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Abstract

The literature states that project duration is affected by various scope factors. Using 168 building projects carried out in Spain, this paper uses
the multiple regression analysis to develop a forecast model that allows estimating project duration of new builds. The proposed model uses project
type, gross floor area (GFA), the cost/GFA relationship and number of floors as predictor variables. The research identified the logarithmic form of
construction speed as the most appropriate response variable. GFA has greater influence than cost on project duration but both factors are necessary
to achieve a forecast model with the highest accuracy. We developed an analysis to verify the stability of forecasted values and showed how
a model with high values of fit and accuracy may display an anomalous behavior in the forecasted values. The sensitivity of the proposed forecast
model was also analyzed versus the variability of construction costs.
© 2013 Elsevier Ltd. APM and IPMA. All rights reserved.
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1. Introduction

Time, cost and scope are project success factors, and they
are commonly mentioned by many practitioners and researchers
(Ahsan and Gunawan, 2010). In particular, predicting the required
time to carry out the construction of a building has been of great
interest for most professionals in the construction industry, since
it has traditionally been identified as a key success factor in a
construction project (Chan andKumaraswamy, 1999). But despite
the many advances made in the discipline of project management,
in general, over the past decades construction projects have
obtained poor performance regarding their planned duration
(Chan and Kumaraswamy, 2002; Ng et al., 2001). Predicting
construction duration accurately at the early stages is of vital
importance for a successful project (Dursun and Stoy, 2011a).

Delays are a common problem in the construction industry
(Doloi et al., 2012; Meng, 2012), and their magnitude varies

considerably from one project to another. They can be caused by
different reasons and produce serious economic consequences for
the different agents involved in the construction process (Stoy
et al., 2007a). From a basic preliminary analysis, the delay of a
building project may be due to poor performance motivated by
different causes such as failure of contractor, changes in project
design or inclement weather (Greenwood and Shaglouf, 1997).
But delays can also be caused by initial estimates that are too
optimistic about the final duration of works (Ng et al., 2001). In
this sense, the existing literature on the topic states that, initially,
the construction duration of a building is affected by various factors
related to project features. Therefore, it is essential to know these
factors, their interrelationship and their influence degree on
construction time, to increase the accuracy in the initial estimates
(Chan, 1998) and reduce the magnitude of delays.

A lot of research has been developed on factors that may
influence construction time. One of the first studies (and the most
cited) was carried out by Bromilow et al. (1980) using building
projects undertaken in Australia. This research developed a
model to estimate construction time using cost as the main
variable and considering also client type and the year of
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construction. Other studies evaluated this model in Australia
(Ireland, 1983; Ng et al., 2001;Walker, 1994) and other countries
(Ameyaw et al., 2012; Chan and Kumaraswamy, 1995; Le-Hoai
and Lee, 2009; Le-Hoai et al., 2009). Among these studies there
are contradictory conclusions regarding the model performance.
Ireland (1983) went on to state that the time–cost model is the
best to estimate the construction time of a project while Walker
(1994) noted that one of the shortcomings of the model is
that it does not consider other factors besides cost. As additional
variables to construction cost Walker (1994) studied gross floor
area (GFA), number of floors, project type and procurement
method. In addition to costs, Chan and Kumaraswamy (1995)
also recognized that other specific characteristics of a project,
such as GFA and number of floors, are factors that significantly
influence project duration. Similarly, Love et al. (2005) concluded
that in building construction projects GFA and number of floors
are key factors to calculate the construction time while cost is
a poor predictor. Some variables derived from the main scope
factors have also been analyzed in the literature. Chan and Chan
(2004) developed a model to estimate the duration for a specific
type of housing in Hong Kong that included the derived variable
represented by the relationship between GFA and number of
floors, or what is the same in most cases, the floor area. In another
study Stoy et al. (2007a) found that the cost/GFA ratio, named
as “standard”, is significant to forecast the construction speed.

Although Bromilow et al. (1980) and other researchers have
shown that time has usually been the most appropriate dependent
variable to be analyzed, some models have used the construction
speed as an alternative dependent variable (Love et al., 2005;
Stoy et al., 2007a,b). In this connection, there is a debate over
whether it is possible to obtain better forecastingmodels using the
duration as the dependent variable or if it is more appropriate to
consider the construction speed (Stoy et al., 2007b). Different
ways to define the construction speed have been presented in the
literature. Stoy et al. (2007a) defined it as GFA executed in a
month while Love et al. (2005) described the construction speed
as the required time to perform a unit of GFA. Other researchers,
as Nahapiet and Nahapiet (1985), used the concept of GFA per
week. Ireland (1986) also evaluated the construction speed but
as GFA per 8 h of working day. As we can see, the construction
speed is generally defined as units per time and, consequently, the
Love et al. definition is a non-standard definition.

Additionally, some investigations have compared the perfor-
mance obtained on projects from different countries (Dursun and
Stoy, 2011b; Xiao and Proverbs, 2002) and their results reveal
the existence of differences in construction speed according to the
physical location in which a project is developed. Thus, project
time performance is context-specific (Le-Hoai et al., 2013).

To our best knowledge, research has not been conducted
in Spain, either to identify factors which influence construction
time or to propose models for estimating the duration of building
construction projects. Therefore, within the Spanish context of
the building sector, the main aim of this study is to develop a
forecast model to estimate the construction time of new builds.
The research focuses on the project construction phase, under-
stood as the stage where the physical form of a project is created in
compliance with design specifications (Chan and Kumaraswamy,

1997). In this study it is understood that this phase covers the
period of time from the beginning of works until all planned
construction activities are completed. To achieve the aim of
the study, a statistical analysis was carried out using real data
belonging to a set of building projects in Spain. The project scope
factors represented by cost and GFA are analyzed in a special
way, since they are used the most to develop predictive models
(Greenwood and Shaglouf, 1997), as the one proposed in this
study. Furthermore, we take into consideration that construction
costs tend to be sensitive to commercial effects (Forsythe et al.,
2010) and also that the final cost of works usually differs from the
costs estimated before starting the work (Love et al., 2005). This
difficulty to establish the actual cost of construction process could
impair the ability of a model to predict the final duration when cost
is used as a predictive variable. Nevertheless, it is necessary to
emphasize that the possible shortcoming, which shows the cost
variable, might be overcome by using the existing ratio between
the actual cost and the estimated cost. There is evidence that this
ratio may be lognormal (e.g., see Lipke et al., 2009).

2. Research methodology

2.1. Data set and variables

The project collection analyzed in this study belongs to a
database that contains more than 300 projects with different uses,
locations and sizes. It is a collection of Spanish construction
projects classified in different constructive typologies. All projects
were developed between the late 1980s and early 2000s. The
research focused on new builds, such that projects relating to
industrial buildings and rehabilitation were discarded for the
analysis. Special sports facilities (swimming pools, soccer fields,
etc.) and other singular constructions (bullrings, churches, etc.)
were also excluded. We selected 168 projects as valid for
the proposed study and they were classified into 7 subgroups
according to their nature and scope (see Table 1).

From the discussion presented in the Introduction section
it can be deduced that there is no consensus in the literature on
what factors influence most significantly on the construction
time. Some of the proposed variables cannot be measured
objectively and, therefore, they can be hard to introduce into
a prediction model (Forsythe et al., 2010). According to the
available data, we selected a quantitative variable that represents
the total cost of construction and two groups of quantitative
variables related to GFA and number of floors (maximum number
of floors excluding the roof). But sometimes it is necessary to
use derived variables because some of the significant variables
might not be a single entity and they appear as a ratio (Chan and
Kumaraswamy, 1999). Similar studies to that proposed have
also used these kinds of variables (Chan and Chan, 2004; Dursun
and Stoy, 2011b; Stoy et al., 2007a), and they have obtained
good results with their use. For this reason in this study two new
variables were derived: (i) total GFA/total number of floors, and
(ii) total cost of construction/total GFA. All independent variables
used in the regression analysis are shown in Table 2.

Considering that there is no general agreement in the literature
about which is the most appropriate dependent variable to predict
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