e

Title:
Author:

Subjects:

Keywords:

Publication Date:

Original Publication:

Paper Type:

- CTBUH
&= Research Paper

Practical Application of BIM Technology
Bin Zhao, Shanghai Tower Construction & Development

Building Case Study
IT/Computer Science/Software

BIM
Design Process
Technology

2014
Shanghai Tower: In Detall

Book chapter/Part chapter
Journal paper

Conference proceeding
Unpublished conference paper
Magazine article

Unpublished

© 0k w2

© Council on Tall Buildings and Urban Habitat / Bin Zhao

ctbuh.org/papers


http://ctbuh.org/papers

Practical Application of BIM Technology

BIMBC A By SE B AL A

Bin Zhao, Shanghai Tower Construction & Development Co,, Ltd.

R, L FoA BRI RFIRLE

Using Shanghai Tower as an example, this chapter introduces the effective applications of BIM technology in project design and construction
along with the positive results achieved. The chapter also summarizes some problems encountered during the process of implementing BIM.
Along with the growth of the Shanghai Tower, 4 years of BIM technology applied to the project played has an important role in different phases.
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In the preliminary planning stage, the team set up the "lean management mode based on

BIM technology dominated by the owner unit, with the fellowship of the participation unit,’
according to the characteristics of the project. In order to complete the information and process
management based on this mode, and considering that BIM data is vast and various, the project
needed a unified platform. After multiple screenings, Autodesk Vault Professional was formally
chosen for the project.

Autodesk Vault Professional is a data management platform based on a variety of technologies
such as AutoCAD and Revit. On this platform, various project participants may browse online
data, and complete various tasks with that data, such as download, modify, upload, etc.
Meanwhile, this platform is highly compatible with other Autodesk software, which plays an
important role in comprehensive data management. With its data tracking function, Vault

can also control and observe the source and flow of all the data in this platform. It can also
synchronize and network the data, which is more conducive for the BIM model update on site.

The platform has been thoroughly applied in the Shanghai Tower project. In addition, on the
basis of the existing platform, we did secondary developments in view of the problems accrued
in the process. This optimized the management and processes, and helped to improve BIM
implementation in the project.

With responsible mechanisms and platforms in place, the whole project needed unification
with BIM implementation standards for specific work instructions and specifications of each
participant. Therefore, according to the BIM applications in Shanghai Tower, the owner set

up the project implementation standards with stakeholder (Figure 5.4 and 5.5). This included
the specific responsibilities for each participant, architectural requirements of the application
software, file exchange and release requirements, model creation, maintenance and delivery
requirements, and the details of each discipline term. As the project progresses, the standards
will continue to be perfected. All project participants also hope to sum up the main points of
the BIM implementation in the process of project, thereby helping to serve future projects.
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Figure 5.3. Working organization framework of BIM (Source: Shanghai Tower Construction & Development Co., Ltd)
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All of the above efforts aim to make BIM the
unified engineering language of the project
and achieve the maximum use of project
information.

At the same time, each participation unit
established their BIM team under the request
of tendering documentation, and appointed
a specialist for BIM communication and
coordination. The composition of the whole
BIM work team in Shanghai Tower is shown
in Figure 5.3.

In the process of design and construction,
great changes in content of the BIM
technology framework have also taken

place. The number of software programs

used gradually increased, from the most

basic modeling software, Revit, subdivided
into Tekla software to make steel structure.
Inventor software assisted with factory
processing. Solidworks software made

the window-cleaning machine and Rhino
software made the free form curved surface
based on the professional characteristics. The
scope of application is expanding increasingly
as well. For instance, a model checking system
has been formulated and we are developing
our BIM engineering management system
independently for the quantification of
project quality, safety, and progress.

HITE AR E (LES54,55), R #EAZ T A5 5 AR TIERE, RHARHGE
MER, XHRHEREHER, ERANE, FPRIMTERURE T V@A ZHE
&, MEFEWHT, RERELURBSETE, TELFLF LRI ERELSE
TH A FBIME N E &, M A LU E #AT R £
FAXETEHENREERBMENTER —WIBES, HAENRKLITEEENR
KAAE A o

SRR, 255800 ERRNENERT, 24427 ABMIERN, HHERE
A FUFBIM T AR 8 78 38 Bt . 2 AN 3 o0 T E BIM I 1E J A B9 44 & 4n S 3R o
TR R EEIEF, BMBEAELZNAZ ML ETRANT, EANKEHE
B L, 8RR S HRevity B BIARIE F W AR H 44 A Teklafi 4R 25

14, InventorBZ A T #r T, Solidworks## & AL, Rhinof th @ 4. N Fl# ik Bl 4 B
HY A HETHEEFLRE, AFRAFALTIBMIBEEZAGANTENRE. &
2. #EHTEEMAE,

W 25 BIMAZ A B2 JF B4 98 B BT 4 A, B0 F R B R s, TE &AM B A& #EE
THENER., EAFEELTYFE, ZATETBMAEI. I, AGBKIFX, £
il TE R E 8 A200%, tr TEEAEE N FERAS0%, ELHEHENEREREI0% &
A E N E, FIABMIEAR D T 0%IFFH I /EE, B T I0%HIEE: ., A% Lk
S5HEEREEL, ZIT70%EEFETHE MEZAEHTE, MERML, T 0H
AEHRE, EABMBEANE, ABRETERNEFNIERES THEXE.

Wbz 4, RATLAFABMER EU T FE#H T HARALE, HIZAT —200E LE
56) o

CHEBGITIEE
CFIT AR PR T E.
A AR RSN ER TN TR,

MEFRAMAERE, ERATRIEIE T, 5RAE AN TEEEMEIR L
Fydk TRERAHIESS, WEFATURBIBME R A FBRBSR., ZomBERLNS

o “m

H

HALERE | 9



Figure 5.4. BIM technical framework (2010 version) (Source: Shanghai Tower Construction & Development Co., Ltd)
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With the application scope of BIM technology expanding and the application depth deepening,
different stages and disciplines of the project have acquired obvious effects. This occurs in

the external curtain wall discipline, design, processing, and site linkage mode based on BIM.
Efficiency of the drawing and processing map has increased by 200% and the conversion
efficiency of processing map data has increased by 50%. Furthermore, the measurement
efficiency of complex components has increased by 10%. In MEP disciplines, using BIM

technology could lead to a 60% reduction of on-site workload with a 90% reduction on welding.

This reduces the use of adhesives and dangerous, poisonous, and harmful activities. Also, the
application scope of BIM is achieving a 70% prefabrication rate of pipeline making. In terms of
interior decoration, from the perspective of modularization and industrialization, work quality
and the efficiency of interior decoration have greatly improved (see Figure 5.6).

Besides the actions above, we also conducted research and used BIM models in the following
areas, and achieved a certain value.

- Quantity take-off assist
- Investigation of the short and medium construction schemes

- The use of 3-dimensional laser scanning equipment to improve the accuracy of on-site
construction

Economically, engineering changes and error costs caused by information communication
problems account for 3% to 5% of the total project cost in large and medium-sized construction
projects. Such expenses can be avoided by means of BIM calculations. Estimation based on the
clash quantities decreased by over 100,000 from clash detection statistics when BIM information
technology is used. If we calculate the unit price of individual clash point on the basis of 1,000
RMB, more than 100 million RMB in total will be saved in the project.

However, in the process of BIM technology’s implementation in the project, there are still
some inevitable problems, and these problems need to be considered and solved now and in
the next few years.

Formats of model data are numerous and compatibility of the managing software necessitates
further improvement. The BIM technology applied to the Shanghai Tower project has adopted
more than 10 kinds of software; each software having its own data format. Therefore there are
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certain difficulties in achieving lossless data transformation between the software and model
integration. Although the universal data format IFC has been promoted internationally, each big
software vendor also develops their own data interface. On one hand, IFC format is still in the
process of perfection, on the other hand, software vendors have differing development strength
with the IFC format interface, resulting in information loss and even component loss which
appears in IFC format conversion. And when we used Navisworks software for model integration,

data loss accrued as well, even though it can read more than 20 kinds of different software formats.

The model file is large in size, creating irregular browsing in actual operation. In large projects,
the effect of using BIM technology is obvious, especially in the projects with free form shapes
and complicated pipelines. Effective use of BIM technology can significantly reduce design
errors, improve design quality, shorten the construction period, and reduce the building costs
of projects. As the scale of the project gets bigger and bigger, depth and precision of the
model get higher and higher. In conjunction, the size of the model file also becomes larger
and larger. The most obvious consequence is the loading speed of the model file becoming
slower; its operability becomes increasingly worse. So, reasonable regional division for the
project model file is needed.

Figure 5.5. BIM technical framework (2013 version) (Source: Shanghai Tower Construction & Development Co., Ltd)
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Figure 5.6. BIM modelling used for interior finishes (Source: Shanghai Tower Construction & Development Co., Ltd)
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Decreased efficiency of model reuse is a problem more embodied in the transition from the
design to construction phases. Generally, the current situation is that the BIM team members
create BIM models according to design team’s drawings causing inconsistencies between
models and drawings. When a model from the design phase moves to the construction stage,
the method of model creation is different and lacks the necessary depth and range of modeling.
Contractors need further elaboration, in order to utilize the application through the construction
phase. When these problems become worse, contractors will recreate the BIM model in order

to meet the demand of construction application in accordance with the design drawing, and
the re-use efficiency of the design model will be reduced. Re-use hinders information contained
within the design. Therefore in the early stage of the project, modeling rules need to be
established. For instance, the range of modeling and the modeling depth should be effectively
specified. Also, an effective auditing mechanism should be instituted to ensure that the model
and information within it can be effectively used as needed.

Information about the attributes of the BIM model component is insufficient. The way
information is stored and retrieved must be improved because under ideal conditions, the BIM
model would be used throughout the entire life cycle of the project. The information is used
constantly from design to construction and to the later operation and maintenance stage. Most
of the model component information is default information which comes with the software. The
information content contained is far less than the late operational and maintenance application
requirements. Therefore, in the different stages of the project, clarification is necessary in the
content of a model’s component information, the responsible subject of information input and
maintenance, and the component information storage need to be considered.

There are breakthroughs in BIM standards, but these must be continually improved. At the early
stage of BIM implementation in Shanghai Tower, there were no national or local BIM standards,
even standards of project level were rarely heard of. Therefore as the owner, we needed to

set up relevant BIM regulations and standards according to the features and requirements

of the project. Meanwhile, we needed to communicate with every participant involved with
the specific BIM application processes and implementation standards in order to ensure the
feasibility of the standards. As the years went by, we have formed a series of BIM technology
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Softwares Discipline Data Format
w ARt EAEL LYk s S

General Format
BRAEX

AutoCAD All dé‘s;p;\ines dwg

Architecture, secondary
structure, outter curtain wall,
elevator, lift, interior finishes

R, ZHM, SRR
Bkt EEEM.
KA

Architecture

Autodesk

Revit mt

Structure Structure £ 44

Modeling
Mechanical and electrical
Bt}
R MEP pipelines, facilities
ML E &, &

Inner curtain wall, podium
Rhino curtain wall 3dm

RES-NE:V 2 =)

Tekla Steg sHucture dbi

Window washer

Solidworks HEE

sldprt

Integratin iccipli
9 9 Navisworks Al 9\50?“”85 .nwd

FLES &

Table 5.2. Data format of BIM application software
% 5.2. BIMEL I # #4545

application standards. With the arrival of the project completion acceptance, BIM delivery
standards of every discipline will also have been set up gradually. At the same time, national and
local standards are developed as well, such as“BIM delivery standard for construction design,’
and “BIM classification coding standard for construction design”that were mainly spearheaded
by China Institute of Building Standard Design & Research. The initial draft of “Construction BIM
application general standard” by China Academy of Building Research has also been completed.
This means we will have a general reference standard when implementing BIM in the project.
We can also quantify the economic costs caused by communications among different
companies and staff. We hope these standards will be developed as soon as possible, to help
BIM implementation in future projects.
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