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KONGPHON CHUNKO : KNOWLEDGE MANAGEMENT FOR
CONSTRUCTION SAFETY USING BUILDING INFORMATION MODEL.
THESIS ADVISOR : ASSOC. PROF. VACHARAPOOM BENJAORAN,

Ph.D., 87 PP.

KNOWLEDGE MANAGEMENT/CONSTRUCTION SAFETY/BUILDING

INFORMATION MODEL

A lot of knowledge is generated in the construction operations including safety
knowledge. The construction company neglected to preserve safety knowledge. As a
result, this information part often lost with the person at the end of the construction
project. Knowledge management is one of the methods of management knowledge
resource of the company. It can help solve the problem of loss of knowledge
resources. This research aims to develop the methods for construction safety
knowledge management is called Building Information Modeling based Construction
Safety Knowledge Management (BIM-CSKM) which consists of the following five
steps, i.e. step 1. knowledge search tools or creating a questionnaire for used as a
safety knowledge search tool, step 2. knowledge identification using the questionnaire
for interviewing people find information on the incident problem or accident, step 3.
knowledge analysis to improve the model of knowledge to be consistent to use, step 4.
knowledge access to create building information models and animations with
SketchUp software for storing and presenting knowledge and step 5. learning attend
training in safety talk or learn only the required knowledge from the building

information model. The test results show safety knowledge for each of the five risky



areas in the construction project such as the safety flag instead of safety guardrail
installation around floor openings cannot prevent anyone from falls. The evaluation
results showed the limits of language does not affect the presentation of knowledge

with animation.
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Implementation of Construction Safety Knowledge
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Abstract. Occupational safety and health is the most important concern of
construction companies because both direct and indirect losses impacting the
companies. In addition, knowledge management can help raise safety awareness
in the companies. Therefore, this research aims to develop Building Information
Model for Construction Safety Knowledge Management (BIM-CSKM), which
implements construction safety knowledge management and uses the building
information modeling software for storing and presenting safety knowledge. The
test results show safety knowledge for each of the five risky areas in the
construction project, i.e. floor openings, radius of tower cranes, material
stockpiles, scaffolding structures and excavations.

Keywords: Knowledge Management - Construction Safety - Building
Information Model

1 Introduction

Knowledge management is one of the powerful management methods of a
modern organization that has currently received attention. Toyama [1] stated that
knowledge management helps create new knowledge systematically by using the
prior knowledge of the people in the organization. According to Malhotra [2], the
organization needs to integrate the capability of information technology with the
ability of people appropriately. The characteristics of each construction project
are unique and result in different new work experiences and knowledge of people
in the company, one important of this is safety knowledge. Lin and Lee [3] have
developed a tool (method) to capture and share knowledge among a group of
engineers, using online discussions as a channel for exchanging their
acknowledged problems and mistakes with an attempt to gain mutual solutions or
preventions.

Building Information Model (BIM) is a tool for managing construction project
information throughout the project life including design and construction
processes. Many successful applications of BIM in construction can be found in
the literature. For example, Ding et al. [4] have developed a tool for risk
management in the construction project by using BIM. It visually presents risk
information and safety issues in construction projects.

Safety management is one of most important mission to which construction
companies should give priority and great attention. This research aims to develop
a novel method for capturing and presenting existing implicit safety knowledge of
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the company, and implement the knowledge management process guided by the
Office of The Public Sector Development Commission [5]. Therefore, Building
Information Model based Construction Safety Knowledge Management (BIM-
CSKM) is initiated.

2 Research Methodology

This research is divided into the following three tasks:

Task 1: Exploration of the present safety knowledge management

The interview sessions are performed with a group of people involved in
construction safety including one project manager, four safety officers, two
project engineers, two foremen and one worker. The interview agenda is about the
details of the practical safety knowledge management in terms of safety activities
and protocols, measures for accident preventions or corrections, collaborations
among the team, and dissemination and presentation of the knowledge
discovered. Results are characteristics of the practical knowledge management
implementing on construction companies, and these are then used for the
development of BIM-CSKM.

Task 2: Development of BIM-CSKM

BIM-CSKM consists of five steps. They are knowledge search tools, knowledge
identification, knowledge analysis, knowledge access and learning BIM-CSKM
captures and analyses the safety knowledge resulting from the individual
experiences and uses SketchUp version 2017 by Trimble companies for visually
presenting this safety knowledge. These five steps are assign to a particular
person (e.g. chief safety officer) as a knowledge agent [6] who is responsible for
reducing the knowledge gap and sharing knowledge among people in different
positions of the construction company.

Task 3: Test of BIM-CSKM

After the development, BIM-CSKM is tested on a selected construction project as
a case study. All five steps of BIM-CSKM are performed to prove if any new
knowledge can be captured and diffused. Furthermore, the test also includes the
evaluation of learning. A panel of the interviewees is asked for comments after
the presentation of safety knowledge through BIM-CSKM.

3 Results

3.1 Task 1 Result

From the interviews with 10 samples, nine of them pointed that the safety talk is a
main activity and channel for sharing present safety information and they are
interested in joining this weekly event. Eight of them reported that individual
safety knowledge transferred through talks while working. All interviewees
unanimously agreed that the companies lacked a tool or technology for managing
valuable tacit safety knowledge and they are positively interested in implementing
a contemporary information technology for the knowledge management.
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3.2 Task 2 result

The development of BIM-CSKM is initiated. Its process of knowledge
management for construction safety consists of the following five steps:

Step 1: Knowledge Search Tools. A chief safety officer is responsible for
creating a formal questionnaire which is used as a knowledge search tool. The
questionnaire includes a set of closed-ended questions for collecting individual
experiences about one’ s occupational injuries and the other set of open-ended
questions for collecting safety knowledge, especially, accidents caused by
working over workers” capability [7] for example, take a shortcut on an operation,
and ignore safety rules or disciplines. The construction project is distinguished
into five risky operational areas namely floor openings, radius of tower cranes,
material stockpiles, scaffolding structures, and excavations.

Step 2: Knowledge Identification. The chief safety officer then uses the
questionnaire for interviewing people of various ranks on site. The interviewees
answer the closed-ended questions according to their work and accident
experiences. The interviewer also uses a structured interview approach as the
open-ended questions to capture individual experiences.

Step 3: Knowledge Analysis. The chief safety officer analyses the results of
interviews using the inductive method which considers similar characteristics of
problems or accidents occurred in the construction project. In addition, the results
of the analysis have to present accident causations and accident protections for the
five risky areas that are further formulated with a suitable building information
model software.

Step 4: Knowledge Access. Tacit knowledge is difficult to document [8],
therefore, it have to be presented through a visualization with a use of building
information model. An assist of a competent draftsman is required to employ the
SketchUp program for storing, presenting and accessing safety knowledge. The
details of the formation of building information model for this process are as
follows:

Process 1: Model the constructing buildings on the positions as placed in the site
layout plan along with some other temporary facilities such as site office, tower
cranes, and fences

Process 2: Specify the five risky areas in the construction project and model them
as shaded blocks as shown in fig. 1. They are the floor opening area (represented
by number 1) e.g. elevator shaft, the swing radius of tower crane (represented by
number 2), the stockpile area (represented by number 3) e.g. stack of steel bars,
the scaffolding area (represented by number 4), and excavations (represented by
number 5) e.g. underground water tank.
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Fig. 1. The specified five risky areas in the case study of the construction project.

Process 3: Add the Component Attributes function for inputting the captured
safety knowledge for the five risky areas into the model. An example of safety
knowledge as the input data to the Component Attributes popup is shown in fig.
2.

Add attributes balow o create your component options. Visit
- our getting staned quide for tutorials.
——— - =2 = —~ o~

(= _Safot_y k;owlod_go_ 'Y QY om)
{ — ———
ﬁompomm Info
Name risky area
]
Summary linking data source of animation = 4
with HTML code <a href="htlps™>"
g show animation on dick</3>
' | Description detailed information
@ Add atribute

Fig. 2. An example of safety knowledge input into Component Attributes.

Process 4: Use the Scene function to simulate and animate the related activity,
safety precaution, and accident prevention. This is to raise safety awareness on
people involved.

Process 5: Use the Component Options function for presenting safety knowledge
of each of the five risky areas.
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Step 5: Learning. The chief safety officer appoints the knowledge contributors
(in this case, the interviewees) and arranges the safety talk events as well as a
meeting room and presentation equipment to present their tacit knowledge to
other people in the company.

3.3 Task 3 Result

The test results show safety knowledge for each of the five risky areas in the
construction project used as a case study. That is as follows:

Project manager who has more than 10 years of construction work experience told
that the safety flag instead of safety guardrail installation around floor openings
cannot prevent anyone from falls. He reported a real case that a worker carried the
materials carelessly and fell from floor openings with the safety flag around.

Foreman who has more than 10 years of work experience in construction. He
reported that the materials transportation with a use of a crane. An improper
materials bundle with different sizes and types, which causes some materials get
loosed and could slip out of the bundle and fall.

Safety officer has 1-3 years of work experience in construction. He said that
storing materials onto the stockpile untidily without sorting the type of materials
out requires more time for searching for what we want and increase risk of other
materials falling onto him.

Project engineers has 6-10 years of work experience in construction. He reported
that a use of plywood sheets instead of the walking panels on the scaffolding
structures and their unsuitable supports can cause a movement or slip of the
plywood sheets and people fall from the scaffolding structures.

Worker has more than 10 years of work experience in construction. He said that a
construction scrap from working above and nearby an excavation can fall on
people working within the excavation.

This captured safety knowledge and likely accident details are then presented
Component Options function as shown an example in fig. 3. 3D animations are
also formulated and visually presented as well. These 3D animations help
characterize and simulate the details of accident scenes which were directly
experienced and learnt by the knowledge contributors.




&5

¥ Component Options - O X
| ... | Floor openings

Show animation on click

Accident detais: The safety flag instead of safety
guardrail installation around floor openings can
neither resist an impact force by sipping workers nor
prevent falls. Some materials or scarps can fal
through floor openings.

Accident prevention detals: The safety flag shold be
prohibted and guard rals should properly be nstalled
around the floor opening. Everyone should refrain
from waking nearby this floor opening.

Fig. 3. An example of the presentation of safety knowledge through the
Component Options popup

The presentation of information of BIM-CSKM have been evaluated by a panel of
interviewees who gave some comments on their learning. The result showed that
the presentation of safety knowledge through the animation and visualization
from the building information modeling software can help audiences understand a
greater detail of information, and gain their attentions to learn. It can also help the
learners raise a safety awareness and agree to abide the safety rules of the
company. Nevertheless, the presentation of BIM-CSKM has some limitations
such as the language used in the communication where audiences may currently
be the diversified workforce, a variety of activities at different stages of the
construction, the nature of the construction project and the availability of
equipment used for the presentations.

4 Conclusion

This research has developed BIM-CSKM, which is the method for storing and
presenting safety knowledge. The test results show the characteristics of various
safety knowledge captured from different positions and experienced individuals in
the company. The evaluation results show that the presentation with an animation
and visualization can make the learners efficiently understood the details of the
safety knowledge so that they can be implement of follow the knowledge
correctly. The construction company can apply this method for sharing safety
knowledge to other people in the company. It helps facilitate learning and fully
utilizing that valuable knowledge to prevent similar problems or accidents happen
again. The knowledge management for construction safety by BIM-CSKM cannot
be successful if top management does not support and people in the company do
not cooperate and accept changes.
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