
����������
�������

Citation: Morales, F.; Herrera, R.F.;

Rivera, F.M.-L.; Atencio, E.; Nuñez,

M. Potential Application of BIM in

RFI in Building Projects. Buildings

2022, 12, 145. https://doi.org/

10.3390/buildings12020145

Academic Editors: Agnieszka

Leśniak and Krzysztof Zima

Received: 1 January 2022

Accepted: 27 January 2022

Published: 29 January 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

buildings

Article

Potential Application of BIM in RFI in Building Projects
Francisca Morales 1, Rodrigo F. Herrera 1,* , Felipe Muñoz-La Rivera 1,2,3 , Edison Atencio 1

and Manuel Nuñez 4

1 School of Civil Engineering, Pontificia Universidad Católica de Valparaíso, Av. Brasil 2147,
Valparaíso 2340000, Chile; francisca.morales.a@mail.pucv.cl (F.M.); felipe.munoz@pucv.cl (F.M.-L.R.);
edison.atencio@pucv.cl (E.A.)

2 International Centre for Numerical Methods in Engineering (CIMNE), C/Gram Capitán S/N UPC Cambus
Nord, Edifici C1, 080034 Barcelona, Spain

3 School of Civil Engineering, Universitat Politècnica de Catalunya, Carrer de Jordi Girona 1,
080034 Barcelona, Spain

4 Rene Lagos Engineers, Magdalena 140, Las Condes, Santiago 7550000, Chile; mnunez@renelagos.com
* Correspondence: rodrigo.herrera@pucv.cl

Abstract: Requests for information (RFIs) are frequently used by the architecture, engineering,
construction, and operation (AECO) industry to resolve doubts and inaccuracies and to request
complimentary information. However, they can be inefficient due to the lag between issuance
and response, generating delays and cost overruns. The building information modeling (BIM)
methodology allows for the integration of information by using virtual models and facilitating the
control and management of RFIs; however, the full potential of BIM is not being exploited. Therefore,
this work aims to analyze the RFIs of 17 high-rise building projects in conjunction with the application
of BIM for their mitigation. To achieve this, categories of RFI categories were identified, the issuance
and response process was analyzed, the building projects’ RFIs were classified, the most frequent
problems were identified, the BIM uses that would allow for a reactive or preventive action were
identified, and, finally, the potential benefits of BIM use for the reduction of RFIs were analyzed. The
research showed that the correct use of BIM applications focusing on RFIs allows for an effective
information review, generating preventive or reactive management of problems. Thus, it is possible
to identify the recurrent causes of RFIs and those specialties issuing the most RFIs, with the objective
of mitigating RFI submission in construction projects.

Keywords: requests for information (RFIs); performance indicators; BIM uses; construction phase;
building projects; digital technology; construction communication

1. Introduction

For years, the architecture, engineering, construction, and operation (AECO) industry
has faced problems related to quality, efficiency, the extension of deadlines, and cost
overruns [1]. In response, the building information modeling (BIM) collaborative work
methodology with technological or virtual support emerged, rethinking the traditional
approach involving individual fragmented work. This new methodology focuses on
managing project information and exchanging it among the different actors involved
throughout a project’s life cycle, providing greater total control of costs, efficiency, and
sustainability of the infrastructure, while simplifying the work for all of those involved [2].

BIM is responsible for integrating the disciplines involved in projects, unifying their
specialized information and allowing them to design, build, and operate an infrastruc-
ture [2]. BIM has undergone significant development in the building industry due to the
potential to create virtual representations, that is, three-dimensional models that combine
geometry with information and intelligence [3], thus enabling the extraction of different
types of information, which facilitates project planning and management [4].
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This methodology has grown over the years and is now categorized as a “current
expression of digital innovation” throughout the AECO industry [2], even becoming the
central element for construction 4.0, when it comes to improving processes, time, and
decision-making [5]. The different uses of BIM have been gradually implemented in the
AECO industry through advances in technology that have revolutionized design and
building, and are considered the future of construction worldwide [6].

The application of BIM to the design stage entails coordination through the use of
BIM models, resulting in the reduction of failures and omissions during execution due to
errors or inconsistencies in the design. Thus, BIM methodology plays a fundamental role
in the design context and has the potential to completely transform the AECO industry,
facilitating the identification of potential problems in early stages prior to project execu-
tion [7]. BIM can be used to visualize, coordinate, and ultimately improve the work and
productivity of the entire industry [8]. However, the AECO industry currently uses the BIM
methodology in a rudimentary and unstandardized way, missing out on the full potential
of its benefits [9]. Similarly, there is little evidence of the impact of applying BIM early in
the construction process.

This research aimed to analyze the potential application of BIM methodology in a
preventive and reactive way to reduce and manage RFIs during the construction phase of
building projects. To achieve this purpose, a methodology was developed to classify the
information requirements issued, establish RFI issuance and response diagrams, identify
the most frequent problems, and define preventive and reactive actions based on the
primary BIM uses. To validate the proposed methodology, 17 high-rise building projects,
all originating in Chile, were studied independently.

2. Materials and Methods

In order to achieve the objectives of this study, a three-stage research methodology was
adopted: (1) contextualization of RFIs in the AECO industry, (2) an applied case comprising
17 high-rise building projects, and (3) RFI from a BIM perspective. Figure 1 specifies the
research tools, activities, and deliverables and describes the procedure in each stage.

Figure 1. Flowchart—research methodology.
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2.1. Stage 1: Contextualization of RFIs in the AECO Industry

A review of the literature was carried out to identify possible categories and impacts of
the RFIs, analyzing the issuance processes in-depth up to their response. For this purpose,
the categorization outlined by authors P. A. Tilley, A. Wyatt, and S. Mohamed in the
document “Indicators of Design and Documentation Deficiency” was adopted as the basis
for this research.

This stage mainly defines the information request process from issuance to receipt,
with the sender initiating, drafting, sending, and waiting for the receiver to obtain the
request, and the receiver then processing, analyzing, and, if necessary, requesting addi-
tional information.

A second review of the literature was carried out by using the search platforms
ScienceDirect, ResearchGate, Academia.edu, and Scopus to analyze the process of issuing
and responding to RFIs. This search gave rise to a standardized model for the classification
of RFIs according to four causal types, each based on the reason for their issuance. Through
this first step, it was possible to identify the most recurrent problems during construction
work and to analyze the deficiencies within the process up to the mitigation or prevention
of the problems through adequate management of the information. This was validated
through the expert judgment of professionals currently working in the industry.

2.2. Stage 2: RFI Case Applied to 17 Projects

To locate participants for the study, all construction companies participating in the
BIM Forum Chile initiative were invited to provide individualized RFIs for two or three
projects executed in 2018 and 2019. The study focused on building projects, since most of
the construction companies participating in BIM Forum Chile execute this type of project.
Ten companies initially agreed to participate in the research, submitting a total of 23 projects,
six of which were discarded for not including sufficient information related to RFIs. The
RFIs issued in the remaining 17 projects, which focused on high-rise buildings, were
analyzed in terms of the following categories: (1) type of construction, (2) square meters
built, (3) number of levels, and (4) number of subway levels. The classification was carried
out on a project-by-project and RFI basis. Table 1 describes the projects studied.

As indicated in Table 1, 15 of the projects are housing projects; on average, these
have 16 floors, two subway floors, and 17,500 m2 built, and they are located between the
Metropolitan and Valparaíso regions in Chile. Regarding the size of the companies, most
are classified as large companies, while two are classified as medium-sized companies,
with both being in charge of developing housing projects.

In addition, given the need to quantify and evaluate the impact of the RFIs within
the different projects, a scale of negative impact on certain project objectives is proposed.
Moreover, based on the database of RFIs already classified, we sought to identify the most
recurrent problems in projects through descriptive statistics. For this purpose, representa-
tive elements were selected through a random sampling that considers specific categories
to be different from each other, stratified according to interest characteristics.

The groups are based on the homogeneity of a particular characteristic, in this case, the
stratum used in each project; with this approach, representation is ensured in the sample.
In this sense, each stratum is independent, and simple random or stratified sampling can
be applied within each one, thus selecting specific elements that are part of the sample.
For this study, simple random sampling was applied to each of the 17 projects to obtain a
problem frequency diagram.

2.3. Stage 3: RFI from a BIM Perspective

A review of the literature was conducted by using the search engines ScienceDirect
and ResearchGate by searching for “BIM uses” between 1997 and 2020. We started with an
analysis of the 25 BIM uses, and, based on the validation performed by an expert judgment,
14 of the uses investigated were deemed suitable for this research, giving rise to the concept
of “primary BIM uses”.
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The primary BIM uses were categorized based on the RFI issuer’s position, which
could be either preventive or reactive. For this purpose, a list of primary BIM uses was
made. Then descriptive statistics were applied to manage and organize the information,
and frequency indexes were used to count the quantities handled. It is worth mentioning
that the minimum information required to classify the RFIs is a description of the reason
for consultation of the RFI issued.

Table 1. Description of the sample of projects (own elaboration).

ID Company
Size

Construction
Type

Number of
Levels

Number of
Subways

Constructed Meters
(m2)

SCO Large Hotel 36 4 31,000

VIM Large Habitational 14 2 22,630

VH Large Habitational 15 1 17,434

FA Large Habitational 11 2 16,681

JPA Large Habitational 6 2 13,550

VIA Large Habitational 24 2 21,352

LUM Large Habitational 5 2 9904

PST Large Habitational 10 3 9100

BYO Large Habitational 3 4 10,010

CMN Large Habitational 16 1 13,215

CST Large Habitational 15 2 12,500

CAP Large Shopping Mall 8 3 31,790

VAR Medium Habitational 20 2 19,939

BPS Medium Habitational 24 2 36,000

PJR Large Habitational 5 3 11,000

LSM Large Habitational 20 2 11,842

MP Large Habitational 18 2 20,187

3. Background
3.1. Performance Indicators

The AECO industry has different types of indicators to measure performance, each
with characteristics and functions that vary according to the stage of the project. Among the
most commonly used are key performance indicators (KPIs), key result indicators (KPOs),
and indicators associated with a perception measure (PerM) [10]. Tables 2 and 3 present
indicators for the design phase; they were adapted from Reference [11].

According to Table 2, there is a common and frequently used indicator in building
projects during the design, construction, and operation stages, namely the request for
information (RFI). This indicator is one of the main mechanisms in the construction pro-
cess involving written communication; it is carried out between the various stakeholders
within a project and is an indispensable element because no single stakeholder has all the
information, experience, and knowledge necessary to solve the range of problems related
to the design and construction of a building [12].

In addition, Table 3 shows the performance indicators for the construction/operation
phase, as adapted from Reference [11].
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Table 2. Performance indicators in the design phase. Adapted from Reference [11].

Indicator Description

Cost of designers (CD) Sum of the hours spent by each professional on the project
multiplied by the hourly cost of each designer.

Reworking (RW)
Percentage of hours the design team spends working on a task
that has already been performed (rework) as a proportion of the
total time spent working on the project during that week.

Latency (LA) Average waiting time between request for and delivery of
information between two or more project members.

Quality defects (QD) Number of failures, errors, or nonconformities detected in the
design process per week.

Achieving commitment (AC) Percentage of the plan completed during the week.

List deviation (SD) The ratio between the actual number of days and the expected
number of days in the design stage.

Cost deviation (CD) The ratio of the actual cost to the expected cost of the
design stage.

Request for information (RFI) The number of requests for information at the end of the design
stage, before construction begins.

Table 3. Performance indicators in the construction and operation phases. Adapted from Reference [11].

Indicator Description

Change requirements (CR) Number of change requirements at the construction stage.

Cost of changes (CC) Costs associated with changes required at the construction stage
(design cost + construction cost).

Request for information (RFI) The number of post-design information requests during
construction. Includes interference problems.

3.2. RFI Issuance Process

The issuance of an RFI is a formal written procedure initiated by the contractor or
subcontractor in which errors, queries, or clarifications on issues related to the design,
construction, and other contract documents are reported [13]. This process is generally
used to formally obtain the clarification of information necessary to allow construction to
proceed [14] efficiently and without delay; however, processing these requirements can be
time-consuming and costly for the project [15].

While the RFI process is generally inefficient, due to non-value-added delays (latencies)
in obtaining the necessary information that sometimes make it impossible to obtain the
necessary information from the issuer [14], the RFI remains the most widely used tool
within the AECO industry to ensure that project progress is not interrupted. In general, the
information-request process can be complex, and the time to resolution is difficult to follow
and can vary significantly within the same project [16]. Effective RFI management can help
minimize the impact of RFIs on projects [17]. For example, the benchmarking and alert
system could help project managers proactively monitor RFIs to reduce their frequency
and minimize their impact [13,18].

Importantly, all information requirements have both similarities and differences; for
example, they all have the same objective: to seek a solution for or clarification of a certain
doubt or discrepancy on site. The differences, by contrast, lie in their nature: the number of
people or specialties involved, their impact on the project objectives, or even the urgency
of the requirement. Regarding urgency, it can be difficult to determine the duration of the
issuance and response process, as the time elapsed from issuance to a proper response may
vary considerably from one RFI to another [16].
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Information and management are used extensively during the RFI classification pro-
cess; however, little attention has been paid to quantifying important project objectives,
such as schedule and cost compliance, and the direct economics could be improved by
improving the aspects that directly involve these objectives. It is anticipated that indi-
rect savings could also be greater, as the effective communication of project information
contributes significantly to minimizing workflow disruption. In addition, the process of
generating RFI’s is inherently dynamic, so multiple delays are generated in the completion
of individual tasks. The time spent on each task depends on the human resources available,
the urgency of the task, and the number of elements raised by the RFI, among many other
factors [16].

Based on the above discussion, an additional classification of the RFIs generated is
necessary, since it is not enough to understand the reasons that they are generated. It is
also important to understand their impact on the different project objectives. One way to
evaluate these impacts is through risk analysis, either from a qualitative or quantitative
point of view. Although risks are different for each project, it is known that risk is an event
or uncertain condition that, if it occurs, will have a positive or negative effect (opportunity
or threat) on the project’s objectives, such as scope, schedule, cost, and quality [19].

3.3. RFI from a BIM Perspective

Most of the benefits resulting from BIM come from energy efficiency analysis, instal-
lation and maintenance, reduced labor and information requirements, and interference
detection [20]. Therefore, the uses of BIM can be applied to the entire project’s life cy-
cle; different applications are found every day and are defined as “methods of applying
BIM during the life cycle of a building or infrastructure to achieve one or more specific
objectives” [21]. Figure 2 presents the BIM uses by project phase for each life-cycle stage.

Figure 2. BIM uses. Adapted from Reference [21].

The description of scopes, applications, and potential use of the primary BIM uses ob-
tained from the twenty-five BIM uses are presented in Table 4, adapted from Reference [2].
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Table 4. BIM primary uses—application phase.

Primary BIM Use Definition Scope, Application and Potential Uses

Existing conditions survey

Process of developing one or more
BIM models to consider the current
conditions of a site and/or its
facilities and/or a specific area within
a building or infrastructure.

- Consists of traditional surveying techniques and
photogrammetry, using drones or laser scanners.

- Can be used for new construction or retrofitting
of existing construction.

- Able to improve the efficiency and accuracy of
existing condition documentation.

- Improves future modeling and 3D coordination.
- Used to verify current status (progress) of

projects [22].

Quantity and cost estimating

Process of using information to
extract quantities of project
components and materials at different
stages of the project. Allows for
efficient cost management.

- Allows users to see the cost effects of changes
during all phases of the project.

- Helps to curb budget overruns due to project
modifications.

- Allows for the gathering of precise information
related to the quantities of materials required in
the project, enabling the quick generation of
estimates, a better visualization of the
construction elements, etc. [23].

Phase planning

Process of using one or more 4D
models to plan the construction
sequence of a project and/or
occupancy stages. Four-dimensional
modeling is a powerful visualization
and communication tool that can give
the project team, including the client,
a better understanding of project
milestones and construction plans.

- Allows for a better understanding of the project
schedule by all stakeholders, the creation of
dynamic phasing plans that allow for multiple
options and solutions to time/space conflicts,
among others [24].

3D coordination:

Planning process between the
different disciplines prior to design to
avoid potential interferences,
including the detection of interference
once the disciplines’ designs are
generated.

- Reduces and eliminates ground conflicts, which
significantly reduces RDI in comparison to other
methods.

- Allows for project visualization.
- Increases productivity.
- Reduces construction cost [25].

Spatial program compliance
analysis

Process of evaluating whether the
design efficiently and accurately
meets the areas included in the project
requirements, considering established
regulations and standards.

- The BIM model developed allows the project
team to analyze the space and understand the
complexity of spatial rules and regulations.

- Critical decisions are made at this stage of the
design; these bring the most value to the project
when the needs and options are discussed with
the client and the best approach is analyzed [21].

Location analysis

Process of using one or more BIM
and/or GIS models to evaluate the
properties of an area and determine
the best location and orientation of a
future project.

- The data collected is used to select the site and
its positioning based on pre-established criteria,
according to project requirements, technical
factors and financial factors.

- Decreases utility demand and demolition costs.
- Increases energy efficiency, minimizes hazardous

materials risk, and maximizes return on
investment [21].
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Table 4. Cont.

Primary BIM Use Definition Scope, Application and Potential Uses

Specialty design

Process of creating BIM models of the
various disciplines involved in a
project. It is also considered a
prerequisite for design review.

- Allows information to be incorporated into an
intelligent database from which properties,
quantities, models, drawings, costs, scheduling, etc.,
can be extracted.

- Benefits include design transparency for all
stakeholders and better control of quality, cost, and
schedule.

- It is a powerful tool for visualization and real
collaboration between design-team members,
among others [26].

Design review

Process of reviewing possible
responses to project requirements in
different areas through the creation of
BIM models that may contain
multiple design alternatives. It
includes aspects such as evaluation of
program compliance and preview of
space aesthetics and layout in a
virtual environment.

- Allows for the establishment of criteria, such as
layout, sight lines, lighting, safety, ergonomics,
acoustics, textures, colors, etc.

- Computer software can be used with special virtual
mock-up facilities, such as CAVE (Computer
Assisted Virtual Environment) or the immersive
laboratory.

- Virtual mock-ups can be made at various levels of
detail, depending on the needs of the project [27].

- The review process involves the judgment of a third
party, such as a specialist, a client, or the
construction company, and is considered a
validation or accreditation of the design.

Engineering analysis

Process involving the most relevant
traditional engineering methods
based on design specifications,
including structural analysis; lighting
analysis; energy, mechanical and
sanitary analyses, etc. [21].

- The most appropriate BIM model is used to
determine the most effective engineering method or
design based on the design specifications and to
perform the analyses, calculations, and studies of
everything related to the different engineering
methods selected.

Site planning

Process in which the activities related
to the existing, temporary, and
proposed elements of a project are
planned graphically during
construction.

- Additional information incorporated into the model
can include labor resources, materials with
associated deliveries, and equipment location. Since
3D model components can be linked directly to the
program, site management functions such as
visualized planning, short-term re-planning and
resource analysis can be analyzed across different
spatial and temporal data [28].

Construction control

Process of monitoring, analyzing,
managing and optimizing
construction through one or more
BIM models.

- Allows for the generation of an information model
to design facility assemblies or automate the control
of equipment movement and location.

- The information model is used to create detailed
control points to assist in the layout of
assemblies [29].

As-built modeling

Modeling process in which the
physical conditions of all elements
that are part of a building or
infrastructure are accurately
represented. The model of record
must, at a minimum, contain
information relating to the main
architectural, structural, and MEP
elements. It is the culmination of all
BIM modeling throughout the project.

- Includes linking the operation, maintenance, and
asset data to the as-built model (created from the
design, construction, 4D coordination, and
subcontractor fabrication models) to deliver a model
of record to the owner or facility manager.

- Additional information, including equipment and
space planning systems, may be required if the
owner intends to utilize the information in the
future [30].
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Table 4. Cont.

Primary BIM Use Definition Scope, Application and Potential Uses

Systems analysis

Process in which the performance
analysis of a building or
infrastructure is performed according
to the original design approach of the
specialties.

- Includes how the mechanical system works and how
much energy a building uses.

- Other aspects of this analysis include, but are not
limited to, ventilated façade studies, lighting
analysis, internal and external air flow, and
solar analysis

Preventive maintenance

Process in which the functional
maintenance of the structure of a
building or infrastructure and its
equipment is developed during its
operation.

- A successful maintenance program will improve
building performance, reduce repairs and reduce
overall maintenance costs [31].

In summary, in any project, performance is evaluated through metrics such as KPIs,
KPOs, and perception measures [10]. Usually, these indicators focus on the outcome and
typically measure performance metrics associated with the achievement of budget, sched-
ule, scope, and quality of the project [19]. However, several metrics focus on evaluating
the different processes of the project that, in the end, will be causal variables of the out-
come metrics Several studies have proposed the use and analysis of RFIs to understand
the various problems generated during the life cycle of a construction project [11,13,18]
Complementarily, the implementation of BIM in the construction industry is no longer a
wish, but a reality. While several studies have demonstrated the benefits of using BIM in
construction projects, it is complex to evaluate the impact of BIM on the outcome metrics of
a project [22–26]. Therefore, it is important to evaluate the potential application of BIM to
the RFIs of building projects, as these allow for an understanding of the problems generated
during the projects’ life cycles, including information clarifications and identification of
conflicts, among others.

4. Results and Discussion
4.1. RFI Classification Methodology

A classification system for RFIs is proposed according to the type of conflict the RFI
seeks to resolve. Table 5 describes the four types of RFIs: (1) alternative design solutions,
(2) approvals, (3) clarifications of information, and (4) others.

Table 5. Classification by type of RFI. Adapted from Reference [14].

Type of RFI Description

Alternative design solutions Requests for an alternative design solution from the design
team/manager based on the information available.

Approvals
Drawings, documents, material samples, or technical samples of
information submitted to the design team/manager
for approval.

Clarifications of information Requests for additional information or clarification of
information from the design team/manager.

Other Issued for any other reason.

Based on the classification described above, a subclassification is made based on the
“information clarification” RFI type, since this category represents the most common cause
for issuing an RFI, as well as the longest response time (Table 6) [32].
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Table 6. Subclassification by cause of the information clarifications RFI type. Adapted from Reference [14].

Cause of RFI Description of the Cause

Conflict Issuance of RFI when two or more contract documents provide
contradictory information on the same element or item.

Incorrect Issuance of RFI when the contract documents provide
erroneous information.

Insufficient Issuance of RFI when the information provided in the contract
document is considered incomplete.

Questionable
Issuance of RFI when the information provided in the contract
documents is considered inappropriate in relation to its application in
the project, although construction can still be carried out as designed.

Figure 3 presents the flow that the data analysis methodology should follow based
on Tables 5 and 6 (optional, only if required) to illustrate how the classification process
is developed and to introduce the different questions that should be asked to carry out
the analysis and subsequent classification of the different RFIs. This initial categorization
should be carried out by the person issuing the RFI, since this person knows exactly why
the query is being made.

Figure 3. RFI analysis flowchart—methodology (authors’ own elaboration).

By way of example, Table 7 presents situations with their respective RFI classifications
and causes according to the content of the query.
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Table 7. Example situations.

Situation Type of RFI Cause

“Please clarify at every how many m2 the soil density should be
taken in compacted fills”.

Clarification of
information Insufficient information

“It is suggested to install a double angle 30 × 30 × 3, in
horizontal joints of OSB sheets, since there is no detail. This will
prevent buckling and provide better fastening. If approved, a cost
increase will be evaluated”.

Approval
Submits information and
proposal for evaluation and
subsequent validation.

“In axis 11/B the cable named S3-1077 cannot be tensioned due to
the presence of the pillar present in 11/B. Please provide a
tensioning solution for this level and the levels above”.

Alternative design
solution

It is not possible to carry out the
action as planned, so another
alternative is requested in order
to be able to execute it.

“The formalization of materialization of provisional boundary
closing with definitive character has been made by means of
plates of height 2.00 mts plus straight passing post with three
strands of barbed wire, without cost for the real estate, once the
work is finished the closings will be delivered in good condition
corresponding to lot 3A between the vertices Z2 to Z3”.

Other

This type of RFI is used for
information rather than to
express a query, so it is not
possible to include it in the
above-mentioned categories.

To assess the impact of an RFI within a project, the most important objectives that
constrain the project (PO) must first be clearly defined. These objectives are generally the
components of the triple constraint: cost, schedule, and scope [33]. Table 8 defines the
conditions for the main project objectives on a scale of the negative impact of an RFI.

Table 8. Conditions defined for the scales of negative impact of a risk on the main project objectives.

Objectives Very Low
(0.05)

Low
(0.10)

Moderate
(0.20)

High
(0.40)

Very High
(0.80)

Cost Negligible increase
in costs Cost increase <10% 10–20% cost

increase
20–40% cost

increase Cost increase >40%.

Time Negligible time
increase Time increase <5%. 5–10% increase in

time
10–20% increase in

time Time increase >20%.

Scope Decrease in range
barely noticeable

Secondary scope
areas affected

Major scope areas
affected

Reduction in scope
unacceptable to the

client

The final element of
the project is

effectively unusable

Quality Decrease in quality
hardly noticeable

Only very
demanding

applications are
affected

Reduction in
quality requires
client approval

Reduction in
quality

unacceptable to the
client

The final element of
the project is

effectively unusable

Next, the impact classification (CI) scale is defined. It is broken down into different
levels, which are directly related to the degree of detail required for the project’s risk-
management process. For a more detailed approach to risk, the scale usually includes five
levels, and for simple processes, there are usually three.

With this scale, it is possible to create an impact matrix showing the impact of the
different RFIs on the defined project objectives (PO–CI), as shown in Table 8, in order
to evaluate the project’s health status and thus define the global priority criteria (CP) of
the RFI defined by some rule, or by the use of a survey type tool, which uses several
criteria to assess the project’s health status comprehensively. Some of the criteria of interest
are team satisfaction, schedule deviation, compliance with acceptance criteria, problem
documentation, and budget deviation.

The research uses the criterion CP = min {CIi}. Once the matrix (OP–CI) and the
CP rule are defined, a template is prepared that includes the causal classification and the
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classification of the impact on the project’s objectives in order to classify the compilation of
RFIs of the different projects.

Then a second classification of the potential impacts of each of the RFIs on the project
is made according to the methodology shown in Figure 4 and Table 8, which provide
examples of the impact on certain project objectives. This second and final step should
be carried out only by the RFI recipient, since this is the person who knows how much
impact the information presented in the consultation will have and whether there is a way
to mitigate it.

Figure 4. Methodology flowchart for project impact classification.

4.2. RFI Issuance and Response Process

The flow generated by the issuance of an RFI is generally as follows: the sender drafts
and sends the query to a project member in charge of providing instructions on the issue
being queried, and then the receiver reviews the RFI and, if necessary, requests additional
information from the requester before providing a response or instructions. However, the
receiver may initiate a separate communication sub-stream to gather comments and, at
the same time, request additional information from other members of the project team,
depending on the discipline to which the request for information relates. Thus, a request
for information may involve many project team members and may take time to resolve,
and this, in turn, may be detrimental to project objectives.

When a response to an RFI is not satisfactory—that is, the response still contains
insufficient information or only responds to part of the request, or it results in a different or
expanded request—the sender or requester may issue another RFI to obtain the missing
information. For example, when the recipient of the RFI requests additional information
from the sender, according to the classification methodology, this RFI would be of the
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“clarification of information” type, and its cause would be “insufficient”. On the other hand,
when the response to the request is not satisfactory, the RFI is considered an “alternative
design request”, because, based on the available information, a different option to the one
proposed in the response is requested. The last category is “approval”, where immediately
after the receiver reviews the request, he or she is in a position to accept or reject the change
proposed in the RFI. Figure 5 shows the above-described process as a flow diagram.

Figure 5. Flowchart of the RFI issuance and response process.

4.3. Analysis of RFIs Associated with Building Projects

The 17 projects studied included a total of 2690 RFIs issued, with a simple average
of 158 RFIs per project. When classifying the RFIs according to the proposed system,
the most recurrent type of RFI issued is “clarification of information”, reaching a total of
1753 cases, followed by “approval” with 572 and “alternative design solution” with 276,
and, in last place, “other”. Figure 6 shows the percentages associated with each type of RFI
mentioned above.

In addition, Figure 7 shows the distribution of the RFIs among the 17 projects and
their proposed classification.

It is important to mention that the projects with an asterisk (*) after their acronyms,
namely LSM and MP, claim to have used BIM, but no information is available regarding
how it was applied. Moreover, when analyzing the RFIs issued by these projects, no great
difference can be observed in the number issued; indeed, they are within the average. In
addition, no information is provided regarding the level of BIM used, so different scenarios
can be inferred, for example, that the methodology has been used only by some specialties;
that it has not been applied to the project from start to finish, but rather only at a particular
stage; or that the methodology in question has been used incorrectly. All the projects are
analyzed under the assumption that the BIM level used is basic, incipient, or almost null.

On the other hand, when classifying RFIs of the information clarification type, the
cause with the highest percentage is “insufficient”, with a total of 1098 issued, followed by
“conflict” at 506, “questionable information” at 107, and finally “incorrect” with 42 RFIs
issued. This is illustrated in Figure 8, which shows the percentages associated with all the
RFI causes previously classified as “clarification of information”.
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Figure 6. RFI-type distribution based on a sample of 17 projects.

Figure 7. Percentage chart by type of RFI.
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Figure 8. Percentage graph by cause of RFI of the information clarification type.

Figure 9 complements the preceding graph and provides information on those RFIs
issued and classified as “clarification of information” for each of the 17 projects; the
predominant cause is “insufficient information”.

Figure 9. Percentage by cause of information clarification-type RFIs.
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Regarding the information associated with the specialties involved, it is important
to note that some RFIs are directed to more than one specialty; for example, two, three,
or more specialties may be involved in a conflict, resulting in the issuance of RFIs by the
company in charge. Thus, Figure 10 identifies the number of RFIs issued by specialty;
in decreasing order, these are architecture, structure/calculation, electricity, sanitary, soil
mechanics, and air-conditioning.

Figure 10. Graph of the number of RFIs by specialty.

In addition, to analyze the recurrent reasons for the issuance of RFIs, a selection
of representative elements was made through random sampling. The benefit of using
stratified random sampling is that it tends to reduce the sampling error for a given sample
size; in addition, proportional allocation is used to follow the weight or size of the sample
in each stratum. In this case, all the projects studied had a different number of RFIs, so the
distribution was determined according to those numbers.

To do this, through simple random sampling with 95% confidence and a 5% margin of
error, a sample of 337 RFIs was obtained to be analyzed. Using the quotient between the
sample and the total number of RFIs, we obtained a factor of approximately 0.126. This
factor was then multiplied by the total number of RFIs for each project, so that the sample
was representative for each of the projects studied.

Figure 11 shows the co-occurrence diagram represented by nodes and edges, contain-
ing information on the most recurrent problems mentioned in the RFIs of the 17 projects.
The nodes describe the problem or reason for issuing the information request, and the size
of the node indicates the frequency or number of times the situation is repeated; therefore,
the problems displayed in the largest nodes represent the most frequent problems. By
contrast, the problems displayed in smaller and more distant nodes are those that are
mentioned less frequently in the sample.
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Figure 11. Diagram of co-occurrence of problems.

In Figure 11, it is evident that mainly details are requested; in other words, there is
insufficient information in the design documentation. Among the details mentioned are
lack of dimensions, no indication of materials, no specified location of particular elements,
no specified densities, no indication of elevations, and lack of specifications. Secondly, there
are requests for validation or approval. Solutions or modifications are often proposed in
the construction phase, and the requester is awaiting authorization to make the change. It
is important to note that there are many repeated items; for example, within a node labeled
validation or approval, there may also be problems associated with execution permits,
suggestions, or confirmations. However, the overall problem is the same.

4.4. Reactive or Preventive BIM Uses

When planning projects correctly, one of the most important steps is to define the
overall objectives, which can be based on project performance, for example, and include
elements such as reducing the duration of the schedule, achieving greater productivity in
the field, increasing quality, or reducing the cost of change orders [33]. These objectives are
especially important because, once they are defined, both from the project and team points
of view, it is possible to determine the specific uses of BIM in the project. Each use must be
associated with one or more processes within the project’s life cycle.

In the analysis of the different project RFIs mentioned above, the main BIM uses were
identified and then classified into preventive uses (associated with the design stage) and
reactive uses (associated with the construction stage) according to their application. Table 9
shows these classifications for this research, which only considered the uses up to the
construction phase.
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Table 9. Classification of BIM uses (in the planning, design, and construction stages) as preventive or
reactive approaches.

BIM Uses Preventive Reactive

Survey of existing conditions � �
Estimation of quantities and costs �

Phase planning �
Special program compliance analysis �

Location analysis �
3D Coordination � �
Specialty design �
Design review � �

Engineering analysis � �
Site planning � �

Construction control �
As-built modeling �

The survey of existing conditions BIM use is classified as preventive because it is
carried out in the early stages, such as the planning and design phases. According to Penn
State College of Engineering, this practice aids in future modeling and 3D coordination. On
the other hand, it is classified as reactive in that it can be used for both pre- and post-disaster
planning and documentation [33].

The estimation of quantities and costs use is also classified as preventive, since it
is present in the initial phase and is a critical activity for any construction project [34].
Moreover, it is much more beneficial when used in the design stages, as it allows estimators
to focus on higher value-added activities in estimating, such as identification of construc-
tion assemblies, price generation, and risk factoring, which are essential for high-quality
estimating [33].

Phase planning, or 4D modeling, is classified as a preventive use, due to its multiple
benefits in the planning stage of a construction project, according to Mohamad Kassem,
Trevor Brogden, and Nashwan Dawood, such as improving safety, efficiency in commu-
nication [35], management of construction process activities [36], and uncertainty in the
planning process [37]. In addition, it is claimed that it can also be used to test proposed
construction activities in a virtual environment, which can enable accurate site safety plan-
ning by providing a platform to identify potential hazards and modalities to test potential
solutions to mitigate risks in the pre-construction stage.

Spatial program compliance analysis is classified as a purely preventative use because
it efficiently and accurately assesses design performance relative to spatial requirements. No
information is available to indicate that it can be used reactively; however, this possibility
cannot be ruled out.

Location analysis is classified as a preventive use due to its application to the pre-
construction stage, such as the planning and design phases. In these initial phases, the
amount of detailed data needed, especially information for existing data modeling and site
analysis, must be sufficient to ensure that there are no significant risks. All information for
the entire project must be collected before work can begin on any particular element, such
as design. Therefore, it is important to understand the site analysis to better understand
the decisions made and diagnose the area’s real situation [38].

In their Project Execution Planning Guide, Penn State defines the BIM use of specialty
design as “a process in which 3D software is used to develop a building information model
based on criteria that are important to the translation of the building design”; thus, it is
defined as both a preventive and reactive use. Preventively, it is used when evaluating
the effectiveness of the design in meeting building program criteria and project needs;
in parallel, it acts reactively when used to improve the health, safety, and welfare of the
project and to deliver instant feedback on compliance with program requirements, needs,
and aesthetics of the building or space [21]. Design review is a reactive use because it finds
design errors in modeled objects and makes corrections [39].
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Engineering analysis merges structural, light, mechanical, and other engineering anal-
yses [40]. The Computer Integrated Construction Research Group defines BIM engineering
analysis as a process for determining the most effective engineering method by using
intelligent tools, design specifications, and information from construction models [33], and
this can be interpreted as a preventive use in the planning and design phase. It is also used
in a reactive way to generate models that help eliminate design errors and shorten the time
needed for any modifications [41].

Three-dimensional coordination is defined as an iterative process aimed at comparing
different 3D models in order to reduce problems and conflicts. Research has shown the
benefits of 3D coordination, whose main objective is to eliminate conflicts prior to the
construction or installation of projects, making it a preventive use [42]. It is also used to
check and detect problems, implying that it can also be classified as reactive.

Site planning is a preventive use because of its efficiency in generating site-use layouts
for temporary facilities, assembly areas, and material deliveries for all construction phases,
and in identifying potential critical space and time conflicts. On the other hand, it is a
reactive use in that it can easily update site organization and space usage as construction
progresses [33].

Work control is classified as a preventive use because this process uses an information
model to design facility assemblies or to automate the control of equipment movement
and location. The information model is used to create detailed control points to aid in the
layout of assemblies. Its potential value is to decrease design errors by linking the model to
real-world coordinates, to increase efficiency and productivity by decreasing the time spent
on field surveying, and to reduce rework because control points are received directly from
the model [33].

As-built modeling delivers a model with each project property placed in a centralized
database, and this can help the facilities department find information more easily. The
model can also include links to submittals, operations and maintenance, and warranty
information that can help maintain the building throughout its life cycle and be used to
generate cost and schedule impacts for maintenance and renovation projects. In general,
an as-built model can optimize the management of facilities, especially their maintenance.
An accurate model containing the project’s scope and the facility requirements can help
the owner immensely in managing and maintaining the building [43]. Given the above,
as-built modeling is classified as a purely reactive use.

4.5. Analysis of the Potential Benefit of BIM Uses for the Mitigation of RFI

Based on the previous section, most of the primary BIM uses can be applied preven-
tively to problems, except for “as-built modeling”, which is considered a reactive use, due
to the phase in which it is located and the information it delivers from the model for the
maintenance of completed buildings.

The three most frequent uses which reduce the number of RFIs issued are, in decreasing
order, specialty design, 3D coordination, and engineering analysis. Table 10 classifies the
2690 RFIs issued in the 17 projects analyzed by BIM use, thus providing a visualization
of the number of RFIs of each type that could have been prevented by each BIM use. For
example, 3D coordination could have prevented 49 RFIs associated with an alternative
design solution, 385 RFIs associated with information clarification, and another four RFIs
without prior classification.

The difference between preventive uses and reactive uses is that the latter can be
applied to all RFIs; that is, any type of query can be solved. However, not all RFIs can
be prevented; for example, certain situations might make it impossible to act before the
problem occurs. Table 11 presents those RFIs that allow reactive use, namely design review,
engineering analysis, and specialty design.
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Table 10. Number of times BIM is applied preemptively to resolve such an RFI.

BIM Uses Approval Alternative Design
Solution

Clarification of
Information Others

Survey of existing conditions 0 0 0 0
Estimation of quantities and costs 0 1 30 0

Phase planning 0 1 8 3
Special program compliance analysis 0 2 0 0

Location analysis 0 5 0 0
3D Coordination 0 49 385 4
Specialty design 9 135 935 21
Design review 2 2 15 1

Engineering analysis 1 21 8 5
Site planning 0 3 4 3

Construction control 0 1 0 0
As-built modeling 0 0 2 0

Table 11. Number of times BIM is applied reactively to solve that type of RFI.

BIM Uses Approval Alternative Design
Solution

Clarification of
Information Others

Survey of existing conditions 0 0 0 0
Estimation of quantities and costs 0 0 1 1

Phase planning 0 0 1 0
Special program compliance analysis 0 0 0 0

Location analysis 0 0 0 0
3D Coordination 1 0 3 1
Specialty design 2 3 37 14
Design review 565 232 1679 44

Engineering analysis 23 41 31 6
Site planning 1 0 0 2

Construction control 0 0 1 1
As-built modeling 0 0 0 0

Early collaboration is crucial if the final design is to be free of unforeseen events.
Through BIM and 3D coordination, a project’s complications can be greatly diminished.
The practice of collision detection has progressively moved from an on-site (reactive)
activity to a pre-construction (proactive) design-phase activity. The need for precision
in today’s marketplace makes collision detection a powerful tool in design coordination;
this has even led researchers to quantify the economic benefits of collision detection, thus
encouraging the development of better coordination among industry professionals. Along
with the above, various studies indicate that isolated work was the main cause of the
high incidence of collisions related to BIM systems, so proper coordination leads to a
considerable reduction in RFIs issued for information clarification.

The benefits of using 3D coordination in a preventive way include an evident reduction
in the number of RFIs issued; a decrease in coordination time between MEP specialties;
and a decrease in the time spent waiting for information, a problem which pushes back
deadlines and leads to project cost overruns. At the same time, it is also clear that it is not
beneficial to use only some BIM applications preventively. Rather, all the applications must
be used preventively, so as to avoid high costs and schedule outputs within the project.
Applying BIM applications correctly also helps to visualize the different expectations
and needs of a project in a fully collaborative way before carrying out the construction.
Continuing the analysis, certain types of RFIs can be solved in a preventive manner; if the
BIM use that prevents an RFI is applied correctly, the RFI does not need to be issued. By
contrast, some types of RFIs are more difficult to foresee, but applying certain BIM uses
can solve the issue more efficiently.
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Specialty design goes hand in hand with 3D coordination, so it is of vital importance to
identify the workflows within the design and coordination process in order to determine the
stages in which the joint work of the different specialists should be developed and to obtain
better results. Ideally, the specialty design process should be completely standardized by
using the BIM methodology and coordination. In addition, the correct application of the
BIM to design review would help to improve spatial and architectural decision-making,
leading to a better project result through a decrease in the number of RFIs issued for
alternative design solutions, clarification of information, and even approval, since many
times this last type of RFI is issued for reasons such as “the execution cannot be carried out
as planned”. However, another alternative, which requires approval, involves using the
design review in order to approve or deny such a request for the development of the project.

The complexity of a project can affect the time taken for the issuance of and response
to the RFI. For example, a larger project, such as an airport, highway, or even a shopping
mall, has a much larger infrastructure than other projects. A large project’s organization
can also be more complex, thus leading to longer-than-average response times. Increased
complexity can also be seen as a positive factor, because, although the response time could
be longer, the effectiveness and management of that response could be greater due to the
involvement of large specialized teams, whose responses to requirements would be better
developed in order not to delay the project.

Finally, as a general analysis of the number of RFIs issued, it can be seen that, in this
study, the projects with the highest number of RFIs are not necessarily the largest projects
with the largest built areas; thus, it follows that the size of the project does not necessarily
influence the number of RFIs issued. However, other studies have indicated that the size
of a project can be a driver of RFIs. On the other hand, the impact generated by the RFIs
clearly depends on the project size, since the impact an RFI has on the objectives becomes
less direct the larger the size of the project is.

5. Discussion

The productivity problems of the construction industry are well-known. Generally,
this conclusion is reached by analyzing the macro indicators of the sector that are associated
with budget, schedule, scope, and quality, among others [11,18]. Although these indicators
are conclusive, they are not sufficient to understand the problems in the projects that have
triggered a delay in the schedule or a deviation from the scope, for example [23–25].

In this sense, the FRIs contain a great deal of information that can be useful for these
purposes. They reflect problems regarding requests for information to resolve inaccuracies,
conflicts, repair errors, and others. Thus, evaluating the application of BIM in RFIs means
incorporating a recognized methodology with wide-ranging benefits to understand and
improve a process that contains and manages the problems of a project. The potential is
great, in the sense that the benefits of BIM uses (whose advantages are recognized by the
industry) are focused directly on the detail of the day-to-day issues of a project (problems
that may arise even after the application of general BIM to the project in the design or
construction planning stages).

Of the 17 projects studied and by classifying the RFIs according to the system proposed
in this research, we see that the most recurrent type of RFI is “clarification of information”
(65%), followed by “approval” (22%), then by “alternative design solution” (10%), and
finally by “other” (3%). This trend is in line with typical general construction problems,
where information exchanges are generally used to clarify project details that have not
been correctly considered in the designs or for incomplete technical specifications [44–47].
The other items also come from information exchanges aimed at approving decisions for
changes made during the construction process that were not foreseen in the planning or
design stages or for changes in the project.

From the point of view of the specialties that interact, the massive presence of archi-
tecture is aligned with the architect’s role in the projects. He is generally the one who
coordinates the project and is in charge of the members’ interactions. The structural engi-
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neer follows this and, to a lesser extent, follows the rest of the specialties. This distribution
is also logical from the percentage of each specialty’s project in charge of.

However, when studying the incorporation of BIM uses in the management of RFIs,
two types of uses have been classified (Table 9): preventive BIM uses (design stage) and
reactive BIM uses (construction stage). Thus, according to the types of problems identified
in the RFIs, the BIM will serve to anticipate these problems (preventive) and avoid their
occurrence (or reduce the problem) or may help to react in a better way in the construction
stage (when the problem could not be avoided).

Although the benefits of applying BIM to the design and construction processes have
been widely studied from its potential [22–26], there is not as much background information
on the real effect on each of the project’s problems. Therefore, analyzing the impact of BIM
on each of these problems means analyzing the detail of a construction project and delving
into the day-to-day problems of the construction site. It does not aim only to improve
productivity in general or to avoid rework (available problem items), but rather to study
the impact of each project’s pain (problem). In this way, BIM applications can be more
precise and improve the project’s processes and real and specific problems.

6. Conclusions

RFIs symbolize representative and formal errors during the construction stage, so we
must aim to reduce their impact and costs to obtain results that meet projects’ expected
productivity levels. The definition of the most important and, at the same time, limiting
objectives of a project in its early stages can help to foresee the impact of the RFIs generated
in the project.

The above analysis affirms that relating the BIM uses to the RFIs issued contributes
to a lower number of errors; however, their correct application must be determined. The
proposed checklist associated with BIM uses allows for an accurate review of the con-
struction information, and, in this way, the information is clearly organized regarding
response requirements, the importance of the responsibilities associated with the required
speed of a solution, and the impacts it would have on the baseline of the project. This
process can be improved by the use of technologies that allow for a faster and more efficient
review process.

Based on the classification methodology presented and the analysis performed, it
is possible to make a projection to identify where to focus a project’s resources and to
maintain control over the most critical items. Additionally, the proposed classification of
BIM uses according to their preventive or reactive character allows for recordkeeping at the
appropriate time, thereby managing the project’s most influential risks. Moreover, this also
makes it possible to increase the probability and impact of positive events and therefore
decrease the probability and impact of negative events to optimize the project’s chance of
success through the impact assessment of the different RFIs issued. In summary, protecting
the project and its objectives from negative impacts through a reactive and preventive
approach with the support of different tools allows for mitigating uncertainty and turning
threats into opportunities.

This paper presents a challenge for the AECO industry, and it describes how the
treatment of RFIs is transformed into a cycle of continuous improvement and permanent
learning. Achieving such a virtuous circle will require implementing project policies (such
as those promoted by quality management systems, for instance) that seek to correct
errors as they appear and to avoid repeating them through corrective actions and non-
conformities, for example. This knowledge and learning must be shared among project
stakeholders so that the improvement is systemic and not limited to a single actor.

Future studies should create a more complex classification system, which identifies
the causes and possible causes of RFI submissions by using a greater breakdown of the
classification already carried out, aimed at decreasing the cumulative impact that may affect
productivity. However, reducing the number of RFIs, as well as response time, is complex,
since it is not a standard process and depends on each company, the type of project (public
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or private), the nature of the project (building, mining, industrial, etc.), and other factors,
significantly influencing the project’s management. For this reason, the correct classification
of the diverse requirements allows for the identification of the most recurrent specialties
and causes related to RFIs. In this research, the specialties of architecture and structure
were identified as the most critical due to the number of requests they issued for lack of
information or contradicting information.

Among the limitations of this study, regarding the impact on the key objectives, it is
not possible to perform a more complete analysis of what can be generated by the RFIs,
since the various projects provided different types of information. For example, only some
of the projects indicate the impact in terms of cost or time (and this is indicated in binary
form); in others, these factors are quantified, but not for the entire sample, so it is not
possible to go deeper into the impact caused. Although a table with various ranges is
proposed as an example, this is not standard; rather, it is subject to variations from one
project to another, either in terms of deadlines, size, costs, or the scale to be used, which
depend on these objectives.

For future lines of research, it is proposed to address issues related to the impact
generated through comparisons between two or more similar projects, taking as a premise
their main differences, but looking for their similarities, highlighting their common weak-
nesses or occurrence of errors, and allowing for the generation of continuous improvement
processes through the BIM methodology and BIM uses associated with RFIs in a preventive
or reactive way.
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