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Construction quality evaluation is critical to guarantee the long-term performance of asphalt pavement. Exiting
evaluation approaches lag and limit the efficiency of quality control. To solve this problem, this study proposed a
new construction quality evaluation framework, which was a combination of the building information model
(BIM) and geographic information system (GIS). The framework performed the real-time and full-process quality
evaluation on asphalt pavement construction. The framework was applied in the Phnom Penh-west Halluk
highway construction project, in which the GIS early located and warned the sections with poor construction
quality and the BIM models acquired the comprehensive information on the road sections. The framework made
it possible to understand the construction quality in real time and full procedure. The results demonstrated that
the framework provided a good information environment for construction quality evaluation. The future study
will focus on construction quality control using the quality evaluation results

1. Introduction

Construction quality significantly affects the investment benefit and
long-term performance of road engineering [1-3]. Many studies have
demonstrated that the poor construction quality of asphalt pavement
directly and significantly increases the maintenance costs [4-8]. How-
ever, the evaluation of road construction quality is extremely difficult
because of various factors, such as the qualities of materials, equipment,
transportation, personnel, construction processes, and schedule. Many
methods have been proposed to evaluate the asphalt pavement con-
struction quality. For example, Wilson et al. [4] used a ground-
penetrating radar to evaluate the construction quality of hot-mix
asphalt pavement. Hoegh et al. [5] used the degree of compaction as
the evaluation standard of asphalt pavement construction quality.
Zhang et al. [6] indicated that non-uniformity and anti-rutting perfor-
mances were effective metrics to evaluate the construction quality of
asphalt pavement. In order to build a system for monitoring and eval-
uating the construction quality of asphalt pavement, Dong et al. [8]
developed a real-time data collection program in an asphalt mixing
station. The experiment results showed that the system was able to
collect and analyze the relevant parameters in real time to provide alarm
feedback about abnormal data. Xu and Chang [9] proposed an in-situ
framework to evaluate the effectiveness of intelligent compaction
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technology. Tang et al. [10] developed a model to evaluate the segre-
gation degree in the paving process based on computer vision. Although
these studies have established many effective methods for quality
evaluation, their evaluation models only focus on one or two processes
of asphalt pavement construction. Asphalt pavement construction is a
complete and compositive process, mainly including material prepara-
tion, paving, and compaction. The quality of each step is affected by its
own factors and the quality of the previous steps. Therefore, the real-
time and full-process record and analysis is the key to guarantee the
accurate evaluation of pavement construction quality. However, there is
a lack of a quality evaluation model for the whole process of pavement
construction. In addition, most of the traditional quality evaluation
methods sample and evaluate at the end of pavement construction,
which is non-representative and lagging.

With the continuous development of intelligent construction,
building information model (BIM) technology has shown a strong po-
tential [11-15] for construction quality evaluation, such as data visu-
alization, data sharing, real-time transmission, and construction
simulation. Therefore, this study tries to apply BIM technology to the
quality evaluation of pavement construction. BIM, first introduced in
buildings construction, is a digital representation of the physical and
functional characteristics of a facility [16-18]. In recent years, BIM has
been applied to many infrastructure constructions thanks to its
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advantages of digitalization and automation [11-15]. Fig. 1 summarizes
the application scenarios of BIM-based lifecycle management of civil
engineering construction.

Many studies reported the applications of BIM in the field of road
engineering. There are three main directions of the BIM applications in
road engineering: road design, construction, and maintenance. In the
road design stage, BIM realizes the transformation from 2D visual design
to 3D one. By parameterizing the road alignment and structure in a 3D
structural model, design errors and cycles can be reduced [19,20]; In the
road construction stage, BIM was combined with road construction
technologies, such as intelligent compaction [9], paving process of
segregation detection [10], mixing quality monitoring of mixture pro-
duction [8], etc. By modeling the road construction (e.g., road structure,
construction apparatus, material production equipment) and trans-
mitting the indicators of construction quality in real time, BIM makes it
possible to achieve feedback adjustment of the construction process. In
the road maintenance stage, BIM was combined with life cycle cost
analysis technologies to estimate the benefit of the maintenance pro-
grams and manage assets of the maintenance construction [21,22].

Despite the strong potential of BIM in road construction manage-
ment, it still has many application limitations. One is from the shapes of
road structures, a length of hundreds of kilometers. Therefore, BIM
needs support for the macro-graphic level management of the road
network. The geographic information system (GIS) is the mainstream
choice for the support. GIS, as a 2D data management tool for road
network information, has the potential to quantify the various real-
world situations in pavement construction [23-25]. Meanwhile, recent
advancements in GIS have brought the Web Map Service to provide a
comprehensive interactive layout and tool for big data analysis [26-30].
However, the level of details in GIS now is too shallow to perform the
road construction analysis (e.g., the visualization and simulation of the
construction process), which is easy for BIM. The combinations of GIS
and other modern information intelligent technologies were demon-
strated as an important direction for future road development [18,30].
Therefore, it is advantageous to combine GIS and BIM for the quality
evaluation of road construction (Fig. 2).

This study proposed a combined framework of BIM and GIS to
evaluate the whole-process quality of asphalt pavement construction.
The combination of BIM and GIS used a digital map to display the overall
road route conditions and the important road section details. Besides,
compared to the traditional evaluation technologies, the framework was
convenient for the overall and local construction quality evaluation. The
contribution of this study is summarized as follows.
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> A BIM-based model has been proposed to make the visual simulation
of asphalt pavement construction using the real-time construction
data, which inspected the follow-up construction plan, the real-time
quality of the current process, and the assistance for the subsequent
construction changes that may exist.

> A model based on the analytic hierarchy process (AHP) has been
proposed to evaluate the whole-process quality of asphalt pavement
construction, which performed the quantitative construction quality
evaluation based on the data flow of the whole construction
processes.

> A platform combined with BIM and GIS has been established for
asphalt pavement construction quality evaluation. In the platform,
the construction quality of each road section was visualized in GIS.
The road mileage information was used as the connection to locate
the corresponding BIM models for the subsequent fine control of
construction quality.

The rest of the paper is organized as shown in Fig. 3. Section 2 de-
scribes the details of the proposed framework, including the method to
visually simulate the entire process of asphalt pavement construction, a
system for the construction quality evaluation, and an approach to
represent the quality results. Section 3 reports a case study, which used
the Phnom Penh-West Halluk Highway construction project to demon-
strate the applicability of the proposed framework. Finally, Section 4
summarizes the research and gives further research plans for the future.

2. Methodology
2.1. Visual simulation using building information modeling

The long-term performance of asphalt pavement is effect by its
quality in the construction phase. However, traditional construction and
management cannot evaluate the quality owing to some real-world
factors, including complex and varying construction technologies
[31,32], long and irreversible construction processes [33-35], lagging
information management [36,37], and difficult professional coordina-
tion [38]. Therefore, the first step in the proposed framework is the
visual simulation of full-cycle pavement construction using BIM, which
parameterizes the various real-world factors of a project.

A visual simulation based on BIM intuitively describes the logical
relationship between the time and space of pavement construction by
various links or parameters [39,40]. It provides accurate models and
parameters information for the evaluation of construction quality. Fig. 4
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Fig. 3. Flow chart of this study.
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Fig. 4. Proposed framework and methodology for visual simulation.

presents the procedure of the visual simulation, which can be summa-

rized by the following three stages:

Stage 1: Collect geological survey data to create a digital surface

model (DSM).

Stage 2: Set up the linear control to guide the construction of
dominant works, such as paving surface layers.

Stage 3: Build a 3D pavement model and import the model and DSM
into Navisworks to perform the construction simulation.

2.1.1. Stage 1: Geological survey data and 3D modeling
As a plug-in for BIM, Dynamo has the capability of visual program-
ming to deal with large and complex geological survey data. It can
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perform 3D modeling once given geological survey data in the form of
Microsoft Excel. In addition, Dynamo supports Python programming for
secondary development, which can further optimize and reduce un-
necessary operations. The procedure in Dynamo to read geological
survey data and build a DSM can be summarized in the following three
steps, as shown in Fig. 5.

Step 1. Dynamo creates a node program with the capacity of reading
data from Excel, as shown in Fig. 5.

Step 2. The created node program reads geological survey data from
a Microsoft Excel spreadsheet. This step requires the data form that pair-
wise x-y coordinates in geological survey data should be disjoint.

Step 3. The data from Step 2 are converted into xyz coordinate points
based on topography. These points are used to build a DSM and import it
into Revit for Stage 2. The DSM is still made up of editable coordinate
points, such as the example in Fig. 6.

2.1.2. Stage 2: Liner data controlling and road modeling in Revit

This stage aims to build a 3D road model. Fig. 7(a) presents the
overall procedure of this stage, which can be summarized as three steps
as follow.

Step 1: Create a toolbar for the visual parameter control, including
the parameters of structural design and linear control, as shown in Fig. 7
(b). After the control points are determined according to the design
documents, the road alignment is fixed and used for road structure
modeling through parameterization.

Step 2: The road structure is divided into the upper and lower parts.
The upper part includes a central reservation in Fig. 7(c) and a pavement
layer. The central reservation is simplified as a layer with a width of 2 m
since it does not involve the construction quality evaluation. To ensure
the accuracy of structural analysis, the parametric design of the pave-
ment layer is divided into left and right lanes with surface-, middle- and
sub-layers, as shown in Figs. 7(d) and (e). The pavement layer has a
width of two-way and four-lane, which is common and widely used in
asphalt pavements.

Step 3: Build the lower part of the road structure, including base and
subbase layers, as shown in Fig. 7(f). The design procedure of this part is
the same as the upper part in Step 2 except for the thicknesses of the base
and subbase layers. Therefore, we only need to establish a new thickness
parameter control tool for the lower part. The parameters of the 3D road
model are visualized and editable. A designer can change the parameters
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at any time according to the new needs.

2.1.3. Stage 3: Visual simulation of asphalt pavement construction

In Stage 3, the 3D road model from Stage 2 is imported into Navis-
works for the 4D time process simulation based on a construction
schedule, which has been worked out in advance by the construction
management personnel. Navisworks, as an important part of BIM, can
perform a four-dimensional dynamic simulation. Thus, this stage intui-
tively displays the potential risks, such as the possible collisions among
construction equipment, road structure, and underground pipelines. The
construction schedule can be iteratively optimized using the results of
this stage. In this part, it is necessary to record each step of asphalt
pavement construction during simulation, which will be used to eval-
uate the construction quality in Section 2.2. In the simulation process,
the start and end of each step, as well as all task categories in each step,
shall be allocated in detail to guarantee that the whole process is
consistent with the actual asphalt pavement construction, as shown in
Fig. 8.

The visual simulation of asphalt pavement construction has been
achieved after Stages 1-3. In this study, BIM-based visual simulation
makes the construction processes clear, so that even non-professionals
can have a clear and direct understanding of the entire construction
processes. Thus, the simulation improves the technical level of con-
struction personnel from another point of view. Moreover, the con-
struction companies can optimize the construction schedule that
significantly improves construction efficiency without consuming any
physical resources [41-43].

2.2. Construction quality evaluation system

The AHP, first proposed by Saaty [44], is an approach for quantifying
some subjective factors to make scientific and reliable multi-objective
decisions. The procedure of AHP can be summarized as six steps: 1)
define the decision problem and goal; 2) construct a hierarchical anal-
ysis structure; 3) construct judgment matrixes; 4) calculate hierarchical
single sorting; 5) check the consistency of the judgment matrix; 6)
calculate hierarchical total sorting [45]. In this study, the AHP is used to
quantify the effects of different factors of asphalt pavement construction
and reduce the subjective.

Fig. 9 shows an AHP-based structural diagram for the quality
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Fig. 5. Visual programming to generate point model in Dynamo.
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Fig. 6. A digital surface model in Revit.

evaluation of asphalt pavement construction, which is consisted of a
target layer A, an object layer B;-By, and an indicator layer C;- C19. The
object layer is constructed according to the processes of asphalt pave-
ment construction, while the indicator layer is made up of the key
quality factors of each construction process. The construction of asphalt
pavement can be divided into four main processes: asphalt mixture
preparation (denoted as Bj), mixture transportation (denoted as By),
pavement paving (denoted as B3), and pavement compaction (denoted
as By). Specifically, the key factors in the mixture preparation process
are the mixture composition (denoted as C;) and mixing temperature
(denoted as C5); the main factors during transportation are the trans-
portation time (denoted as C3) and driving behavior (denoted as C,); the
paving quality is mainly affected by paving temperature (denoted as Cs),
thickness (denoted as Cg) and speed (denoted as Cy); the compaction
quality is mainly affected by compaction temperature (denoted as Cg),
speed (denoted as Co) and rolling frequency (denoted as Cjg). In Fig. 9,
the indicator layer consists of the construction quality parameters that
can be collected and transmitted in the construction field, while the
object and target layers are made up of the quality in each process and
the final quality in road construction, respectively.

It is necessary to determine the relative importance of low-level
factors to high-level ones during the structural analysis. The AHP de-
termines the importance weights of a layer by analyzing the effect of the
low level on it, such as the weights of Cy, C5...Cy, on B, in Fig. 9. Take the
indicator and object layers in Fig. 9 as an example. In the AHP method, K
experts first give their scores S{-‘e [1,9],i=1,...,mand k=1, ... K, where
C{‘ represent the beliefs about the effects of C; on B, from expert k and m
is the number of alternatives in the indicator layer. Then the scores sk k
=1, ...,K, are averaged to determine the final scores of S; that represents
the effects of the indicator C; on the object layer. These averaged scores
are used to build a judgment matrix with a general term c;;, in which ¢;; is
the ratio of S; and S;. Table 1 present the general form of a judgment
matrix.

The weight of C; to By, notated as w;, can be computed as

(1a)

(1b)

The weight of B, to A is calculated by the same procedure as above.
After determining all the weights, the AHP method can evaluate the
construction quality using the monitoring data, as the one will be shown
in the case study of Section 3.

2.3. Monitoring data preprocessing for BIM + GIS platform

The AHP-based system in Section 2.2 requires real-time monitoring
data to evaluate the construction quality. This study has proposed a real-
time method to acquire and pre-process the monitoring data using the
BIM + GIS platform. The method uses the division of minimum standard
deviation to deal with large and complex monitoring data. In addition,
the method improves computational efficiency by using partial moni-
toring results to represent the overall situation of the road sections. This
section takes the metric “degree of compaction” as an example to illustrate
the method, which corresponds to the rolling quality of the object layer
in Fig. 9.

The degree of compaction, as an important indicator in the con-
struction quality evaluation, characterizes the overall density in asphalt
pavement. An area with a poor degree of compaction always has uneven
settlement and other distresses after suffering vehicle loading and water
damage, which significantly reduces the life-cycle performance of
asphalt pavement. Unfortunately, the number of compaction quality
data from a road is huge and complex, such as the examples shown in
Fig. 10. Therefore, this study uses a standard deviation-based method to
group the compaction test data and then characterize the compaction
quality with the representative results of these groups.

The standard deviation method, as a measure of the variation and
dispersion of a set of values [47], is used to find the representative value
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Fig. 7. Procedure of Stage 2 [18]: (a) overall, (b) Part 1 road alignment modeling, (c) Part 2 road central reservation modeling, (d) Part 3 left road surface layer
structure modeling, (e) Part 4 right road surface layer structure modeling, and (f) Part 5 road overall base and subbase layer modeling.
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of the degree of compaction. The method first defines a threshold of
minimum standard deviation, such as Sy = 0.5 in the example shown in
Fig. 11. The data of the degree of compaction from a road section is
sorted by the number of road mileage. The first two data are selected as
the initialization of the first group and the standard deviation S; of the
group is then computed. The rest of the data are then sequentially
appended to the group until achieving S; < So. The remaining data is
then grouped by repeating the above way. Finally, the averaged degree
of compaction in each group is used to characterize the degree of
compaction of the road section. Fig. 11 presents an example of the
method, in which 210 data of the compaction degree has been divided

“Cunibersome Compaction data
l..'-;,‘&‘—
2, 93.7, 94, 93, |
91.5,

vl 887, 894, 91.7...92.5, 927, 94, I
| 93.1.....89.6, 93.1, 97.0, 89.5,....... 926, |
] 91.5,94.1,89.6,923,945......,946, |

93.2,91.0,91.6, 93.5,97.2,89.5...... |

47

Fig. 10. Example of huge and complex compaction data that are collected by
intelligent compaction technology that uses modern detection equipment and
feedback system to collect the compaction quality information in real-time and
automatically adjusts the amplitude and frequency of rolling to ensure the
quality of road compaction [46].
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Fig. 11. Minimum standard deviation division method of asphalt pavement compaction data.

into 101 groups.
3. A case study

A case study on the Phnom Penh-West Halluk Highway was used to
validate the effectiveness of the proposed platform. The case study used
the ArcGIS and the BIM software of the Autodesk series: Revit, Navis-
works, and Infraworks. Revit is a professional BIM modeling software,
which can build high-precision 3D models. Moreover, Revit can estab-
lish project sample files and a Revit family library, which are used to
conduct the parametric modeling of the full road based on the design of
the standard road section. Navisworks is a professional collaboration
platform, which performs highly accurate 3D construction process
simulations and checks construction schedules to eliminate potential
risks. Infraworks is an easy-to-use sketching tool that is widely used in
BIM modeling of roads and bridges due to its broad modeling scope, such
as hundreds of kilometers of a road. This tool can utilize a large range of
terrain files to build a 3D road model based on the terrain, which is
suitable for modeling road networks that do not require high accuracy.

Fig. 12 presents the workflow and collaboration of Revit, Navis-
works, and Infraworks in the case study. Revit first built and parame-
terized a high-precision model of the road standard section. The model
was then imported into Navisworks and Infraworks. Navisworks

expanded the model area, established the BIM model of the construction
area, obtained the real-time construction information of the construc-
tion site, simulated the construction process, checked the construction
schedule, and eliminated the construction risk. At the same time, the
real-time construction data was transmitted to the construction infor-
mation database, and the construction quality of each construction link
was calculated using the AHP-based method, as introduced in Section
2.2. Meanwhile, Infraworks built a complete road 3D model using the
model of the road standard section from Revit, while ArcGIS established
a 2D model of the road network. GIS displayed the macroscopic visual
information of road construction quality, while Infraworks retrieved the
multiple information of road sections. Both 3D and 2D models are
associated with the database through the starting and ending mileage of
the road section. In addition, after the construction quality evaluation,
Navisworks checked the changes in construction information and
schedule for the subsequent construction quality control (orange arrows
and text in Fig. 12).

The rest of the section describes the details of the evaluation pro-
cesses of pavement construction quality in the Phnom Penh-West Halluk
Highway project. First, Fig.13 presents the road BIM model of the
project built by Revit, Infraworks, and Navisworks. Specifically, Revit
built a road section model, containing material parameters, structural
parameters, construction parameters, and design information;
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Fig. 12. The flowchart of the proposed combined framework with BIM and GIS in the Phnom Penh-West Halluk Highway project.
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Fig. 13. The Establishment of the 3D road model and construction quality parameters [19].

Infraworks defined the road alignment and built the complete road 3D
model; and Navisworks made the construction scenario and simulated
the construction schedule. After that, the proposed framework collected For the AHP method in this case study, we invited eight experts: a)
and transmitted the monitoring data of each construction process in real three technical leaders responsible for asphalt mixture production,
time.

asphalt pavement paving, and pavement compaction; and b) five pro-
fessors of the road engineering to score each weight matrix of the AHP

3.1. Real-time construction data monitoring
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method. Fig.14 presents the self-designed expert scoring system based
on C++, which made it possible for subsequent experts to give addi-
tional scores and adjust the weight of AHP according to the actual
situation.

Using the method introduced in Section 2.2, the AHP weights in this
case were defined using the notations in Section 2.3 as

A = 0.244B, +0.152B, +0.252B; +0.352B, (2a)
B, = 0.425C; +0.575C, (2b)
B, = 0.225C; +0.775C, (20)
B; = 0.517Cs 4 0.226C¢ + 0.257C; 2d)
By = 0.211Cy +0.282Cy +0.507C (2e)

Since the material transportation process of the project was not
monitored, we only collected the construction data from the asphalt
mixture preparation process, pavement paving process, and pavement
compaction process.

During the asphalt mixture preparation process, we collected the
production data of the mixing plants and divided the whole highway
into 5 sections with lengths of 30.18 km, 40.18 km, 40 km, 35 km, and
45.003 km according to the supplied mixing plants. The mixture
gradation and temperature were monitored and scored according to the
design gradation table and mixing temperature range. After that, the
two scores were weighted according to 0.425:0.575 in Eq. (2b) to obtain
the mixing process quality B;.

During the paving process, the values of temperature, speed, and
thickness are monitored in real time. In this study, the Gini index was
used instead of the speed indicator [5]. This was because the control of
paving speed is mainly related to the segregation variation, and we have
proposed the Gini index in our previous study [10] to evaluate the de-
gree of segregation, which has a better correlation to the segregation
variation than the paving speed. The temperature and thickness were
scored according to the preset range and then weighted with the
normalized Gini index in a ratio of 0.517:0.226:0.257 in Eq. (2d) to
obtain the paving quality Bs.

During the compaction process, the continuous changes of temper-
ature, speed and frequency were collected. Since intelligent compaction
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technology was adopted for the compaction process, compaction
measured value (CMV) [48] was used to replace the frequency indicator
to represent pavement compactness, such that

CMV = C x Az 3)
Aw

where Ay, and A, are the acceleration amplitude of the fundamental
component and the first harmonic component of the roller vibration,
respectively; C is a constant established during site calibration (C = 300
was used in this study). The indicators of temperature, speed and CMV
were then normalized and weighted according to the ratio of
0.211:0.252:0.507 in Eq. (2e) to obtain the pavement compaction
quality By.

Since the quality of transportation process was missing, the weights
of transportation quality on the AHP method were divided proportion-
ally to the other three processes. Thus, the final pavement construction
quality A was computed as

A =0.288B, +0.297B; +0.415B, 4)

3.2. Construction quality evaluation by BIM and GIS

Quality evaluation results of each construction process based on the
real-time construction data were not visualized because they are in a
digital form. Therefore, Infraworks was used to make a visible repre-
sentation of monitoring and evaluation results. The road models from
Revit were imported into Infraworks and divided into several con-
struction sections. The construction information of each section was
recorded, including the construction time, construction technologies,
construction personnel, and evaluation results of construction quality.
The information was represented in a user interface to perform the
visualization, such as the example shown in Fig. 15.

Unfortunately, there was too much information in a small road area
during each construction step, which made it difficult for a user to
capture the overall information. Therefore, the proposed framework
used a GIS map to represent the overall dynamic quality information,
such as the example shown in Fig. 16. Infraworks used the same road
segmentation method as the GIS map and implemented the associations
with the GIS map based on the starting and ending mileage of the road
segments.
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Fig. 14. Expert scoring software for asphalt pavement construction quality evaluation.
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Fig. 17. Real-time monitoring of mixing quality of asphalt pavement construction in Phnom Penh to Sihanoukville highway project.
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The quality of each construction process in the whole road network
and each section was displayed to the project management personnel
through the GIS map. Figs. 17-19 show the GIS visualization of the
construction quality in the mixture preparation phase, pavement paving
phase, and pavement compaction phase, respectively. The GIS map used
different colors to present different construction quality, and the sec-
tions with poor construction quality were visually identified as yellow.

Using the AHP method to weight the quality of the full-process
construction, the final pavement construction quality was computed
and visualized by the GIS map, as shown in Fig. 20. The final con-
struction quality A was in a range of (0,100). Road sections with the
scores less than 80 were marked in red, whose construction quality did
not meet the standard and the sections were required to conduct
remedial construction; Road sections with the scores between 80 and 90
were marked in yellow, whose construction quality was at risk and
required the attention; Road sections with scores greater than 90 had
rewarding construction quality.

The road sections with the construction quality problems were
located by their ID in GIS and BIM. The multi-source information of the
road sections with problems was extracted from the corresponding BIM
model in Infraworks, which was used to analyze the causes of con-
struction quality defects. The causes were then used to make the changes
to the subsequent construction plan or to take targeted disposal
measures.

The combination of Revit, Infraworks, Navisworks, and GIS has the
potential to guarantee the share and record of the data flow of the whole
construction process by construction participants, which will facilitate
the construction quality control timely, accurate, and efficient con-
struction quality control using the results of construction quality eval-
uation. This direction is what we need to further study in the future.

4. Conclusions

This study has proposed a framework to perform the real-time
quality evaluation for asphalt pavement construction by combining
BIM and GIS technologies. The following conclusions can be drawn.

(1) The proposed framework combining BIM and GIS realized real-
time and comprehensive quality evaluation of the whole pro-
cess of pavement construction. It allowed for the transmission,
interaction, sharing, and application of construction information
data in the BIM environment. The proposed framework utilized
the advantages of GIS in the macro-information visualization of
the road network to enhance the intelligence of the quality
evaluation.

A systemic BIM-based visible flow for pavement construction
simulation has been built, including road alignment modeling,
road structure modeling, digital surface modeling, and con-
struction schedule modeling, which realized the BIM integration
of the whole process of pavement construction.

A new visualization method of construction quality evaluation
was proposed. The AHP method was used to quantitatively
calculate the quality of the whole process of pavement con-
struction. The evaluation results were visualized in a GIS map.
The BIM models of the concerned sections, as well as their multi-
source data, were retrieved through the section mileage co-
ordinates, which provided a good data basis for the construction
quality control.

The future study will focus on three aspects. First, other advanced
methods, such as neural networks, will be considered to perform
the scoring procedure in the AHP method, which has the poten-
tial to reduce subjectivity. Second, more factors in road con-
struction should be considered in the simulation in Section 2.1,
such as the quality of construction personnel and equipment. In
addition, the construction quality control based on the quality
evaluation results needs to be further studied.

(2)

(3)

(€]
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