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Abstract: Modular or prefabricated building plays an important role in lean
construction and green building. Building information modeling and 4D bring a new
paradigm for data modeling and visualization in the Architecture, Engineering and
Construction domain. Meanwhile, lots of time was consumed when modeling and
visualizing the dynamic construction process based on 4D. It takes more time to
create an operation-level 4D model for technical specification, that always adopted
to ensure the quality and safety. Given that modular or prefabricated building projects
have lots of similar construction activities, this paper proposed a 4D modeling and
visualization approach for modular building, which can persist generalized
construction activities and operations in standard activity library and fully utilize
them in schedule detailing and visualization. The approach is designed and applied
based on previous researches and applications of 4D BIM and has been used in a
practical project of modular residential project to illustrate the feasibility of the work
and the possibility of future research.

Keywords: 4D modeling, operation level, Building Information Model, modular
building, prefabricated building.

1 INTRODUCTION

Building Information Modeling and 4D bring a new paradigm for data modeling and
visualization in the Architecture, Engineering and Construction domain, and has been
applied to help the management of schedule, resource, safety and site (Shang and Shen
2016, Kang et al. 2016, Zhou et al. 2015). Meanwhile, lots of time was consumed when
modeling and visualizing the dynamic construction activities based on 4D.

Technical specification is an important task to tell the procedures and the key points
to workers to prevent the mistake or fault in construction. The traditional way to describe
the activities in the technical specification is to use graphs and texts. But it is difficult for
workers to understand. Therefore, 3D animations produced manually are applied.
However, in many cases, the contractors are not willing to pay for such works. The
operation-level 4D model provides a more automatic way for generating 3D animations
(Zhang et al. 2014, Han et al. 2014, Han et al. 2012, Kamat et al. 2010), while it takes time
to create such a model.

Modular or prefabricated building plays an important role in lean construction and
green building. The construction activities of each of the limited types of building elements

! PhD Candidate, Department of Civil Engineering, Tsinghua University, Beijing, China,
whw13@mails.tsinghua.edu.cn

2 Postdoctoral Researcher, Department of Civil Engineering, Tsinghua University, Beijing, China,
jlarui lin@foxmail.com

3 Professor, Department of Civil Engineering, Tsinghua University, Beijing, China,
zhangjp@tsinghua.edu.cn

841 | Proceedings JC3, July 2017 | Heraklion, Greece



Operation-Level 4D Modeling and Visualization for Modular Building Based on Standard Activity Library

are similar in a modular or prefabricated building project. It implies that when the
contractor has several standard activities of the project, 4D BIM can be detailed to
operation-level in an effective way.

The purpose of this study is to generate substantial activity descriptions and
visualizations in technical specifications as simply as possible. Considering that many
construction activities of modular or prefabricated buildings have the same operations and
operation sequences, an approach consist of data model and workflow for 4D modeling
and visualization of modular or prefabricated building projects is proposed. By
implementing and demonstrating the method, the feasibility and flexibility of the proposed
method as well as future improvement are concluded and discussed at the end of this paper.

2 METHODOLOGY

2.1 Basic Framework

The basic framework of the method contains two main parts, the data model and the
workflow. The data model is shown in Figure 1.
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Figure 1: Data model

The core of the data model is the standard activity. The animation is related to standard
activity directly, and the construction model, which contains the model of prefabricated
component and other temporal elements, is also associated with the animation through
element type. Thus, WBS and schedule of the whole construction process can be detailed
by incorporating pre-defined standard activities. And the relationship can be established
semi-automatically with the relationship between type of the prefabricated component and
its corresponding task in WBS. The workflow is shown in Figure 2.

PRECONSTRUCTION CONSTRUCTION
Standard Activity Activity
[ Definition ] [ Sched Visualization]
; T AY
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Standard Activity
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Figure 2: Workflow for 4D Modeling and Visualization

—_— e o

In the workflow for 4D modeling and visualization, a standard activity library was set up
before modeling and visualization of the construction process. The standard activity
library contains lots of pre-defined standard activities for the construction of modular
building. Each standard activity is corresponding to one type of standard building elements
and describes different steps and their sequence for the construction or installation of the
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element. Every step has animations to represent the durations and actions of related
elements.

In the construction phase, works are based on the detailed 4D BIM. The whole
workflow consists of three main activities:

1. Scheduling. This is the basic job of schedule managers. They always create the
WBS (Work Breakdown Structure) and determine the time point of the works.

2. 4D Modeling. Associating the scheduling result with BIM and integrating the
schedule with standard activities by the WBS, we can get the detailed 4D BIM.

3. Activity Visualization. Based on the detailed 4D BIM, we can visualize the activity
in operation level automatically, and put the animation result back into the
standard activity library.

2.2 Standard Activity Library

A standard activity library consists of several standard activities. The structure of a
standard activity is shown in Figure 3.

-

Standard Activity

Basic
Information
Attachments

Standard Procedure

[ Basic Information J[ Announcement J

—

( Time Information J[ Successor Relationship

Figure 3: Standard activity

Each standard activity contains several standard procedures, such as making level, lofting,
lifting, etc. A standard activity is considered as a workflow in general. However, it is
difficult to merge a workflow into the construction schedule. Therefore, we choose to
break down the standard activity. The model of the standard activity contains the basic
information, attachment and the WBS which is comprised of standard procedures.

3 IMPLEMENTATION

3.1 Animation Creation

Animations are created for the procedures in standard activities. Generally, all animations
in construction simulation can be decomposed into a set of basic animation components,
which are listed in Table 1.

The types of animation components are classified into three kinds: the matrix
transformation, the transparency and the parameter. To place, to translate or to rotate is
to change the spatial state of a 3D model by modify the transform matrix. The appearance
or disappearance of a 3D model is a change process of transparency. Some complicated
animations, which can be determined by unique parameters, such as hoisting, should be
pre-defined in unique construction elements.
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Table 1: Basic animation components

Type Arguments
Place Position
Translate Translation vector
Rotate Rotation axes, rotation angle
Appear -
Disappear -

3.2 Schedule Detailing based on Standard Activity

Basic structure for scheduling detailing is the WBS. The relationship between the whole
WBS and standard activity can be established automatically by related building element.
A typical example of generating the detailed schedule is shown in Figure 4. In 4D BIM,
the work is ordinarily broken down by spatial structure, and the finest node is the
construction segment. One segment may be related with several building elements, which
including the prefabricated component in modular building projects. For example, if the
first construction segment of the walls in a storey is related to a wall, the standard activity
for the installation of the wall can be merged into the whole WBS by connecting with the
segment node. In this way, the WBS is extended and we can get a more detailed schedule.

Example Project
Storey 1 e Wall No.1

e WallNo.2  Jee-- .
-( Storey n . .

Segment No.1

Standard Process

The 1% Activity
The n* Activity
Floorslabs st ivi
The 1* Sub-activity

Merge

Figure 4: Typical example of generating the detailed schedule

3.3 Visualization

The activity visualization is based on the detailed 4D BIM with animations. The procedure
has two steps:
1. 4D simulation to determine the construction status in the certain day of the activity.
2. Visualizing the activity based on the construction status.
The first step is based on traditional 4D BIM. And the second step is the emphasis. In this
step, the result of activity visualization should be pre-computed in order to insure the
usability. Therefore, the key-frames should be pre-generated. Considering the actual

requirement, we choose one second as a minimum interval of the key-frames. The two
main steps of pre-generating the key-frames is shown below.
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1. Looping over all of the animation components, calculating the variations between
included adjacent key-frames.

2. Calculate the 3D status of the key-frames based on the variations got in step one
from the start to the end of the activity.

The time complexity of the algorithm above is O((Na + NkN_a)N_6). Among the formula,
N, is the total amount of animation components; Ny, is the total amount of key-frames;
N, is the average amount of animation components refer to one key-frame; and N, is the
average amount of the construction elements related to one animation component. The
duration of an activity is hardly able to be longer than a day, which is 86400 seconds.
Hence, it is acceptable to consider 86400 as the maximum value of Ny. Moreover, N_a <
N, and N, is always in single digitals. Supposing N, = N, and N, = 1, the time
complexity approximates to O(N,Ny) < 0(86400N,), which is acceptable for pre-
computing of activity visualization.

4 CASE STUDY

4.1 Application Strategy

The method is applied based on a 4D BIM application which is developed by the 4D-BIM
group in the department of civil engineering of Tsinghua University and is able to support
scheduling, BIM import and 4D BIM modelling. All the data, which include the standard
activity, the whole schedule and the BIM, are from a modular residential project in Hefei,
China. The standard activities and their corresponding animations are defined based on
experience of engineers.

4.2 Standard activity
A typical standard activity of the project is shown in Figure 5.

Basic Information Activities Flow Diagram o
MName  Precast Concret Wall_HFHPXC01 Y| Start T | Finish T @E|
Creation  2016506F158 > Preparation Works 00:00:00 | 00:30:00
Description  Assembling Process ] Hoisting 00:30:00 | 00:45:00

] 4 Placing 00:45:00 | 01:05:00

Attachments Quick Positioning | 00:45:00 | 00:52:00

Bracing 00:52:00 | 01:00:00

| Adjusting 01:00:00 | 01:05:00

lLlrLTl":_wl —— L ..L.__-; AR T : Brace Removing 01:05:00 | 01:25:00
—/ oo L] Grouting 01:05:00 | 01:15:00

[Add From Ub] [Auto Arrange|
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Documents Animations| Images Activity Information

Name Tioe Name Preparation Works
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Figure 5: Standard activity of precast concrete wall assembling

The standard assembling activity of precast concrete wall contains five main procedures:
preparation works, hoisting, placing, brace removing and grouting. And placing procedure
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has three sub procedures: quick positioning, bracing and adjusting. The entire workflow
is existed based on the precedence relationship between these procedures.

4.3 Animation Definition

The animation of a procedure is defined before the pre-computation of the visualization.
The scripts in a hoisting procedure is shown in Figure 6. As an example, the script of object
lifting is shown in Figure 7. Apart from the necessary information, we use Bezier Curve
to improve the visualization results.

Hame Type Start Finish 4 Related Element Type Eelated Element ID
Object lifting Rotation 05:30:00 05:31:00 B 2423

Lifting when hoisting Hoisting 05:30:00 05:31:00 3 1

Object lifting Translatien |03:31:00 03:42:00 B 2423

Lifting when hoisting Hoisting 05:31:00 05:42:00 3 1

Object translating Translation 0g;42:00 0g:45:00 )i 2423

Translating when heisting Hoisting 05:42:00 05:45:00 3 1

Figure 6: Animation scripts of hoisting procedure

Bazic Information Tranzlation Arguments Hoisting Arguments Berier Curve
Name (Ohbject lifting D Origin ) Origin [[A) b4
o ' o
Destination | f| T o
Time Tnformation 24| 10000 -
- Z |0
Start 8:31:00 &
e Rotation Arzuments i i -
—— Destination |
inis &:42:00 B ¥ o Center £
E % |0 L ]
] T o fugleln i

[ Choose Element

[ Confirm ] [ Cancel ] e a2 | - e m
Figure 7: Script of object lifting

4.4 Schedule Detailing

The structure of the detailed schedule is shown in Figure 8.

[l A}:th;rtv 'Name Aﬁ'rnab’un ] .Sur"c “Fnish
»  |Preparation Works
Hoisting B 8:30:00 8:45:00
- | Placing B 814500 5:05:00
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= I |2016-06-02  |2016-06-07 | [Preperation Works B 90500 9:35:00
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Figure 8: Detailed schedule
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Each construction segment contains the works of a day. For example, the works of walls
in the seventh floor are divided into two segments. We correlate a standard activity of two
walls assembling to the first segment. The activity starts at 8 a.m. and finish at 10:20 a.m.

4.5 Visualization Result

The assembly activity of two walls on the seventh floor is visualized automatically based
on the prepared data and the result is shown in Figure 9.

Locator Installing Start Lifting Lifting Quick Positioning Bracing

S = AR 3 I S

|

2" Locator Installing

2" Lifting Removing 2™ Bracing 2" Removing

Figure 9: Visualization result

5 CONCLUSION AND DISCUSSION

In this study, an approach based standard activity library for 4D modeling and
visualization is proposed, which can be used in construction visualization and
management of modular buildings. According to the results of the case study, it is
illustrated that the method proposed for 4D modeling and visualization for modular
building projects is feasible. Concretely, five points are emphasized as follows:

e Standard activity provides a new way for modeling and persisting construction
information and knowledge.

e The structure of the standard activity in this study is feasible and flexible for
further utilization.

e Detailed schedule can be generated based on the standard activity.

e The method and the algorithm for activity visualization based on detailed 4D BIM
in this study are highly automatic with complete data.

e Framework proposed in this paper can eliminate rework and reduce time
consumed in schedule detailing and visualization.

However, several problems and key points still need further research and extension:
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e Appending resource information to standard activity for resource management in
construction.

e Finding a more effective method to establish the relationship between the whole
WS and the standard activity.

e Designing a fully integrated schedule structure, rather than only attaching the
standard activities to WBS.

e Automatic animation creation.

e Model and method improvement that makes it possible to support different
construction or installation methods of building elements with the same type.

e Multi-LOD support of schedule.

e Supporting visualization of long-term activity.
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