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Development of a decision
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The design and renovation of industrial plant piping systems demand high
levels of dimensional accuracy to prevent costly errors and delays. Traditional
methods for field data collection are often time-consuming and susceptible to
human error, which can compromise the quality and efficiency of piping designs.
This study explores the development of a decision support tool (DST) for the
use of three-dimensional (3D) terrestrial laser scanning (TLS) in piping designs,
aiming to enhance precision and efficiency in the engineering process. Despite
the advantages of TLS technology, there is no dedicated decision support
tool to help piping designers determine the appropriateness of using TLS for
piping designs. This research employs a triangulation methodology, including
a literature review, semi-structured interviews, and case study, to identify key
factors influencing the adoption of TLS and to validate the proposed DST. The
findings demonstrate that TLS offers significant accuracy, time savings, and
safety advantages, making it a valuable tool for industrial piping design projects.

KEYWORDS

3D CAD, terrestrial laser scanning, piping design, decision support tool, multi-criteria
decision analysis, simple additive weighting, delphi method

1 Introduction

Piping design is essential in the renovation and operation of industrial plants (Nguyen
and Choi, 2018), leading plant piping designers to seek more precise measurement and pipe
routing technologies. Industrial plants are comprised of interconnecting piping systems.
For design changes in existing piping systems, piping designers must ensure that their new
designs are dimensionally accurate to avoid additional costs or time delays (Tang et al.,
2022). The piping design engineering process typically begins with an assessment of
the as-built status of piping systems and industrial facilities may not have adequate
documentation for piping designers to use as a starting point for new piping designs
(Nguyen and Choi, 2018). Three-dimensional (3D) terrestrial laser scanning (TLS) as a
data acquisition technology offers opportunities to acquire 3D point clouds, reducing costly
errors in piping designs and as-built reconstruction over traditional methods (Omar and
Nehdi, 2016; Xie et al., 2023).

Traditional methods of field data collection are common but are time-consuming,
susceptible to human error, and less accurate than TLS (Kim et al., 2024). Industrial piping
design begins with defining the scope of work associated with the project. The scope of work
includes the purpose and intent of the project and design. As-built data may not have been
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FIGURE 1
Traditional piping design process.

developed, saved, or properly documented following the completion
of a previous project or existing field survey data is inaccurate
(Hu et al, 2021; Patraucean et al., 2015). Examples of as-built
data include piping and instrumentation diagrams (P&IDs), piping
isometrics, or 3D models. Use of tape measures, photos, and
geospatial tools can be used, but other tools are available that are
more accurate and able to collect a larger amount of representative
and accurate data over a shorter period (Gumilar et al., 2022).
As-built modeling is the process of using the existing field
information to create a 3D digital model (Rabbani et al., 2007).
Piping designers compile existing information and drawings of the
piping system. Designers are tasked with developing or updating
two-dimensional drawings and three-dimensional models prior to
issuance to a construction company for field execution of the
design (Becerik-Gerber et al., 2011). Finding existing information
includes a search for P&IDs, plot plans, and piping isometric
drawings. If this information is available, designers typically perform
field verification to help ensure that the information is still
accurate. Figure 1 shows a typical traditional piping design process.

Use of TLS is one of the main tools used in dimensional accuracy
and design efficiency (Bosché et al., 2015; Guo et al., 2020a; Guo
et al., 2020b; Lee et al., 2017). Three-dimensional TLS is a common
technology for acquiring 3D point clouds (Omar and Nehdi, 2016).
This results in accurate dimensioning for the installation of piping
and equipment that is cost effective by reducing or eliminating
design errors and rework during the engineering, fabrication, and
construction phases of a project (Nguyen and Choi, 2018). An
issue companies face is the understanding and adoption of newer
technology such as TLS that was initially costly to implement but
has improved over time to be more efficient, highly accurate, and
ensures a level of detail that is precisely represented (Li et al,
2025). There is currently no decision support tool (DST) for
industrial piping designers to determine when to use TLS over
traditional methods.

Several factors must be considered when deciding to use
TLS for piping design, with cost and expertise being two of the
most important (Aryan et al., 2021). Terrestrial laser scanning for
detailed piping design and 3D modeling is costly for companies
that do not currently own the necessary equipment to perform
laser scans in the field. Third-party engineering firms offer TLS
as a service since some companies may not want to purchase,
maintain, and train their own employees on the use of laser scanning
equipment. Piping designers have been adopting the use of TLS
in the engineering design process, but a higher initial cost and
other factors may be a deterrent (Chai et al., 2016; Hu et al., 2021).
Research efforts have been limited in investigating the development
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of a decision support tool for piping designers and engineering
professionals to use TLS as a data acquisition technology for
piping designs.

Therefore, this paper attempts to answer the following research
questions.

o What are the most important factors or criteria for the DST?

o What are the appropriate criterial weightings for the DST?

» How does the DST support TLS decision-making prior to the
design phase of a piping design project?

This paper aims to fill this research gap by providing a
methodology to develop a DST for the use of 3D TLS and
modeling for piping designs in industrial plants. This paper takes
a triangulation approach and begins with a literature review of
previous studies on TLS applications in various industries to
identify the benefits, common themes, and gaps of researchers
in this field. Semi-structured interviews, and a text analysis
is conducted to yield a basis for the criterial weightings. A
multi-criteria decision analysis method is applied to allow
for an objective comparison of alternatives in the decision-
making process. A case study demonstrates the application of
a DST developed using this approach for an industrial piping
system design.

The contribution of this research is the triangulation approach
of multiple research methods to develop a DST for use of terrestrial
laser scanning and modeling for industrial piping design. This
research aims to provide industry practitioners benefit from the use
of a decision support tool to help piping designers in choosing when
to apply TLS for industrial piping design. This decision can result in
a safer, cost-effective, and accurate design solution.

2 Background
2.1 Terrestrial laser scanning

Three-dimensional TLS is a data acquisition technology that
has been adopted in various industries to aid in reducing costly
errors and improving efficiency. Three-dimensional TLS captures
geospatial information of an area and is used for a wide range of
applications such as archaeology (Al-Kheder et al., 2009), Building
Information Management (BIM) development of as-built models,
topographic mapping, heritage conservation, geomorphology,
structural monitoring, and quality control (Kim et al., 2013). The
scanner has a laser that rotates at high speeds and emits a pulse of
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laser light waves to a target or area and measures the distance to the
target by timing the round-trip time of the pulse of light (Bhatla et al.,
2012). A completed area scan creates a digital representation of that
area. Scans are needed from multiple locations to capture all aspects
of the objects (Kawashima et al., 2014). This collection of data points
is used to generate dimensionally accurate as-built information and
is becoming standard practice in engineering design (Omar and
Nehdi, 2016). The scans are used to develop 3D computer-aided
design (CAD) models to design piping systems (Safa et al., 2015).

Previous research has quantified these benefits. For example,
TLS-based surveys have demonstrated dimensional accuracy in the
range of 2-6 mm, which depends on scanning distance, compared
to traditional tape-based or manual measurement errors that can
exceed 20 mm in complex industrial environments (Aryan et al.,
2021; Wardius and Hein, 2024). In addition, TLS has been shown
to reduce field data collection time by more than 50%, significantly
improving project efficiency while reducing safety risks associated
with scaffolding and manual verification (Wu et al., 2021). These
quantitative improvements provide a compelling case for TLS
adoption in piping design.

2.2 Piping design

Piping design requires dimensional accuracy for efficient pipe
routing and connections (Nguyen and Choi, 2018). Designers create
digital 3D models as part of the design process and the current
practice of site as-built data acquisition relies heavily on manual
observations (Kim et al., 2013). 3D models aid in improving designs
before being built in the field (Becerik-Gerber et al.,, 2011). 3D
models provide realistic visualizations of the final piping design and
are used to convey design intent to the construction personnel prior
to and during field installation (Rabbani et al., 2007). Terrestrial laser
scanning helps minimize human error from the field data collection
process and the data are collected efficiently and effectively over
a shorter period compared to traditional methods (Aryan et al.,
2021). The collected data can then be relayed to the project team
faster. Terrestrial laser scanning provides an alternative to traditional
piping design and offers many benefits in dimensional accuracy and
improved measurement capability (Muralikrishnan, 2021).

2.3 Decision support tools

Decision support tools are used in a variety of industries
to make informed decisions by providing structured guidance to
make effective decisions (Bagstad et al., 2013; Cooke et al., 2008;
Cronemyr et al,, 2001). Attia et al. (2013) presented an energy-
oriented software tool that facilitated the decision-making process
of zero energy buildings. There was a need for the evaluation of
biofuel production pathways in the energy sector and a framework
for a DST was developed by Perimenis et al. (2011). The cement
industry requires the implementation of the most appropriate
energy efficiency solutions with the use of DSTs (Mokhtar and
Nasooti, 2020). These tools, whose output may vary according
to the users inputs, may suggest the ideal decision direction
(Rose et al., 2016).
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3 Methodology

The overarching research methodology is a triangulation or
mixed methods approach to develop a DST for use of TLS in
piping design engineering. Triangulation studies employ two or
more research techniques which are a combination of qualitative
and quantitative approaches to give a multidimensional view of
the subject (Abowitz and Toole, 2010; Fellows and Liu, 2021). The
proposed method is divided into five main stages (Figure 2). A
literature review is the first step in understanding TLS benefits and
identifying criteria in piping design engineering in past studies.
The data from the literature review is used to develop an interview
guide as a pilot study for semi-structured interviews followed by
a thematic analysis. Simple additive weighting will be used as
the multi-criteria decision analysis (MCDA) method for making a
decision involving multiple criteria. A case study will demonstrate
the use of the decision support tool in determining use of TLS on a
piping design project.

The triangulation approach beginning with the literature review
gives a broad review of piping design and terrestrial laser scanning.
This gives a conceptual framework used to develop the questions
in semi-structured interviews. This yields qualitative data in the
form of common themes that would influence the use of TLS over
conventional methods. Simple additive weighting and the Delphi
method would prioritize the criterion by establishing weights agreed
upon by experts in the field. A case study then applies the research
results for validation. The findings from the literature review, semi-
structured interviews, thematic analysis, simple additive weighting,
and Delphi method yield the structure of the decision support tool
to guide the selection of TLS in piping design. This study was
reviewed and approved by the Institutional Review Board (IRB)
of Louisiana State University (Protocol #IRBAM-22-0829). The
participants provided their written informed consent to participate
in this study.

3.1 Literature review

Literature reviews were conducted to identify previous research
on the use of 3D TLS and later validate ideas from the researched
sources of information. This review is based on 15 selected
articles from six journals within the domain of automation in
construction, construction engineering and project management.
The articles were searched using key phrases such as “piping
design” and “terrestrial laser scanning” The articles were examined
to extract common themes, benefits, and challenges associated
with 3D TLS.

3.2 Semi-structured interviews

The overall purpose of using semi-structured interviews for
data collection is to gather information from key respondents who
have professional experiences, attitudes, perceptions and beliefs
related to use of TLS for piping design (Dejonckheere and Vaughn,
2019). A semi-structured interview helps gain more insight to
understand the needs or viewpoints needed to develop the decision
support tool (Kallio et al., 2016). Semi-structured interviews were
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TABLE 1 Questions in semi-structured interview (Spradley, 2016).

Type of question

Grand tour

Definition

General question related to the content
of the overall research question

‘ Purpose

« Initiate the interview
« Gain insight to participants
experience

‘ Question(s)

Do you currently use TLS? What are the
traditional methods you use?

Core questions

Relates to traditional process and
improvements

«» Answer the research question(s)
« Understanding traditional processes

What are key factors do you consider
when deciding to use TLS?

What do you see as benefits of using
TLS?

What are the challenges or
disadvantages of using TLS?

Planned follow-up questions Questions that ask for more details

« Answer specifics on core questions
« Asked for greater detail

What size projects would you consider
using TLS?

How is cost and schedule reduction
measured?

Unplanned follow-up questions New questions based on the

participants responses

« Obtain greater detail on either core or
follow-up responses

Tell me more about. .. ?

used to determine key words and common themes based on the
interviewees’ responses (Dicicco-Bloom and Crabtree, 2006). This
interview structure fosters learning about individual experiences
and perspectives (Dicicco-Bloom and Crabtree, 2006). Fisher et al.
(2017) used semi-structured interviews with healthcare general
practitioners to understand perceptions of provider workloads. Pre-
determined open-ended questions are asked to get independent
ideas and thoughts from the respondents and used to supplement
the other methods in this paper’s triangulation approach (Adams,
2015). A framework is needed to develop an interview guide which
considers the common themes derived from the literature review.

Kallio et al. (2016) produced a framework for the development
of a semi-structured interview guide. The steps involved are
as follows: (1) identifying the prerequisites to use a semi-
structured interview; (2) retrieving previous knowledge from
literature reviews; (3) formulating of the preliminary interview
guide by creating a list of interview questions by reviewing
past observations and identifying gaps in the piping design
process; (4) pilot testing; (5) presenting the complete interview
guide. Guiding questions including ‘grand tour’ questions, core
questions and planned and unplanned follow-up questions are
shown in Table 1 (Spradley, 2016). Questions related to the
common literature review themes were developed and asked during
the interview.
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3.3 Thematic analysis

Thematic analysis is a widely used qualitative analytic method
(Roulston, 2001). Boyatzis (1998) describes thematic analysis as
a tool to use across multiple methods. Braun and Clarke (2006)
describe the benefits of thematic analysis and the flexibility it gives
as a research method. Braun and Clarke (2006) outline a 6-phase
guide to performing thematic analysis shown in Table 2. Following
completion of the semi-structured interviews, a qualitative data
analysis software application, NVivo 12, will be used to code and
perform a thematic analysis of the responses to the interview
questions.

3.4 Multi-criteria decision analysis

Simple additive weighting (SAW) is a weighted linear
combination or scoring method. It is one of the most often
used multi-criteria decision techniques (Afshari et al., 2010).
This technique is aimed at determining a weighted score for
each alternative by adding the contribution of each attribute
multiplied by their weights. The steps of SAW include the following:
(1) weighting of criteria (Delphi method), (2) obtaining the
criteria/decision matrix, (3) calculating the normalized decision
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TABLE 2 Phases of thematic analysis (Braun and Clarke, 2006).

Description of the

process

1. Familiarizing yourself with your
data

Transcribing data (if necessary),
reading and re-reading the data,
noting down initial ideas

2. Generating initial codes Coding interesting features of the data
in a systematic fashion across the
entire data set, collating data relevant

to each code

3. Searching for themes Collating codes into potential themes,
gathering all data relevant to each

potential theme

4. Reviewing themes Checking if the themes work in
relation to the coded extracts and the
entire data set, generating a thematic

‘map’ of the analysis

5. Defining and naming themes Ongoing analysis to refine the
specifics of each theme, and the
overall story the analysis tells,
generating clear definitions and

names for each theme

6. Producing the report The final opportunity for analysis.
Selection of vivid, compelling extract
examples, final analysis of selected
extracts, relating back of the analysis
to the research question and literature,
producing a scholarly report of the

analysis

matrix, (4) multiplying the normalized weight of each criterion
with respective criteria weighting to yield a ranking of the
alternatives (Afshari et al., 2010).

The Delphi method is a technique used to obtain consensus of
opinion from a panel of experts within a particular field (Toepoel
and Emerson, 2017). This technique involves defining and recruiting
experts who possess knowledge in a particular area, who are
representatives in the specific discipline, or who have credible
relevant professional experience (Hsu and Sandford, 2007; Williams
and Webb, 1994). Several advantages of using the Delphi method
include the following: time and cost effectiveness, discussion
of complex problems, participants have time to synthesize
their ideas and have applications in many fields (Akins et al,
2005). The weighting of criteria will be determined by this
expert panel.

The expert panel size can vary. An accurate procedure does not
exist for identifying the number of panel experts in any individual
study (Williams and Webb, 1994). According to Dalkey et al.
(1969), the panel size can have an effort on accuracy and
reliability has shown to increase linearly between 3 and 11
experts with accuracy improving up to a maximum of 29. If the
backgrounds of the participants are homogeneous, studies have
shown that a panel of 10-15 experts could be efficient (Hsu and
Sandford, 2007). Boulkedid et al. (2011) conducted a systematic
review of the Delphi method and found that the minimum number
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TABLE 3 Specifying the scale of values of 1-5.

Intensity of importance Definition

1 Equal importance

2 Moderate importance
3 Strong importance

4 Very strong

5 Extreme importance

of experts on a panel to be three and the median number to be 17.
For this study, the panel of experts consisting of design engineers,
design supervisors, project managers, and engineering managers
provides homogeneous backgrounds in piping design and terrestrial
laser scanning.

Construction of a decision matrix will include two methods
(TLS and traditional) and criteria. The scale of values in
Table 3 will be used to identify the intensity of importance
for the comparison (Afshari et al, 2010). Normalizing the
decision matrix creates a standardization of criteria which helps
facilitate the comparison, which will be finally followed by the
evaluation of the score of each alternative with respect to each
weighted criterion.

To enhance clarity and usability, a visual representation of the
decision support tool (DST) is provided in Figure 3. This figure
illustrates the process flow from input criteria selection to final
ranking using the SAW method with Delphi-derived weights.

3.5 Case study

To demonstrate the use of the DST, a case study was conducted
which involved a piping design project at an industrial plant site in
southeast Louisiana. The site area is in an operating unit in a 9 X
12-m area. The project scope includes approximately 72 m of 150-
millimeter (mm) diameter pipe at multiple elevations with four tie
points into existing piping. The DST will be used by a piping designer
with 17 years of experience at the site. Demonstration of the tool
is based on the criteria weights resulting from the Delphi method,
normalization of the decision matrix, and final ranking to determine
the better method.

4 Results
4.1 Literature review

Studies have uncovered the effectiveness and usefulness of
laser scanning for dimensional quality control (Bhatla et al,
2012). Al-kheder et al. (2009) developed a 3D documentation
system for palaces in the Jordan desert using 3D laser scanning.
Panella et al. (2020) assessed the benefit of laser scanning in
rail tunnel inspections. 3D laser scanning technology’s widespread
adoption in applications across various industries continue to grow
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as the value and benefits are realized (Park et al., 2007). Bosché et al.
(2015) used technology for automated comparison of as-built
and as-planned cylindrical mechanical, electrical and plumbing
components including piping installation. Greaves and Hohner
(2009) presented research findings resulting in the benefits of
applying 3D laser scanning technology to the design, construction,
and operation of industrial plants. Terrestrial laser scanning has
been considered as the best available technology to capture
3D information due to its speed and dimensional accuracy
(Bosché et al., 2015). Piping design and construction in industrial
plants require efficiency and dimensional accuracy (Nguyen and
Choi, 2018).

Although these studies show that there are several applications
of using TLS in various industries, there are inherent limitations
of these studies which does not include a methodology or decision
support tool that is useful in deciding whether to use TLS as a data
acquisition tool in piping design rather than using conventional
methods of measurement (Soudarissanane et al., 2011; Yen Kin et al.,
2014). However, overall benefits included reduction of errors,
improved planning and design, improved work processes, improved
safety, improved quality, enhanced collaboration, project readiness,
and accommodation of scope changes. These benefits were used
as a starting point for a decision support tool criterion, which
includes the following common themes that were used to develop
questions in the semi-structured interview stage of this research
paper: time savings, cost effectiveness, accuracy and precision,
detailed documentation, and safety.

4.2 Semi-structured interviews

Pilot testing was performed using the interview guide with 12
industry professionals with an average of 22 years of experience
in piping design. Common themes used to develop questions in
the semi-structured interview included the following: dimensional
accuracy, safety factors (environmental, less risk in the field),
repeatability, cost effective, reduced costs associated with access
(scaffolding, personnel lifts), reduced field time. No additional
questions were required from the initial pilot testing since there were
no new questions based on the participants’ responses. The pilot
testing was followed by seven additional semi-structured interviews
to compile additional data on common themes resulting from the
interviews. The results of the responses and themes are outlined in
the next section.
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TABLE 4 Criteria.

Criteria Description

C1 Personnel safety

C2 Time savings

C3 Dimensional accuracy
C4 Cost effectiveness

C5 Repeatability

4.3 Thematic analysis

The thematic analysis from the semi-structured interview
questions yielded five common themes. Those themes included
the following: personnel safety, time savings, dimensional accuracy,
cost effectiveness, and repeatability. These common themes were
consistent with the results and findings of the literature review.
The common themes were used as individual criteria as part of the
decision matrix as shown in Table 4.

4.4 Multi-criteria decision analysis

The multi-criteria decision analysis (MCDA) method used in
this study was the simple additive weighting (SAW) method. In
this SAW approach, the Delphi method was used to determine
the criteria weightings. The Delphi panel consisted of 12 industry
professionals with substantial expertise in areas directly relevant
to piping design and terrestrial laser scanning (TLS). Panelists
were selected to provide a balance of perspectives from design
engineers, project managers, engineering managers, and design
supervisors, each with an average of more than 20 years of
experience in industrial plant projects. Importantly, the panel
included representatives from both industrial plant operations
and third-party engineering service providers, ensuring diversity
in professional backgrounds and organizational perspectives. This
selection strategy provided credibility to the weighting process
by incorporating insights from practitioners with extensive field
experience and strategic decision-making responsibilities.
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TABLE 5 Weights of criteria.

10.3389/fbuil.2025.1663869

TABLE 7 Case study normalized decision matrix.

Criteria Description Weights ’ Cl1 C2 C3 C4 ’ C5
C1 Personnel safety 0.15 TLS 1.0 1.0 1.0 1.0 1.0
C2 Time savings 0.30 Traditional 1.0 0.60 0.60 0.50 0.50
C3 Dimensional accuracy 0.25 Weights 0.15 | 030 | 025 @ 020 | 0.10
C4 Cost effectiveness 0.20
cs Repeatability 0.10 TABLE 8 Case study normalized weight and ranking.
Cl1 C2 ¢C3 ’ C4 C5 ’ Sum ’ Rank
TABLE 6 Case study intensity of importance scores. LS 015 030 025 020 0.10 1.0 !
c1 ’ c2 C3 c4 ’ c5 Traditional 015 | 0.8 | 015 | 010 | 005 0.63 2
TLS 3 5 5 2 2
Traditional 3 3 3 1 1 . .
5 Discussion

The experts were given a questionnaire to respond with a
weighting for each of the five criterion resulting from the thematic
analysis (see Table 4). The initial questionnaire started with an
equal weight of 0.20 for each criterion. The total weighting of
all the criterion would have to equal 1.0 (increments of 0.05).
The results were averaged, and then a second questionnaire with
those results was shared with the experts. There were two rounds
conducted to reach consensus on the weight of each criterion.
The sum of the weights should be equal to one. Table 5 shows
the results of weightings for each criterion. The experts agreed
that time savings were the most important criterion followed by
dimensional accuracy.

4.5 Case study

To demonstrate the proposed tool, a case study was conducted
involving a typical piping design project at an industrial plant site.
The approximate size of the operating unit was 9 x 12-m area. The
project scope includes installation of new 150 mm diameter piping
approximately 72 m in length that spans multiple elevations. The
new piping will tie into four existing piping systems. The DST was
used by a piping designer with 17 years of experience at the site. Step
1 includes use the of the criteria matrix and the weights determined
by the Delphi method (Table 5). For Step 2, the piping designer
determines the intensity of importance for each criterion based
on his/her personal experience and scope of the project for each
alternative which is the use of TLS or traditional process. Results of
the importance scores are shown in Table 6.

Step 3 normalizes the decision matrix to give a meaning
comparison between the criteria (Table 7).

Step 4 evaluates each alternative with respect to the criteria and
weight. The sum is then used to rank the two alternatives. Table 8
shows the results and ranking. In this case study, use of TLS ranked
higher than the traditional piping design process.
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This research confirms that TLS is a valuable tool for piping
design, particularly in projects where accuracy and time savings
are critical. The DST developed in this study provides a practical
framework for decision-makers, enabling them to assess the benefits
of TLS in a systematic and quantifiable manner. The case study
results are consistent with findings from other industries, where TLS
has been shown to improve design accuracy, reduce rework, and
enhance overall project efficiency.

The quantitative benefits observed in previous studies reinforce
the results of our case study. TLS adoption not only provides
qualitative advantages such as improved safety and reduced rework
but also delivers measurable outcomes. Industry benchmarks
show that TLS reduces field survey time by more than half
while maintaining millimeter-level accuracy in as-built modeling
(Aryanetal.,2021; Wuetal., 2021). These measurable improvements
help justify the higher initial investment costs in TLS equipment or
services, since the reduction in errors, rework, and schedule delays
provides long-term value to project stakeholders.

Although the initial cost of TLS may be a barrier for some
companies, the long-term benefits in terms of reduced errors, time
savings, and improved safety justify the investment. There may be cases
where less complex piping designs may not warrant the use of TLS, but
aDST canbe used in the front-end evaluation to effectively evaluate the
alternatives based on a given criteria and weightings. The use of TLS
can provide greater cost prediction, optimized design, and retention
of model intelligence from concept to construction. Without a DST, a
pure qualitive approach would possibly give industry professionals a
less beneficial decision that may impact important factors in delivering
a successful piping project.

5.1 Sensitivity analysis

A brief sensitivity analysis to test the impact of a different
variable assumption regarding the intensity of importance for the time
savings criterion is presented in Table 9. With the changes in the time
savings intensity of importance scores from one to five, the use of
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TABLE 9 Sensitivity analysis of the method selection for each change of the time savings intensity of importance score.

Time savings intensity of importance score Method

TLS 0.15 0.10 025 0.20 0.10 0.80 1
1

Traditional 0.15 0.30 0.15 0.10 0.05 0.75 2

TLS 0.15 0.20 025 0.20 0.10 0.90 1
2

Traditional 0.15 0.30 0.15 0.10 0.05 0.75 2

TLS 0.15 0.30 0.25 020 0.10 1.0 1
3

Traditional 0.15 0.30 0.15 0.10 0.05 0.75 2

TLS 0.15 0.30 0.25 0.20 0.10 1.0 1
4

Traditional 0.15 0.225 0.15 0.10 0.05 0.68 2

TLS 0.15 0.30 025 0.20 0.10 1.0 1
5

Traditional 0.15 0.18 0.15 0.10 0.05 0.63 2

TLS ranked higher in each scenario. Notably, the difference between
the sum for each method was closer with the lower time savings
intensity of importance scores for TLS. The intensity of importance
scores for other criterions for either TLS or traditional methods
can yield a different outcome or ranking depending on the expert
judgement of the individual assigning the scores.

6 Conclusion

Through this research and the developed decision support tool,
piping designers can quantitively evaluate the use of TLS in their
piping design process versus the traditional design process of using
manual methods of gathering data and measurements which can be
inaccurate or even nonexistent. The development of a decision support
tool for the use of 3D terrestrial laser scanning in piping designs
addresses a critical need in the industry for more accurate and efficient
data collection methods. The DST provides a robust framework for
evaluating when to use TLS, based on criteria such as safety, accuracy,
and cost-effectiveness. The case study demonstrates the practical value
of the DST, confirming that use of TLS is a superior method for
complex industrial piping design projects versus using traditional
or conventional methods. This research contributes to the growing
body of knowledge on TLS applications and offers a practical tool for
industry professionals to enhance their piping design processes.

In addition to the demonstrated case study, the DST presents
opportunities for future validation and broader application. While
this study focused on piping design in an industrial plant setting, the
framework can be extended to other engineering disciplines such as
structural, electrical, and civil design, where dimensional accuracy,
safety, and efficiency are equally important. Furthermore, DST can
be adapted for integration with Building Information Modeling
(BIM) platforms, 4D simulation tools, and other digital construction
management systems. Such integration would allow practitioners
to embed TLS-based decision-making directly within their existing
workflows, improving usability and adoption. Future research can
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also validate the tool in different geographic regions and project
types to assess its robustness and generalizability. These directions
highlight the potential of DST not only as a stand-alone evaluation
framework, but also as a scalable component of the broader digital
transformation in construction engineering and management.

Despite the practical benefits of this study, there are
limitations. First, semi-structured interviews included 15 industrial
professionals in the southeast Louisiana region. Additional
interviews possibly could have resulted in additional major themes
which could translate into additional criteria. The number of
criterions could be expanded to include other items deemed
necessary to make a more informed decision when comparing use
of TLS and traditional design methods. Second, the panel of experts
selected using the Delphi method was limited to 12 individuals.
Future research could involve a different set of experts which may
yield a different consensus in the weighting for each criterion. Lastly,
the case study was a single demonstration of the DST. A larger
number of professionals and additional case studies to demonstrate
the use of the DST with various types and disciplines of projects can
be considered. The sensitivity analysis could also be expanded to
examine the extent to which method selection is affected by changes
in values of the intensity of importance score for each criterion.
Different scores can lead to different guidance on the selection and
use of TLS versus traditional methods of field data collection.

Future research can address challenges in using TLS such as
technical training, equipment costs, and cases where use of TLS
would not be cost effective or advantageous. Future research can
include application of a decision support tool to other engineering
design disciplines such as civil, structural, and electrical design.
Terrestrial laser scanning can be applied in the design process of
these other disciplines to improve efficiency and accuracy of the
design work. Further research could explore the application of
the DST in other types of piping projects and industries, as well
as the integration of TLS with other emerging technologies such
as Building Information Modeling (BIM), 4D scheduling, quality
assurance, and reality capture.
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