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ABSTRACT

This paper focuses only on the application of a methodology used to estimate the service
life of any constructed asset, in this case as an example about an architectonic project of a
dome designed with adobe technology in the city of Toluca, Mexico, based on the method ISO
15686 (ISO, 2000). The service life of the project was estimated via seven factors. The results
show that the final value is a quantitative but also a qualitative estimation is presented,
therefore, this method is not perfect; however, this methodology could be helpful to the
shallow, rapid and rough estimate of the service life of a building or building components
that are required to be designed and constructed. This method could be very useful to
architects, builders, civil engineers and developers for decision-making in the early stages
of architectonic design, particularly in the planning of the building and pre-design phases.

RESUMEN

El presente trabajo se enfoca solamente en la aplicacion de una metodologia usada para
la estimacion de la vida 1til o vida de servicio de cualquier activo construido; en este caso,
como ejemplo, un proyecto arquitectéonico de una ctpula de adobe tecnificado en la ciudad
de Toluca, México, basado en el método por factores de la norma ISO 15686 (ISO, 2000). A
través de siete factores se estimo la vida de servicio del proyecto en cuestiéon. Los resultados
muestran que el valor final fue de tipo cuantitativo, pero también se present6 una estimacion
cualitativa, por lo que este método no es perfecto, sin embargo esta metodologia es de gran
ayuda para la estimacién somera, rapida y aproximada de la vida util de los edificios o de
componentes de edificios que se requiera para disefiarse y construirse. Se considera que este
método es muy util para arquitectos, constructores, ingenieros civiles y desarrolladores in-
mobiliarios para la adecuada toma de decisiones en etapas iniciales de disefio arquitectoénico,
particularmente en las fases de planeacion y pre-disenio del inmueble.

INTRODUCTION

When discussing about sustainability of any constructed asset should be
mentioned three issues that fully integrate sustainability in question: first,
the environmental aspect is basically about the material and construction
processes used in the constructed asset due to the environmental impacts
that could result (Hernandez-Moreno, 2012). The second, should be an eco-
nomic feasibility in the project, from design, construction and on whole ser-
vice life of the product (which occurs mainly in the using phase, operation
and maintenance of the constructed asset) since costs must be justified be-
cause affect their building properties during their entire life cycle (Interna-
tional Standards Organization [ISO], 2004). And the third, the main reason
for the design and construction of the product sould be build it under the
social premise that benefits a community. This paper focuses too on descri-
bing the importance of the sustainability of a dome designed and built with
adobe tech through its durability, understood as the ability that a building
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or any of its components have to reach the optimal
performance of its functions in a determinate environ-
ment or place, for a certain time without reparations or
expensive maintenance (Canadian Standards Associa-
tion [CSA], 2001); and through service life estimation,
understood as the period of time after installation and
construction during which a building or its parts fulfill
or exceed the performance requirements they were de-
signed for (ISO, 2000). Another important definition for
service life in buildings is the real period along which
the building (or any of its components) suddenly need
reparations and create expenses (CSA, 2001).

METHOD

The most relevant factors that affect the durability
of buildings based on the technical norm ISO 15686
“Buildings and constructed assets-service life plan-
ning” are:

A. Quality of construction materials and components;

B. The level and quality of architectural and cons-
truction design;

C. The quality and level of the workmanship in the
execution of the processes of construction and
installation, under the corresponding technical
norms and construction regulations;

D. The environment inside the building, such as:
humidity, temperature and diverse existing che-
mical and physical agents;

E. The environment surrounding the building, such
as climate and urban pollution;

F. The use of the building according to manuals
and specifications produced by the designers and
builders, which turn into better operability of
the building;

G. The degree or level of maintenance according to the
specifications in the manual of maintenance pro-
duced by the designers and builders and those by
the producers or manufacturers of the materials
used in the construction.

As a matter of fact, the aforementioned facts are the
factors that are evaluated in the method by factors, one
of the main methods largely used to estimate the ser-
vice life of construction materials and components (Ar-
chitectural Institute of Japan [AlJ], 1993). ISO 15686
prescribes this method based on knowledge referring to
materials and technology for construction. The method
by factors estimates service life by means of a series of
factors that are related to determinate conditions and
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specifications of utilization of the materials and compo-
nents of the building. The formula to predict the estima-
ted service life (ESL) by means of this method is:

ESL=RSL-A-B-C-D-E-F-G (1)

Where, RSL is the reference service life of a simi-
lar building or of any material or component of the
building that could be taken as empirical information
by the designer, from laboratory tests, from manuals
and/or technical information from the product ma-
nufacturers (Masters & Brandt, 1989). RSL is only a
starting point, as the key to estimate service life is
performed by means of thoroughly assessing the afo-
rementioned factors A, B, C, D, E, F and G. Therefore,
the assessment of ESL according to the method by fac-
tors requires defining a single RSL as well as values for
factors A to G. It is worth mentioning that this method
by factors is not a predictive degradation model, but
one based upon empirical information that can be
utilized to plan service life having as reference spe-
cific information on the project (Lacasse & Sjostrom,
2003). It can be considered that equation (1) contains
all of the factors that play a role in the service life of
a product; none of the technical norms ISO 15686 nor
the Canadian CSA S478-95 (R2001) assign a constant
value for each factor, but before applying the equation,
the designer must explicitly assign the values of these
factors, according to the particular conditions of the
project. To do so, the designer must be knowledgea-
ble on the quality of materials, construction systems,
deterioration agents and everything related to the pro-
ject as for design and construction. This method is not
structured as a probabilistic method; however it shall
be based on probabilistic characteristics of the in-
ternal and external characteristics which the cons-
truction materials and components are subjected to.
Thereby the factors may vary according to different
statistical distributions and so, the more experienced
and knowledgeable the designer is the more successful
the project will be (Moser, 1999).

Applying the methodology detailed in ISO 15686,
specifically factor method for estimating the service life
of a building and/or building components (ISO, 2000),
the steps to apply are:

1. Identify the general conditions of service, type
of building or constructed asset, functional and
performance requirements of the building.

2. Determining the design life of the building and
components.

3. Determine and identify the factors that affect
the durability of the project.
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4. Estimating the service life of the building and
its building components (using the method ISO
15686).

Detailed explanation, development and its applica-
tion of this methodology are described below.

Findings (Development and application
of the method by factors for estimating
service life in buildings)

The development and application (example) of the
proposed method is as following:

Identify the general conditions of service, type of building,
functional and performance requirements of the building.

A modernized adobe dome is a green building built, in
this case constructed on the site, with regional mate-
rials, specifically common adobe!. Whereas the procedu-
re of construction of the dome was developed in the city
of Toluca, Mexico; it is advisable build it with adobe
tech (stabilized with Portland cement and compacted
mechanically) because Toluca’s climate is temperate-
cold and adobe is a building material with excellent
thermal conditions. See the image in figure 1 which
illustrates an interior perspective of referred dome and
in figure 2 an exterior perspective thereof. In this case,
the construction bases are taken of “earth architecture”
construction systems, which in conjunction with the
current chemical technology, these form a solid struc-
ture, durable and geometrically correct (Minke, 2005),
also using a special formwork during the construction
process to give it an accurate result.

Determining the design life of the dome

Continuing the procedure of the proposed method for
estimating of service life and durability in buildings,
it has a reference life of the dome, according to their
conditions and estimated for median life, would be
49 years for this case (table 1). Then, it is observed
that Design Service Life (DSL) of the dome is equal to
DSL =49 years, according to information from the Ca-
nadian technical standard CSA S478-9-R2001 (CSA,
2001) equivalent to ISO 15686 and the which also re-
lies LEED® version of Canada, section: durability de-
sign (Canada Green Building Council [CaGBC], 2011)
and information based on table 1 is described below.
The following information (table 1) may also be useful
at this stage 2 of the procedure, as it could guide us in
determining a design life by component for categories of
buildings for periods of time.

' Mainly formed of silicate particles without sintering process.
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It is considered that table 1 is helpful for determining
the design life as long as you respecting the use of the
building to meet the design requirements and perfor-
mance of the project (Hernandez-Moreno, 2012). With
reference service life or design life already determi-
ned, the next step concerns to determination of relevant
factors that affect durability.

As regards the considerations of constructed asset
failure (Talon, Boissier, Chevalier & Hans, 2004), these
could raise if there is not a good maintenance planning,
especially outside the dome finish at the junctions of
bricks that serve as final finish, causing deterioration
of the material and deterioration of the structure of the
dome, causing damage on construction elements.

'11;;’]!-”(!‘7',9.\',2.]...,]
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Figure 2. Exterior perspective of the Dome.
Source: Technology Development Project, UAEMEX; Academic group: Patrimo-
nio, ambiente y tecnologia, Toluca, Mexico, 2013.

- A———

- . e

Figure 1. Interior perspective of the Dome.
Source: Technology Development Project, UAEMEX; Academic group: Patrimo-
nio, ambiente y tecnologia, Toluca, Mexico, 2013.
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Table 1.
Design life of buildings by category.
Building Design service life by Examples
category category (in years)
Non-permanent
buildings, sales offices,
Temporary Up to 10 temporary exhibition
buildings, temporary
buildings.
Most industrial
Median life 25-49 buildings and most
parking structures.
Most residential,
. commercial, office,
Long life 50-99 health, education,
parking.
Monumental buildings,
heritage type buildings
Permanent Over 100 (museums, art

galleries, general files,
etc.).

Source: Canadian Standards Association, 2001.

Table 2.
Factors to estimate Service Life of the Dome.

Factors Values assigned

A. Quality of materials and building

1.0
components.

B. The level of implementation of
architectural design, construction 1.2
and facilities.

C. The quality and standard of
workmanship in the execution of
construction and installation processes 1.0
under their respective standards and
building regulations.

D. The environment inside the building
as humidity, temperature and various 1.0
chemical and physical agents exist.

E. The environment external to the building

as the weather and urban pollution. O

F. Building use based on manuals and
specifications made by the designers
and builders of those involving property
improved operability

1.0

G. Maintenance level according to the
specifications included in the maintenance
manual made by the designers and
builders of the property and the producers
or manufacturers of materials and
components used in construction.

1.0

Source: Authors own elaboration, based on the method by factors, ISO 15686 and
based on general service conditions observed on the constructed asset.
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Determine and identify the factors that affect the durability
of the project.

To determine these factors is necessary to rely on the
method by factors of ISO 15686 (ISO 2000). These fac-
tors were mentioned in section of method description.

Estimating the Service Life of the building (using method
ISO 15686 by factors).

Using the factor method to calculate the ESL by co-
rrecting Design Service Life (DSL) or RSL, through the
multiplication of the values of the factors in the range
of 0.8, 1.0 and 1.2, using the equation:

ESL=DSL-A*-B-C-D-E-F-G (2)

Where ESL is the Estimated Service Life, DSL is the
Design Service Life and A - G are the factors that affect
the service life of the building components according to
ISO 15686. After considering the factors, determining
the values for each as the project indicates (table 2) ac-
cording to the designer experience and to general servi-
ce conditions observed, in this case, on the constructed
asset (dome with adobe tech), as follows:

Values are substituted in the equation (1):
ESL =50 (1) (1.2) (1) (1) (0.8) (1) (1)
ESL = 48 years.

Seen the resulting estimation of service life ac-
cording to the technical standard ISO 15686 of the
constructed asset concerned, hypothetically decrea-
sed slightly over design service life (50 to 48 years).
This was resulted due mainly to environmental factors,
particularly, due to the humidity conditions on the lo-
cation, however, these environmental factors, on this
site, are not really aggressive and do not significantly
affect. As summary, it is considered that estimation,
for this case of example, is acceptable, because the
resulting value is not too away from the design service
life value, and therefore is considered acceptable.

CONCLUSIONS

Estimating the service life of the dome is a quantitative
estimation but also a qualitative way could be result,
so it is a method, not perfect, but effective to determi-
ning a quick estimation of the service life of a building
or building components to design and construct.

In this case, the construction of the dome was taken
from building bases of "earth architecture", which in
conjunction with the current chemical technology,
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form a solid structure, durable and geometrically co-
rrect; also using a special formwork to give an accurate
result, which makes it environmentally and economi-
cally sustainable.

The authors concludes that method by factors ISO
15686 could be used by architects and builders as a
fast and efficient method for estimating service life in
any architectural design and construction process.

As regards the considerations of constructed asset
failure, this could arise if there is not a good mainte-
nance planning, especially in exterior dome finishing
on the junctions of the bricks that serve as final finis-
hing, causing deterioration of the material and impaired
dome structure, resulting in damage and deterioration
of construction elements.

It is considered that this method could be very use-
ful to architects, builders, civil engineers and develo-
pers for decision-making in the early stage of design,
particularly in the planning of the building and pre-
design phases.
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