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ABSTRACT

As the final stage of undergraduate course for students in Construction
Management, the graduation design isto verify the students’ professional
knowledge and ability to solvereal problemin practice. But currently, there
are many problems in the stage of graduation design, including selecting
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improper topics, incompletely appraisal mechanism, low efficiency and
etc. This paper intended to introduce BIM technology to establish an
innovation implementing process and make the graduation design more
efficient and beneficial. Theinnovation model |eadsthe graduation design
to bevisualized, integrated, cooperative. Based on the comparative study,
this paper gives an improved performance in cost and time.

© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Graduation designisthefina stagein theunder-
graduate education, and it isanimportant stagefor stu-
dentsto combinetheory with practiceand toimprove
theability of preliminary research. It trainsthe under-
graduates with the basi c knowledge of Management,
Economics, Law and Civil engineeringin Construction
management. Thusit needstest studentsthefollowing
qualitiesingraduation design:

Currently, the mostly adopted graduation design
topicin Chinaisto make bidding documentsfor projects.
Thisisbecausethe commercial bid (contract terms),
economic bid (price), technica standard (construction
organization design) inthetender documentscould test
theabovequalities. Through asurvey of 394(378 ef-
fective questionnaires) graduate studentsmajored in
construction management during the 2011-2013,

66.66% studentstakejobsin project management or
cost management, and 23.81% students chooseto take
up advanced studies. Howeveryit is found that the
graduation design hdpalittletotheir practicework and
research inthe survey, with 30.95% students unsatis-
fied. Soitisnecessary for thecurrent graduation design
patternsto beimproved and innovated.
BuildingInformationModding (BIM)isadigitd rep-
resentation of physcad and functiond characteristicsof a
facility. The BIM technology ischanging thework pat-
tern of traditiona construction management. Through
adopting BIM, project managersarebeing provided with
continuous, red-time, religble, integrated and cong stent
informeation to achievethe god sof shortening construc-
tion schedul e, decreasing cos, improving efficiency and
qudity. Thusadding BIM technology intotheundergradu-
ate coursefor congtruction management sudentsisvery
necessary. Inthis paper, an experimentisbeing carried
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Figurel: Requirementsfor graduation project

out to practice usng BIM in construction management
graduation design, and put forward therel ated eval ua-
tionto compareefficency and effectivenesswith thetra-
ditiona designunder thisthinking.

RELATEDWORK

Nowadays, graduation design of the construction
management exist some problemsin someaspectssuch
as selecting topic, the process of implementation and
theevad uationmethod in China. Teachersoften provide
two optionswhich arethe graduation design and gradu-
ation papery. However, Studentswant to do the de-
sign can not only help them learn advanced research,
basic theory, but also can take best practice?. But for
the current topics of graduation design, students cannot
understand engineering theory and practicevery well®3,
Meanwhile, interaction andinformation sharing between
teachersand studentsispoor in the process of gradua-
tion design“; Using the achievement of graduate stu-
dentsexcessively resultinalittle harvest’™; Thereisno
execution of andardized, systematic, sScientificand man-
agement mechanism in process management!®; Lack
thoughts of |ean congtruction, knowledge management,
virtual construction in the process of the graduation
design; Failed to userelated professional softwareto
solvethe problem(™; Submitting form and defense pro-
cess of graduation design should be structured®.

Theideaof integrating BIM into thefield of educa-
tionisbe ng proposed with the BIM technology widely
gpplicationinengineering practice. Insustainablebuild-
ing design, WuWe® put forward the teaching mode
of BIM-for-LEED, usingthe BIM to expressthe key
factorsof thedesignto get LEED certification. Mean-
while, it puts forward architectural undergraduate
coursetraining planin athinking of integrated design

based on BIM platform!®. Combining the simulation
of construction management sand table and
BIMystudents can act asthe different stakeholders
and establish areal-time and dynamic 5d (3d entity,
time, WBS) database. It al so improvestheefficiency
capacity of cost data'?. Cal state usethe BIM and
thelast planner system to simulate 4d schedulefor a
green building which hasthe LEED certification to
make students understand the construction morevi-
sually™, In order to make students understand how
tointegrate project information, optimize the sched-
uleand control the change management in different
stages, Stanford university apply red caseon BIMU2,
Intheresearch of BIM application intheteaching for

e preparation for the construction
% project bidding documents J
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TABLE 1: Problemsintraditional graduation design
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Document Activity Time Theoretical (professional knowledge)  Practicalness (Oper ability)
. _ high error rate of design drawing leadsto - . .
Be familiar with  About . , Have difficulty to image turning
_ aresult of inaccurate quality and o .
drawings 10% , . 2D drawingsinto 3D drawings
increasing rework
Economical Quantity About  Spend alot of time on repetitive Spend much time on using of
Tender take-off 55% calculating calculating rules repetitively
L . ) Have no intuitive understanding
Prepare the About  Have no intuitive cognition on unit . ] ) )
) L _ of main engineering content in
BOQ 10% project characteristicsin set-price .
set-price
) ) . information involved in the
Project failed to understand the characteristics of )
. ) ) early stage of the project can't
overview the difference between projects o
About reflect intuitively
, 5% Thereis plagiarism in construction construction technology and
Construction )
h method and technology,lacking of method can't be reflected
scheme
, theoretical quality control intuitively
Technica ) ) )
Understand the process and draw Failed to realize the virtual
standard About _ _ . L
Scheduled plan 10% construction schedule network diagram  construction, get an intuitive
’ from theliteral level feeling of project
The configuration of Cranes and Failed to establish a close and
Construction About  mechanical equipment, the calculation of  intuitive connection between
plane layout 5% yard,water and electricity pipelines are construction and field in order to
divorced from practice study and arrange
_ ) A low correlation of contract text and less connections between
Commercial The preparation  About ] ) ) ) ]
technology and economic result in ahigh  information of contract text and
Tender of contract text 5%

plagiarism rates

each stage

students’ team cooperation, Cal poly joint three uni-
versitiesobtaintheimportance of mentor guidanceand
establish work flow in collaborative™ besides
Tamera* put forward the work flow of multi-spe-
ciaty teamin BIM and dynamic mechanism of team
management inthe teaching. Through the use of BIM
teaching unit and students’ experience, CSU get the
conclusion that theworkload of studentsand teachers
can begresatly reduced by using BIM, meanwhile stu-
dents’ spatial cognition and critical thought will be pro-
moted by visualization and interaction of BIM©*5, Af-
ter ansurvey fromuniversitiesinthe USA, Farid found
that themain resistance of teachingwith BIM includes.
to changethe existing undergraduate devel op system,
toincreasefacilitiesto support !¢,

Much research proved that BIM havevast practi-
ca and theoreticd vaueif BIM integrateinto the edu-

cation, however resistanceisasoexist.

PROBLEMSEXISTINGIN THE TRADI-
TIONAL MODEL OF GRADUATION DESIGN

It dways takes 14 weeks to compl ete the tradi-
tiona construction management graduation designfor
studentsin Chongging University, and thesurvey re-
sultsexplained that 92.3% studentswho spend 81.7%
time on preparing the economic tender, within which
the 66%-70% of timeis for the quantity take-off. It
causesthe studentslack of timeto preparethe project
schedul e, construction methods, and contract items,
which often leadsto aphenomenon of copying. The
existed problemsareasfollowings:

THE PRACTICE OF GRADUATION DESIGN
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IN BIM MODE

Inorder to analyze effectsfrom theoreticd, practi-
cal and efficiency whenintegrate BIM into graduation
design, this paper setsagroup experiment and takes
the project of Happy Middle School as an example.
Therearetwo buildingsA and B intheproject. Building
A together ground four tiers, underground onetier, and
building B hasground six tiers, which are connected by
acorridor. Thebuilding areais8851.16 n. It wasdi-
videdintotwo groups: traditiona group and innovation
group. To control therelevant variable, choosefivestu-
dentsin each group. Two groups separately finish the
graduation design based on onereal project. Different
work flowsareasfollows:

f‘prrpaml!inu for the construction
i ]
\__ project Tender documents—/
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Figure3: Processof graduatedesign based on BIM

Analysisof process

Studentsalwaysfound it lack of relevanceamong
thethreetenders so that graduation design don not have
main lineand be short at integrated and systemic. The
graduation design based on BIM takesmainlinewith
the 3D modd . Studentsadd non-geometricd informa-
tion (contract, cost, project etc.) into 3D model and
lead them in Naviswork to generate schedule ssmula
tionand virtua construction; Meanwhilesomesoftware
(likeluban) localizethe 3D mode to be Lbim format
and useit to ca culatethe quantitiesand set-price auto-
matically. Then using thelocalized model to generate
3D constructionlayout. Based on the BIM work flow,
it canintegratetendersinto BIM to enhancethevisual-
ization of work flow, sharing of information andthe con-
veni ence between studentsand teachers

Analysisof implementation schedule

By experimentsin two groups, wefound that: The
traditional graduation design can bedividedinto nine
stages, 46 days are needed. Cal culation of quantities
(2013.5.1-2013.5.18) takesthelongest time, accounted
for 39.13% of the schedul e, and the preparation of ten-
der only accountsfor 23.91% of the schedule. Calcu-
lation of quantities becomethe core of the graduation
design, thismakeinspection of our four years’ under-
graduate study to stay in operatingthecaculationrules,
which reducing theinnovation that undergraduate stu-
dentsshould have. Analytical ability to actua projects
getsnotraining, including failed to optimizeand control
the cost and bring forth new ideas to construction
scheme, ared -timeoptimization of schedule, compre-
hensivedesign and andysisof contract terms.

In contrast, the graduation design based on BIM
divide processinto 12 stages, with totally 31 daysto
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Figure4: Processof traditional graduation design implementation
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complete. It only takes one day to complete the quan-
tity cal culation and set-price, whichisfar lessthanthe
timeof 25 daysin traditional graduation design. Inor-
der to let thestudentsbefamiliar with quantity calcula-
tion rules, therepresentative subdivisona work ischo-
sentodo by traditiond way. Thetimeonly accountsfor
55.56% and 60% of thetraditional graduation design
ineconomicand commercid tenders.

Analysisof theimplementation results

Theanaysisand comparison between traditional
andinnovation graduation design areasfollowing:

M odel achievement

Compared with other BIM software such as
Archicad, Autodesk Revit has the advantage of big
group users and an integrated software system. The
modedl isbuilt by Revit 2013 inrevit-link mode. Build-
ing A is established according to axis network, and
Building B isestablished according to elevation. Team
membersimport unified axis network and elevationto
link model and check the collision, and modify the
modd. Through this process, team membersaremore
familiar with the basic knowledge of structureand con-
struction process, various components property, and
specifications. Compared with traditional way, innova
tion way ismore specific and reducesthe copy rate by
collison check of different groups’ results.

+/71

Achievement of virtual construction

The virtual construction is achieved using the
Navisworks2013 software. Theteam inputsthe con-
tract termsinformation which hasthetime constraints
tothemodel. Then theteam setstherelated schedule
and appearing timeof contract information. Compared
with thetraditional mode, it isbetter at knowing the
congtruction technol ogy and schedul e arrangement vi-
sudly. Alsoit could grasp the specifictiming and appli-
cation of the contract terms at each stage. Thishelp
studentsfind the problemsin the schedule management
and site management quickly and know how to deal
withit. Fina achievement ispresented by theform of
video and mode.

Achievement of quantity calculation and set-price

Theinnovationteam inputsthe Revit model tothe
LubanArchitecture (Budget version) softwarefor gen-
erating quantities automatically through the Plug of
LubanTrans-revit based on Revit. Anditisadjustable
automatically inreal time according tothereal-time
quantitieschangeof themodd , then using theautomatic
set-pricefunction of iLuban to get the price. Data of
the construction cost is cal cul ated by the Luban esti-
mator and i Luban automeatic set-price. Thecompareis
asfollowings

Thetwofina offersareclose. But thereaso are
many reasonsfor someerror. For example, part of the
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Figure5: Processof graduatibn design implementatibn based on BIM

Figure6: effect drawing of Virtual construction
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TABLE 2: Tableof unit construction cost Unit: Yuan

No. Project name

Amount (iLuban) Amount (traditional way)

1  sub-engineering fee 11221016.48 11269952.93
11 A.1 Earthwork 63253.92 62154.36
1.2 A.3 Masonry engineering 663194.01 678351.42
1.3 A.4 Concrete and reinforced concrete engineering 6158429.67 6227843.98
1.4 A.7 Roofing and waterproofing project 468369.41 429658.17
15 A.8 Anti-corrosion insulation heat preservation engineering 560877.59 529664.78
1.6 B.1Theground floor engineering 833170.53 834912.08
1.7 B.2 Cylinder wall construction 1490636.25 1489655.68
1.8 B.3 Ceiling engineering 77698.02 75693
19 B.4 Doors and windows works 793050.37 813495.22
1.10 B.5 The paint coating pasting project 112336.71 128524.24

2  Stepitem cost 1127245.88 1287624.64

3 Other project fee 1730000 1730000

4 Special safety civilization construction fee 115054.13 119874.59

5 Fees 200252.22 209541.21

6 Taxes 488320.31 496412.48

quantitiesare calcul ated repeatedly in traditiona way,
part of missing componentsin theiL uban model will
lead totheamount intraditional way alittle higher than
iLuban.

Achievement of construction layout

Compared withthetraditional 2D constructionlay-
out, studentsaremorefamiliar with thesizeand space
layout of each yard and main buildingsthrough Luban
Architecture 2014 or the Sketch up to do a 3D con-
struction layout. Have abetter intuitiveunderstand to
the concept and specific procedure of three supplies
and onelevdingwhichisdtill purely theoretical .

DISCUSSION

It could befound thereisagreat breakthroughin
thefield of construction practice guidance and educa

tion innovation for thegraduation design based on BIM

through the practi ce and comparison between thetwo
ways of graduation design. Theexperiment providesa
theoretical and practical referencefor thereform of the
construction management graduation designinthefu-

ture.

Guidanceof construction practice

The graduation design based on BIM makesthe
sudentsfully familiar with thewhol e processof thevir-
tua congtruction, intuitively learning construction tech-
nol ogy and thelayout of the construction yard, enhanc-
ingthelearning of control of consci ousnessand theman-
agement method of the three project goalsfor cost,
schedule and quality. Compared with the traditional
pattern stay inthe 3D imagine of thewholerea scene
based on drawings, thisisagreat breakthroughinthe
visudization and practice guidance of thegraduationin

Figure7: Congruction planelayout
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theinnovation mode.
Education innovation

From education point of view, process manage-
ment, assessment mechanism and team work become
the biggest problemsin thetraditional graduation de-
sign. Thegraduation design based on BIM makesin-
novation and perfectionin theserespects. Because un-
der thismode, it hasastronger demonstrability of the
graduation design stage achievementsand therehasthe
carrier for communi cation and eva uation between guid-
ing teachersand students. Eventual resultsishetero-
sexual andinavariety of forms, reducing therate of
plagiarism and the constraint of the eval uation mecha:
nism. Inthetask that the division of |abour isclear-cut
of moddingandimputing the contract information, team
membersintegratethemodd andinformationthrougha
unified platform of the BIM model. For the work of
virtua construction, constructionlayout and calculaing
the quantities automatically, team memberscantakea
discussion and compl ete together. Thisnot only can
enhancethe cooperation ability of team members, but
also accumulated rich professional knowledge. How-
ever, some obstacles are found in the process of the
implementation of the graduation design through this
experiment and which are needed to be perfect inthe
future, including:

(A) Settingtheunified modeling standardsand imple-
mentation plan, thiswill directly affect theaccuracy
of themodd and theamount calculation;

(B) Open the graduation design management
platformybecause alot of non-quantifiableinfor-
mation and data (such as contract terms)can’t in-
put to the BIM model. To realizethe paperlessand
resourcesharing, itisnecessary tointegratethe BIM
model, video, text, picture and other forms of
achievementsin thegraduati on des gn management
plaform

(C) Part of the software function isnot perfect, there
will be some parts missing during the period of
inputting the Revit model to the Luban software,
related construction layout software cannot cal-
culatethe size of yard and thetype and number of
tower crane,3D layout isconducting manually and
there is lacking of parameterization and
informatization.

CONCLUSION

By experiment in different groupsfor the gradua-
tion design, thispaper comesto theconclusion that the
implementation process and results of graduation de-
sign based on BIM would get abigger improvement
thanthetraditiona way, it can be summarized as: more
visua implementation process, moreintegrated infor-
mation, moresharing of the stage achievements, more
intuitive and profound understanding of thegraduation
design content, more collaborative of theteam work,
more orientative of the achievement of the process
management. Soit isnecessary to promotethismode
of graduation design, revised the obstaclesand prob-
lemswhicharementioned a thesametime.
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