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*e use of Building Information Modelling (BIM) is becoming increasingly adopted worldwide to support the creation and
management of digital environments in which physical and functional features of a facility are modelled. Due to its characteristic
flexibility and interoperability, it rapidly extends beyond the boundaries of applications for which it was originally conceived, thus
being implemented in other contexts such as the infrastructure sector. Indeed, during each phase of the construction process for
building a linear infrastructure, a suitable design of a traffic control plan to optimising traffic flows proves crucial, both for drivers
and builders. In this context, there arises the need to perform a comprehensive analysis, combining infrastructure design and
building issues with transportation theory principles. For this purpose, the paper proposes a comparative analysis of two different
approaches relying on BIM-based tools, namely integrated (i.e., BIM environments with an in-built module for transport
simulation tasks) and an interfaceable solution (i.e., BIM environments offering a customised interface for external mobility
simulation software). Specifically, after an overview of the issues involved, the two solutions analysed are customised according to
the software packages adopted, and a numerical application is carried out. *e goal of the paper is to perform a preliminary
analysis on the potential of such frameworks by means of comparative evaluation aimed at identifying pros and cons of the two
approaches, as well as the best field of application, according to the effort required from the designer, the degree of flexibility
offered, and the target pursued.

1. Introduction

With the advent of Information and Communication Tech-
nologies (ICTs), cities have become increasingly smart and
interconnected. *is leads to several complex design and
management issues being addressed which require suitable
approaches for implementation within the field of Archi-
tecture, Engineering, and Construction (AEC). In this con-
text, one of the most promising and widely applied
methodologies is Building Information Modelling (BIM) [1],
which may be defined as a procedure of planning, building,
and handling a facility relying on computerised object-ori-
entated data. Given the potential of such a tool, BIM has been
extended to applications for which it was not formerly
conceived (e.g., the infrastructure sector [2, 3]). Indeed, in
transportation contexts, the implementation of BIM may

concern the design and construction of airports [4–6], rail-
ways [7–9], and embankments [10]. Consequently, the
construction industry within the European Union has pro-
gressively used this methodology [11], and elsewhere [12–14].

*e success of such a design and management tech-
nology lies in its multidisciplinary and interoperability
features. Indeed, BIM can be integrated with other engi-
neering tools and allows the temporal dimension to be
embedded in the analysis. *e latter assumes a key role in
supporting traffic control planning during construction
works. Indeed, an optimisation process of traffic flows is
required during construction works, traffic conditions
needing to be managed to avoid inconvenience for drivers
and traffic safety. In this context, the necessity of conceiving
and handling a proper interface between BIM-based soft-
ware and transportation theory occurs.
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*ere are several BIM-based tools used in the con-
struction sector, developed by the main software houses,
such as Autodesk and Bentley Systems. *e choice of the
most suitable tool depends on the purpose of use, that is,
clash analysis, structural analysis, energy analysis, cost es-
timation, and so on [15, 16]. Some BIM-based environments
integrate a mobility simulation module, while others allow
for an interface with a specific transport simulation software
package.

In the latter case, specific procedures for import/export
need to be set and compatible file formats are shared.
However, it appears evident that exploiting such interop-
erability features to the full is no mean feat. Indeed, in-
teroperability does not mean a simple interchange of
information, such as geometric characteristics but also the
interchange of rationale [17].*is implies the need for an in-
depth understanding of the logic and models implemented
in the software packages adopted. Within this context, the
proposed research study analyses different approaches for
dealing with the issue of managing traffic control planning
during construction works. In particular, methodologies
which diversely adopt BIM technologies are considered, thus
investigating the potential behind such a promising tool.
More specifically, an integrated (i.e., BIM environments with
an in-built module for transport simulation tasks) and an
interfaceable solution (i.e., BIM environments offering a
customised interface for external mobility simulation soft-
ware) are tested and a comparative evaluation is provided.

*e rest of the paper is organised as such: Section 2
presents an overview of transportation systems simulation;
Section 3 illustrates different approaches on which a design
engineer can rely for dealing with traffic control planning
during construction works on a linear infrastructure and
related issues; Section 4 tests such alternative methods for
the purpose of comparison; and finally, Section 5 draws
conclusion and outlines research prospects.

2. Simulation of Mobility Systems

Transport systems are conceived to generate travelling op-
tions thus meeting travel demand requirements. *erefore,
the key aim of transport simulation software is to model the
interactions between travel demand and supply facilities,
both in design and management phases. *e goal is to
provide the temporal and spatial distribution of traffic flows
on the network, thus supporting any kind of decisional
process involving transport systems. Specifically, as shown
by Cascetta [18], the deployment of a transportation system
includes the following steps: (i) identification of the study
area; (ii) discretisation of the study area into traffic zones;
(iii) determination of significant infrastructures and services;
(iv) definition of the supply model; (v) definition of the
demand model; and (vi) modelling of the interaction be-
tween supply and demand characteristics.

Beside preparation phases, supply facilities are described
by means of two models, namely topological and analytical.
*e topological one relies on the graph theory [19–21], while
the analytical structure is based on the following models:
flow propagationmodel (identifying the connection between

link and path flows), link performance model, based on cost
functions (describing how the flow affects the performance
of a link), and path performance model (identifying the
relationship between link and path performance).

*e transportation demand model considers four dif-
ferent choice dimensions: whether or not to make the
journey (i.e., trip generation model), the destination to be
reached (i.e., trip distribution model), by which mode (i.e.,
mode choice model) and through which path (i.e., route
choice model). Travel demand needs to be characterised
both in spatial and temporal terms. In particular, spatial
representation is based on a matrix structure, that is, the
origin-destination matrix. With regard to the temporal di-
mension, instead, intra-period stationarity or intra-period
dynamics assumptions can be made.

Finally, interactions between supply and demand features
are simulated by means of the so-called assignment models
which provide system performance thus allowing any kinds of
evaluation.*esemodels can be deterministic or stochastic, as
well as can consider the phenomenon of congestion (i.e., the
dependence of link performance on link flows) or not.
Moreover, also the dependence of OD flows on path costs
may be modelled. However, further details about assignment
models can be found in Cascetta [18]; what follows, instead, is
focused on traffic flow simulation models.

Given the goal of the proposed approach (i.e., managing
traffic control planning during construction works), non-
stationary models are considered. According to the level of
detail implemented, such models can be classified into
macroscopic, mesoscopic, and microscopic. In macroscopic
models, traffic streams are represented as a partially com-
pressible fluid, composed of infinitesimal parcels; indeed,
this approach is called fluid approximation. Mesoscopic
models, instead, represent traffic as groups of vehicles. Fi-
nally, in microscopic models, the trip of every single vehicle
is reproduced by means of models which explicitly simulate
the speed-adjusting behaviour (e.g., gap-acceptance, car
following, overtaking, lane changing).

*e models described above are generally implemented
by means of simulation software packages. For our purpose,
a microscopic simulation is required and, amongst others,
suitable commercial software packages are Aimsun [22],
Sumo [23], and PTV Vissim [24].

It is worth noting that the main issue to address in
adopting microsimulation software is the calibration phase
according to the context analysed. *is tuning step is fun-
damental to obtain reliable and accurate results.

3. Alternative Options Made Available for
Design Engineers

As stated above, the purpose is to investigate the potential
offered by BIM-based tools for supporting the management of
traffic flow during construction works. Indeed, changes to
transport infrastructure required during construction works
alter ordinary conditions of traffic flow and this transition
phase needs to be properly addressed to avoid inconvenience to
drivers. For example, when a two-way road has to be main-
tained or is affected by the construction of an overhead bridge,
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in order to avoid a complete road closure, various construction
steps have to be implemented and, for each of them, a specific
strategy in the management of traffic flows is required.

*erefore, it appears fundamental to integrate BIM tools
with transportation simulation approaches. In this section,
three alternative options available for design engineers are
presented to compare them and analyse the strengths and
weaknesses of each approach.

BIM-based tools offer different options for mobility
simulation (see Figure 1). In particular, besides the standard
solution in which the designer has to deal with the inte-
gration of the two methods (i.e., BIM and mobility simu-
lation), the following conditions appear more noteworthy:

(i) BIM-based tools with an in-built module for
transport simulation tasks (i.e., integrated approach)

(ii) BIM-based tools offering a customised interface for
external mobility simulation software packages (i.e.,
interfaceable approach)

Clearly, for each solution, different software packages can
be adopted. However, commercial software is often used as a
black-box because in-built adopted procedures are generally
unknown to the designers. Instruction manuals can give
information on the models adopted but without specifying
numerical values of the parameters involved or, even if in-
dicated, cannot be changed. *e tool in question could be
unhelpful in the analysis of specific contexts. In light of the
above, it appears fundamental to investigate the logic and
models implemented in the adopted tools, thus being able to
fully control them and evaluate the possibility of customising
them to the specific context analysed. Obviously, in the case of
tools or software packages accompanied by documentation,
explicitly explaining models and parameters implemented,
the proposed analysis would be trivial.

*e proposal to compare the aforementioned solutions
and define which offers a more reliable and accurate analysis
of traffic flows consists of a simulation-based procedure. It is
worth noting that other methodologies such as artificial
neural networks would be unsuitable for this purpose be-
cause they would provide a black-box tool as well, without
offering the possibility of selecting the functional forms and
the values of related parameters according to the target.

*e proposed methodology consists of performing
several simulations with given input parameters, thus
obtaining related outputs and deriving the mathematical
relationship linking them (i.e., inputs and outputs). It is thus
possible to find the relationships adopted among significant
traffic flow variables, as well as which cost functions are
implemented in the model. Furthermore, the route choice
model embedded in the procedure can thereby be identified.

In order to find the function which best fits some
sampling data, a three-step procedure is generally followed,
whose phases are as follows: specification (i.e., identifying
functional form), calibration (i.e., estimating numerical
values of parameters), and validation (i.e., performing sta-
tistical tests to evaluate the goodness of fit). However, in our
case, data to be interpolated are provided through a sim-
ulation procedure and the crucial step is represented by the
calibration phase. Functional forms are known from

transport theory because they are related to physical phe-
nomena (such as vehicle motion) and/or behavioural aspects
(such as interactions between vehicles and/or users).*e fact
that functional forms, as well as numbers and features of
required parameters, are given by the literature means that,
once the parameters involved have been calibrated, to val-
idate the derived relationship, only global statistical tests are
performed, neglecting statistics on parameters.

*e model has to work in order to comply with the
Macroscopic Fundamental Diagram (MFD), expressing the
relationship between any pair of the following variables: flow,
density, and speed. It is reproduced, qualitatively, in Figure 2.

According to the MFD, flow can be equal to zero under
two assumptions: no vehicles are on the road (i.e., density is
null) or when vehicles are in a stop condition (i.e., speed is
null). In the first case, the speed assumes the theoretical
maximum, the so-called free-flow speed, v0, while in the
second case, the density assumes the theoretical maximum,
i.e., the so-called jam density, kjam. *e peak of the speed-
flow (and density-flow) curve represents road capacity, i.e.,
the theoretical maximum flow, Cap. *e corresponding
speed and density are referred to as the critical speed, vc, and
critical density, kc. *erefore, besides the capacity, any flow
value can occur under two different conditions: low speed
and high density (i.e., unstable state) and high speed and low
density (i.e., stable state). *ere are several mathematical
models expressing the relationships among these variables,
such as that proposed by Greenshields [25], from which
travel time on a running link can be derived.

In alternative, travel time on a link can be computed as a
function of flow and free-flow speed. *e most widely used
function expressing such a relation, generally associated with
the stable regime, is the BPR cost function, proposed by U.S.
Bureau of Public Roads in 1964 [26].

Finally, the implemented route choice model needs to be
investigated. Generally, during construction road works, this
is the most greatly affected travel demand choice dimension.
Route choice models are based on random utility theory
[27]. Amongst others, the most widely used models are the
Multinomial Logit model [28], or the Probit model [29]. *e
former has the remarkable benefit of relying on a closed
form; however, in some contexts, it could provide a biased
outcome due to the property of independence from irrel-
evant alternatives. *is has led to many variants of the
model, aimed at overcoming the drawback by preserving the
closed form as, for instance, in Nested Logit [30, 31], C-Logit
[32], and CoRUM [33]. *e Probit model, instead, for de-
riving route choice probabilities and related path flows, relies
on sampling techniques of path random residuals based on
the Monte Carlo method [34–36].

4. Customisation of the Proposed
Methodology to Existing Tools and Its
Application to Toy Networks

In this section, the proposed methodology is customised to
the specific existing software packages, thus testing the
suggested approach and showing its feasibility. As shown by
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Figure 3, among the commercial BIM-based software, we
analyse Autodesk InfraWorks 360 and Open Roads Concept
Station by Bentley. *e former embeds an in-built mobility
simulation module, thus offering an integrated solution
which does not need any additional transportation software.
*e latter, instead, can be adopted jointly with the micro-
simulation software PTV Vissim thanks to the presence of a
suitable interface window suitably set up by the producer.

*erefore, leaving aside the standard solution, in which
it is the designer who acts as the interface between the two
environments (i.e., BIM and traffic simulation), the other
two approaches can be customised according to Figure 3. At
this point, the proposed simulation-based methodology is
applied in the case of approach 1 (i.e., integrated solution)
and approach 2 (i.e., interfaceable solution), thus comparing
them and deriving the pros and cons of each method.

By linking input data (given a priori) with simulation
outputs using a calibration procedure, the following issues
are investigated: the relation between flow and speed; the
implemented cost function, expressing the relationship
between travel time and flow; the probability values pro-
vided by the adopted route choice model.

To define the relations linking flow and speed and the
cost functions implemented in the models, a network made
up of a single-link connecting an OD pair is considered
(Figure 4(a)). By contrast, in order to investigate the route

choice model embedded in the simulation software packages
involved in the two approaches, a network with two links
with different features, connecting a single OD pair, is
analysed (Figure 4(b)). *e choice of adopting such net-
works is made for the sake of simplicity: with such
frameworks, link flows and path flows are equivalent.

In order to investigate relations between flow and speed
and cost functions, the network shown in Figure 4(a) is
characterised according to three network configurations,
differing in link length, number of lanes, lane width, and
free-flow speed (see Table 1).

*erefore, after fixing the geometrical and functional
features of the infrastructure, several simulations are run by
increasing the OD flow involved.

As a preliminary step, the travel time in free-flow
conditions, indicated as t0, can be derived as the ratio be-
tween link length and free-flow travel speed. *en, for each
simulation, having fixed a specific road section s, the number
of vehicles (indicated as N) which passes through s during
the simulation time interval Δt can be obtained. By means of
N, the related flow, f, can be computed as follows:

f �
N

Δt − t0
. (1)

A further output of the simulation procedure is the
average travel time, from which, given the link length, the
average travel speed, indicated as v, can be derived.

For each network configuration, 15 simulations are
performed, obtaining 15 “link flow-speed” pairs on the basis
of which related functions f� f(v) are estimated. As already
pointed out, the specification of this function is known from
traffic flow theory. It is a parabola passing through the origin
with a horizontal axis and the concave section towards the
origin, which can be expressed by the following equation:

f � av
2

+ bv + c, (2)

with a< 0 and c� 0.
Given the functional form, the calibration and validation

procedures are carried out. For the calibration step, function
parameters (i.e., a and b) are estimated in order to fit
simulation data.

BIM-based tool

integrated traffic
simulator

(a)

BIM-based tool

interfaceable traffic
simulator

(b)

BIM-based tool

any traffic simulator

Designer

(c)

Figure 1: Alternative options for designer engineers: (a) integrated solution; (b) interfaceable solution; and (c) standard solution.
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Figure 2: Fundamental diagram of traffic flow
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Numerical results for the three network configurations
analysed and the two approaches analysed are shown in
Table 2 and Figures 5 to 10. In particular, Figures 5 and 6
compare the integrated and interfaceable solutions con-
cerning network configuration 1; Figures 7 and 8 concerning
network configuration 2; Figures 9 and 10 concerning
network configuration 3.

Instead, for the validation phase, some global statistical
tests are performed, namely coefficient of determination
R2, adjustedR2 (indicated asR2), and F-test (indicated as
F), as reported in Tables 3 to 5 for each network
configuration.

*e further issue to be investigated concerns the link
performance model which simulates the dependence of
link performance on related flows. As can be seen from
the above, we are in the stable regime and this, according
to traffic flow theory, allows us to assume the BPR as the
adopted cost function. Travel time on link l, indicated as
tl, may be expressed as depending on the related link flow,
indicated as fl, that is,

tl � tl0 · 1 + α ·
fl

Capl

􏼠 􏼡

β
⎡⎣ ⎤⎦, (3)

where tlo represents free-flow travel time on link l; Capl
represents the capacity of link l; α and β are parameters to be
calibrated.

In the case of a microsimulation approach, capacity is
estimated with a lane-based method, that is, as a function of
the number of lanes characterising the link, nl, according to a
parameter c which generally needs to be calibrated as well.

*erefore, it can be stated that,
Capl � c · nl. (4)

In our case, since only one link makes up the network
analysed, equation (3) can be rewritten as follows:

t

t0
� 1 + α ·

f

Cap
􏼠 􏼡

β

. (5)

As in the procedure followed above, for the network
configurations analysed, several simulations are run by

BIM-based tool

integrated traffic
simulator

(a)

BIM-based tool

interfaceable traffic
simulator

(b)

BIM-based tool

any traffic simulator

Designer

(c)

Figure 3: Alternative options for designer engineers: (a) customised integrated solution; (b) customised interfaceable solution; and
(c) standard solution.

O D

(a)

O D

A

B

(b)

Figure 4: Test networks: (a) single-link framework and (b) double-link framework.

Table 1: Network configurations.

Configuration Link length (m) Number of lanes Lane width (m) Free-flow speed (km/h)
1 5180 1 3.50 80
2 4200 1 3.50 40
3 3570 2 3.50 40

Journal of Advanced Transportation 5



increasing the OD flows involved. In this way, a total of 45
(f/Cap; t/t0) pairs are obtained and interpolated by cali-
brating function parameters (i.e., α, β, and c) in order to fit
the simulation data.

It is worth noting that, in our analysis, parameter c is
calibrated only in the case of the integrated solution. By
contrast, in the case of the interfaceable approach, the de-
fault value implemented in the traffic simulator adopted (i.e.,
PTV Vissim) is considered, that is c � 900.

*erefore, the numerical values of the calibrated pa-
rameters are, in the case of the integrated solution,
α= 0.1661, β= 3.6483, and c= 1040 while, in the case of the
interfaceable solution, α= 0.0002 and β= 8.4411 are ob-
tained. Calibrated BPR functions are shown in Figures 11

and 12, respectively, for the integrated and interfaceable
solution.

*e aforementioned global statistical tests are also
performed as a validation step. *e related results are shown
in Table 6 for the two approaches analysed.

Finally, the route choice models implemented in the
software packages involved in the two presented approaches
(i.e., integrated and interfaceable) are investigated.

According to random utility theory [27], the functional
formulation of a multinomial logit model is assumed. It
considers that the random residuals are independently and
identically distributed according to a Gumbel random
variable with zero mean and parameter θ. However, given
the adopted network (see Figure 4(b)), a binomial Logit

Table 2: Numerical values of calibrated parameters of function f� f(v).

Network configuration 1 Network configuration 2 Network configuration 3
a b a b a b

Integrated solution −1.090 92.090 −5.953 225.917 −11.556 464.701
Interfaceable solution −1.239 110.492 −12.819 525.330 −29.857 1218.450
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Figure 5: Calibrated function f� f(v) in the case of network
configuration 1 for the integrated solution.
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Figure 6: Calibrated function f� f(v) in the case of network
configuration 1 for the interfaceable solution.
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Figure 7: Calibrated function f� f(v) in the case of network
configuration 2 for the integrated solution.
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Figure 8: Calibrated function f� f(v) in the case of network
configuration 2 for the interfaceable solution.
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Figure 9: Calibrated function f� f(v) in the case of network configuration 3 for the integrated solution.
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Figure 10: Calibrated function f� f(v) in the case of network configuration 3 for the interfaceable solution.

Table 3: Global statistical tests related to function f� f(v) in the case of network configuration 1.

R2 R2 F-test
F value *reshold Confidence level (%)

Integrated solution 0.694 0.644 36.922 21.137 99.90
Interfaceable solution 0.579 0.459 15.389 14.688 99.00

Table 4: Global statistical tests related to function f� f(v) in the case of network configuration 2.

R2 R2 F-test
F value *reshold Confidence level (%)

Integrated solution 0.958 0.951 141.557 21.137 99.90
Interfaceable solution 0.986 0.982 89.431 31.555 99.90

Table 5: Global statistical tests related to function f� f(v) in the case of network configuration 3.

R2 R2 F-test
F value *reshold Confidence level (%)

Integrated solution 0.975 0.970 202.672 21.137 99.90
Interfaceable solution 0.889 0.857 349.45 31.555 99.90
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structure is considered. As shown by Cascetta [18], it can be
expressed as follows:

p(A) �
exp VA/θ( 􏼁

exp VA/θ( 􏼁 + exp VB/θ( 􏼁
,

�
1

1 + exp VB − VA( 􏼁/θ􏼂 􏼃
,

(6)

p(B) �
exp VB/θ( 􏼁

exp VA/θ( 􏼁 + exp VB/θ( 􏼁
,

�
1

1 + exp VA − VB( 􏼁/θ􏼂 􏼃
,

(7)

where p (A) is the route choice probability related to path A;
p (B) is the route choice probability related to path B; VA is
the systematic utility related to path A; VB is the systematic
utility related to path B; and θ is the aforementioned pa-
rameter of the Gumbel distribution.

Systematic utilities represent a measure of user conve-
nience in adopting a certain alternative and are generally
expressed as a linear combination of attributes and weights.
More details on this can be found in Cascetta [18]; however,
in the following, we consider systematic utilities as a

function of travel times according to a parameter λ which
expresses the importance associated to travel time by users,
i.e.,

VA � −λ · tA,

VB � −λ · tB,
(8)

where tA is the travel time associated to path A and tB is
the travel time associated to path B. *e minus sign is
used because travel time represents an inconvenience for
users: the greater the travel time, the lower the utility that
users associate to that alternative. *erefore, also in this
case, several simulations are run by changing network
features (i.e., length and free-flow speed of link A and link
B) and OD flows involved, amounting to a total of 30
records.

Simulation outputs of concern are as follows:
NA: number of vehicles passing through section sA on

link A during the simulation time interval Δt, according to
which the related flow fA can be obtained by means of
equation (1);

NB: number of vehicles passing through section sB on
link B during the simulation time interval Δt, according to
which the related flow fB can be obtained by means of
equation (1).

*erefore, simulated choice probability values may be
computed as

p(A) �
NA

NA + NB

,

p(B) �
NB

NA + NB

.

(9)

In the following, for the sake of brevity, we focus on the
results related to p (A). However, this does not affect the
outcome in any way, since choice probabilities p (A) and p
(B) are dependent values (i.e., p (A) + p (A)� 1).

According to equation (6), the binomial logit model can
be rewritten as follows for the probability of choosing path A:

p(A) �
1

1 + exp −λ tB − tA( 􏼁/θ􏼂 􏼃
, (10)

with ratio λ/θ to be calibrated.
Since, in the adopted network, there is a coincidence

between links and paths, tA also represents the travel time
associated to link A, just as tB represents the travel time
associated to link B.*is implies that they can be computed
according to the BPR function defined above.*erefore, also
in this case, the model parameter (i.e., ratio λ/θ) is calibrated
and statistical tests are performed for the validation phase. In
the case of the integrated solution, λ/θ is equal to 0.70 while,
in the case of the interfaceable solution, λ/θ� 1.32. Table 7
shows global statistical tests for the approaches analysed.

Moreover, in order to perform a transportation sci-
ence analysis, it appears interesting to provide a com-
parison between simulation and model data as a function
of the difference between systematic utilities of the two
alternative paths. Figures 13 and 14 report this
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Figure 11: Calibrated BPR function for the integrated solution.
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Figure 12: Calibrated BPR function for the interfaceable solution.
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comparative view for a range of the difference between VB
and VA equal to [−6; 6], respectively, for the integrated
and interfaceable solutions. Finally, Figures 15 and 16
compare the outcome of the models embedded in the
design approaches analysed (i.e., integrated and inter-
faceable), respectively, in terms of BPR function cost and
route choice model.

As can be seen, regarding the integrated solution, both
the BPR function and route choice model appear feasible;
parameters of BPR are very close to the default values (i.e.,
α� 0.15 and β� 4). By contrast, regarding the interfaceable
solution in which the mobility simulation is performed by
PTV Vissim, the BPR presents an unusual trend while the
route choice model tends to a deterministic condition.

Table 6: Global statistical tests in the case of the BPR cost function.

R2 R2 F-test
F value *reshold Confidence level (%)

Integrated solution 0.473 0.435 18.579 9.159 99.90
Interfaceable solution 0.694 0.644 36.922 21.137 99.90

Table 7: Global statistical tests in the case of the route choice model.

R2 R
2 F-test

F value *reshold Confidence level (%)
Integrated solution 0.784 0.768 367.761 15.485 99.90
Interfaceable solution 0.993 0.992 763.422 15.485 99.90
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Figure 13: Trend of choice probability p (A) as a function of (VB −VA) for the integrated solution.
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Figure 14: Trend of choice probability p (A) as a function of (VB −VA) for the interfaceable solution.

Journal of Advanced Transportation 9



However, it is worth noting that the issue of a biased trend of
the cost function is due to the lack of a proper preliminary
tuning phase for the traffic simulator, rather than to the
ineffectiveness of the tool adopted.

5. Conclusion and Research Prospects

*e proposed work analyses the potential of BIM-based
tools in managing traffic flows during construction works on
a linear infrastructure. As modifications to transport supply
affect traffic flows, it is fundamental to consider a customised
traffic plan during such transition phases.

In particular, an integrated solution (i.e., BIM-based
tools with an in-built module for transport simulation tasks)
and an interfaceable approach (i.e., BIM-based tools offering
a customised interface for external mobility simulation
software) are analysed. A comparison is carried out based on
the following elements embedded in the model: relation-
ships among traffic fundamental variables, cost functions,
and route choice models. Autodesk InfraWorks 360 is
considered for testing the integrated option, while the

combination of Open Road Concept Station and PTV
Vissim microsimulation software is used for the interface-
able solution.

On comparing simulation results, several considerations
arise. First, the numerical application confirms the impor-
tance of a suitable preliminary calibration phase for
obtaining reliable solutions from traffic microsimulation
software.*erefore, the interfaceable solution appears viable
only if the designer has the possibility (in terms of time and,
therefore, budget) to pay due attention to this crucial step;
otherwise, the outcome proves biased. Moreover, the
interfaceable solution presents a higher degree of flexibility
because the designer may choose, according to require-
ments, among different software packages, as long as they
are compatible. Furthermore, it is worth comparing the two
approaches on the basis of the target pursued. Indeed, in the
case of a preliminary design phase, where a feasibility as-
sessment is needed, the adoption of integrated solutions
appears a good compromise between efforts required and
desired accuracy for the results obtained. On the contrary, if
the designer has to deal with a thorough design and building
step, the interfaceable solution appears the most suitable
option since, against the initial calibration procedure re-
quired for a traffic simulator and a small intermediate step
for dealing with the interface, it allows a more accurate
evaluation to be performed.

With regard to research prospects, we suggest performing
additional investigations to test different BIM-based tools. It
would also be opportune to consider a real-scale network,
thereby obtaining a more accurate comparative analysis.
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