Using computer
technology to make

building processes
more efficient!

3D VIRTUAL GONSTRUGTION SIMIULATION PRIMER

Virtual Construction Simulation is a powerful tool that allows construction and development companies lev-
erage technology to create a more efficient and cost-effective building process. This paper is an introduction
to Cynosure’s simulation services and the benefits clients can enjoy.

What is Virtual Construc-
tion Simulation?

Virtual Construction Simulation
(VCS) is the process of creating an
entire structure virtually, incorporat-
ing technical data and coordinating
these data to create highly accurate
construction drawings and bill of
quantities (BOQs).

Better decisions can be taken
based on the developed system
analysis. The importance of com-
puter simulation is highlighted in
the construction industry because
of the complex interactions among
various units on the jobsite. It is of-
ten necessary to make on-site de-
cisions regarding the on-going daily
operations. These decisions have a

direct impact on cost, time and
productivity. Construction simula-
tion then can be an effective tool

that provides a systematic ap-
proach to the development of these
decisions.

The Simulation Process

The simulation processes can
be divided into a general sequence
of steps:

STEP 1: Data Collection. Dur-
ing this phase, various technical
data in the form of drawings and
specifications are collected from
different consultants. This infor-
mation is collected to measure
the performance of the system
and can be also measured from
real field observations, still pic-
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tures and movie camera. The
quality of the collected data can
easily affect what a model can

address.
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Construction Simulation is the
use of computer models in ana-
lyzing and planning a construc-
tion project



Eric McKinney, CEO of Chong
and Partners in San Fran-
cisco states that, "archi-
tecture is like driving with
a blindfold on: upfront, you
determine your target and,
after driving for a while,
you take off the blindfold
and find out how close you
got to the target".

3D Virtual Construction
Simulation (3D-VCS) helps
solve this problem by turn-
ing design and cost estimat-
ing into parallel processes.

Step 2: Data Validation. Valida-
tion creates credibility for the
model. This step starts very
early in the model’s life and ex-
tends until the end. In this step,
the model developer examines
the validity of the data collected
as well as the assumptions
made through statistical analysis
methods and discussions with
subject matter experts (SMEs)
including informal validation like
audit, documentation checking,
inspection, reviews, static valida-
tion like cause effect graphing,
control analysis, data analysis
and dynamic validation tech-
niques like acceptance testing,
beta testing, statistical testing,
visualization, and animation

Step 3: Modeling the Data.
Building a model starts with fo-
cusing on a problem. The built
model should be easily under-
standable but sophisticated
enough to address the clients
needs. However, the model
should not be so sophisticated
that it exceeds the client’s ability
to understand and implement
the solution. The model should
be comprehensive and contain
all the necessary information to
make it as accurate and realistic
as possible. Finally, the model
needs to fulfill the simulation’s
objective and be able to evaluate
the system’s performance.

Step 4: Coordination and Veri-
fication of the model. Entities
flow and data input are exam-
ined in this part. Verification and
validation must be performed
through the entire simulation
study. They are both continuous
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processes and the outcome of the
simulation model should be con-
sidered for credibility. The main
benefit of verification is to control
change and be able to correct
mistakes the client perceives. Of
course, this maintains a high de-
gree of coordination to ensure
that the modeled data meets the
clients needs and address any
observed issues

Step 5: Final Output to Con-
struction Drawings and Bill of
Quantities. The built model is now
an accurate representation of the
construction system. Pulling this
all together allows the VCS proc-
ess to output highly detailed and
integrated construction drawings.
Likewise, the VCS system also
allows the client to review and ac-
curate Bill of Quantities. Both
these outputs translate directly to
an improved and more efficient
building process that allows the
client to experience profound
monetary savings due to a de-
crease in wastage, mismanage-
ment of resources and design in-
consistencies.



THE BENEFITS OF GYNO-
SURE'S 3D VIRTUAL GON-
STRUGTION SIMULATION

Cynosure Cad Operations’ 3D Virtual Con-
struction Simulation (3D-VCS) is a cutting edge
development in the use of current building design
technology. It is a process that aims to ensure
specific benefits to actual construction. The bene-
fits can come in the following main areas:

The integration of design & estimating
The creation of cost calculations

The creation, analysis and optimization
of schedules

Risk reduction

Reduction in subcontractor costs
Management of contractual issues and
claims

Winning more business
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Design/Estimating Integration

Ultimately, cost drives design, however, the
traditional tools do not provide sufficiently accu-
rate and/or frequent information to make good
decisions. In current practice, architects are only
provided with cost feedback after the construction
company involved has reviewed the design, de-
termined the quantities and assigned prices. Dur-
ing this process, the design effort continues, re-
sulting in large amounts of rework in the case of a
cost-driven design change. (Fig. 1)

Creation of Cost Calculations

Currently, the use of 3D in Architecture, Engi-
neering and Construction lies heavily in presenta-
tion. This is however, not just the capability of 3D
Models. Every object in the 3D model can be
made so that it stores all the information required
to carry out the cost estimation and scheduling of
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the specified object. Using this way of capturing
"real world" objects, 3D models do not have to be
highly detailed, thus saving modeling time.

Creation, Analysis and Optimization
of Schedules

Planning production to flow continuously with
synchronized production rates minimizes the like-
lihood of trades interfering with each other. There
will be less wasted effort, idle time and fewer on-
site conflicts.

Risk Reduction



Figure 2. Cost Calculations - 3D Modeling allows the designer to
make accurate estimates based on the input into the system

Risk Reduction

There are two main con-
tributors to risk:

o Incorrect information
caused by the lack of
time to effectively syn-
chronize all data related
to project design, cost
and time

o Incorrect assumptions
generated by the variabil-
ity of conditions during
actual construction

3D \Virtual Construction

Simulation (3D-VCS) solution

addresses these problems in a

number of ways:

o Design information is
more accurate and com-
prehensive.

o The synchronization of
design, cost and time
data is automatically
maintained at all stages of
design and construction.

. The correct and accurate
information allows the
project team to constantly
monitor, analyze and re-
spond to conditions
throughout the project.

o The sum of these benefits
provides a far more effec-
tive decision support
framework than traditional
processes.

Reduction of Subcon-
tractor Costs

Almost all of the subcon-
tractors consistently state that
they must add extra margins to
their bids to accommodate the
cost implications of incorrect
design data, missing informa-
tion and coordination errors.

3D Virtual Construction
Simulation (3D-VCS) uses
proven, leading edge technol-
ogy and methodologies to im-
prove project planning and con-
trol. Construction managers or
general contractors can use
this process to reduce project
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cost, risk and time to comple-
tion.

Usage of the process di-
rectly impacts subcontractors
in a number of ways. Most im-
portantly, many of the ineffi-
ciencies common on construc-
tion projects are reduced or
eliminated. These problems in-
clude:

. Design Problems

- Incomplete design docu-
mentation

- Incorrect designs (i.e.
cannot be constructed as
designed)

. Poor communication be-
tween all project mem-
bers

. Execution Problems

- Duplication of effort - in-
ability to utilize existing
design data, forcing man-
ual re-entry

- Inability to rely on exten-
sive prefabrication - pre-
viously constructed build-
ing elements were not
built as expected

- Schedule starts/stops -
having to shut down &
leave the site numerous
times, as opposed to a
consistent flow; or paying
employees to sit idly on
the site & wait until an
area is ready

- Legal claims - resulting
from poor communication
or the poor performance
of other team members

By reducing the severity of
these problems for subcontrac-
tors, profitability and competi-



tiveness are increased— more
projects can be won and more
profit made per project. The
current practices for estimating
job cost and schedule are
based on adding allowances for
the above problems. These al-
lowances are based on an av-
erage amount of problems oc-
curring during a project. If few
of the problems occur on a pro-
ject, the subcontractor will
make a high profit. If many of
the problems occur frequently,
the subcontractor will lose
money on the project or even
risk bankruptcy due to the
magnitude of the loss. 3D Vir-
tual Construction Simulation
(8D-VCS) creates a more pre-
dictable work environment re-
quiring fewer allowances and
greatly reducing risk. Subcon-
tractors who undergo the proc-
ess are able to reduce bid fees
and thus increase profitability.

Competitiveness can be in-
creased by developing a
deeper understanding of the
process, and by developing the
more effective work practices
made possible by the new
process. These new work prac-
tices involve the better reuse of
design data, more extensive
prefabrication, and even new
construction techniques that
would not be practical without
the precision provided by the
3D Virtual Construction Simula-
tion (3D-VCS). 3D-VCS can
consistently reduce a subcon-
tractor's costs by a range of
5% to 20%. The lower range is
commonly achieved by simply
reducing errors and improving
workflow. The upper range of
savings has been achieved by
using new construction tech-
niques and shorter timeframes.
These savings are aimed to re-
duce bid prices, thus winning

more business and ultimately to
increase profitability.

Management of con-
tractual issues and
claims

Since all project-related
data — design, cost and sched-
ule — are synchronized continu-
ously throughout the process,
3D Virtual Construction Simula-
tion (8D-VCS) improves the ba-
sis for communication during
pre- and post-contract negotia-
tions by taking away multiple
interpretable information
sources. By using consolidated,
accurate and stable information
from 3D Virtual Construction
Simulation (3D-VCS) as a basis
for all tender and contract
documents, a more preventive
approach can be achieved. This
results in a reduction of litiga-
tion and arbitration costs.






