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ABSTRACT
The Casa – Estudio Luis Barragán, Mexico City, Mexico is a celebrated architectural work. The building and
its site were enlisted in UNESCO World Heritage Site in 2004. The building is renowned for its innovative
architectural features; however, little research canbe foundon its environmental performance of this build-
ing. The building is constructed mainly of high capacitive materials, large walled garden, and a number of
courtyards,whichprovide thermal strategies appropriate to the cool high-altitude climate. As yet, little data
have been collected on the thermal performance of this house. The papermakes an original contribution in
this respect and argues that the often ignored bioclimatic aspects of the building underpin the pragmatic
and poetic design aspects and these should be recognized as part of its cultural heritage and conservation.
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1. Introduction

The aim of this research is to investigate the climate-responsive
nature of the work of Luis Barragán through his house in Mex-
ico City. Little is known of the thermal performance of this house
since most of the research on this building has been concerned
with the architectural characteristics that led to its prestigious
Pritzker Architecture Prize. The research is aimed at investigating
the thermal qualities of the building and the potential provision
of comfort for its occupants and its contribution to sustainability.
The research follows a four-pillar model of sustainability, which
examines the design of buildings from four sources of wisdom;
that is, environmental, social, economic and culture (Yencken
and Wilkinson 2001).

2. Background

The chronology of La Casa de Luis Barragán starts in 1939 with
the acquisition of a vast piece of land located on Daniel Garza’s
neighbourhood inMexico City (see Figure 1). Luis Barragán lived
in this house for four decades. In 1980, he received the Pritzker
ArchitecturePrize anda fewyears later (in 1988), hepassedaway.
After his death, the properties in Francisco Ramirez 12th and
14th were acquired by FAT-LB (Fundación de Arquitectura Tap-
atía Luis Barragán) and the government of Jalisco State, in which
Luis Barragán was born. In 2004, both the house and the stu-
dio (Figure 2) were included in UNESCO’s World Heritage List as
it remains as the only private residence in Latin America with
such distinction. It has now under gone adaptive re-use and
is a museum (Figueroa 1989; UNESCO 2014; Zanco and Vitra
Design Museum 2001). Surprisingly, little work has been carried
out on the environmental performance of this house; hence,

CONTACT Anir Kumar Upadhyay anir.upadhyay@unsw.edu.au

the first part of the paper examines the bioclimatic strategies
that are appropriate to Mexico City. Studies have been car-
ried out largely from the architectural design perspective (Van
den Bergh 2006). Those related to passive low-energy architec-
ture have also been largely descriptive, noting the strategies
used to complement the architectural quality (Figueroa and
Castorena 2013).

3. Bioclimatic studies of vernacular andmodernist
houses

There has been considerable research on the bioclimatic perfor-
mance of vernacular houses and houses designed using Mod-
ernist principles (Hyde 2000). However, there appears to be a
niche area of research, which looks at the bioclimatic perfor-
mance of Regionalist Modern buildings. The buildings, as the
name implies, adopted the principles of Modernism but also
adopted attributes that responded to local climate and culture
(Frampton 1980). The approach was supported by proponents
such as Olgyay and Olgyay (1963) and Fry and Drew (1956).

The importance of these buildings is noted by Allaback
(2003). In her study of the modern home, she discusses the suc-
cess and failures of the development of Modern Architecture in
housing. Allaback (2003, 29) states,

. . . in comparison with any other building type, house design and
construction is simple and inexpensive. It is in the realm of house
design, therefore, that architects were able to stretch the limits of the
modern style, even to the point of discomfort.

It was only in the later period of post modernism that Mod-
ern buildings adopted a more Regionalist direction and turned
to prove something ‘more comfortable’ (Allaback 2003, 29).

© 2016 Taylor & Francis
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92 R. HYDE ET AL.

Figure 1. Street façade of La Casa de Barragán from General Francisco Ramírez.
The building is orientated east and west in a compact row house configuration.

In recent years, environmental responsiveness of build-
ings has become of importance and studies have been car-
ried out to examine not only the cultural antecedents but
also their performance (Hyde 2008; Puteri and Ip 2006). The
building described in the study is from the early period
of Modernism and reflects Regionalist thinking, so it is sig-
nificant that this building is studied from the bioclimatic
perspective.

4. Methodology

The study uses a Post Occupancy Evaluation technique called
‘closing the loop’ to understand thermal behaviour of build-
ing fabric together with satisfaction expressed by the occupants
of the building (Hyde 2006; Roaf et al. 2004). Information from
the design and operation phase is used. The study explores
three interlocking techniques of Indicative, Investigative and
Diagnostic recording (Hyde 2006).

4.1. Data collection

Data collection involved three stages. The first stage involved
Indicative recording using observation and photographic tech-
niques to understand the microclimate, form and fabric of the
building and the passive and low-energy building attributes.
Second, Investigative recording employs objective measures;
temperature and humidity data are recorded using Hobo Sen-
sors (http://www.onsetcomp.com/). Third, Diagnostic record-
ing uses both Indicative and Investigate techniques over
time through a longitudinal study and subjective informa-
tion is gathered using a satisfaction questionnaire adminis-
tered to occupants (Hyde 2006; Vischer 2002). Due to lim-
ited resources, only a pilot study was carried out which
used the Indicative and Investigative techniques. The study
took place in the summer over a 2-month period examining
the library, living room and guest bedroom. These were
selected as they were reportedly habited by Luis Barragán
frequently.

4.2. Data analysis

4.2.1. Assessment of desirable climate responsive building
attributes

The initial work on the data analysis involved comparing the
building attributes to desirable attributes for the climate as
advocated by Mahoney Tables (Koenigsberger et al. 1973). The
Building Bioclimatic Chart (Figure 3) and the Bioclimatic Chart
(Figure 4) recommend design strategies suitable for the local
climate.

4.2.2. Assessment of thermal comfort
Analysis of the data from themonitoringprocess aimed to exam-
ine the comfort in the two study areas. The thermal comfort
inside the building is the result of a number of factors: first, the
environmental factors which include air temperature, air move-
ment, humidity and radiation; and second, the personal factors,
such as metabolic rate, clothing, state of health and acclimatiza-
tion (Givoni 1992). The important factors included in this study
are the environmental factors since these are influenced by the
climate and building fabric. In addition, acclimatization is also
considered since it is environmentally related.

The study uses modern indicators of thermal comfort to
assess the range of comfortable conditions found in the build-
ing. The comfort zone can be calculated from an analysis of
climate and it is based on seasonal adjustments due to acclima-
tization. These adjustments can be quite significant. Exten-
sive studies have shown that people feel comfortable within a
band (±3.5 K) of neutral temperature which is best described
as a function of outdoor mean monthly temperature (Szoko-
lay 2004). Researchers have determined through formulae for
calculating this neutral temperature (Auliciems 1981; de Dear
and Brager 1998a; Fanger 1967, 1992; Griffiths 1990; Humphreys
1978; Nicol and Raof 1996). In this study, neutral temperature
was calculated by algorithm developed by de Dear and Brager
(1998b).

Tn = 17.8 + 0.31 ∗ Tav,

where, Tn = Neutral temperature; Tav = Monthly outdoor aver-
age temperature.

The above expression was used to derive the comfort zone
for occupants for June. The average temperature in June is 27°C
and the corresponding neutral temperature (Tn) is 26.2°C, with
upper comfort level of 28.7°C and lower level of 23.7°C (de Dear
and Brager 1998b).

However, to establish the conditions within study areas,
important environmental parameters such as air temperature,
air movement, humidity, and surface temperatures need to
be calculated/ monitored. Hence, measurements of above-
mentioned factors (except air movement) were made for each
of the spaces. Temperature and humidity data were collected
using HOBO data loggers, and spot measurements of the
floors, walls and roof were carried out. This led to a determi-
nation of an internal operative temperature combining radi-
ation and air temperature effects. Using the CBE comfort
tool (http://smap.cbe.berkeley.edu/comforttool/), it is possible
to evaluate the comfort conditions taking these factors into
account based on the Adaptive Model as calculated using a
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Figure 2. Floor plans of La Casa de Luis Barragán (Redrawn after http://www.casaluisbarragan.org/planos.html). Location of temperature andhumidity sensors are shown
in the plans. © [Catalina Corcuera]. Reproduced by permission of Catalina Corcuera, Director, Casa Luis Barragán.

comfort tool (Hoyt et al. 2013).Whenassessing comfort, themain
issue is not only the relationship of indoor comfort to this index
and to the operative temperature but also the changes in tem-
perature as it is this dynamic that also accounts for discomfort
(Santamouris and Asimakopoulos 1996).

5. Findings

5.1. Climate analysis

Mexico City is located at an elevation of 2250m, not very far
from the equator in the Northern hemisphere (latitude 19°N).
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94 R. HYDE ET AL.

Figure 3. Building bioclimatic chart for Mexico City. Control potential zones are derived using Szokolay (1986).

The annual average temperature is 16°C. The lowest tempera-
ture can reach −2°C during the coldest mornings of winter in
January and February. The maximum temperature in the late
spring and summer (May to June) can reach up to 32°C.

The climate in Mexico city can be divided into two main
seasons: rainy season occurs during summer and it is mostly
between June and the start of October. Dry season takes place
from November to May with very little or no precipitation
through the entire period. Dry season can also be divided into a
cold period from November to February and warm period from
March to May. These effects are created by a dry polar air steam,
which travels from the north in the cold period, and by a trop-
ical air stream in the warm period. The average annual rainfall
for the Valley of Mexico is 820mm, which is distributed during
the summer months. This climate is classified as a Cool Climate
(Koenigsberger et al. 1973; Szokolay 1982).

The Building Bioclimatic chart (Szokolay 1991) and Biocli-
matic Chart (Olgyay and Olgyay 1963) (Figures 3 and 4) illustrate
that the temperatures are below the comfort zone for most
of the year. They both recommend using passive solar heating
strategies in winter if there is enough solar radiation available.
These charts do not indicate a major issue for summer months;
however, the use of thermal mass and or ventilation can be
effective for summer cooling.

Further analysis and closer scrutinyof theBuildingBioclimatic
chart (Figure 3) and Bioclimatic chart (Figure 4) infer strategies
forprovidingcomfortbyutilizing thermalmasswithout theneed
for ventilation. Hence, in the study, it was not necessary to carry
out ventilation measurements. Further guidelines for passive
design are found in the Mahoney Tables (Koenigsberger et al.
1973).

5.2. Mahoney analysis

Mahoney Tables recommend strategies for form and fabric
based on microclimate (Koenigsberger et al. 1973).

Microclimate: The bioclimatic strategies of the building align
with the recommendations from Mahoney Tables as shown in
Table 1; however, all the habitable rooms are not orientated
towards the North side. The building has its long axis, North and
South. The implication is that the building loses the opportunity
for passive heating in winter. However, as shown in Figure 1,
the building is a compact/row-house configuration, which has
buildings adjacent to the North (polar facing) and South. The
microclimate to the East andWest moderates the solar access to
the facade. The garden on the West contains mature trees and
vegetation (see Figure 5).
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Figure 4. Bioclimatic chart for Mexico City. Based on the bioclimatic chart developed by Olgyay and Olgyay (1963).

Table 1. Recommended building attributes for Mexico City (based on Mahoney
Tables (Koenigsberger et al. 1973).

Micro climate Form Fabric

• Layout-orientated
north and south
with the long axis
east west

• Air movement –
double-banked rooms
temporary provisions for
air movement

• Walls – heavy external
and internal walls

• Spacing-compact
form and layout for
housing

• Openings – large
openings 40–60% and
openings in internal
walls

• Roofs –heavy over an
8 hours’ time lag or
light weight and well
insulated

• External features –
good drainage

• Protection of openings
–exclusion of direct
sunlight.

The major weakness of the building is the large inopera-
ble west facing windows in the siting room and library, which
are without overhangs. In this case, the microclimate is used
as a moderator to prevent overheating as seen in the site
plan; large mature forest trees were planted to block the west-
ern sun. This would prevent direct radiation striking to the
façade.

Form: The form of the building is shown in Figures 6 and 7.
The volumetric relationship shows a central staircase which pro-
vides ventilation vertically though the building and to an open-
ing in the roof forming the terrace. However, for this climate,

ventilation is not a major factor for providing comfort to the
interior as noted in the Mahoney analysis. It is sufficient to
provide ventilation for air-quality purposes. The north façade
(Equator facing) consists of a 300mmwall constructedof double-
brick veneer and is adjacent to the studio. The south façade
consists of a single block wall (200mm thick) with brushed plas-
ter rendering to both internal and external wall surfaces (U Value
of 1.6W/m2 K) and is adjacent to the storage room, restroom
and machine room on ground level and mezzanine above. The
eastern façade facing the street consists of a large double-
brick veneer wall with only four openings, which account for
only 9% of the façade area. The largest window provides day-
light to the library. However, it does not provide visual con-
nection with the exterior and it cannot be opened for natural
ventilation. The remaining windows belong to the guest area
and to the private offices in the studio. The opposite situa-
tion occurs with the western façade facing the garden in which
seven large windows are placed along every room with that
orientation.

The form of the building is consistent with the Mahoney
recommendations. As shown in Figures 6 and 7, the building
comprises a number of self-contained volumetric spaces. The
living room and library are an example. It comprises double-
banked rooms (i.e. two rooms placed side by side) with seasonal
(temporary) provisions for air movement. Large openings are
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96 R. HYDE ET AL.

Figure 5. Western facade (Left) has microclimate modification feature, that is, extensive afforestation of mature trees (Right). © [Catalina Corcuera]. Reproduced by
permission of Catalina Corcuera, Director, Casa Luis Barragán.

Figure 6. North–South section with temperature and humidity sensor locations. © [Catalina Corcuera]. Reproduced by permission of Catalina Corcuera, Director, Casa
Luis Barragán.

found in the internal walls of living area and studio as shown
in Figure 8. The ventilation opportunities provide single side
ventilation to the westerly garden space. When we visited the
house in summer, these windows in the bedroom were open to
provide ventilation. The living and library space were ventilated
through stack effect; that is, wind-driven ventilation though the
stairway of the building.

Fabric: Table 2 shows that the external and internal walls are
heavy. Roofs are also heavy over an 8 hours’ time lag. Protec-
tion of openings is provided with exclusion of direct sunlight.
Hence, the building is consistent with Mahoney’s requirements.
The design of building adhered to the climate responsiveness
strategies and with the exception of orientation, it meets all of
the Mahoney criteria and given the urban location, conformity
to theplanninggrid is a severe constraint prohibiting conformity
to good orientation principles.

6. Monitoring of library and living room

The Library and Living Rooms comprise an open space which
interconnects the east and west façades. The placement of data
loggers is shown in Figure 2. Hobo 3 was placed on a separating
partition wall in the living room (Figure 6), which collected tem-
perature and humidity data at 5-minute intervals.

Barragán’s library and living space is the second largest space
of the house; it was conceived as an area for leisure, read-
ing and relaxing; nonetheless, it was also used to receive and
interact with his guests. Both the living room and the library
are located within the same physical space. It consists of an
almost rectangular area with a floor-to-ceiling height of 5.3m.
The entire space stretches from the eastern wall through the
garden facade; thus, it keeps an east–west orientation in which
the eastern and middle portion contains the library area, and
the western portion allocates the living room. The physical ele-
ment, which divides the room, consists of a 2.5m height wall;
this solution creates an effective visual barrier while it allows
illumination, sound and thermal connection between both
areas.

Figure 9 demonstrates a stable temperature range in this
space in the firstweekof June. The temperaturepeakedbetween
2100 and midnight and minimum temperature was recorded
around 0900 and midday. As seen in Figure 8, the external envi-
ronmental conditions (i.e. temperature and humidity) fluctuated
significantly. The diurnal temperature rangewasmore than 10°C
for the whole week. However, the internal temperature variance
was little and hovered around 24°C for all the week, which
was found to be within the thermal comfort band. Thermal
comfort band was determined by using daily average outdoor
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ARCHITECTURAL SCIENCE REVIEW 97

Figure 7. East–West section with temperature and humidity sensor locations. © [Catalina Corcuera]. Reproduced by permission of Catalina Corcuera, Director, Casa Luis
Barragán.

Figure 8. View to the Library (Left) and View to the Living Area (Right). © [Catalina Corcuera]. Reproduced by permission of Catalina Corcuera, Director, Casa Luis Barragán.

temperature (de Dear and Brager 1998b). However, this method
does not consider the effect of humidity; therefore, a separate
humidity comfort zone was used. Outdoor humidity remained
within the humidity comfort zone (i.e. humidity ratio between 4
and 12 g/kg) for majority of the time.

The overall stable indoor temperature and humidity are
attributed to the effect of thermalmass and lackof airmovement

in the building. The logic behind this inference is that without
significant air changes between the internal and external envi-
ronment, the internal environment is unlikely to reflect that of
the external environment. It is often generalized that the pas-
sive buildings cannot control humidity; however, in this, case a
significant impact is seen which is interesting, and provides an
exception to that rule.
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98 R. HYDE ET AL.

Table 2. The construction elements, which enclose the living and library space.

Orientation Building element Adjacent area

North 300mmwall – double brick veneer Studio building (lobby)
South 200mm wall – single block with

brushed plaster rendering in
both faces

Storage room, restroom and
machine room on ground level
and mezzanine above

East 300mmwall – double brick veneer
and rough plaster rendering in
both faces.

Francisco Ramirez Street

Single layered semi-transparent
fenestration (not operable)

West 100mm partition wall – drywall
faces anchored to an aluminium
structure with no insulation
layer. Operable fenestration

Living room

Roof Light weight timber joists and floor
boards

Bedrooms

Floor Concrete slab on ground, no
insulation.

N/A

7. Guest bedroom

The Guest Room is located in the southeast corner of the mez-
zanine level of the house (Figure 2). This roomwas selected, as it

was themost exposed to environmental conditions. The eastern
wall or street façade wall consists of a double-brick veneer and
plaster rendering in both interior and exterior sides. It also has an
operable window equippedwith a shading screen in the interior
on the east and south elevations, which can provide cross venti-
lation (see Figures 10 and 11). From the furniture layout shown
in Figure 2, thiswould give ventilation across thebed to enhance
comfort at night. Furthermore, the construction is similar to that
found in the living room and library. This construction system
provides a formof capacitive insulation,which reduces ingress of
thermal energy from the easternwall and also from the roof. Two
sensors were installed in this room as shown in Figure 2. Table 3
shows the surface temperature of the external wall, which are at
or below the air temperature indicating that the envelope is not
introducing a large amount of radiant energy into the room.

Figure 12 clearly demonstrates dampening of internal tem-
perature, whereas external temperature fluctuation is in the
range of 10–14 K (14–28°C). Moreover, there was a 6–7 hours’
time lag observed between external and internal peak tem-
peratures. The use of a double-brick veneer in the exterior

Figure 9. Internal temperature and humidity (expressed in g/kg) were within the respective comfort zones at the Library during the hottest period. (Note the large
variation of outdoor temperature and humidity and almost stable internal temperature and humidity in the room. This is attributed to lack of effective cross ventilation.)

Figure 10. Eastern Façade of the Casa. © [Catalina Corcuera]. Reproduced by permission of Catalina Corcuera, Director, Casa Luis Barragán.
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Figure 11. Windows configuration in the Guest Bedroom. © [Catalina Corcuera].
Reproduced by permission of Catalina Corcuera, Director, Casa Luis Barragán.

walls provides a higher thermal mass in the building fabric.
This form of construction retains heat during daytime and
releases to the environment at night time when the inter-
nal temperature drops. The cavity also plays a role in prov-
ing thermal separation between inside and out. A key ques-
tion is whether thermal comfort will be maintained at night if
the external temperature is above 30°C. The Bioclimatic Charts
(Figures 3 and 4) demonstrate that summer average tempera-
ture (26–27°C) in Mexico City remains within the comfort zone.
The aim of passive buildings is at best to achieve internal tem-
peratures equivalent to external ambient conditions and to
avoid conditions where the internal temperatures are above
ambient. However, to achieve thermal comfort conditions, it is

Table 3. Summary of surface temperature patterns guest room.

Maximum Minimum

Schedule Variation Schedule Variation

16:00 and 21:00 5 hours 9:00 and 11:00 2 hours
Temperatures Variation Temperatures Variation
25.58–26.50°C 0.92°C 23.20–24.29°C 1.08°C

Broad difference between highest
samples but very similar temperature
range

Similar behaviour to air temperature
recordings and minimum variation as
well

important to take into consideration the radiant temperature of
the surface of the room in addition to the air temperature and
humidity.

The internal temperatures can be attributed to the ther-
mal mass in the bedroom; the temperature was ‘dampened’
while the external temperature fluctuates in a range of 10 K and
higher, and it remains in the thermal comfort zone. It is important
to note that potential conditions for fabric heat storage exist in
this building. For thermal mass to operate effectively in cooling
mode, night ventilation is needed (Hyde 2000). The disposition
of rooms shown in Figure 2 indicates the availability of cross
ventilation and thus satisfies these conditions.

This behaviour allows the room to remain without a tem-
perature differences greater than 3°C. Although some people
could conceive 27.5°C as hot and uncomfortable, information
from a weather station nearby (National Meteorologic Service,
Tacubaya ESIME weather station) showed that outside temper-
atures remained at 27°C to 28°C between 20:00 and midnight
during the period of the study, and thus the hottest room tem-
peratures consist of a short time period inwhich indoor and out-
door temperatures balance and is followed by a 13-hour cooling
period from 20:00 to 09:00 in the morning.

Since the main use of this space is dormitory, the occupancy
period will most likely take place between 20:00 and 09:00 as
well. The analysis of the Adaptive Comfort model for this loca-
tion and time shows that comfort conditions can bemetwithin a
temperature range of 21°C to 26.5°C for all the week (Figure 13).
In this case, Barragan’s Guest Bedroom provides temperatures
between 23.1°C and 27.1°C and humidity remains within the
comfort zone (i.e. humidity ratio between 4 and 12 g/kg), par-
ticularly appropriate during sleeping hours (See Figure 12).

Figure 12. Weekly temperature and humidity variation at outdoor and in the Guest Bedroom (Eastern) (HOBO 6).

D
ow

nl
oa

de
d 

by
 [

G
az

i U
ni

ve
rs

ity
] 

at
 1

0:
25

 2
6 

M
ar

ch
 2

01
6 



100 R. HYDE ET AL.

Figure 13. Adaptive Comfort Band derived using CBE Thermal Comfort Tool (Hoyt
et al. 2013) with an outdoor air temperature of 27°C, indoor temperature of 24°C
and mean radiant temperature of 26°C.

8. Conclusions

In conclusion, the study demonstrated that this is a strong
passive building. The building demonstrated excellent thermal
behaviour during the monitoring period. The stable tempera-
ture profile in this building is largely due to the sensibly small
openings and very high levels of thermal mass. The orienta-
tion of the building and its relationship with the microclimate
and window openings are less than optimal; however, this is
compensatedbyother strategies suchas theuseof thermalmass
and shading. In the summer period, examined in this study, the
capacity of the envelope to facilitate air movement appears lim-
ited, as the area for openings is less than optimum as compared
to those recommended by the Mahoney Tables. This may have
potential effects on the comfort of occupants.

However, the study using monitoring in the summer period
does not support these observations. Internal temperature in
the study areas of the house sits within the comfort conditions
for summer (i.e. temperature between 20 and 27°C). Humidity
remains within 4–12 g/kg and temperature less than 25°C falls
within an acceptable range. Interestingly, it appears that the
effects of thermal mass compensate for the other suboptimum
passive features.

Little work has been done on the environmental quality of
this building; this is the first such study andwill assist with ongo-
ing methods for conservation and add to the significance of the
building as a World Heritage Listed building. The observations
in the Indicative Study support the view that this is a poten-
tially strong passive/low-energy building for its time in history.
However, it is hard to use modern standards for evaluating his-
toric buildings. In this case, a highmass building strategy is used

which is consistentwith historical examples of its time and form-
ing a strong pragmatic design foundation. This is a fascinating
building where a mixture of traditional and modern architec-
tural ideas is found, where the poetics of architecture are com-
plemented with a pragmatic approaches to thermal design to
provide comfort to occupants. The adaptive reuse of the build-
ing as a Museum brings a new challenge for maintaining the
cultural heritage of the past with the current social needs. This
study is a start to ensure that the environmental conditions
within the building aremaintained as originally designed, so the
future generations can experience the environment thebuilding
creates as it was originally intended.
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