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A B S T R A C T

To apply final as-built BIM models to facility management (FM) during the operation phase, it is important for
owners to obtain an accurate, final as-built model from the general contractors (GCs) following project closeout.
Confirming the accuracy of the final as-built BIM model is one of the most important works executed by owners
to meet the accuracy requirement of final as-built models for FM. However, many practical problems arise
relating to the management of final as-built models such as final as-built model mismatch, the lack of available
final as-built models, and the entry of incorrect non-geometric information into the final as-built models. To
solve these practical problems, this study develops a Final As-built BIM Model Management (FABMM) system for
owners to handle final as-built BIM model inspection, modification, and confirmation (BMIMC) work beyond
project closeout. The proposed approach and system can be used to manage the status and results of BMIMC
management work for the final as-built BIM model to be performed. The proposed approach and system were
applied in a case study in a selected building in Taiwan to verify and demonstrate its practical effectiveness. This
study identifies the benefits, limitations, and conclusions of the FABMM system, and presents suggestions for its
further application.

1. Introduction

Beyond project closeout, the owner must confirm the accuracy of
the final as-built BIM models (hereafter abbreviated as “final models”)
prepared and delivered by the general contractor (GC) based on the
contract requirements. To meet the completeness and accuracy re-
quirements of the final models, it is necessary to enhance the precision
and performance of the final models inspection for inspectors of the
owner (hereafter abbreviated to “inspectors”). Without suitable man-
agement and systems, poor control and management could lead to
serious problems for such inspectors.

Based on the statistics results from the owners' adoption in BIM for
FM usages in Taiwan (2016), there are many serious problems for the
owners to obtain correct as-built models at the end of the construction
phase (during the project closeout). Without the correct as-built
models, it is very difficult for to handle the FM service for the owner to
utilize BIM technology for FM. Therefore, it is necessary to confirm the
correctness of as-built models during the project closeout. In Taiwan, it
is necessary to submit the final as-built models to owners based on the
contract requirement. Based on the previous statistics results from the
owners' adoption in BIM for FM usages in Taiwan (2016), the practical
problems includes error model developments, model mismatch, and

model without the accurate information, etc., Only few studied focused
on final as-built model inspection and modification although there are
many previous BIM-relate studies and researches.

During the implementation of BIM used in construction, the final
models are generally revised and updated for various reasons based on
contract requirements. Identified problems and modified results of the
final models are often not shared effectively among BIM engineers of
GCs, BIM managers of GCs, and inspectors. In Taiwan, a current prac-
tice for inspectors is to use email as the most practical method for
communicating and responding to identified problems and modified
results of the final models. Despite the many studies and discussions in
the academic and practical literature, systematic approaches and in-
formation platforms for inspectors to enhance the accuracy of the final
models beyond project closeout are lacking.

It is essential for inspectors to ensure the accuracy of the final
models modifications beyond project closeout to allow owners to em-
ploy facility management (FM) practices during the operation phase. If
problems occur concerning the accuracy of the final models, the owners
will experience serious difficulties in managing the BIM-based facility.
As many serious practical problems for inspectors occur during the
preparation of the final models beyond project closeout, this study
develops a management system that enables inspectors to ensure the
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accuracy of the final models modifications beyond project closeout. To
improve the indicated problems in Taiwan, the main purposes of this
work are to (1) propose a framework for enhancing the final models
management, and (2) develop a system for managing the accuracy of
the final models effectively beyond project closeout. The proposed
system were applied in a case study of a selected building in Taiwan to
verify and demonstrate its practical effectiveness. Finally, this study
identifies the benefits, limitations, and conclusions of the proposed
approach, and presents suggestions for future work based on the case
study.

2. Literature review

The applications of Building Information Models (BIM) are utilized
in the design, construction, and operation phase regarding to new
buildings projects in the past decades [42,32,19,14]. BIM is one of the
most promising recent technologies in the AEC industry [4]. BIM is the
process of creating and using digital models for design, construction
and/or operations of projects [38]. Furthermore, BIM technology con-
tains precise geometry and nongeometric information to support the
design, procurement, fabrication, and construction activities to describe
3D object-oriented CAD [19].

Many previous research studies were performed on the as-built BIM
model development. In particular, these researches included methods to
generate as-built 3D point clouds using photos taken using handheld
digital cameras [10,31,21] and/or to convert 3D point data into the
information model for buildings with integrated laser scanner for de-
velopment of as-built BIM model automatically
[24,1,31,13,45,29,44,26,11,12,3,6,7,30,39]. Furthermore, Khaloo and
Lattanzi [28] proposed a new region growing algorithm for the auto-
mated segmentation of both planar and non-planar surfaces in point
clouds. Balado et al. [5] proposed a methodology for automated de-
tection of inaccessible steps in building façade entrances from MLS
(mobile laser scanner) data. Macher et al. [37] proposed segmentation
approach to create 3D models from point clouds acquired by Terrestrial
laser scanning (TLS) inside buildings. Golparvar-Fard et al. [20] pre-
sented an approach to understand the current performance of a project
easily and quickly and compared two methods for obtaining point cloud
models for detection and visualization of as-built status for construction
projects. Díaz-Vilariño et al. [18] presented a working methodology for
the automatic generation of as-built Building Information Models
(BIMs) with a laser scanner. Anil et al. [2] proposed a new approach to
analyze patterns in the raw 3D data and compare the 3D data with the
as is BIM geometry for identifying potential errors in the model. Jung
et al. [27] proposed a scheme for automated 3D geometric modeling of
indoor structures, including detailed components such as windows and
open doors. Debra and Linh [17] proposed a method to identify auto-
matically structural steel members from a terrestrial laser scan point
cloud. Previous researches on final models enhancement exist, and most
are focused on the application of laser scanners and cameras for de-
veloping final models. However, the use of laser scanners to final
models has limitations due to expensive and fragile equipment for
owner in Taiwan.

There are many existing tools of management for BIM model during
the design and construction of buildings, such as ProjectWise,
Ecodomus, Trimble Connect, and Autodesk Glue commerce software.
Such software has mainly been designed and developed for storing
different versions of as-built models. In addition to model storage
capabilities, some BIM software, for example, Solibri provides as-built
model version comparison functionalities. Few systems are developed

for communication and process management for final models to modify
and manage. Many previous research studies existed to enhance the
final as-built BIM researches. In addition, there are many previous re-
searches forced on the owner's requirements of BIM models for BIM-
enabled project delivery based on owner specific requirements (in-
cluding geometric and non-geometric project information)
[15,25,33,16,9].

A BIM model undergoes dramatic changes during project stages in
terms of variety of versions, model purpose, and responsibilities of
different parties for integrating various discipline models [9]. Although
the on-site acquisition of actual conditions continues to be updated
during the construction, it is necessary and importance to enhance BIM
updating efforts so that they more accurately represent as-built condi-
tions and provide reliable information for decision making [46,41,23]).
However, there are many barriers for BIM updating efforts. These
barriers includes the lack of data synchronization between BIM and
jobsite processes [35,40,43], automated documentation of inspection
details and updating of as-designed BIMs based on actual site conditions
[41]. Furthermore, it is expensive, time-consuming, labor-intensive,
error-prone regarding to manual methods of regularly updating BIM
models [8,36,34,23,22]. Another barrier is owners often unsure about
how to require information in a final BIM models [15]. Despite the
discussed efforts in the model updating domain, there still exist chal-
lenges with respect to support for final as-built BIM model development
and confirmation.

Many studies on final models enhancement exist, and most are fo-
cused on the application of laser scanners and cameras for developing
final models. However, the use of laser scanners for final models has
limitations due to expensive and fragile equipment in Taiwan. In
Taiwan, most of the final as-built BIM model inspection, modification,
and confirmation (BMIMC) works are handled manually by the in-
spector beyond project closeout. One of the major practical problems is
that the proper management of the final models is lacking or is in-
effective. To solve this problem, this study proposes a management
approach and system to improve the performance of the inspection and
modification of final models beyond project closeout. Specially, the
proposed approach and system described in the current study differ
from other existing BIM tools and software.

3. System design and development

3.1. System design

In the viewpoint of FM, accurate geometrical information and non
geometrical information are necessary and important for as-built BIM
model. Most of non geometrical information of BIM model need to entry
manually during the process. Furthermore, non geometrical informa-
tion of BIM model can't inspected by the laser scanners. In order to
improve the problems, the study develops the system to inspect the non
geometrical information of BIM model thought the IFC-based data
match automatically. After the required item information confirmed by
the owners, the general contractor and subcontractors need to enter the
related non geometrical information for responsible items during the
construction process.

The term accuracy for final as-built models includes correct geo-
metrical data (information) and non geometrical data (information).
The geometrical accuracy means the correct information for geome-
trical information of final as-built models (such as basic geometrical
information of window). The non geometrical accuracy means the
correct information for non geometrical information of final as-built
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