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Abstract: Quality evaluation and control represent increasingly important concerns for construction
quality management. There is an evident need for a standard data model to be used as the basis for
computer-aided quality management. This study focuses on how to realize evaluation of construction
quality based on BIM and database technology. In this paper, the reinforced concrete main structure is
taken as an example, and the BP neural network evaluation model is established by inquiring current
construction quality acceptance specification and evaluation standard. Furthermore, IFC standard is
extended to integrate quality evaluation information and realize the mapping of evaluation information
in BIM model, contributing to the visualization and transfer sharing of evaluation information.
Furthermore, the conceptual entity model is designed to build quality evaluation database, and this
paper select MySQL workbench system to achieve the establishment of the database. This study is
organized to realize the requirement of visualization and data integration on construction quality
evaluation which makes it more effective, convenient, intuitive, easy to find quality problems and
provide more comprehensive and reliable data for the quality management of construction enterprises
and official construction administratiors.
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1. Introduction and background

Quality evaluation and control represent increasingly important concerns for project managers.
Defects or failures in constructed facilities can result in very large costs. Even with minor defects,
re-construction may be required and facility operations impaired. Quality evaluation in construction
typically involves insuring compliance with minimum standards of material and workmanship in order
to insure the performance of the facility according to the design. For the purpose of insuring
compliance, random samples and statistical methods are commonly used as the basis for accepting or
rejecting work completed and batches of materials. Rejection of a batch is based on non-conformance or
violation of the relevant design specifications. Good project managers try to ensure that the job is done
right the first time and that no major accidents occur on the project.

BIM usage in design and construction phases is being used for identifying design coordination issues
through clash detection and for identifying construction schedule feasibility issues through 4D analysis
[1]. There is an evident need for a standard data model to be used as the basis for computer-aided quality
management [2]. Building Information Modeling (BIM) is emerging as a method of creating, sharing,
exchanging and managing the information throughout the lifecycle to tackle the problems related to
interoperability and information integration [3]. The use of BIM has provided a means of increasing
total construction quality [4]. It improves design quality in the following ways: D Increases efficiency
and precision and improves design evaluation and communication [5,6]; @ reduces errors due to better
coordination between documents and the entire team, thus minimizes conflicts [7,8]; & simulation and
optimization can be conducted for better performance, lower costs, and shorter lead times [9]; @ mines
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implicit 3D modeling patterns from unstructured temporal BIM text data [10]; & reduces maintenance
costs and time by providing timely and relevant information to facility management (FM) as early as the
design stage [11]. However, there is still a great potential in using BIM and database for quality
evaluation.

The Industry Foundation Classes (IFC) standard developed by Building SMART Alliance (BSA)
(formerly known as International Alliance of Interoperability (1Al)), has matured as a standard BIM in
supporting and facilitating interoperability across the various phases of a building lifecycle [12]. IFC is
an object-oriented, non-proprietary building data model. However, modelling all possible objects
related to the construction project is extremely complex. Therefore, the BSA introduced an incremental
development of the IFC model by providing an extensible architecture for extending IFC in various
domains. There are three mechanisms to extend IFC:(D by defining new entities or types, @ by using
proxy elements, and (3 by using the property sets or types [13].

Construction quality evaluation is a commitment to quality expressed in all parts of a project and
typically involves many elements. The purpose of this study is to extend the interoperability of
construction quality database in evaluation process by employing the Industry Foundation Classes
(IFC) data model. To achieve this, by referring to construction quality inspection and acceptance
specification, we connect IFC data and BP neural network algorithm to construction quality evaluation
to improve the efficiency and accuracy of evaluation. Considering the large number of quality
evaluation databased created in BIM dormain, we focus on two scenario analysis process: (D to realize
specifically the IFC data mapping in construction quality domains which includes evaluation indicators,
quality score and quality grade. @ to realize all quality data involved in evaluation need to be classified
and unified encoded to construct the quality evaluation database. Then we try to discuss the logical
framework and physical structure design of the database to integrate the heterogeneous construction
quality data. Finally, we use a case study to verify the methods proposed in this study. This study is
organized to realize the requirement of visualization and data integration on construction quality
evaluation which makes it more effective, convenient, intuitive, easy to find quality problems and
provide more comprehensive and reliable data for the quality management of construction enterprises
and official construction administratiors..

2. Methodology

Before looking at how the mapping works it is important to understand why the mapping is needed in
the first scenario analysis process. In previous studies, researches have developed their own approaches
to obtain the quality data of construction projects. Some studies focus on limited elements such as
doors, windows and spaces with corresponding descriptive information. Many of these approaches are
practice specific. However, for BIM projects there is a need to create quality data for pretty much all
model elements and to create it to standards that allow structured data to be utilized efficiently and
reliably by the evaluation process. In this study, we move away from placing data in IFC-based
parameter fields and begin placing data directly into IFC and BP models. This meant we aligned
evaluation information output with open international standards IFC (ISO 16739:2013) according to
which the BP neural network model can be trained and tested as expected, then the approved model can
be used to predict the construction quality score. This process has the potential to reduce the need for
collect manually big data of construction projects, particularly as more design softwares adopt open
principles. Finally, this approach obtains the quality score and grade according to the open data to be
mapped.

We created a workflow (in Figure 1) which illustrates the prototypical framework to build a
construction quality database with the essential data source in distinct form of graphical evaluation,
parameter evaluation, IFC model, construction field data collection and user information. The main
issues are that in order to create reliable data it relied on the effective IFC file extention for construction
quality and adding a description to the construction site which support the corresponding operations
(extract, transform and load) by users. Therefore, the mapping adds the ability to take a piece of
structured data that already exists in BIM model and put into a unified field related to construction
quality. So this means any piece of IFC data can automatically be placed into a corresponding
evaluation program. Furthermore, the paper discusses the design of classification and encoding
approach on the input data of the evaluation database which uses conceptual, logical and physical

302



model proposed in this study for modeling the input data required and produced by the previous stage
from construction quality angle to achieve an integrated management of construction quality.
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Figure 1: The method proposd in this study

3. Quality oriented evaluation model based on IFC and BP neutral network

The model is intended to provide for a construction project and a work routine to be used by a
multi-disciplinary strakeholders throughout the process of assessing and managing the implementation,
utilization and follow up of the construction. The evaluation presents a gross result.

3.1. Selection of construction quality evaluation index

In order to compute quantitatively the value of quality content, it is of importance to establish the
evaluation indicator system in consideration of performance test, quality record, allowable deviation
and appearance quality. As quality has no specific definition, it is vitally important that briefing
documents set out clearly the level of quality that is required. Specific documents, standards and
specification can help in the appraisal of construction entities. Taking the cast-in-place steel-concrete
structure as an example, referring to Acceptance Standard for Construction Quality of Constructional
Engineering (GB 50300-2013), Acceptance Specification for Construction Quality of Concrete
Structure Engineering (GB 50204-2015), Evaluation criteria for Construction Quality of Constructional
Engineering (GB/T 50375-2016) and the related literature, 16 quality evaluation indicators have been
determined to reflect the overall appraisal of construction quality as the 17th indicator from four
aspects: performance test, quality record, allowable deviation and appearance quality, shown in table 1.

Table 1: Evaluation index for the construction quality of reinforced concrete main structure

Evaluation Structural Evaluation . .
No. . Description of Indicator
Indicator element Item
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The concrete strength of the structure entity shall be

Beam, slab, e .
1 concrete strength reflected to meet the specifications and design
column, wall .
requirements.
reinforcement Beam. slab The measured deviation value of the cover thickness of
2 cover thickness columr; waI,I longitudinal carrying bars in the structural entity is
deviation ’ within the range of =5mm.
column The measured deviation value of the sectional
3 cross-section column Performance dimension of cast-in-place reinforced concrete
dimension Test columns should be within the range of (+10, -5) mm.
wall thickness The measured deviation value of wall thickness of
4 . wall . . o
deviation cast-in-place reinforced concrete should be within the
beam depth/width The measured deviation value of the beam depth and
5 L Beam . . .
deviation width of cast-in-place reinforced concrete shall be
. The measured deviation of slab thickness of
Plate thickness . . L
6 deviation slab cast-in-place reinforced concrete shall be within the
range of (+10, -5) mm.
completeness of Beam. slab The material qualification certificate, the incoming
7 raw material ’ ’ acceptance record and the reexamination report shall
column, wall
record be complete.
The record of the working performance of premixed
completeness of .
8 construction Beam, slab, Quality concrete, the concrete construction record, the
record column, wall Records reinforcement installation record and the construction
quality check and acceptance record shall be complete.
The test report of concrete mix proportion, the strength
completeness of Beam, slab, P . prop J
9 report of concrete specimen and the test report of steel
test record column, wall . .
joint connection should be complete.
. I Beam, The measured deviation value of the axis position of
10 axis deviation
column, wall structural element should not exceed 8mm.
1 elevation Beam, slab, The measured deviation value of storey height
deviation column, wall  Allowable elevation shall be within the range of £10mm.
12 verticality Column, deviation The measured deviation value of height and verticality
deviation wall of component should not exceed 10mm.
13 planeness Beam, slab, The measured deviation value of the surface evenness
deviation column, wall of the component shall not exceed 8mm.
Beam, slab, Any cracks that affect the structure, performance, or
14 Crack : DR .
column, wall function shouldn’t exist in the main boday.
15 Joint reliabilit Beam, slab,  Appearance  Any defects that affect the transmission performance
y column, wall quality of the structure shouldn’t exist in joints of the entity
16 Exposed Beam, slab, Any serious internal steel exposure shouldn’t exist in
reinforcing steel  column, wall the structure entity.
17 Overall appraisal Integrate 16 indicators to evaluate construction quality

3.2. Overall appraisal of construction quality in BP neural network model

(1) Evaluation model structure

A single hidden layer neutral network is adopted in this paper which means that the evaluation model
includes input layer, single hidden layer and output layer. The index values set in Table 1 can be used as
the input parameters of the BP neural network model, so the number of nodes in input layer is 16. The
quality scores (hundred-mark system) of steel-concrete structure can be obtained through the evaluation
model, so the number of nodes in output layer is 1. The number of nodes in the hidden layer is usually
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determined by a formula , here L is the number of nodes in hidden layer (positive integer), m and n are
respectively the number of nodes in input and output layer, and a is a constant between 0 and 10.
According to the formula above, the number of nodes in the hidden layer of the BP neural network
model is a constant between 5 and 14. The constants in this range need to be tested, and the constant
which corresponds to the optimum training result is selected to be the number of nodes.

(2) Sample data classification

Classification is based on the initial value of each indicator, as shown in Table 2. The first-level
indicators are marked in ten-point system by experts’ opinions. The indicator values of the 2nd level can
be obtained from Construction quality acceptance records of the inspection lot in steel-concrete
structure. The indicator values of the 3rd level represent the appearance quality of structural entities
which can be obtained from Construction appearance-quality acceptance records of the inspection lot.
In consideration of construction quality acceptance, observation methods are normally used to check if
the evaluation indicators satisfy specifications and design requirements. The 17th indicator “overall
appraisal” usually describe inspection results with Good or General. This paper utilizes the percentage
that the number of inspection sites with Good result occupies all sites to achieve quantitative
description.

Table 2: The Classification of construction quality evaluation indicators

Category Index Iterm
First Concrete strength Performance test
category completeness of raw material record, completeness of Quality Records

construction record, completeness of test record
Reinforcement cover thickness deviation, column cross-section
dimension deviation, wall thickness deviation, beam Performance test

Second - . . L
depth/width deviation, Plate thickness deviation
category . - ! - S .
Axis deviation, elevation deviation, verticality deviation, .
S Allowable deviation
planeness deviation
Third . - . . .
Crack, Joint reliability, Exposed reinforcing steel Appearance quality
category
Table 3: BP neural network sample data
. column ;
reinforcement depth  of i Story Story . Construction
. cross- wall Plate Raw material | construction Axis surface Exposed
Tvaluation | concrete | cover beam, Test  record height height Toint part 2 quality  score
seetion thickness thickness | record record position evenness | Crack remforeing .
index strength | thickness width completeness clevation | verticul reliability of main body
size deviation deviation | completeness | completeness deviation deviation bar
deviation deviation deviation | deviation structure
deviation
1 10 3.07 4.82 6.6 54 533 10 10 10 3.7 395 491 3.68 1 09 96.3
2 10 294 45 5.9 51 529 9 10 9 342 26 4.55 511 095 09 1 949
3 8.5 388 627 55 719 55 85 8 8.5 526 6.1 733 5.54 08 085 08 83
4 8.5 417 6.4 7.39 6.4 6.96 b 835 8 4.92 597 8.5 7.29 08 0.92 08 .75
5 7 428 697 721 699 81 8 8 7 12 89 894 711 .84 09 095 767
6 15 4.05 783 5.5 793 5.22 7 9 85 6.91 922 9.59 7.36 0.82 0.88 08 77.75
& 8 4.39 7.1 $.87 82 9.24 8.5 8 7 7.09 836 891 6.8 1 0.91 0.95 79.05
8 10 297 315 42 496 552 2 9 9 342 422 ER 407 08 095 0.9 93.15
g 9 4.05 7 727 6.9 6.08 ] 9 3 618 7.01 9.12 7.03 09 084 0.8 80.1
10 10 33 491 611 492 8.34 9 10 10 3.81 4 6.21 517 0.85 09 0.86 923
1 85 4.02 S 6.6 437 513 85 e 8.5 53 612 752 621 0.8 08 1 8515
12 7 4.67 744 5.59 7 719 & 8§ ¥ E & 876 9mn 76 0.85 09 09 73.9
1 2 3.04 Sl 49 534 4.98 8.5 10 8.5 4.05 292 58 45 082 0.85 08 89.95
14 85 395 6.44 39 7.02 57 ) 10 10 43 697 717 6.22 09 09 08 87.65
15 9 4.01 6.67 5.5 541 732 15 85 8.5 3.59 6.16 6.93 563 0.95 094 0.85 86.15
16 10 34 5.66 4.74 B 799 10 10 ) 489 505 23 4 0.85 (R 0.e 915
17 9 325 7 881 5.03 677 9 10 8.5 729 817 8.69 76 08 095 085 8535
18 10 35 7.83 3 795 52 10 9 9 4 526 5.61 39 0.9 09 1 91.85
19 10 344 516 6.11 6.81 473 10 10 10 63 973 9 74 08 082 08 883
20 85 41 5.55 545 517 6.59 9 10 9 611 6 795 7.03 0.8s 08 095 8535
21 9 434 6.77 6,65 7 3.09 10 10 10 6.08 929 9.19 783 0.9 1 09 $6.6
2 10 N 6.71 319 722 4.54 10 10 9 407 387 496 6.6 0.8% 08 0.9 808
23 9 319 69 415 502 554 10 10 9 501 88 836 173 085 08 08 87
24 85 302 395 59 5.06 7 9 10 9 =3 £14 79 711 093 085 09 86.15

(3) MATLAB implementation of the evaluation model

In this study, 24 groups of sample set data are collected through investigation and survey, as shown in
Table 3. Matlab R2016b software is employed to establish the construction quality evaluation model
based on BP neural network. The training situation and graphic outputs are shown in Figure 2. The
processing time of the neural network is 15 seconds, and it achieves the optimum in 10706 times of
training, with the mean square error (MSE) is 9.99*e-9, the gradient is 3.49*e-5, the degree of fitting
reaches 0.99642. The prediction results are shown in Figure 3. The expected values of the test samples
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are respectively 86.15, 91.50, 89.80 and 96.30 and the predicted results are 86.33 93.02, 93.04, and
95.60. The absolute error distributes in the range of -0.7~3.2, and the error rates are 0.21%, 1.66%,
3.61% and -0.73%. The absolute value is less than 5%. The prediction results are satisfied with the
precision requirements. According to Evaluation criteria for Construction Quality of Constructional
Engineering (GB/T 50375-2016), it is accepted that the overall appraisal of structural quality reaches 85
and above should be rated as Good.

3.3. IFC data mapping in construction quality domain

In this work, a formalization structure is suggested for database tables to enable exchange of
IFC-based evaluation indicator information by information provider (quality related information stored
in IFC model) and information receiver (the heterogeneous database integration system). All quality
evaluation data is unigquely identified via unit ID which maintain information exchange between IFC
model and database tables. In this condition a need for a new type of ID is observed as well to obtain
mapping between process resources and IFC objects to support exchange of cost information.
Therefore, IFC data mapping and extension is a primary step to link evaluation information generated in
IFC model and database tables.

IFC data mapping in construction gquality domain need to be achieved in the standard level and
application level as shown in Figure 2. In term of standard level, quality evaluation information need to
be extended and expressed normalized on the basis of IFC standard. In term of application level, in this
paper Revit software for BIM is employed to link the evaluation information based on IFC’s
standardized description with BIM model, and this meanwhile realizes the integration of evaluation
information in IFC documents, which can be viewed throguh exported IFC validation document.

Quality attributes linked to

[ (0
. .
: :
. P 3

! IFC file extension BIM software s
: + - :
H EXPRESS-G Adding quality parameters | §
: in BIM software H
: ¢ :
. .
: . standardization v H
! The extension and criteria S N — = ] 1
' expression of quality . i =1 The 1111'75’1‘1'11011 of Q}ldll}y '
: evaluation information ‘_“11027.‘(35'?" evaluation information in !
[ based on IFC 7 2 lategration BIM software .
' ~ !
.

IFC data mapping in construction
quality domain

Figure 2: Implementation of IFC data mapping

(1) IFC extension process based on PropertySet of construction quality

The evaluation information of construction quality based on IFC file extension is to describe the
quality of beam, plate, column and wall which can be regarded as the entity in IFC model while the
evaluation information is equivalent to the attribute of entity characteristics described by IFC standard.
The existing IFC4 standards already include the standardized definitions of entities of beams, plates,
columns and walls. In this paper, the extension mechanism based on PropertySet is utilized to extend
the quality attributes. The property set is a container class that holds specified properties within an IFC
resource file. The reason to adopt this extension approach is not only that it is unnecessary to change the
system structure of the original IFC standard, but it also satisfies the requirements of putting evaluation
information into the IFC standard, which makes it convenient and feasible, and the specific extension
process is as shown in Figure 3. First of all, the corresponding entity, attribute and their relationship in
the IFC standard need to be determined according to the characteristics of quality evaluation in
structure construction. Secondly, attribute sets need to be categorized according to different
characteristics of the entities. Finally, defining attribute sets and attribute on construction quality to
complete the extension process of evaluation information based on IFC.
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Figure 3: IFC extension process based on PropertySet

In IFC standard, major entities of stucture element including columns, walls, beams, and plates have
been separated into a general definition and a specific specialization to represent the standard entities
for a parametric exchange of its shape, material and underlying element type [14]. On the other hand,
some property sets, for example the 17 quality attributes designed in Table 1, are excluded in the IFC
specification and lack of a predefined set of properties indicated by assigning the structure elements.
The definition of an IfcPropertySet includes name, entity family, the applicable type of value, and
description. A definition and illustration of how IFC properties can be used to structure external library
quality information is shown in Figure 4, in which the property type and value are determined by the
quantized results of quality evaluation indicators in Table 3. In this example an onsite reinforced
concrete model is structured as an instance of IfcPropertySet and its properties as instances of the
subclasses of IfcProperty. The reference to the property value is through IfcObjectReference and

1
I Property Set y y e £ 5 wg
: (IfcPropertySet) | PSet_OnsiteReinforced | {PSet_OnsiteReinforced", PSet_OnsiteReinforced " /PSet_OnsiteReinforced", |
| _ ConcreteBeam ' Concretewall ' ConcreteColumn _ Concreteslab :

1

= N A =,

| !
Column cross- | &
Reinf 't N . B . N B g Plat i
: eltorcemen Elevation Joint Axis it wall thickness section verticality L I &
cover thickness N depth/width . < SR thickness
| i deviation reliability deviation il deviation dimension deviation Ay [
deviation deviation - deviation |
| deviation i
| g
I 12
I :
! Exposgd Planeness (R
| reinforcing crack - H
| teel deviation (.
: stex [
1
A R e
r . o RS
| e = < T — I
Complets
: Concrete ofor;"\z ;:tn:r?:] Overall | IfcProperty IfcProperty
| strength appraisal = EnumeratedValue Singlevalue
| record |
| - e —
: | 7.07.58.0/8.5/9.0:19.510 IfcReal
| Completeness Completeness : — i ——
| of test record of construction |
: axis deviation record |
|
L s e e 4 Property list ;
(IfcPropertylist &IfcSimpleProperty) :
IfcObjectReference IfcLibraryReference

Figure 4: An instance model of IfcPropertySet

(2) The expression of quality evaluation information based on IFC

After finishing IFC extension on quality evaluation information, it is necessary to further describe the
quality information. EXPRESS-G is a graphical modeling notation developed within STEP and used for
IFC definition. In this study it is used to identify data attributes of IFC quality classes and the
relationships that exist between classes as shown in Figure 5 [15-18]. Considering five entity classes
comprised of IfcProduct, IfcElement, IfcBuildingElement, IfcPropertySetDefinition and
IfcPropertySet, an inheritance relationship is expressed by thick lines between two adjacent entity
classes, and with circles directing to its subclasses. The relationship between IfcPropertySet and
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IfcEntity is established by IfcPropertySetDdfinition, thus the construction quality condition of IfcEntity
can be expressed by the construction quality information contained in IfcProperty. IfcProperty covers
two subtype classes including IfcComplexProperty and IfcSimpleProperty, of which IfcSimpleProperty
includes six subtype classes. The contents in the elliptical dashed box in Figure 5 are the quality
properties as defined previously, which are linked to PropertySet
OnsiteReinforcedConcreteBeam/Column/Slab/Wall through thin full lines as explicit properties, and
the properties are assigned with enumerated values or simple values which are forcibly connected to
PropertySet in thin full lines.

&
,"""m('fai{j}ﬁﬁ's"é}fﬁéﬁ"" OnsiteReinforcedConcrete
REAL P SizeDeviation ¢ Beam/Column/Slab/Wall o
_C :
_.-—"é""f """ l': 'I"'t """"""" . IfCROOt
urfaceFlatness ™
REAL D_— Deviation b H o
(ABS)
IfcObjectDefinition
REAL :>——- Component A (ABS)
\.._ConcreteStrength ./ IfcObject
- : 4
S ) (ABS)
/7 Construction ™ IfcProduct
o— . o+
REAL ... Recordintegrity ¢ 6
(ABS)
IfcElement
IfcBeam/Slab/ s (ABS)
- Column/Wall IfcBuildingElement
IfcPropertyListValue O— p
IfcPropertyReferenceValue O— (ABS)
IfcPropertySet
IfcPropertyTableValue O Definition
IfcPropertyBoundedValue O
IfcComplexProperty IfcPropertySet =
IfcPropertyEnumeratedValue O— )\
IfcPropertySingleValue o, IfcSimpleProperty 1 IfcProperty

Figure 5: EXPRESS-G diagram for quality evaluation information

In this way an IFC-based quality-evaluation information library is constructed to support building
element compositions to be mapped to IFC objects identified such as IfcWall, IfcSlab, IfcBeam and
IfcColumn. In this study the IFC model was proposed to integrate with a quality-oriented database. A
number of external libraries including structural elements and evaluation results were loaded into the
database as IfcLibrary and IfcPropertySet instances. The quality information collected from acceptance
records and inspection files with calculation results in BP neutral network were used as data source. So
in the expression process, the cast-in-place reinforced concrete elements were defined as property sets
(IfcPropertySet) and inspection and evaluation records as external product libraries (IfcLibrary). There
are 17 properties such as concrete strength was defined as IfcSimpleProperty. The values of the
properties were defined as selection by IfcPropertyEnumeratedValue or IfcPropertySingleValue.

4. Integrated database construction for construction quality evaluation

It is important to use various data accurately and effectively in order to enhance the ability to evaluate
construction quality. If such data are integrated and visualized, a reality-based virtual database
environment can be constructed, which can be used by evaluation simulator and construction manager.
Besides the quantitative information discussed above mapping in BIM model, the database should also
include unstructured data, such as BIM model (or drawings), site-quality documentations, image&video

308



records etc, which can be used to support visual display or auxiliary reference for construction quality
evaluation. In order to classify the structure of evaluation data reasonably, it is necessary to identify the
database composition according to the characteristics and functions of evaluation data. In general three
categories are set in this study: (O graphical evaluation data as the basis of construction quality
evaluation is normally obtained from the views (or drawings) in BIM model. 2 parametric evaluation
data refers to the parameterized information that BIM model can reflect on basic situation and quality
status of structure entity, as well as the evaluation information which can be quantified in other
construction quality record document or can be described in a simple text format. (3 other evaluation
data involves raw materials certificates, on-site test records, construction quality acceptance record,
contract documents, design documents and related standard quality records, as well as IFC document,
pictures and video records, all of which can provide reference for construction quality evaluation.
Data classification is the process of organizing data into categories for its most effective and efficient
use. With complex composition and wide range of sources, the visual evaluation data of construction
quality consists of data with different storage structures. With many different storage structure, data can
be divided into structured data, unstructured data and semi-structured data. Structured data refers to the
data which has a certain structure, can be stored in a database and logically expressed through a
two-dimensional relational table structure. Unstructured data refers is what has unfixed data structure,
can not be directly stored by the relational database, and can only be stored in various forms of
documents. Unstructured data can only be stored in a specific field to be browsed through the
corresponding software which results it uneasy to be understood and unable to be standardized.
Semi-structured data is a data form between structured data and unstructured data, and its structure form
changes greatly. There is no obvious distinction when the structure and content of the data mix together.
Besides, semi-structured data is commonly self-describing. According to the differences of storage
structures of quality evaluation data, it can be classified into structured and unstructured data (there is
no semi-structured quality evaluation data as discussed above) as shown in Figure 6. The graphical
evaluation data belongs to the unstructured data. Parametric evaluation data can be expressed by
two-dimensional logic relational table structure, which belongs to the structured data. Other evaluation
data is usually stored in documents, pictures, audio and video form, which belongs to unstructured data.

Evaluation data

v ' v
Structured data ' Unstructured data :
: Parametric ' Graphical evaluation Other evaluation
: evaluation data : data data
i gintegE&ﬁ\e l o +l v v v
At e ; > ST - . Juality :
Qudnt_ltdtl\ ¢ 3 41:/ Ylu\ s or dlfm ings related IFC models Pictures A_udlo
evaluation data Z : in BIM softwares documents videos
A *;‘%arri et [ [
i da{a [SAA 8 g H
QUERTIELIVE | 000 e qualitative

modeling : reference

Figure 6: Data classification of quality evaluation

Referring to the visual requirements of construction quality evaluation and data characteristics in
database, the entities and attributes are categorized into 5 entities including “fractional project”,
“constituent project”, “inspection lot”, “IFC element” and “quality related files”. The first four entities
including “fractional project”, “constituent project”, “inspection lot”, “IFC element” consist of
structured data on construction components and workflow of quality acceptance. The entity attributes

of “quality related file” can be viewed as unstructured data, which mainly include graphical evaluation
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data and others. After categorizing the entities and corresponding attributes, considering the
relationship between the entities and adopting a bottom-to-up strategy to design the conceptual entity
model in quality database, the global E-R (Entity Relationship) diagram is shown in Figure 7. The
rectangle, ellipse and diamond box represents respectively entity, attribute and relation between entities
in the diagram.

(D One “fractional project” entity could be divided into “constituent project” entities which is
illustrated as a 1:n (one-to-many) relationship between two these two entities. That is, one fractional
project can be connected to multiple constituent projects while one constituent project only belongs to a
specific fractional project.

@ “constituent project” entity and “inspection lot” entity are connected in 1:n relation. That is,
the evaluation of a constituent project needs to inspect and test multiple inspection lots while every
inspection lot is set in exactly one constituent project.

(3 One “fractional project” entity includes multiple “IFC element” entities which is shown as a
1:n (one-to-many) relationship. That is to say one “fractional project” consists of multiple structural
elements with corresponding property attributes from IFC model while each structural element only
belongs to one “fractional project” entity.

@ “inspection lot” entity and “IFC element” entity are connected in m:n relation. It means that
one inspection lot needs to be examined by multiple evaluation indicators while one evaluation
indicator will be utilized and inspected in multiple inspection lots.

® “fractional project” (or “constituent project” , “inspectionlot” , “IFC element” ) entity and

“related files” entity are connected in 1:n or m:n relation. That is to say, the quality status of each
fractional project (or constituent project, inspection lot, structural element, evaluation indicator) is
recorded in one or multiple quality files while each file and can reflect the quality status of one
fractional project (or multiple constituent project, inspection lot, structural element, evaluation
indicator).
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Figure 7: E-R diagram for quality evaluation database

5. Operating the IFC based database

A database comprised of several BIM models, or one BIM model by itself, can be used as a source of
information for quality management techniques to identify useful evaluation attributes in data that
could inform users, such as: the identification of key factors in construction quality constrol, causes for
variations in the quality appraisal of beam construction, etc. Nowadays, taking into acount the
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complexity of (especially) the large construction projects, it’s quite important to set up a construction
quality management system which acts as a distributed data store for BIM data. There is a need to
maintain data consistency by updating and integrating the data on the quality management system.

Generally, similar to other BIM applications, the IFC-based construction quality management system is
impacted by project organizational structure, working relationships, or even social networks, which are
shaped by specific evaluation database. The operation of quality database cannot be disconnected with
the model by which construction information is organized and illustrated in a particular standard like
IFC. The prototypical framework is developed based on IFC extension and mathematical method (e.g.
neural network model) for predicting the overall praisal, whereby indicator selection and database table
design are normally organized in sequence. In an ideal situation, several 3D data collection techniques
including scanning, photogrammetry, virtual modelling, 3D printing and rapid prototyping can be
employed to capture quality information about construction projects. In the design stage IFC extension
is developed to synthesize various evaluation mode, comes up with an optimal expression in geometric
and evaluation definition, and constructs an entire building information model to be shared with the
database developer, which can be perceived in Figure 8. The methmatical algorithms, BIM model
building and the database are largely sequential. Users can access the quality database as a server

through data sent by quality system client which is also fed back evaluation result stored in IFC model.
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reading related content
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Figure 8: The workflow of quality database operation

6. Conclusion

The presented findings contribute to the understanding of the potential use of BIM in construction
quality evaluation and fill an existing gap in data integration on the use of relational database. This
paper explored the implementation of BIM in quality management and proposed integrated solutions to
improve current quality management processes with assistance of an IFC based working environment.
In order to better utilize the performance of BIM model and database on construction quality constrol, a
variety of BIM-based evaluation frameworks have been proposed. Also this paper discusses how these
IFC and neutral network models will work together to facilitate construction quality management. It
helps the project participants to better understand the quality progress and to collaborate more
effectively thanks to a visualized data format.

It can be concluded that the BIM and database-technology integrated construction quality evaluation
method is suitable and helpful in quality compliance management. A quality system based on this
approach proposed in this study could allow us to automate data acquirement and extraction from BIM
model and produce evaluation information that can also be used by users of the quality system platform.
Whilst there is a significant amount of time for us to implement the mapping of IFC element against
evaluation results, the benefits to the user are they don’t need to manually seek corresponding data
which is attached to a BIM model as a database. The effort invested to create the mapping will allow us
to ultimately move to being able to produce reliable IFC based quality database. Like any new feature
there is always room for improvement, the reugirement of more automation and new functionality
generated with the development of quality system platform is a giant step towards massive open
structured and unstructured data related construction quality.

311



ACKNOWLEGEMENTS

The authors’ special thanks go to all survey participants and reviewers of the paper, and appreciation
to the National Science Council of P. R. C. for financially supporting this research (NSFC-71302138),
and fund by the Priority Academic Program Development of JiangSu Higher Education Institutions
(CEO01-2-2).

REFERENCES

1. LouJ, XuJ, Wang K. Study on Construction Quality Control of Urban Complex Project Based on BIM [J].
Procedia Engineering, 2017, 174:668-676.

2. Kalyan T S, Zadeh P A, Staub-French S, et al. Construction Quality Assessment Using 3D as-built Models
Generated with Project Tango[C]// Procedia Engineering. 2016:1416-1423.

3. Motamedi A, Soltani M M, Setayeshgar S, et al. Extending IFC to incorporate information of RFID tags
attached to building elements[J]. Advanced Engineering Informatics, 2016, 30(1):39-53.

4. Bynum P, Issa R R A, Olbina S. Building Information Modeling in Support of Sustainable Design and
Construction[J]. Journal of Construction Engineering & Management Asce, 2013, 139(1):24-34.

5. Qiu X. Building Information Modelling (BIM) Adoption of Construction Project Management Based on
Hubei Jingzhou Bus Terminal Case[C]// International Conference on Business Computing and Global
Informatization. IEEE, 2011:282-284.

6. Cheng B, Wang Y. BIM's Content and Its Application in Contemporary Architectural Design[C]//
International Conference on Management and Service Science. IEEE, 2010:1-4.

7. Vladimir Popov, Saulius Mikalauskas, Darius Migilinskas, et al. Complex usage of 4D information modelling
concept for building design, estimation, sheduling and determination of effective variant[J]. Ukio
Technologinis Ir Ekonominis Vystymas, 2006, 12(2):91-98.

8. Han N, Yue Z F, Lu Y F. Collision Detection of Building Facility Pipes and Ducts Based on BIM
Technology[J]. Advanced Materials Research, 2012, 346:312-317.

9. Kim I, Kim J, Seo J. Development of an IFC-based IDF Converter for Supporting Energy Performance
Assessment in the Early Design Phase[J]. Journal of Asian Architecture & Building Engineering, 2011,
11(2):313-320.

10. Yarmohammadi S, Pourabolghasem R, Castro-Lacouture D. Mining implicit 3D modeling patterns from
unstructured temporal BIM log text data[J]. Automation in Construction, 2017, 81:17-24.

11. Arayici Y, Coates P, Koskela L, et al. Technology adoption in the BIM implementation for lean architectural
practice[J]. Automation in Construction, 2011, 20(2):189-195.

12. Isikdag U, Underwood J, Aouad G. An investigation into the applicability of building information models in
geospatial environment in support of site selection and fire response management processes[J]. Advanced
Engineering Informatics, 2008, 22(4):504-519.

13. M. Weise, T. Liebich, J. Wix, Integrating use case definitions for IFC developments, in: Ework and Ebusiness
in Architecture, Engineering and Construction, Proceedings of 7th European Conference on Product and
Process Modelling, Sophia Antipolis, France, 2008: 637-645.

14. Interoperability International Alliance Of. Industry Foundation Classes. Geneva, 2014.

15. Kim Min-Koo, Cheng Jack C. P.,Sohn Hoon, et al. A framework for dimensional and surface quality
assessment of precast concrete elements using BIM and 3D laser scanning. Automation in Construction. 2015.
49: 225-238.

16. Kim Inhan,Seo Jongcheol. Development of IFC Modeling Extension for Supporting Drawing Information
Exchange in the Model-Based Construction Environment. 2008. 22(3): 159-1609.

17. Tanyer Ali Murat,Aouad Ghassan. Moving beyond the fourth dimension with an IFC-based single project
database. Automation in Construction. 2005. 14(1): 15-32.

18. Zhiliang Ma, Zhenhua Wei,Wu Song, et al. Application and extension of the IFC standard in construction cost
estimating for tendering in China. Automation in Construction. 2011. 20(2): 196-204.

312





