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Construction Virtual Prototyping:
research issues and areas of
application

Content
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. What is virtual prototyping?

2. Two approaches to developing a
virtual prototyping system

3. Key techniques in a virtual

prototyping system

Research issues

Current status of application

o A




1. What is Virtual Prototyping?

e Virtual prototyping
(VP) is a digital
mock-up in the
computer
concerned with the
construction of
digital product
models, resource
models and
realistic graphical
simulations.

2. Two approaches to developing &
virtual prototyping system

* Integration of existing systems via
IFC;
» Customization and re-

development of an integrated
system.




System Integration via IFC

Customization and re-developmeni
of an integrated system.

Resource
Model

=4 [V ssamszue:x




3. Key techniques in a virtual
prototyping system

Product Modeling technique/BIM
Process Modeling technique
Resource Modeling technique

Data sharing and exchanges among these
three modeling techniques

Product Modeling/BIM

?=3D +structural analysis + costing.....




Process Modeling technique

Process Protocol
4D

Discrete event
simulation




4. Research Issues

Project 1. Real-time
continuous event
simulation:

Virtual Prototyping
Laboratory

ERaNSIREN

Project 2: time-cost optimization

COST
] »
Ce0) e Cli) = a,TG) +5,
C,0) 2
TIME
T.() T.6)

Fig. 1: Cost-Tune relationship for activity i

Note:

C, () = normal cost For activity 7

C.(i) = crash cost for activity

T (1) = normal time for activity 7

T.(i) = crash time for activity I

T(1) = intermediste time for activity 7

(1) = ntermediate time for activity 7

a;={C, @) -C.ONTE - T3

b= (C.OT0)-C,OT.OV(TE-T.0)

Construction

,’\ Virtual Prototyping
= 1 Laboratory
f’ ERaAaNSIRESN




Project 3: How to simulate the
spontaneous and collaborative
behaviors of workers

5.Current status of application

e The Virtual Prototyping System has been
developed

e The system has been applied to 9 real-
life construction projects.




5.1. Digital Product Model
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5.2. Tendering Award

Rapid Prototyping

« Simulate the master construction program




Rapid Prototyping

isualize the main construction methods
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Construction Methods

« 4-day Floor Cycle — Day 2 (noon)

— Slab Bay 1

« Set up Table form
Bottom re-bars
Pre-cast edge beam

— Slab Bay 2
* Pre-cast columnshell
Move up Table form

BaRp upgasadne »q4° ¢

— Core wall Bay 1

Concreting
— Core wall Bay 2 :
+ Re-bar fixing &° LR Sh & :
WAL T E T S GO WAL Lv rEw ns 8y BOA RTESANS0 A

;L' ERaNSIREN

5.3. Construction
Management

Construction
Virtual Prototyping
Laboratory
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Aims of One Island East Virtual
Prototyping

Reduce uncertainty in construction planning and
reworks (statistic shows that every project
results in 10% rework due to design and
construction errors);

Improve construction planning technique;

Improve communication and coordination of
works;

Increase knowledge capture and reuse of it.

Works Done to Date

1. Check Design Errors at Construction Stage;
2. Check Conflicts between Activities;

3. Time and Cost Control of 4-Day cycle;
* Review works coordination and resources utilization
» Comparison between the reality and VP model

4. Non-typical Work: Outrigger
» Design of all components of the outrigger
» Qutrigger installation planning
* Quality assurance
» Safety check




1. Check Design Errors

+ |dentification of table formwork design errors.

1
: lf:\ Virtual Prototyping
1 L' Laboratory
! ERaNSIREN

2. Check Conflicts between Activities

e Construction activities can be simulated to check if there is
physical conflicts. Remedy work like redesign or reschedule
can then be done to prevent conflicts.

1 i i é : ;
.;' e i‘A_ | | i | J
T~ ;i | 1 A8
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3. Time and Cost Control of
4-Day cycle in Typical Floor

Reveal works coordination and resources utilization across in different bays

4-Days Cycle
(Reality vs VP) Day 1

Construction

Virtual Prototyping
Laboralory

v




4-Days Cycle
(Reality vs VP) Day 2

Construction
Virtual Prototyping
Laboratory

=

4-Days Cycle
(Reality vs VP) Day 3

= Construction
¢ f" Virual Prototyping
3 L’ Laboratory
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4-Days Cycle
(Reality vs VP) Day 4

Construction
Virtual Prototyping
Laboratory
ZEaNSEIRNES
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5.4. Non-typical Work: QOutrigger

Construction
Virual Prototyping
Laboratory
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Design of all components of the outrigger

ithout VP

onw

ifficulty in collaborative design and construct

model

/ L toaaprRe R
£ pagars | R RERREEE
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f all components of the outrigger

ign o

Des

Rebar (Beam & Wall)
Couplers plus bars

Shear stud

—

2

38

Outrigger steel member

4.

Possible working space

Climb Form

N

6.

Virual Prototyping
Laboratory

Construction
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Outrigger Installation Planning

« What puzzled construction pr@ject planners?

Construction
Virtual Prototyping
Laboratory

ZEaNSEIRNES

Outrigger Installation Planning

* Planning the construction joint

= Planning each raise level of climb form
= Planning the installation sequence_.

- QOutrigger member T

- Couplers plus bars
- Rebar {(Beam & Wall)

= Safety

Laboratory
ARANEINEN




Outrigger Installation Planning

» Planning the construction joint
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Construction
Virual Promzypung
Laboratory

Quality Assurance

» Box out was studied by collaborative design and
construction
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Virual Prototyping
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Quality Assurance

* The quantity and dimension of temporary formwork
needed was generated from the model.

Construction
Virtual Prototyping
Laboratory
ERaNSIREN
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Outrigger Installation Planning

» The simulation of Outrigger Installation (Inside)

truction

[ Cons
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Work Instruction

Outrigger Installation (inside)
(Reality vs VP) Day 1




Outrigger Installation (inside)
(Reality vs VP) Day 2
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Outrigger Installation (inside)
(Realitv vs VP) Dav 5




Outrigger Installation (inside)
(Reality vs VP) Day 6
: ' 7

AN

Check Safety Issue

e Site environment is dynamic and is changed according
to the planned schedule. Virtual prototyping can assess
safety measures at different construction stages.




The Planning of Outrigger Installation

» The simulation of Outrigger Installation (Outside)
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Through using VP technology,
construction time of outrigger is
reduced from 52 days to 45 days in
corewall, and from 68 days to 54




Letters from the Executive Director of
Gammon Construction Limited

o
-
S Gammon

Please accept my most cordial thank for your team for applying this innovative technology
which dramatically improve the efficiency and effectiveness of construction projec
management

Yours sincerely

-

Philco Wong
Executive Director
Gammon Construction Limited

f Construction
[y Virtual Prototyping
i Laboratory

:' ;I;I.Izlll

Benefits of Virtual Prototyping to Client

e Reduce construction cost;

e Shorten construction time;

e Quality assurance;

e Safe construction environment;
¢ |mprove communication.

f Construction
[y Virual Prototyping
{ Laboralony

| B




Reduce Construction Cost

Cost reduction from:

e Reduced rework due to identification of
design error before manufacturing;

e Reduced rework due to conflict between
activities;

e Reduced resources wastage after
optimization;

e Reduced accidents.

Shorten Construction Time

Construction time is shortened due to:

e Reduced time to reworks due to design or
planning errors;

e Shortened construction cycle after trial and
error analysis.




Quality Assurance

Construction quality is assured due to:
e Collaborative design and construction;

e Maximize prefabrication opportunities to
improve the construction quality;

e Reduced reworks which affect quality.

Safe Construction Environment

e Safety officer can reveal safety measures
at different construction stage in an
interactive virtual environment.

e Workers’ safety awareness can be

increased through watching 3D simulation
of works.




Improve Communication

e Design and construction information
represented in the form of 3D visualization
is easy to understand.

¢ \/P simulation enhance communication
when presenting planning information to
workers, project staff, senior management
and clients.
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