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Abstract 
Today’s buildings are getting larger and more complex. As a result, the traditional method of 
manually checking the design of a building is no longer efficient since such a process is time-
consuming and laborious. It is becoming increasingly important to establish and automate 
processes for checking the quality of buildings. By automatically checking whether buildings 
satisfy requirements, Building Information Modeling (BIM) allows for rapid decision-making 
and evaluation. In this context, the work presented here focuses on resolving building safety 
issues via a proposed BIM-based quality checking process. Through the use case studies, the 
efficiency and usability of the devised strategy is evaluated. This research can be beneficial in 
promoting the efficient use of BIM-based communication and collaboration among the project 
party concerned for improving safety management. In addition, the work presented here has 
the potential to expand research efforts in BIM-based quality checking processes. 
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INTRODUCTION 
As projects in the construction industry grow more complex, a wealth of information can be 

generated. Thus, interdisciplinary and systematic collaboration requires a considerable amount of 
communication and information transmission. Currently, the method for communicating information 
in design works has changed from paper-based drawings to three-dimensional (3D) Building 
Information Modeling (BIM), which enables efficient data management and quick decision-making. 
The BIM paradigm has been recognized as a potential catalyst for enhancing the productivity, 
efficiency, and collaboration of work in the construction industry. 

At present, the construction industry has shifted from improving efficiency by reducing costs 
and project durations toward the issue of safety management (Kim & Park, 2011). With the 
increasing demand for safety management, Information Technology (IT), including safety 
management quality control, has emerged as an efficient solution because it can support human 
decision-making and evaluation. Specifically, IT solutions allow contractors to determine whether 
design solutions correspond to and satisfy safety management quality requirements. In a previous 
study, Wix (Wix, 2008) reported that 85% of architects and engineers have a high interest in 
automated rule-based checking because they spend more than 50 hours reviewing design solution 
models to ensure that they meet the requirements dictated by a building’s functional, aesthetic, 
engineering, and environmental criteria. 

*openBIM: openBIM is a universal approach to the collaborative design, realization and 
operation of buildings based on open standards and workflows. openBIM is an initiative of 
buildingSMART and many leading software vendors using the open buildingSMART Data 
Model including IFC (buildingSMART International. 2015). 
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BIM-based safety management improvement has been one of the primary topics of BIM 
research in the construction IT field. In most cases, BIM-based quality checking can be performed 
through the software itself so that building codes, zoning, legislation, and other requirements are 
satisfied. Quality checking during the design phase can improve design quality by detecting errors 
and omissions in building designs, while quality checking in the construction phase can improve 
the feasibility of a building’s construction by detecting conflicts between various building elements 
or systems. Thus, the importance of BIM-based quality checking for safety management has been 
recognized because it allows for quick decision-making and improves the design and quality of 
construction in building projects (Seo, Kim & Kim, 2012). 

Many researchers have suggested solutions for quality control in safety management. Kim et 
al. (Kim, Cho & Choi, 2010) developed a BIM evacuation simulation module, called InSightBIM™, 
for BIM-based quality checking in supertall buildings. Nisbet (Nisbet, 2014) proposed the 
Construction Operation Building Information Exchange (COBie) for both the exchange of asset 
information and the efficient management of facilities. The COBie can be used for safety 
management in that dangerous factors and decrepit equipment can be identified by the 
management system during the operation and maintenance of facilities. Zhang et al. (Zhang, 
Teizer, Lee, Eastman & Venugopal, 2013) developed an automated error-detection module and an 
installation system (i.e., fall protection installations such as staircases, slab edges, slab openings, 
and protective equipment) operated through Tekla™. In a case study, Seo et al. (Seo, Kim & Kim, 
2012) proposed requirements (i.e., basic BIM modeling guidelines for use in architectural design) 
that considered the quality of BIM data. The efficiency of the BIM requirements were subsequently 
demonstrated when they were used along with the Solibri Model Checker™, a quality-checking 
tool. While a variety of systematic, BIM-based safety management methods and solutions were 
proposed in the above-cited works, the collection and identification of critical safety management 
factors was limited. In addition, it can be difficult to determine the efficiency of BIM-based quality 
checking for improving safety management when purpose-driven approaches are followed. 
Therefore, a formal and explicit BIM-based quality checking process for improving safety 
management is proposed in this paper. The efficiency and usability of the devised strategy is 
evaluated with case studies via an issue-driven practical approach. 

QUALITY CHECKING AND SAFETY MANAGEMENT 

Concept and characteristics of BIM-based quality checking 
BIM-based quality checking can be considered as one of the quality management activities 

that exist in each phase of a project’s life cycle. Therefore, it is important to define what quality 
checking is and compare a viewpoint of traditional quality checking approach with a BIM-based 
quality checking method. The Project Management Institute (PMI) defines quality management as 
follows (Project Management Institute, 1996): 

Project quality management includes the processes required to ensure that the project will 
satisfy the needs for which it was undertaken. It includes all activities of the overall management 
function that determine the quality policy, objectives, and responsibilities and implements them by 
means such as quality planning, quality assurance, quality control, and quality improvement, within 
the quality system. Following a definition by PMI, quality control means both monitoring to ensure 
that the results of a specific project comply with relevant quality standards and identifying ways to 
eliminate the causes of unsatisfactory performance (Project Management Institute, 1996). In this 
context, BIM-based quality control can be defined as ensuring that business quality requirements 
are confirmed through automated (i.e., computerized) inspection and evaluation. BIM-based quality 
checking (Seo, Kim & Kim, 2012) is a platform for validating the design, construction, and other 
phases of BIM models from the viewpoint of quality control. 
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The quality of BIM models is influenced by both the designer’s abilities and the tools chosen. 
Ultimately, the quality is reviewed with computerized tools because manual inspection is time-
consuming and laborious. Thus, automated quality inspection is necessary to minimize errors and 
reduce the time spent on manual inspection. Recently, automated BIM-based quality control has 
been applied as a project-design quality improvement tool for scientific methodologies (O. K., 2009; 
Smith, 2008). 

BIM is a rich and formal model that provides an ample number of possibilities for automated 
quality inspections; it can interpret and execute a variety of criteria ranging from client requirements 
to health codes, safety codes, and building design and construction regulations. The quality 
inspection process generally includes various phases according to the objectives and scope of a 
specific project. In general, the process is composed of four phases: rule interpretation, BIM model 
preparation, rule execution, and rule-checking reporting (Eastman, Lee, Jeong & Lee, 2009). Rule-
checking tools such as the Solibri Model Checker™ (Solibri, 2015), Tekla BIMSight™ (Tekla, 
2014), EDMmodelServerLite™ (Jotne EPM Technology, 2009), and Navisworks™ (Autodesk Inc. 
2015) are commonly employed for BIM-based quality control. The BIM model can be validated with 
automated rule-checking tools because it is an object-oriented database with many types of 
building data. These tools enable physical, logical, regulation, and visualization inspection so that 
the quality of a BIM model can be validated. 

Safety management and issues 
The goals of safety management are to control safety actions and procedures in the workplace 

and to establish safety management processes (Benjaoran, Bhokha, 2010). In the construction 
industry, the main purpose of safety management is to prevent the occurrence of disasters on 
projects (e.g., accidents, injuries etc) and to control construction tasks by reducing construction 
times, wasted costs, and energy. Table 1 shows the general tasks associated with safety 
management in construction practice. These tasks include traditional and manual inspection 
activities. However, such processes are often time-consuming and laborious, and the approach 
depends on the practitioner’s abilities and judgment. Therefore, computerized quality inspection is 
necessary to minimize human error and reduce inefficient time and effort spent on manual 
inspection. 

Table 1: Work safety management tasks. 

Safety Management Activity Safety Management Issue 

Self-management 

Safety Inspection 

Personal Protection Equipment 

Audit 

Inspection & Observations 

Risk Assessment Work permit 

Safety Education 

Emergency Information 

Safety Training & Hazard 

Communication 

Hazard Factor Management 

Warning Sign 
Incident Management 

 
In this section, the use of BIM technology is suggested to resolve safety issues at each phase 

of construction. Safety accidents in the construction industry may be diverse and complex in nature, 
accounting for a large proportion of the economic impact of accidents when compared with other 
industries. Countries and organizations can benefit from minimizing losses related to disasters, 
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accidents, and worker injuries in all phases of design and construction (Ahn, Go & Lee, 1996). The 
use of BIM has the following potential benefits: 
 

 Identification of possible flaws in construction 
 Minimization of losses (costs, time, accidents) 

 
In the design phase, BIM-based simulations can be used to evaluate safety and automatically 

check for adherence to regulations. Safety is ensured throughout the design phase via regular 
reviews of systems by safety professionals. BIM technology can be employed to address a range 
of issues in the design phase, including: 

 
 Model-based pre-inspection of the safety of the environment 
 Automated system inspection for adherence to safety regulations 
 Facility and equipment safety plans associated with operation and maintenance 
 Fundamental safety management using safety assessment checklists 

 
Figure 1 shows an example of a simulated fire-escape inspection using BIM technology. 
The BIM model-inspection tool shows semi-transparent space objects, i.e., boundaries and 

openings such as doors and windows, as well as critical paths to the shortest escape routes. 

 

Fig. 1. Fire-escape inspection simulation using BIM technology. 

The specific safety alternatives needed to control risks at construction sites vary depending on 
the construction process and associated project complexity. Safety information in the construction 
field can be inconsistent, and it is difficult to keep up with complex and fluctuating requirements 
(East, 2012). Some of the key safety issues during the construction stage are: 

 
 Visually ensuring safety via 3D simulations 
 Education for workers and managers through the use of simulations 
 Minimization of construction errors and accidents 

 
Figure 2 shows an example of a safety inspection in the construction phase. In a workplace, 

ceiling heights and delivery routes are significant safety issues because freight-loaded trucks and 
objects at elevated height, including Mechanical, Electrical, and Plumbing (MEP) elements or 
beams, can collide. The 3D BIM-model simulations in Figure 2 illustrate three possible types of 
collisions. 
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Fig. 2. Safety inspection using collision simulations. 

CASE STUDIES ON SAFETY MANAGEMENT 
In this work, various cases associated with safety issues are reviewed. In particular, cases 

related to developing applications, making modeling guidelines, and analysing regulations and 
standards for Facility Management (FM) are examined. 

Fire evacuation in skyscrapers 
As buildings become larger and more complex, the process of reviewing every part of a 

building for conformance to regulations is growing increasingly more difficult. Automated 
evacuation-inspection systems are necessary for simulating a review of supertall buildings 
(skyscrapers), and BIM can be used for the identification of optimal evacuation egress (Kim, Cho 
& Choi, 2010). Figure 3 shows the development and validation of an evacuation-simulation module 
in an integrated BIM-based quality inspection system called InSightBIM™ (Seo, Kim & Kim, 2012). 
First, evacuation regulation and application criteria were analyzed for BIM modeling. The translated 
BIM model in Industry Foundation Class (IFC) format is reviewed using the quality inspection tool, 
which consists of three modules (analysis of egress options, analysis of emergency elevators, and 
analysis of evacuation safety zones). The analyzed results are ultimately output into XML format, 
allowing users to check for errors corresponding to the safety issues of egress, evacuation, and 
emergency elevators. 
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Fig. 3. Development and validation of a BIM evacuation-simulation module. 

Emergency elevators and evacuation safety zones can be checked automatically using the 
egress route module (the Application Programming Interface [API]). This module operates 
according to the following process: 

 
(1) Develop a module to check for egress routes using the Java™ programming language 
(2) Review the evacuation egress route, emergency elevator, and evacuation safety zone 

criteria using developed rule-sets 
(3) Execute rule-checking (InSightBIM™-FireEvacuation)  
(4) Report results (visualized error lists) 

 

  

(a) Path visualization of the evacuation 
distance inspection 

(b) Results of the evacuation elevator 
inspection 

Fig. 4. Example of InSightBIM™-FireEvacuation software. 

Safety management is reviewed using InSightBIM™–FireEvacuation. The inspection results 
pertaining to the building’s shortest egress route and emergency elevators are shown in Fig. 4(a) 
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and (b), respectively. Through this work, the following goals can be achieved (Kim, Choi & Cho, 
2013): 

 
(1) Attainment of efficient and accurate safety information (emergency/safety 

zone/evacuation egress routes) during the design phase 
(2) Planning for accurate safety management. 

 
As an example, consider skyscrapers - these have many floors and spaces, where automated 

inspections would be very powerful in that these would allow for rapid and precise results to be 
obtained. In addition, both vertical and horizontal pathfinding for evacuation would be significant 
research topics for future projects. 

COBie 
The COBie is a data schema for exchanging BIM data in the facility management phase (Park, 

2015). The necessary information (e.g., materials and properties) are stored in spreadsheets. 
COBie makes it possible to assess safety management data through a review of a building’s energy 
savings and efficient facility management. The outline of COBie is as follows: 
 

(1) COBie is a data format for managing and using asset information in the facility 
management phase. 

(2) IFC data converted from BIM data is stored in spreadsheets so that it is easily 
accessible in the facility management phase (Lee, Yu & An, 2012). 

(3) COBie focuses on delivering building information rather than geometric modeling, and 
it is a subset of a BIM model. 

 

 

Fig. 5. Example of a COBie template (East, 2012). 

COBie can be used to document product data to support specification, selection, and 
replacement processes (Nisbet, 2014). The COBie template contains 16 worksheets for information 
on contracts, the facility, floors, spaces, zones, components, systems, parts, resources, jobs, 



                     
 International Journal of Architectural Research                                                                                              Seunghwa Park, Inhan Kim 

 
 

Archnet-IJAR, Volume 9 - Issue 3 - November 2015 - (111-129) – Special Issue 118 

                                                 Copyright © 2015 Archnet-IJAR, International Journal of Architectural Research 

documents, attributes, coordinates, connections, and issues. In the facility management phase, the 
most active uses of COBie are: 
 

(1) Building and maintaining energy-saving and energy-efficient facilities by converting 
COBie data into the ifcXML format via a data converter 

(2) Pre-maintenance of facilities and safety precautions through the efficient management 
of COBie data 

 

COBie’s data collection method is based on process-oriented representation. Thus, the end 
user or manager does not have to wait until the end of a project to receive data. Data are inputted 
by experts working directly in the field or automatically by the BIM software. Both processes are 
efficient for collecting precise facility management data. Although COBie must be localized so that 
it can adapt to each country’s construction environment, it can still reduce costs and time for facility 
management maintenance. 

Automated safety inspection of construction models and schedules 
According to regularly published safety studies, the number of employee injuries and deaths 

from falling increases every year in the United States. The objectives of one BIM-based safety 
research project was to analyze simplified rules and develop an automated detection and 
installation system (Zhang, Teizer, Lee, Eastman & Venugopal, 2013). The authors classified the 
rules for fall protection into three parts: building objects, object attributes, and prevention systems, 
as shown in Figure 6. 

 

Fig. 6. Example of rule simplification for fall protection (green = building objects; orange = object 
attributes; red = prevention system). 

The system can automatically install protective equipment for staircases, slab edges, and slab 
openings with different shapes and dimensions. 
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 (a) Modeling without a protective system          (b) Modeling with a protective system 

Fig. 7. Automated rule-based fall protection detection and installation in Tekla™. 

Case study results 
A variety of methods and solutions for safety management in a computerized environment 

have been proposed in previous studies. As such, many of the customary practices performed 
informally during the construction process have been eliminated. Table 2 outlines the major aspects 
of previous research related to safety management. 

Table 2: Summary of previous safety studies. 

Subject Applied phase Safety issue Applied method Result deliverable 

Fire evacuation 
in a skyscraper 

Planning 
Fire evacuation 
pathfinding 
simulation 

Rule-based quality 
control for egress 
route 

Modeling guide and 
application development 

COBie 
Facility 
management 

Safety management 
using FM DB 

ifcXML format using 
spreadsheets 

Standard proposal 

Automated 
safety inspection 
of construction 
models and 
schedules 

Planning and 
design 

Fall protection 
detection and 
installation 

Automated rule-based 
modeling revision 

Application 
development 

for revising model 

 
Each of the above-cited studies can be considered as cases for improving safety management 

based on their purpose-driven approaches. However, it can be difficult to determine the efficiency 
of BIM-based quality inspection from such research, and the tasks of collecting and identifying 
critical factors for safety management can be complex. Therefore, the purpose of this study is to 
use an issue-driven approach to determine the efficiency and usability of safety management 
quality-inspection processes and applications. 

 



                     
 International Journal of Architectural Research                                                                                              Seunghwa Park, Inhan Kim 

 
 

Archnet-IJAR, Volume 9 - Issue 3 - November 2015 - (111-129) – Special Issue 120 

                                                 Copyright © 2015 Archnet-IJAR, International Journal of Architectural Research 

BIM-BASED QUALITY CONTROL FOR SAFETY ISSUES 
Typically, there are three kinds of categories for BIM-based quality control (Choi, 2012). First 

category is physical quality control. It means duplicated elements checking, clash checking 
between physical elements on different construction domain such as structure and MEP and so on. 
Second category is logical quality control. It means rule-based checking using formulas, 
architecture acts, guidelines, specifications and so on. Last category is data quality control. It 
means data reliability checking. It determines whether specific component has its own proper 
attributes or not. For example, a door has to have not a slab’s attributes, but door’s attributes. In 
this paper, using various BIM checking tools, we executed quality inspection about space, 
architecture, structure, site and MEP model by common rule-based and visualization-based 
checking methods. 

Quality inspection process 
A BIM-based quality inspection process was devised to ensure the quality of both individual, 

independently developed models as well as models after integration. First, the space model was 
checked to confirm that the code was adequately satisfied. A second round of checks were 
performed for the BIM models developed after this stage, as well as for the architecture, structure, 
and MEP models. These checks were based on BIM-based quality criteria specific to each stage. 
After the quality of each model was assured, the integrated model was the subject of a coordination 
inspection so as to confirm that the critical elements in each model were well coordinated without 
colliding with any other elements. 

Issues that arose in the inspection were addressed at a meeting of all team leaders in order to 
determine who was responsible for all specific issues and how best to resolve them; the process 
was repeated until all important issues were resolved. Through this process, a final decision was 
delivered to the technical members so that the models could be updated. Consequently, high-
quality BIM data and a final model that was assumed to contain all information necessary for the 
construction and maintenance phases were produced. Figure 8 shows the overall BIM-based 
quality control inspection process for safety issues. 

 

Fig. 8. Process for BIM-based quality control. 
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Case overview 
The Ecology Learning Center at Pangyo was employed as a sample project to explain issues 

related to safety management (PEN Build Korea, 2012). Even though, this is an initial project about 
BIM-based safety management, it is meaningful because it shows various possibilities of BIM 
adoption about an automated inspection and evaluation. This project was carried out by PEN Build 
Korea and POSCO E&C Associates for the BIM and Safety Competition in Singapore. As a joint 
venture in this competition, PEN Build Korea and POSCO E&C Associates consisted of BIM-related 
professionals and BIM coordinators, including architecture, structure, MEP, sustainable design, 
construction cost, operations and maintenance, and virtual reality professionals. The authors 
participated in the competition and developed a BIM-based quality inspection process. The Ecology 
Learning Center was selected for the following purposes: 

 
(1) To establish a public community center in response to urban sprawl around the Pangyo 

area 
(2) To create a green junction connecting a nature-friendly water system to nearby 

ecological infrastructures such as water-restoration facilities, waste-incinerating 
facilities, and energy facilities 

(3) To enhance quality of life by sharing a creative space for experiences, exhibitions, 
education, and so on. 

 
The Ecology Learning Center is located at the Housing Development District No. 8 Vicinity 

Green Park in Pangyo. Urban programs proposed around the site address issues related to 
ecological infrastructure, ecology learning, youth, and culture. Thus, the project sought compatible 
programs that fit the urban context; this exhibition was suggested as one of those programs. 

The building has an area of 1,892.73 m2, a Gross Floor Area (GFA) of 4,568.90 m2, and a 
height of 19.88 m based on an average ground base level of +40.08; 35 parking lots are proposed 
for the site (see Table 3). 

Table 3. Pangyo Ecology Learning Center project summary. 
Project Pangyo Ecology Learning Center 

Location Pangyo Housing Development District No.8 Vicinity Green Park 

Region/District Natural Green District 

Site No.8 Vicinity Green Park 119,879 m2 

Proposed Area 3,195.30 m2 

Function Culture & Exhibition Facility 

Volume B1F ~ 2F 

Height 19.88m (Based on Average Ground Level +40.08) 

Structure RC, SC 

Main Exterior Material Exposed Concrete, Gabion Wall, Stainless Steel Mesh 

Street Condition 20m Planned Street in the Front 

Building Area / Gross Floor Area 1,892.73 m2 / 4,658.90 m3 

Coverage Ratio / Floor Area Ratio 1.58 % / 2.36 % 

Parking Code 6 Lots above Ground (Incl. 1 Handicapped Lot) 

29 Lots underground (Incl. 1 Handicapped Lot) 

Proposed 35 Lots 
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Safety management in the design phase 
In order to check for safety issues in building projects, two views were considered. The first 

was the viewpoint of the construction workers so as to address any possible safety issues during 
the construction phase. The purpose of safety inspections should be to prevent accidents during 
construction and reflect the BIM-based accident prevention recommendations from the design 
phase. The second view was that of the building’s users after construction. These safety issues 
would relate to any potential disasters experienced during the building’s use. Here, the purpose of 
the safety inspections was to minimize the potential harm to humans if accidents occurred. In 
particular, BIM enables preliminary reviews through its visualization and simulation tools because 
they contain a great deal of building information that can be used for safety management 
improvement alternatives. This section introduces critical safety management issues in the design 
phase; specific safety issues will be discussed later. 

Issue – deficient elements 
One safety issue in this case related to missing elements. Depending on the case, deficient 

elements could lead to serious safety problems such as falling or collapsing. This was especially 
critical during the construction process as well as for the structural safety of the building after 
construction. Using the Solibri Model Checker™, a missing stair slab was noted, which was 
subsequently revised in the model. 

 

Fig. 9. Deficiency issue: missing stair slab identified; issue resolved by adding a slab. 

In this case, each object must have the correct building attributes; otherwise, information can 
be lost due to errors in translation to other file formats. Therefore, the property of each building 
object must be validated before inspection. 

Issue – falls 
 Falls often occur around floor and roof openings and can be a serious issue for humans 

working at these edges when they are exposed to the weather. A unique way of preventing falls of 
these types is to install temporary safeguards or railings around dangerous locations. BIM should 
be able to provide additional information regarding this issue. Figure 10 shows a floor opening that 
raises a safety issue, which BIM could prevent by recommending the addition of temporary railings 
around the opening. 
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Fig. 10. Fall issue: floor opening has no ramp; railing is added. 

 Although the authors revised the model manually after inspection, an API, which is capable of 
revising the BIM model automatically, could have generated precise architectural objects such as 
railings and fall protectors. 

Issue – fire 
Fires are one of the main safety issues for building users after the construction of a building is 

complete. In order to prevent the occurrence of a fire, sufficient information should be modelled 
and added into BIM. Such information includes firewall properties and fire zone data. Firewall 
properties should be composed of proper safety materials. Figure 11 shows a building with proper 
zones and firewall information identified as providing protection against fire accidents. In addition, 
fire escape traffic distances and fire zone area allocations are the biggest issues with regard to fire 
safety. The proper parameters for the above issues are mandated by building codes for fire 
security. This visualization information can be linked with real-time monitoring for safety 
management in later phases. 

 

Fig. 11. Visualization of fire zones and walls for safety. 

Issue – health accident 
Finally, to secure the safety of the MEP facilities, an inspection was performed to confirm that 

there was sufficient safety information (Figure 12). This information included data pertaining to 
hazards for building users, such as pipes pumping noxious materials into the building or water 
pipes passing near power lines. The existence of this information in BIM itself provides a way of 
preventing possible disasters through proper visualization. 
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Fig. 12. Safety issue: pipes carrying noxious materials, water pipes near power lines. 

In the design phase, one of the most important quality inspection methods is 3D visualization, 
as illustrated in the above examples. Depending on the colours used to reflect the building’s 
components, building users can be aware of safety zones as well as evacuation paths in advance. 

Through BIM-based quality inspection in safety design, safety issues such as clashing 
elements and possible collisions, falls, fires, and health-related accidents were resolved. 

Safety management in the construction phase 
There are a certain number of hazard factors in the construction field. In this study, strategies 

to reduce the possibility of a disaster occurring during work were discussed. A decision was made 
to apply the visualization and simulation techniques featured in BIM. One of the efficient 
characteristics of BIM is its methods for simulating construction planning, fall protection, steel 
element prefabrication, and other aspects of construction in advance. Here, safety simulations with 
BIM-based quality inspection were performed in Navisworks™ and Digital Project™. The critical 
issues of safety management in the construction phase and all identified safety issues are 
presented in the discussion section.  

Issue – excavation safety inspection 
An excavation simulation was performed based on the total volume of earth from the BIM data 

and the efficiency ratio of machinery to time (Figure 13). The risks associated with actual 
construction compared with the construction planning schedule were mitigated through the use of 
BIM simulations in Navisworks™ based on the earthworks plans for the construction site’s safety, 
and working environment needs. Risk control of the excavation was monitored based on the work 
schedules of two backhoe loaders (0.7 m3) and dump trucks. We present the results obtained in 
Navisworks™. This simulation used inputted work schedule information and made it visual, but a 
method for calculating the amount of excavated land based on the BIM model’s land attributes 
should be researched in a later phase. 
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Fig. 13. Excavation safety inspection. 

Issue – steel fabrication check 
To provide detailed information for steel fabrication, a 3D model was created in Digital 

Project™, and Numerical Control (NC)-code was extracted by unfolding for steel-pipe cutting. 
Figure 14 shows the steel fabrication process employed in this project. For the fabrication 
simulation, unfolding steel pipe was modelled in Digital Project™, and NC-code was extracted for 
Computer-Aided Manufacturing (CAM). Using the NC-code, the steel pipes were cropped safely in 
the factory. Based on the case illustrated below, an excavation simulation and prefabrication can 
minimize risks and accidents at construction sites. This type of modeling and inspection using BIM 
models can help improve safety during and after construction because excavation and steel 
welding are not always planned out in advance. 
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Fig. 14. BIM modeling and process for steel fabrication. 

Discussion 
During the project, team members (including the authors) investigated and analyzed items 

required for safety management in the design and construction phases. A checklist was defined 
and quality inspection was performed using BIM tools such as Vasari™, the Solibri Model 
Checker™ (SMC), Navisworks™, and others. Shown in Table 4 are the team members’ resolutions 
of the safety issues. Quality inspection and revised BIM models were executed using several rule-
checking tools until the team members were satisfied with the levels of safety. 

The team members were satisfied with the proposed methods because significant 
improvement were observed when compared to conventional strategies (based on manual 
inspections that depend on a practitioner’s ability and judgment). The results indicate that traditional 
practices make it difficult to identify and control safety issues; most members currently participating 
in the project could not explore a computerized approach that continuously identified safety 
management issues and controlled decision-making via the proposed processes with the devised 
quality-inspection tools. As a result, it was found that the proposed process and its application can 
be more effective than current customs and practices in terms of improving safety management. 

As highlighted in Table 4, several safety management issues result “Partially satisfied” and 
must still be resolved. In terms of deficient element inspections, there can be no errors in the 
design, intent, and rationale for element objects. For example, a wall object should be placed such 
that it is connected to two floor objects in rule base, but if the wall has no structural problem, there 
can be no modeling error. This problem was encountered quite often during the case study. 
Therefore, various types of problems that are not design errors must be collected and classified in 
detail; this scenario arises due to the functional limitations of SMC. 
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Table 4: Quality inspection list for safety management. 

Phase Safety Issue Objective Method Results 

Design 

Space program 
inspection 

Finding unallocated 
area and arrangement 

Space validation in 
SMC 

Satisfied 

Clash elements 
inspection 

Removing duplicated 
elements 

Clash check in 
SMC 

Satisfied 

Deficient elements 
inspection 

Modeling revision 
Deficient check in 
SMC 

Partially satisfied 

Collision inspections Securing enough space 
Collision check in 
SMC 

Satisfied 

Inspection for falls 
Adding safeguards 
(fence, railing, etc.) 

Rule-based check 
in SMC 

Satisfied 

Inspection for fires 
Securing firewalls and 
evacuation routes 

Rule-based check 
in SMC 

Partially satisfied 

Health accident 
inspection 

Securing MEP safety 
Visualization in 
SMC 

Satisfied 

Construction 

Preliminary cost 
estimation 

Effective budget 
planning 

Simulation in 
Navisworks 

Satisfied 

Excavation simulation 
Planning work period 
and path 

Simulation in 
Navisworks 

Satisfied 

Concrete deposition 
simulation 

Concrete QTO 
calculation and 
depositing plan 

Simulation in 
Navisworks 

Satisfied 

Fabrication simulation 
Steel-pipe cutting and 
welding 

Modeling using 
Digital Project 

Satisfied 

 
In the case of a fire safety inspection, secure firewalls and evacuation routes are important 

aspects of fire safety. Firewalls were checked for their material information, and spaces were 
checked to ensure that they had evacuation routes. Here, one of the main issues is determining 
the optimal distances and sufficient times for the building’s users to be able to escape from 
anywhere in the building to safe places. Such an issue can be resolved by developing rule sets in 
the SMC and applying local codes. 

 In addition, the BIM model data obtained in this case study were translated into openBIM (IFC 
data format), and IFC data were used for data exchange between the BIM modeling and quality 
inspection tools. However, the problem of data loss from limited interoperability between application 
tools during the case study persisted. Therefore, as one of a number of alternative methods, 
detailed guidelines that can enhance data interoperability between application tools based on their 
various uses must be developed. 

CONCULSION 
This paper discussed the efficiency and usability of safety management through the application 

of a proposed quality inspection process. As a result of the case study, it was found that this 
proposed method can be used efficiently for safety management, which indicates that current 
customs and practices (following traditional and manual inspections) still make it difficult to carry 
out a preliminary safety management review. 
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However, when carrying out our proposed process, problems caused by data interoperability 
among the design and quality-inspection tools remained as critical obstacles to improving safety 
management in a computerized environment. The errors discovered during quality inspection are 
categorized into several types, including building element clash, building element overlap, and 
escape code. The results also indicate that the adoption of BIM has not yet reached a sufficiently 
high level to enable its practical use. 

Quality control for safety management is very important in that it prevents possible disasters 
and accidents based on preliminary reviews. In particular, BIM provides rich and formal 
descriptions, which in turns allows for the possibility of automated quality inspection for improving 
safety management. The goal of BIM-based quality inspection for safety management was to 
identify the best ways of minimizing the dangers to humans and eliminating risk factors in the life 
cycles of buildings. 

BIM-based quality control and inspection for safety management can be dependent not only 
on modeling methods and skills, but also on the performance and interface of applications. Further 
research will be conducted in this area so as to improve process efficiency (including data 
interoperability among applications, decision-making, etc.) in real projects and to develop BIM-
based quality guidelines for safety management. 

ACKNOWLEDGEMENTS 
The authors are greatly indebted to POSCO E&C Associates and PEN Build Korea members 

who participated in the BIM and Safety Competition held in Singapore. In addition, this research 
was supported by a grant (15AUDP-C067809-03) from Architecture & Urban Development 
Research Program funded by Ministry of Land, Infrastructure and Transport of Korean government. 

REFERENCES 
Ahn, H., Go, S., and Lee, C. (1996). A Study on the Improvement Plan of Construction Safety 

Management. Journal of Architectural Institute of Korea 12(12), 265-275. 
Autodesk Inc. (2015). Autodesk Navisworks Products. Autodesk Official Website. from 

http://usa.autodesk.com/navisworks. 
Benjaoran, V., Bhokha, S. (2010). An integrated safety management with construction management using 

4D CAD model. Safety Science 48(3), 395-403. doi:10.1016/j.ssci.2009.09.009 
buildingSMART Korea. (2011). Proposals: Development of built information facilities BLM technology for 

the enhancement of construction engineering industry competitiveness. buildSMART Forum 2011. 
buildingSMART International. (2015). What is the official definition of Open BIM. buildingSMART 

International Website. from http://buildingsmart.com/openbim/faq. 
Choi, J. (2012), openBIM and Design Information Quality Control, Goomi books Inc, Korea. 
East, E. William (2012). Construction-Operations Building information exchange (COBie) buildingSMART 

alliance, National Institute of building Sciences, Washington, DC. NIBS Official Website. from 
http://www.nibs.org/?page=bsa_cobie. 

Eastman, C., Lee, J. M., Jeong, Y. S., and Lee, J. K. (2009). Automatic rule-based checking of building 
designs. Automation in Construction 18(8), 1011-1033. doi:10.1016/j.autcon.2009.07.002 

Jotne EPM Technology. (2009). Vestbanen BIM MSMLite Jurysystem Brukermanual. 
Kim, H., Park, C. (2011). Construction Site Safety Management System using BIM and AR. KICEM 

General Meeting and Conference of Korea 2011. 
Kim, I., Choi, J., and Cho, G. (2013). Development of Rule-based Checking Modules for the Evacuation 

Regulations of Super-tall Buildings in Open BIM Environments. Journal of the CAD/CAM of Korea 
18(2), 83-92. 

Kim, I., Choi, J., Cho, D. Choo, S., and Cho, G. (2012). A Basic Study on the Establishment of Open BIM 
Information Environment for Super-tall Buildings. Journal of Architectural Institute of Korea 28(2), 13-
20. 

Ko, Y., Ock, J. (2010). A Study on the Development of Process for BIM-Based CAFM System. Journal of 
Architectural Institute of Korea 26(5), 9-15. 



                     
 International Journal of Architectural Research                                                                                              Seunghwa Park, Inhan Kim 

 
 

Archnet-IJAR, Volume 9 - Issue 3 - November 2015 - (111-129) – Special Issue 129 

                                                 Copyright © 2015 Archnet-IJAR, International Journal of Architectural Research 

Lee, S.-K., Yu, J., An, H. (2012). Improvement of Information Collection System in Design and Construction 
Phases for Efficient Facility Management. Journal of Architectural Institute of Korea 28(5), 33-42. 

Nisbet, Nick. (2014). What should BIM cover?. buildingSMART UK & Ireland. 
O. K., Kvarsvik. (2009). National museum at Vestbanen architect competition BIM requirements and 

results. buildingSMART Denmark chapter Website. from 
http://www.buildingsmart.de/pdf/buildingSMART2009_Kvarsvik.pdfStatsbygg 

Park, S. (2015). “openBIM-based Operation and Management of Architectural Design Information 
according to LOI (Level Of Information) for Integrated Design Process.” Ph.D. diss., Kyung Hee 
University 

PEN Build Korea. (2012). Final Report for BIM & Safety Competition 2012. buildingSMART Singapore. 
Project Management Institute. (1996). A guide to the project management body of knowledge. PMI 

Standards Committee. 3rd Ed. USA. 
Seo, J., Kim, H., and Kim, I. (2012). Open BIM-based quality control for enhancing the design quality in the 

architectural design phase. Korea Journal of Construction Engineering and Management 13(4), 3-15. 
Smith, S. (2008). Field BIM at the meadowlands stadium project. from 

http://www10.aeccafe.com/nbc/articles/view_weekly.php?section=Magazine&articleid=534926&print
erfriendly=1. 

Solibri, Solibri Model Checker. (2015). Solibri Official Website. from http://www.solibri.com 
Tekla, Tekla BIMsight. (2014). Tekla Official Website. from http://www.teklabimsight.com/getStarted.jsp 
Wix, J. (2008). BIM automated code checking based on SMARTcodes. buildingSMART Forum 2008. 

Seoul. Korea. 
Zhang, S., Teizer, J., Lee, J. K., Eastman, C., and Venugopal, M. (2013). Building Information Modeling 

(BIM) and Safety: Automated Safety Checking of Construction Models and Schedules, Automation in 
Construction 29, 183-195. doi:10.1016/j.autcon.2012.05.006 

Zhou, W., Whyte, J., Sacks, R. (2012). Construction safety and digital design: A review. Automation in 
Construction 22, 102-111. doi:10.1016/j.autcon.2011.07.005 

 
__________________________________________________ 

AUTHORS 
 

Seunghwa Park 
Research Professor, Ph.D. 
Kyung Hee University, Department of Architecture 
Email address: efom@khu.ac.kr 

Inhan Kim 
Professor, Ph.D. 
Kyung Hee University, Department of Architecture 
Email address: ihkim@khu.ac.kr 

mailto:efom@khu.ac.kr

