institute for Conservation (AIC). n.d. “Creating Well-Sealed Frames and Display Packages.” AIC Wiki. Ac-
cessed 28 May 2020. https://www.conservation-wiki.com/wiki/Creating_Well-Sealed_Frames_and_Display_Pack-
ages.

Verticchio, Elena, Francesca Frasca, Fernando-Juan Garcia-Diego, and Anna Maria Siani. 2019. “Investigation on the
Use of Passive Microclimate Frames in View of the Climate Change Scenario.” Climate 7 (8): 98.
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OBJECT-LEVEL STRATEGY

1o X

Seasonal Object Rotation

Existing Situation

To avoid the high temperatures that accelerate chemi-
cal degradation, works on paper that are of higher value
should be exhibited in cooler seasons and kept in cli-
mate-controlled storage during hot seasons (fig. 5.031).
Another reason for object rotation is the incidence of
direct sunlight on certain walls (fig. 5.03.2).

Required Actions

« If HVAC - Miniatures Gallery Strategy (M2) is
not feasible and Non-Mechanical Management
(see strategy sheet M2, Notes) is adopted for
the Miniatures Gallery, exhibit the high-value
miniatures during winter and until the first
month of spring. Keep the high-value minia-
tures in climate-controlled storage during pre-
monsoon, monsoon, and post-monsoon.

- For other works on paper, consider show-
ing works of higher value in the cooler winter
season.

«  For contemporary paintings, relocate paint-
ings that receive direct sunlight during winter
if Baffle/Deflect Daylight through Clerestories
above Contemporary Art Gallery Il Strategy
(B7) is not implemented.

Supporting Actions Required

Implementation of seasonal object rotation demands
curatorial input on the selection and positioning of ob-
jects and additional deinstallation/installation efforts.

Potential Risks

The major risks in implementing seasonal object rotation
are the additional time and handling demands placed on staff.
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FIGURE 5.03.1.

Miniatures are the most valuable objects in the museum'’s
collection and can be vulnerable to degradation from high
temperatures. © Fondation Le Corbusier. Photo: Chandler
McCoy, 2024, © J. Paul Getty Trust.

FIGURE 5.03.2.

Sunlight entering through clerestories and hitting contem-
porary paintings during winter. © Fondation Le Corbusier.
Photo: Annelies Cosaert, 2020, © J. Paul Getty Trust.
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Seasonal Operation

TABLE 5.03.1.

Seasonal Operational Protocols for Object Rotation

Notes

None.

Spring

Pre-Monsoon

Monsoon

Post-Monsoon

Winter

(Mar-May)

If M2 strategy is not
feasible and Non-
Mechanical Manage-
ment is adopted for
Miniatures Gallery,
exhibit the high-
value miniatures
during winter and
until the first month
of spring.

(Jun)

If M2 strategy is not
feasible and Non-
Mechanical Manage-
ment is adopted for
Miniatures Gallery,
keep the high-value
miniatures in storage
during pre-monsoon.

(Jul-Sep)

If M2 strategy is not
feasible and Non-
Mechanical Manage-
ment is adopted for
Miniatures Gallery,
keep the high-value
miniatures in storage
during monsoon.

(Oct-Nov)

If M2 strategy is not
feasible and Non-
Mechanical Manage-
ment is adopted for
Miniatures Gallery,
keep the high-value
miniatures in storage
during post-mon-
soon.

(Dec-Feb)

If M2 strategy is not
feasible and Non-
Mechanical Manage-
ment is adopted for
Miniatures Gallery,
exhibit the high-value
miniatures during
winter and until the
first month of spring.

Other works on pa-
per: Consider show-
ing works of higher
value in the cooler
winter season.

Contemporary
paintings: Relocate
paintings that receive
direct sunlight if B7
strategy is not imple-
mented.
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MONITORING STRATEGY

Environmental Monitoring

Existing Situation

The environmental monitoring equipment installed at
the Government Museum and Art Gallery by the GCI
can be used for continuous monitoring of environmen-
tal conditions (figs. 5.Mo1.1, 5.Mo1.2). This is crucial for as-
sessing the efficacy of the implemented strategies and
guiding subsequent data-driven modifications. By using
the same data collection system used by the GCI, mu-
seum staff will be able to make direct comparisons of
past and future data that will inform future assessments
of the efficacy of the implemented strategies. While the
GClI has managed system maintenance and data inter-
pretation up to this point, museum staff can be trained
by the GCI to carry out these tasks independently.

Required Actions
+  GCl will train Government Museum and Art
Gallery staff to download and interpret envi-
ronmental data.
« Museum staff will periodically download and
interpret data.

Supporting Actions Required

« |dentify a local technical partner to support
the museum in maintaining the environmental
monitoring system.

« Maintain the environmental monitoring system,
including system hardware such as batteries,
sensors, uninterruptible power, and wireless
internet access for remote monitoring 24/7.

+ Maintain data storage and integrity.

Potential Risks
Requires staff time to store, manage, and interpret data
and resources for equipment maintenance.
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FIGURE 5.MO1.1.

Two Onset HOBO RX3000 remote monitoring stations
located in the library. © Fondation Le Corbusier. Photo: Vin-
cent Laudato Beltran, 2020, © J. Paul Getty Trust.

FIGURE 5.MO1.2.

An Onset HOBO RX3000 remote monitoring station located
in the mechanical room adjacent to the Miniatures Gallery.
© Fondation Le Corbusier. Photo: Vincent Laudato Beltran,
2020, © J. Paul Getty Trust.
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Seasonal Operation
No seasonal actions required for monitoring, but analysis of seasonal data will help museum staff identify appropri-
ate adjustments needed to optimize protocols for operating the aerators.

Notes
Supports most if not all strategies.

The GCI monitoring system may be supplemented by the addition of local, standalone data loggers for environ-
ments in critical areas or near highly sensitive objects.
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CHAPTER 6

DECISION-MAKING PROCESS FOR
ENVIRONMENTAL MANAGEMENT

The suite of strategies presented in this report, as well as the steps informing their development,
represents part of the collaborative decision-making process for environmental management at
the Government Museum and Art Gallery, Chandigarh. The strategies are intended to lead toward
a design stage that prepares the institution to select and design the appropriate solutions (or
choose to accept the existing environment), embark on their construction, and evaluate their
impact.

The overall decision-making process for environmental management is summarized in figure 6.1
(Taylor et al. 2023). This process aims to connect with the broader goals of a heritage institution by
proposing environmental ranges and strategies that are specifically appropriate and sustainable
for each institution. While institutional goals and contexts may differ, the general decision points
remain similar and emphasize the links between various types of information.

These decision points involve multidisciplinary stakeholders whose level of participation—which
includes taking a leading role (“lead”), contributing to decision-making (‘consult”), and being im-
pacted by the decision (“inform”)—will shift during the course of the project (table 6.1). Note that the
specific titles described in this table refer to general roles that will vary among different institutions
and different countries; smaller institutions may have staff that assume multiple responsibilities.

The initial “Context” stage (steps 1-3) of the decision-making process gathers information on the
roles and needs of the collection, building, and institution, as well as on the current environment,
including the interior environment and professional culture. This focus on context helps reveal
what might be considered “problems” and for whom. For many institutions, it is helpful if this
stage is guided by an external professional facilitator. This stage may precede the involvement
of external technical consultants such as a conservator or engineer, and it is imperative that this
contextual information is shared so it can be used as a valuable resource during the process.

Subsequently, the “Predesign” stage (steps 4-10) provides an opportunity to synthesize this in-
formation to identify connections, allowing other risks and strategic priorities to be considered
alongside the environment. If considering changes to the environment, one will need to specify
environmental ranges and management options and develop a predesign brief that succinctly
conveys the priorities, requirements, and criteria of the design solutions. This stage also provides
an opportunity to accept the existing environment and continue monitoring as the situation poses
low risks to the collection, building, and occupants.

The final “Design” stage (steps 11-15) is the realization of the selected strategies through design,
implementation, and evaluation, and will vary considerably between institutions depending on the
choices made in the previous steps.

151

Environmental Management at the Government Museum and Art Gallery, Chandigarh Decision-Making Process for Environmental Management



PROGRESS OF THE PROJECT

CONTEXT CONTEXT
1. Institution’s mission/strategy 2. Determine needs 3. Current environment
PREDESIGN
4. Overview of risks

Collection-Building-People <
* Accept & continue
to monitor

5. Accept or modify environment >
¥ Modify

[ P 6. Analyze/predict achievable environment
7. Set objectives & criteria Fixing small
* problems may not

require options
8. Develop options »>-

v

9. Review options & select

¥

10. Predesign brief

DESIGN & IMPLEMENTATION l

11. Design of the solution

¥

12. Procurement & construction

R I s —
s 13. Startup & commissioning (if HVAC) 1
Monitoring should . } .
continue for 14. Training & documentation
quality control & v
recommissioning
< 15. Evaluate & revise

Step 1. Institution’s mission/strategy: Institutional background (introduction)

Step 2. Determine needs: Architectural significance/guidance (introduction), environmental guidance (introduction), collection vulnerabilities to the environ-
ment (chapter 3)

Step 3. Current environment: Institutional background (introduction), external climate (chapter 1), building envelopes (chapter 2), existing environmental
management systems (chapter 2), collections (chapter 3), interior environment (chapter 4)

Step 4. Overview of risks: Environmental guidance for human comfort (introduction), environmental risks to collections (chapter 3), environmental risks to the
building envelope (chapter 5)

Step 5. Accept or modify environment: Interior environment (chapter 4), environmental guidance for human comfort (introduction), environmental risks to
collections (chapter 3), environmental risks to the building envelope (chapter 5)

Step 6. Analyze/predict achievable environment: Environmental data analysis (chapter 4)

Step 7. Set objectives & criteria: Mechanical objectives (chapter 5), building (non-mechanical) objectives (chapter 5), collection objectives (chapter 5)

Step 8. Develop options: Mechanical strategies (chapter 5), building (non-mechanical) strategies (chapter 5), collection strategies (chapter 5)

Steps 9-15: Steps to be discussed by staff and stakeholders of the Government Museum and Art Gallery

FIGURE 6.1.

Top: diagram of the decision-making process delineating the points or steps for the design of a plan for implement-
ing environmental management strategies. Bottom: description of the progress made thus far in the project, as
discussed in this report. Diagram: Joel Taylor, rendering by Annelies Cosaert, © J. Paul Getty Trust.
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TABLE 6.1.

Stakeholder Involvement in the Design of Environmental Management Strategies

Inform

1 Directorial/Curatorial Collections, Internal Facilities Architect, Engineer, External
& Consultant
)
‘g’ 2 Collections, Internal Facilities Curatorial Engineer
© 3 Collections/External Curatorial, External Consul- Architect, Engineer
Consultant, Internal Facilities tant, Security
4 Collections/External Architect, Curatorial, Engineer, | Directorial
Consultant, Internal Facilities External Consultant, Security
5 Directorial/Curatori- Architect, Engineer, Internal Directorial
al/ Collections Facilities
6 Architect, Engineer, Internal Architect, Collections, Curato- | Directorial
5, Facilities rial, Engineer
(2]
= 7 Collections, Engineer, Internal | Architect, Curatorial, External External Consultant
Qo Facilities Consultant
o
8 Architect/Engineer/External Collections, Curatorial, Inter- All Staff
Consultant nal Facilities, Security
9 All Staff All Staff, External Consultant All Staff
10 Curatorial/Directorial, Chief Financial Officer, Exter- Architect, Commissioning
Collections, Internal Facilities nal Consultant, Security Agent, Engineer
M Architect/Engineer Collections, External Con- Commissioning Agent, Curato-
c sultant, Internal Facilities, rial/Directorial
= Security
@
g 12 Architect/Engineer, Chief Collections, Commissioning Curatorial/Directorial
£ Financial Officer, Internal Agent, Security
9 Facilities
o
E 13 Commissioning Agent, Chief Financial Officer, Exter- Collections
= Engineer nal Consultant
(1]
= 14 Engineer, Internal Facilities Collections, Commissioning All Staff
'g Agent, Security
a 15 Engineer/External Consultant, | Collections, Security Curatorial/Directorial

Internal Facilities

Notes: This list is not exhaustive, and the specific nature of the decision will vary with the context of the situation. It is
intended to be broad enough for many situations.
The titles refer to general roles rather than specific jobs, because of the variation among institutions and countries. Their
position may also vary from this general guide.
In general, informing and involving people early is best; deeper collaboration is also more challenging and time-consuming
in the short term.

A “/" indicates “either/or.”
Source: Taylor et al. 2023, 146
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All three stages must be informed by an uninterrupted program of monitoring of the interior and
exterior environment of the museum. Continued environmental monitoring is crucial for quality
control and recommissioning and provides a feedback loop to compare the predicted achievable
environment to the actual response of the museum environment as a “system.”

Regarding the Government Museum and Art Gallery case studly, this report completes the “Con-
text” stage (steps 1-3) and much of the “Predesign” stage (up to step 8) of the decision-making
process shown in figure 61. Immediate “Predesign” steps include the review of the suggested
strategies and the selection of key strategies for implementation by museum staff and its stake-
holders; the Government Museum and Art Gallery team includes the director, curators and collec-
tion care staff, maintenance staff, and an external facilities team responsible for the museum and
other nearby buildings. The following “Design” stage requires considerations of cost and timing of
implementation, including obtaining the necessary approvals to move forward from the museum
directorate, Chandigarh heritage authorities, and municipal building permit officials; coordinating
with museum operations and other initiatives; and managing the resulting construction and/or
repair projects.
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APPENDIX A

Architectural Drawings

The set of architectural drawings in this appendix was
adapted from a set developed by the Development and
Research Organisation for Nature, Arts and Heritage for the
Government Museum and Art Gallery’s Conservation Man-
agement Plan. It illustrates the current configuration and use
of building spaces at the time of the project.
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FIGURE A.1.
Site plan of the Government Museum and Art Gallery. © Fondation Le Corbusier. Drawing: DRONAH, modiified by Timothy Augustus Y.
Ong and Hongye Wang. Image © J. Paul Getty Trust.
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FIGURE A.2.
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First-floor plan of the Government Museum and Art Gallery. © Fondation Le Corbusier. Drawing: DRONAH, modified by Timothy Augus-
tus Y. Ong and Hongye Wang. Image © J. Paul Getty Trust.
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Sectional drawing of the Government Museum and Art Gallery. © Fondation Le Corbusier. Drawing: DRONAH, modified by Tahmida
Afroze. Image © J. Paul Getty Trust.
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APPENDIX B

Report on Installation of Monitoring Equipment
Annelies Cosaert, Chandler McCoy, and Kathleen Dardes
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Scope

This report, which was compiled in May 2020, covers the installation of monitoring equipment that took place from
2 to 24 January 2020 at the Government Museum and Art Gallery. The installation was carried out according to
instructions provided by Michael C. Henry.

Monitoring Campaign
Types of Measurements

Light
Method: light sensors, spot readings of visible light and UV light (fig. B.1), and Blue Wool cards (see fig. 4.4).

Temperature and Relative Humidity Monitoring
Method: sensors placed throughout the exhibition rooms and library, physically connected to the remote monitor-
ing station (HOBO RX3000) and standalone loggers that are battery operated.

FIGURE B.1.
An ELSEC 765 environmental monitor for spot reading of UV (lumen) and visible light (lux) of the natural light. Photo: Annelies Cosaert,

2020, © J. Paul Getty Trust.
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Pollution
Method: remote dust monitor (fig. B.2) and Corrosion Classification Coupons (see fig. 4.2).

FIGURE B.2.

A Met One ES-642 remote dust monitor, connected to the HOBO
RX3000 monitoring station. © Fondation Le Corbusier. Photo:
Annelies Cosaert, 2020, © J. Paul Getty Trust.

Installation of the Equipment

The equipment listed by Michael C. Henry in the plan he developed for environmental monitoring of the museum
was shipped to India about two months in advance of installation. The museum installed this equipment based on
the instructions he provided.

Table B lists all monitoring devices, passive and active, present at the museum during the monitoring campaign.
Also indicated is the location of current and planned measurements on 25 February 2020.
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TABLE B.1.
Sensor Directory

ID/Tag No.

Type

Description

Location

Data Loggers

RX3000

at Miniatures Gallery and Gandhara Sculptures
Gallery

CGMAG1 Data Logger Data collection from sensors measuring exterior Library, 2nd floor
RX3000 condition on the roof, and interior conditions at
Contemporary Art Gallery |
CGMAG2 Data Logger Data collection from sensors measuring interior Library, 2nd floor
RX3000 conditions at the clerestory level, library, Great Hall,
and entrance
CGMAG3 Data Logger Data collection from sensors measuring conditions Mechanical room, 2nd floor

Sensors Connected to CGMAGT1

1.01 T/RH (S-THB- Sensor measuring temperature and relative humidity | Roof level
MO0O02) and Shield | of exterior air
(RS-3-B)
1.02 Rainfall (RGB- Sensor measuring rainfall Roof level
MO002)
1.03 Solar (S-LIB- Sensor measuring solar radiation NE direction Roof level
MOQ3) . . . .
1.04 Sensor measuring solar radiation SE direction Roof level
1.05 Sensor measuring solar radiation SW direction Roof level
1.06 Sensor measuring solar radiation vertical direction Roof level
1.07 WS/WD (S-WSET- | Sensor measuring wind speed Roof level
B
1.08 ) Sensor measuring wind direction Roof level
2.07 T/RH (S-THB- Sensor measuring temperature and relative humidity | Contemporary Art Gallery |,
MO0O08) of interior air 1st floor
2.08 T/RH (S-THB- Sensor measuring temperature and relative humidity | Medieval Sculptures Gallery,
M002) of interior air 2nd floor
Sensors Connected to CGMAG2
2.01 T/RH (S-THB- Sensor measuring temperature and relative humidity | Entrance
MO0O02) and Shield | of interior air
(RS-3-B)
2.02 Surf T (5-TMB- Sensor measuring surface temperature Entrance
MOQ06)
2.03 T/RH (S-THB- Sensor measuring temperature and relative humidity | Great Hall, ground floor
MOO08) of interior air
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ID/Tag No. | Type

‘ Description

‘ Location

(Analog Sensor)

Sensors Connected to CGMAG3

2.04 T/RH (S-THB- Sensor measuring temperature and relative humidity | Great Hall, 1st floor
M002) of interior air
2.05 Sensor measuring temperature and relative humidity | Great Hall, 2nd floor
of interior air
2.06 Sensor measuring temperature and relative humidity | Library, 2nd floor
of interior air
1.09 Surf T (S5-TMB- Sensor measuring surface temperature Clerestory
MOOB6)
110 T/RH (S-THB- Sensor measuring temperature and relative humidity | Clerestory
MO0O02) and Shield | of interior air
(RS-3-B)
m Solar (S-LIB- Sensor measuring solar radiation Clerestory
MO0O03)
6.01 Met One ES-642 Sensor measuring pollution PM,, Library, 2nd floor

4.01 T/RH (UX100-011)

3.01 T/RH (S-THB- Sensor measuring temperature and relative humidity | Gandhara Sculptures Gallery,
MOO08) of interior air 1st floor, low

3.02 T/RH (S-THB- Sensor measuring temperature and relative humidity | Gandhara Sculptures Gallery,
M002) of interior air 1st floor, high

3.03 Surf T (5-TMB- Sensor measuring surface temperature SW wall
MOQ06)

3.04 T/RH (S-THB- Sensor measuring temperature and relative humidity | Miniatures Gallery, 1st floor,
MOO08) of interior air low

3.05 T/RH (S-THB- Sensor measuring temperature and relative humidity | Miniatures Gallery, 1st floor,
M002) of interior air high

3.06 Sensor measuring temperature and relative humidity | Miniatures Gallery

of supply air (HVAC)
3.07 Sensor measuring temperature and relative humidity | Miniatures Gallery

of return air (HVAC)

Standalone Data Loggers - yearlong monitoring

Sensor measuring temperature and relative humidity

Miniatures storage, on com-
pact shelving

4.02 T/RH (UX100-011)

Sensor measuring temperature and relative humidity

Contemporary art storage,
on screen 21

T/RH (UX100-011)

Sensor measuring temperature and relative humidity

Temporary exhibition gallery,
next to light fixture, between
columns 4 and 15

T/RH (UX100-011)

Sensor measuring temperature and relative humidity

Storage (former Child Art
Gallery), on the ceiling near
column F7

T/RH (UX100-011)

Sensor measuring temperature and relative humidity

Bir room, Sikh manuscripts,
on bed, sensor facing up,
near column D1

T/RH (UX100-011)

Sensor measuring temperature and relative humidity

Contemporary Art Gallery |,
behind painting, acc. nr. 3311
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ID/Tag No. ‘ Type

‘ Description

‘ Location

4.07 T/RH (UX100-011) | Sensor measuring temperature and relative humidity | Metal Sculptures Gallery,
display case, acc. nr. 5014
4.08 T/RH (UX100-011) | Sensor measuring temperature and relative humidity | Coins Section, display case
nr. X
4.09 T/RH (UX100-011) | Sensor measuring temperature and relative humidity | Miniatures Gallery, low display
case, acc. nr. 2002.2.3
Corrosion Classification Coupons
5.01 Corrosion Corrosion Classification Coupons (CCC) by Purafil Miniatures storage, compact
Classification are reactivity monitors that passively assess the shelving in box 205
Coupon (CCC) quality of ambient air
5.02 Corrosion Corrosion Classification Coupons (CCC) by Purafil Miniatures storage, with
Classification are reactivity monitors that passively assess the coins on slide 19
Coupon (CCC) quality of ambient air
5.03 Corrosion Corrosion Classification Coupons (CCC) by Purafil Miniatures storage, wood
Classification are reactivity monitors that passively assess the box nr. 38
Coupon (CCC) quality of ambient air
5.04 Corrosion Corrosion Classification Coupons (CCC) by Purafil Metal Sculptures Gallery,
Classification are reactivity monitors that passively assess the display case, acc. nr. 5014
Coupon (CCC) quality of ambient air
5.05 Corrosion Corrosion Classification Coupons (CCC) by Purafil Coins Section, display case
Classification are reactivity monitors that passively assess the “Mughal Coins”
Coupon (CCC) quality of ambient air
5.06 Corrosion Corrosion Classification Coupons (CCC) by Purafil Miniatures Gallery, low
Classification are reactivity monitors that passively assess the display case, acc. nr.
Coupon (CCC) quality of ambient air 2002.2.3
5.07 Corrosion Corrosion Classification Coupons (CCC) by Purafil Library, in wooden cup-
Classification are reactivity monitors that passively assess the boards with Chandigarh-
Coupon (CCC) quality of ambient air related correspondence
5.08 Corrosion Corrosion Classification Coupons (CCC) by Purafil Contemporary art storage,
Classification are reactivity monitors that passively assess the prints collection, metal flat
Coupon (CCC) quality of ambient air file cabinet
5.09 Corrosion Corrosion Classification Coupons (CCC) by Purafil Contemporary art storage,
Classification are reactivity monitors that passively assess the prints collection, display
Coupon (CCC) quality of ambient air case
5.10 Corrosion Corrosion Classification Coupons (CCC) by Purafil Bir room, on manuscripts
Classification are reactivity monitors that passively assess the collection bed
Coupon (CCC) quality of ambient air
51 Corrosion Corrosion Classification Coupons (CCC) by Purafil Metal Sculptures Gallery,
Classification are reactivity monitors that passively assess the display case against wall
Coupon (CCC) quality of ambient air with brown spots
512 Corrosion Corrosion Classification Coupons (CCC) by Purafil Outside of display case

Classification
Coupon (CCC)

are reactivity monitors that passively assess the
quality of ambient air

Standalone Data Loggers - short-term monitoring

7.01

T/RH (UX100-011)

Sensor measuring temperature and relative humidity

Close to door, on screen

7.02

T/RH (UX100-011)

Sensor measuring temperature and relative humidity

Back of storage in front of
screen
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ID/Tag No. ‘ Type ‘ Description ‘ Location

7.03 T/RH (UX100-011) | Sensor measuring temperature and relative humidity | Back of storage on back of
screen, next to mechanical
room

7.04 T/RH (UX100-011) | Sensor measuring temperature and relative humidity | Inside box in wooden
shelving

7.05 T/RH (UX100-011) | Sensor measuring temperature and relative humidity | Inside box in compact
shelving

7.06 T/RH (UX100-011) | Sensor measuring temperature and relative humidity | In compact shelving

Blue Wool Cards

8.01e Blue Wool Card Used to gauge the level of light exposure Great Hall, column D3,
facing SE

8.02b Blue Wool Card Used to gauge the level of light exposure Great Hall, column D4,
facing SW

8.02¢c Blue Wool Card Used to gauge the level of light exposure Great Hall, column D4,
facing NW

8.02d Blue Wool Card Used to gauge the level of light exposure Great Hall, column D4,
facing NE

8.02e Blue Wool Card Used to gauge the level of light exposure Great Hall, column D4,
facing SE

8.03b Blue Wool Card Used to gauge the level of light exposure Great Hall, between columns
F4 and F5, facing SW

8.04c Blue Wool Card Used to gauge the level of light exposure Great Hall (ramp), column
D5, facing NW

8.04e Blue Wool Card Used to gauge the level of light exposure Great Hall (ramp), column
D5, facing SE

8.05b Blue Wool Card Used to gauge the level of light exposure Ramp, between columns E5
and E6, facing SW

8.06¢c Blue Wool Card Used to gauge the level of light exposure Ramp, column D5, facing NW

8.07a Blue Wool Card Used to gauge the level of light exposure Metal Sculptures Gallery,
column E5, in display case,
facing up

8.08¢c Blue Wool Card Used to gauge the level of light exposure Metal Sculptures Gallery,
column E4, facing NW

8.08d Blue Wool Card Used to gauge the level of light exposure Metal Sculptures Gallery,
column E4, facing NE

8.08e Blue Wool Card Used to gauge the level of light exposure Metal Sculptures Gallery,
column E4, facing SE

8.09a Blue Wool Card Used to gauge the level of light exposure Metal Sculptures Gallery,
between columns E3 and F3,
in display case, facing up

8.09e Blue Wool Card Used to gauge the level of light exposure Metal Sculptures Gallery,
between columns E3 and F3,
in display case, facing SE

8.10b Blue Wool Card Used to gauge the level of light exposure Metal Sculptures Gallery,
column F4, facing SW
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Location

ID/Tag No.
8.11a

Type
Blue Wool Card

Description

Used to gauge the level of light exposure

Metal Sculptures Gallery,
between columns F4 and F5,
in display case, facing up

8.12e

Blue Wool Card

Used to gauge the level of light exposure

Gandhara Sculptures Gallery,
column F7, facing SE

8.13a

Blue Wool Card

Used to gauge the level of light exposure

Gandhara Sculptures Gallery,
column E7, in display case
close to window, facing up

8.14a

Blue Wool Card

Used to gauge the level of light exposure

Gandhara Sculptures Gallery,
column E7, in display case,
facing up

8.15b

Blue Wool Card

Used to gauge the level of light exposure

Gandhara Sculptures Gallery,
column D7, facing SW

8.15¢

Blue Wool Card

Used to gauge the level of light exposure

Gandhara Sculptures Gallery,
column D7, facing NW

8.15d

Blue Wool Card

Used to gauge the level of light exposure

Gandhara Sculptures Gallery,
column D7, facing NE

8.15e

Blue Wool Card

Used to gauge the level of light exposure

Gandhara Sculptures Gallery,
column D7, facing SE

8.16e

Blue Wool Card

Used to gauge the level of light exposure

Gandhara Sculptures Gallery,
column A6, against stairs,
facing SE

8.17d

Blue Wool Card

Used to gauge the level of light exposure

Gandhara Sculptures Gallery,
column A8, facing NE

8.17c

Blue Wool Card

Used to gauge the level of light exposure

Gandhara Sculptures Gallery,
column A8, facing NW

8.17e

Blue Wool Card

Used to gauge the level of light exposure

Gandhara Sculptures Gallery,
column A8, facing SE

8.18a

Blue Wool Card

Used to gauge the level of light exposure

Gandhara Sculptures Gallery,
between columns A7 and A8,
in display case, facing up

8.19a

Blue Wool Card

Used to gauge the level of light exposure

Miniatures Gallery, column
B5, in display case, facing up

8.19b

Blue Wool Card

Used to gauge the level of light exposure

Miniatures Gallery, column
B5, facing SW

8.19¢c

Blue Wool Card

Used to gauge the level of light exposure

Miniatures Gallery, column
B5, facing NW

8.19d

Blue Wool Card

Used to gauge the level of light exposure

Miniatures Gallery, column
B5, facing NE

8.19e

Blue Wool Card

Used to gauge the level of light exposure

Miniatures Gallery, column
B5, facing SE

8.20e

Blue Wool Card

Used to gauge the level of light exposure

Miniatures Gallery, between
columns A5 and B5, facing
SE

8.21a

Blue Wool Card

Used to gauge the level of light exposure

Miniatures Gallery, column
B3, in display case, facing up
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Location

ID/Tag No.
8.22b

Type
Blue Wool Card

Description

Used to gauge the level of light exposure

Miniatures Gallery, column
B3, in display case, facing
SW

8.22¢

Blue Wool Card

Used to gauge the level of light exposure

Miniatures Gallery, column
B3, in display case, facing
NW

8.22e

Blue Wool Card

Used to gauge the level of light exposure

Miniatures Gallery, column
A3, in display case, facing SE

8.23b

Blue Wool Card

Used to gauge the level of light exposure

Miniatures Gallery, column
A3, in display case, facing
SW

8.23¢c

Blue Wool Card

Used to gauge the level of light exposure

Miniatures Gallery, column
A3, in display case, facing
NW

8.24a

Blue Wool Card

Used to gauge the level of light exposure

Miniatures Gallery, column
B3, in display case, facing up

8.25a

Blue Wool Card

Used to gauge the level of light exposure

Miniatures Gallery, column
B1, in display case, facing up

8.25b

Blue Wool Card

Used to gauge the level of light exposure

Miniatures Gallery, column
B1, on staircase, facing SW

8.26e

Blue Wool Card

Used to gauge the level of light exposure

Miniatures Gallery, between
columns A1 and B1, facing SE

8.27e

Blue Wool Card

Used to gauge the level of light exposure

Miniatures Gallery, between
columns B1and C1, facing SE

8.28d

Blue Wool Card

Used to gauge the level of light exposure

Pottery Gallery, column C2,
facing NE

8.29a

Blue Wool Card

Used to gauge the level of light exposure

Pottery Gallery, between
columns C1and D1, in dis-
play case, facing up

8.30¢c

Blue Wool Card

Used to gauge the level of light exposure

Pottery Gallery, column D3,
facing NW

8.31b

Blue Wool Card

Used to gauge the level of light exposure

Medieval Sculptures Gallery,
column E2, facing SW

8.31c

Blue Wool Card

Used to gauge the level of light exposure

Medieval Sculptures Gallery,
column E2, facing NW

8.31e

Blue Wool Card

Used to gauge the level of light exposure

Medieval Sculptures Gallery,
column E2, facing SE

8.32b

Blue Wool Card

Used to gauge the level of light exposure

Medieval Sculptures Gallery,
between columns F2 and F3,
facing SW

8.33e

Blue Wool Card

Used to gauge the level of light exposure

Contemporary Art Gallery |,
column G1, facing SE

8.34c

Blue Wool Card

Used to gauge the level of light exposure

Contemporary Art Gallery |,
column G2, facing NW

8.34e

Blue Wool Card

Used to gauge the level of light exposure

Contemporary Art Gallery |,
column G2, facing SE
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ID/Tag No.

Type

Description

Location

8.35b

Blue Wool Card

Used to gauge the level of light exposure

Contemporary Art Gallery
|, between columns H2 and
H3, facing SW

8.36d

Blue Wool Card

Used to gauge the level of light exposure

Contemporary Art Gallery II,
between columns F3 and F4,
facing NE

8.37b

Blue Wool Card

Used to gauge the level of light exposure

Contemporary Art Gallery II,
column H5, facing SW

8.38¢c

Blue Wool Card

Used to gauge the level of light exposure

Contemporary Art Gallery II,
column G5, facing NW

8.38d

Blue Wool Card

Used to gauge the level of light exposure

Contemporary Art Gallery II,
column G5, facing NE

8.38e

Blue Wool Card

Used to gauge the level of light exposure

Contemporary Art Gallery II,
column G5, facing SE

8.39b

Blue Wool Card

Used to gauge the level of light exposure

Contemporary Art Gallery
I, between columns G6 and
G7, facing SW

8.39d

Blue Wool Card

Used to gauge the level of light exposure

Contemporary Art Gallery
I, between columns G6 and
G7, facing NE

8.40¢c

Blue Wool Card

Used to gauge the level of light exposure

Contemporary Art Gallery I,
column H8 facing NW

8.40b

Blue Wool Card

Used to gauge the level of light exposure

Contemporary Art Gallery I,
column H8, facing SW

8.41c

Blue Wool Card

Used to gauge the level of light exposure

Contemporary Art Gallery I,
column G8, facing NW

8.42e

Blue Wool Card

Used to gauge the level of light exposure

Contemporary Art Gallery
I, between columns F6 and
G6, facing SE

8.43c

Blue Wool Card

Used to gauge the level of light exposure

Contemporary Art Gallery II,
between columns F7 and G7,
facing NW

During the January 2020 visit, the following actions were completed by museum personnel with help from Vincent
Laudato Beltran of the Getty Conservation Institute (GCI). Sensor ID/tag numbers are indicated in parentheses; see
the complete sensor directory in table B.1 for more information.

«  Sensors (1.01-3.07) were connected to the HOBO RX3000 data loggers (fig. B.3).
+  HOBO RX3000 data loggers (CGMAG1, CGMAG 2, and CGMAG 3) were programmed and connected to

wireless internet routers.

» Individual battery-operated loggers were used for some short-term monitoring in the storage spaces in
locations 7.01-7.06 and were then moved to locations 4.01-4.09 for yearlong monitoring.

«  Corrosion Classification Coupons (5.01-5.12) were put in place and future locations for placement were
selected.

« Light and UV spot readings were taken from five directions: upward, northwest, southwest, southeast,
and northeast, as well as at every column and in between for all exhibition spaces.
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FIGURE B.3.
GCl staff members working to connect sensors to a remote logging station (HOBO RX3000, CGMAG], and CGMAG
2). © Fondation Le Corbusier. Photo: Tim Webster, 2020, © J. Paul Getty Trust.

Stabilizers (fig. B.4) were put in place and
connected to all electrical equipment, includ-
ing HOBO RX3000 data loggers (CGMAGT,
CGMAG 2, and CGMAG 3) and a pollution
monitor (6.01).

- Aremote dust monitor equipped with a PM,
sharp-cut cyclone inlet (6.01) was installed
and connected to the HOBO RX3000 data
logger (CGMAG3).

« Sensor height was adjusted if within visitors’
reach (from16 mto 3.2 m [5 ft 3in.to 10 ft
6in.]), and rubber was trimmed off surface
temperature sensors (1.09, 2.02, and 3.03).

- Weather station adjustments were made as
recommended by Henry and Laudato Beltran.

«  Two wireless internet routers were installed

(onein the library and the other in the me-

chanical room).

Although there were problems with the establishment  riGURE B.4.
of wireless internet connection, data collected since A stabilizer used to control input current to electrical equipment

24 January 2020 are considered complete and reliable. (HOBO RX3000 and dust monitor). © Fondation Le Corbusier.
Photo: Vincent Laudato Beltran, 2020, © J. Paul Getty Trust.
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However, the COVID-19 pandemic caused most of the equipment to come offline for a long period of time after
electricity was cut off from the museum to mitigate risk of short-circuiting. Sporadic and rare visits by the staff are
being logged, and as of 24 May 2020 no loss of data has been registered. Monitoring protocols have been adjusted.

Protocol
HOBO RX3000 Data Loggers

« Reconnect to wireless internet.
+ For other problems, contact GCI or consult manual.

Standalone Data Loggers

« Schedule readouts.
«  Download, save, and send data (in place).
«  Relaunch loggers.

Corrosion Classification Coupons

« Schedule replacement and removal.
+ Pack and send back.
« Reposition coupons.

Blue Wool Cards
«  Placing coupons.
« Pack and send back.
Aerators
«  Follow protocol for opening and closing aerators.
« Log data on conditions of aerators.
Logbook

« Introduce logbook.
«  Give examples of data logging.

COVID-19

During the pandemic, museum personnel were asked to communicate their presence to the GCl so that real-time
measurements could be monitored.

« Data loggers (HOBO RX3000) can compensate for loss of real-time measurements with their internal
memory and long battery life. Being powered up monthly seems sufficient to avoid loss of data.

«  Dust monitor (ES-642) will experience loss of all data throughout the entire closure.

- Standalone data loggers may experience loss of data because data are not read out frequently enough.

- Corrosion Classification Coupons should be sent as soon as visits to the museum allow.

174

Environmental Management at the Government Museum and Art Gallery, Chandigarh Appendix B



Outstanding Issues
Some outstanding actions have not been completed, partially due to the pandemic and stay-at-home orders in
India as well as in Los Angeles.

On 5 March 2020, the GCI asked museum staff to complete the following actions and provided the materials
needed:

- Installation of additional guide wires, attached to the roof using wooden blocks to divide the weight

«  Possibility of connecting the dust monitor to the 24-hour CCTV power was discussed with museum
staff. Based on the advantages of seeing how the building performs during the day and night, Henry and
Annelies Cosaert decided that a 24-hour real-time data collection would be beneficial.

«  Collection of data on aerators and undulatory windows:
o Location of aerators and undulatory windows
o Total number of aerators and undulatory windows
o Whether the aerators are operable or not operable
o Whether the aerators are used on a regular basis by the personnel

Additional Passive Monitoring Devices

Blue Wool cards and additional Corrosion Classification Coupons were ordered but arrived at the GCI after the
pandemic closure. They will be sent to the Government Museum and Art Gallery with instructions once the stay-at-
home order is lifted and staff are allowed to enter the Collection Department offices again.
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APPENDIX C

Location of Sensors

The set of architectural drawings in this appendix shows the
location of sensors installed throughout the Government
Museum and Art Gallery to collect environmental data. It
complements data presented in table B.1.
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FIGURE C.1.

Ground-floor plan of the Government Museum and Art Gallery, showing location of sensors. © Fondation Le Corbusier. Drawing: DRO-
NAH, modified by Timothy Augustus Y. Ong and Hongye Wang. Image © J. Paul Getty Trust.
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First-floor plan of the Government Museum and Art Gallery, showing location of sensors. © Fondation Le Corbusier. Drawing: DRONAH,
modified by Timothy Augustus Y. Ong and Hongye Wang. Image © J. Paul Getty Trust.
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APPENDIX D

Environmental Data

The figures in appendix D show graphs of the full suite of en-
vironmental variables collected at the Government Museum
and Art Gallery, including exterior climate data from the
roof-level weather station and interior environmental data
from various galleries and display cases. The data span a full
calendar year, encompassing the five climatic seasons.
There was a gap in data collection for two of the three HOBO
RX3000 data loggers (CGMAG2 and CGMAG3) from July to
August 2020; data from July to August 2021 were used to

fill this gap. For consistency, this data replacement was also
done for data collected by the third HOBO RX3000 (CG-
MAGT1) and the standalone HOBO UX100-011 data loggers.
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Wind rose during pre-monsoon season (June 2020). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE D.9.

Wind rose during monsoon season (July to September 2020). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty

Trust.
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Wind rose during post-monsoon season (October to November 2020). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J.

Paul Getty Trust.
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FIGURE D.11.

Wind rose during winter (December 2020 to February 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty

Trust.
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FIGURE D.12.

Entrance air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink box indicates data taken from
July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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Great Hall ground-floor air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink box indicates
data taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE D.15.

Great Hall first-floor air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink box indicates data
taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE D.16.

Great Hall second-floor air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink box indicates
data taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.

Relative Humidity (%)



yleBipuey) ‘Alaj[eD My pue WNasnjy JUSLIUIBA0S) 8 1B JUBLISBRUB) [eIUSLIUOIIAUT

@ xipusddy

00c¢

Spring (Mar-May)

Pre-
Monsoon
{Jun)

Monsoon (Jul-Sep)

2021 Data

Post-Monsoon (Oct-Nov)

Winter (Dec-Feb)

50 4 —27NGall1F T - 20
] ——2.7 N Gall 1F DP L 10
40 - —2.7 N Gall 1F RH
1 0
o]
@ 7
= 4
g ]
a ]
1= 20 4
=]
10 : N |
O T T T T T T T T
Mar-20 May-20 Jul-20 Sep-20 Nov-20 Jan-21 Mar-21
FIGURE D.17.

Contemporary Art Gallery | first-floor air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink box

indicates data taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE D.18.

Contemporary Art Gallery | second-floor air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink
box indicates data taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE D.19.

Gandhara Sculptures Gallery first-floor air temperature, dew point, and relative humidity taken from a low position from March 2020 to March 2021
(vertical pink box indicates data taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE D.22.

Miniatures Gallery first-floor air temperature, dew point, and relative humidity taken from a low position from March 2020 to March 2021 (vertical
pink box indicates data taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE D.23.

Miniatures Gallery first-floor air temperature, dew point, and relative humidity taken from an elevated position from March 2020 to March 2021 (vertical

pink box indicates data taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE D.24.

Miniatures Gallery supply air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink box indicates
data taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE D.25.

Miniatures Gallery return air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink box indicates
data taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE D.26.

Library second-floor air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink box indicates data

taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.

Relative Humidity (%)



yleBipuey) ‘Alaj[eD My pue WNasnjy JUSLIUIBA0S) 8 1B JUBLISBRUB) [eIUSLIUOIIAUT

@ xipusddy

oL

r 100
Spring (Mar-May) Pre- Monsoon (Jul-Sep) Post-Monsoon (Oct-Nov) Winter (Dec-Feb)
Monsoon L ap
{Jun)
2021 Data L 80
- 70
F 60
| L 50
[ S
' |
30
|
50 A ~—1.10 Lantern Air T 20
] ——1.10 Lantern Air DP 10
40 ] ——1.10 Lantern Air RH
] 0
o ]
v 0]
= 4
© J
8
e 20
iz
10
O T T T T T T T T T T T T 1
Mar-20 May-20 Jul-20 Sep-20 Nov-20 Jan-21 Mar-21
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Lantern air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink box indicates data taken from
July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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Miniatures storage air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink box indicates data
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Contemporary art storage air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink box indicates
data taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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Child Art Gallery air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink box indicates data
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Bir room, Sikh manuscripts air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink box indicates
data taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE D.35.

Contemporary Art Gallery | air temperature, dew point, and relative humidity behind paintings from March 2020 to March 2021 (vertical
pink box indicates data taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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FIGURE D.36.

Metal Sculptures Gallery display case air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink
box indicates data taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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Coins Section display case air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink box indicates
data taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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Miniatures Gallery display case air temperature, dew point, and relative humidity from March 2020 to March 2021 (vertical pink box indi-

cates data taken from July to August 2021). Chart: Vincent Laudato Beltran and Jenny Youkyoung Kim, © J. Paul Getty Trust.
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GLOSSARY

Aerator

Refers to Le Corbusier’s aerateur, an opaque hinged door or
casement inserted into a section of solid wall or into a win-
dow wall system whose purpose was to provide controllable
ventilation. The design of this element later evolved to be
fabricated from aluminum with a more aerodynamic shape
and to pivot on its center vertical axis. Also called ventilator
shutters in the Conservation Management Plan for the Gov-
ernment Museum and Art Gallery in DRONAH (2019).

Agents of deterioration

“A conceptual framework to categorize the main causes of
change, loss, or damage to collections. The most common
format is the Canadian Conservation Institute’s (fire; incorrect
relative humidity; incorrect temperature; light, ultraviolet & in-
frared; pests; pollutants; physical forces; thieves and vandals;
water), first published by Stefan Michalski in 1990 and later
expanded to include custodial neglect (now dissociation) by
Robert Waller in 1994. This framework is a major influence on
the applied practice of preventive conservation and collec-
tion management, especially risk management for cultural
heritage collections.” (Taylor et al. 2023, 239)

Box plot

“A method for graphically depicting probability for a numerical
dataset. The box always encompasses data within the 25th
and 75th percentile (also known as the interquartile range, or
IQR) and an intermediate line is used to denote the median.
The lines or whiskers extending from the top and bottom of
the box can have variable definitions (e.g., maximum and mini-
mum, 95th and 5th percentile). The x-axis identifies the clas-
sification of each box (e.g., individual spaces, seasons, years),
while the y-axis shows the variable of interest.” Also called box
and whisker plot. (Taylor et al. 2023, 239)

Clerestory

An architectural feature commonly found in buildings,
especially churches or large halls. It is the upper part of a
wall that contains windows, located above eye level, usually
just below the roofline. The purpose of a clerestory is to let
natural light into the building’s interior, often creating a bright
and airy atmosphere. Also referred to as monitors.

Cross-ventilation or wind-driven ventilation

Occurs when outside air can pass through inlets in the
windward wall and interior air can exit through outlets in the
leeward wall. This air movement is caused by a pressure dif-
ference between opposing sides of a building.

Cumulative relative frequency (CRF) plot

“A graphical description of the distribution of data for an
individual variable by which each data point is paired with
its CRF, which is the proportion of observations that are less
than or equal to that specific value. CRF plots display the
variable of interest on the horizontal axis and its CRF (from
0 to 1) on the vertical axis. Note that the interquartile range
(IQR) is denoted by values corresponding to CRFs of 0.75
(75th percentile) and 0.25 (25th percentile). If the dataset is
relatively complete, a CRF plot can determine the percent-
age of time that the data reside within a target zone.” (Taylor
et al. 2023, 240)

Gandhara sculpture

The term Gandhara refers to an ancient region located in
what is now northwestern Pakistan and eastern Afghanistan.
In the context of Indian sculpture, Gandhara is renowned for
its unique art style, often called Gandhara art, which flour-
ished between the first century BCE and the seventh century
CE. This style is particularly significant for its fusion of Greco-
Roman artistic elements with Indian Buddhist themes.

Human thermal comfort

“The condition of the mind that expresses satisfaction with
the thermal environment and is assessed by subjective
evaluation. Factors directly affecting thermal comfort can be
separated into personal (metabolic rate, clothing level) and
environmental (air temperature, mean radiant temperature,
air speed, and humidity).” (Taylor et al. 2023, 242)

Humidity ratio

“The ratio of the mass of water vapor in a given air parcel

to its mass of dry air, expressed as gram/kilogram, pound/
pound, or grains/pound. Humidity ratio is depicted on the
right y-axis of a psychrometric chart. It is also known as mix-
ing ratio.” See also moisture content. (Taylor et al. 2023, 242)
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Interquartile range (IQR)
See box plot.

Mechanical conditioning

Involves the use of mechanical means to heat, cool, dehu-
midify, or humidify the air to achieve the desired interior envi-
ronmental conditions for occupants or museum collections.

Mechanical ventilation

Introduction of outside air into a building through the use of
fans or other mechanical means to force air movement in
order to improve the quality of the interior air.

Moisture content
“The mass of water in the material divided by the mass of dry
material.” See also humidity ratio. (Taylor et al. 2023, 243)

Natural conditioning

Results from natural ventilation when the temperature
and relative humidity of the replacement (outside) air can
improve the thermal comfort of the building occupants.
(Simmonds and McConahey 2021, chap. 2)

Natural ventilation

Introduction of outside air into a building driven by buoyancy
and wind, and with no mechanical means to force air move-
ment, in order to improve the quality of the interior air.

Pilotis

In architecture, the term pilotis refers to slender supports,
often in the form of columns or piers, that elevate a building
above the ground or water. These elements are commonly
used to create open spaces underneath structures, promot-
ing better airflow, access, and even aesthetic appeal.

Psychrometric chart

“A graphic depiction of the suite of thermodynamic param-
eters of an air parcel at a constant barometric pressure (or
elevation). The x- and y-axes show dry bulb temperature and
humidity ratio, respectively, while relative humidity is defined
by isohumes (lines of constant relative humidity) that curve
to the upper right. Also commonly depicted are dew point
temperature, enthalpy, wet bulb temperature, and specific
volume. Preferred in Europe, the Mollier diagram is identical
in content with the psychrometric chart but differs in appear-
ance.” (Taylor et al. 2023, 244)

Relative humidity (RH)

“The ratio of the amount of water vapor in the air and the
total amount of water vapor the air can potentially contain at
a given temperature. Expressed as a percentage (%), RH will

vary with temperature, as its water vapor holding capacity
will lessen at lower temperatures and vice-versa. At 100% RH,
air is saturated and will result in condensation.” (Taylor et al.
2023, 244)

Significance

“Encompasses all of the qualities, values, and meanings that
people and communities bestow on heritage and endows
the heritage with the importance of being preserved.” See
also value. (Taylor et al. 2023, 245)

Spot reading

“A measurement that has been taken at a specific location
for a brief duration (as little as one data point). Examples in-
clude the use of handheld instruments without data logging
capability to measure parameters such as light, temperature,
relative humidity, and particulates. The portability of such
instruments allows for flexibility of location, but the data rep-
resents a snapshot in time that may be difficult to interpret
without more context.” (Taylor et al. 2023, 245)

Stack-effect ventilation

“The movement of air in a building due to differences in
temperature. Warm air rises and cool air falls.” Also called
buoyancy-driven ventilation. (Taylor et al. 2023, 245)

Temperature, dew point

“The temperature to which air must be cooled to become
saturated with water vapor, and below which dew (liquid
condensation) or frost (solid deposition) first forms. An
elevated dew point value indicates the presence of more
moisture in an air parcel” See also humidity ratio. (Taylor et al.
2023, 241)

Temperature, dry bulb

“Dry bulb temperature (°C or °F) is the temperature mea-
sured by a thermometer freely exposed to air, but shielded
from radiation and moisture. DBT is what is commonly
implied when discussing air temperature. Note that DBT is
shown on the x-axis of a psychrometric chart.” (Taylor et al.
2023, 246)

Temperature, wet bulb

“Wet bulb temperature (°C or °F) is measured by passing air
over a thermometer wrapped in wet muslin. Wet bulb tem-
perature is the same as dry bulb temperature at 100% RH; at
lower humidity values, wet bulb temperature is always lower
than dry bulb temperature, reflecting the conversion of liquid
water into vapor using thermal energy in the air” (Taylor et al.
2023, 246)
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Time-series plot

“A common data visualization that depicts time on the x-axis
and a variable(s) of interest on the y-axis. The utility of time
series plots is increased as multiple types of data are com-
pared, including variables recorded at separate locations
(e.g., interiors, exteriors), different statistical data treatments
(e.g., moving average, moving range), related variables (e.g.,
air temperature, relative humidity, dew point temperature),
and target conditions.” (Taylor et al. 2023, 246)

Undulatory window or undulatory window wall
Refers to Le Corbusier’s pan de verre undulatoire, an enclo-
sure wall consisting of vertical, irregularly spaced members
(usually concrete) with narrow panes of floor-to-ceiling fixed
glass in between, often used in combination with aerators.

224

Also called undulatory glazing or undulatory fenestration
in the Conservation Management Plan for the Government
Museum and Art Gallery (DRONAH 2019).

Value

“Refers to the meanings, positive characteristics, or qualities
perceived by certain individuals or groups in objects, collec-
tions, buildings, sites, landscapes, and intangible expressions
of culture that transform them into heritage. There are many
classifications of values, such as historical, aesthetic, artistic,
economic, social, scientific, and spiritual. They are some-
times divergent, vary for different individuals or groups, and
are not immutable over time.” See also significance. (Taylor et
al. 2023, 246)
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