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Abstract

Collaboration of each division and BIM data continuity have been discussed,
continuously along with the introduction of the BIM design method in the co W
sector and there is an increasing demand for design data analysis and si ti

than simple design modeling. However, difficulties regarding data e@ using

different software from different divisions in BIM désiga ar in the
implementation stage of BIM. Thus, designs have bee %ucted edsonly on the
exchange between shape information and partial a As a rw suggesting the
data exchange method for design collaboration ¢ desigriNin the civil engineering
sector and simulating the analysis process with appli€ation of mpact Development

(LID) in BIM design, smooth collaboration w@aintaiaec@ng with continuity of data
between BIM design software and BIM- lgas@ lysis Wax equently carried out.
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1. Introduction A
In the beginning of the 2000s, t pt of 3D object oriented modeling was
implemented in the cons ion sect deS|gn/construct|on based on 3D Information

to high expectatl es of implementation, the expectations are being
significantly after app iof of BIM to actual tasks. There are several reasons
why BIM | ievi g e than expected in general architect & engineer design, but
the unders ols g of ous requirements for BIM, not the existing construction
design environment ired first [1], and the emphasis must be on interoperability of
data for collabs@ t allows for BIM data utilization via linkage with AEC adjacent

Model was introduce a n efﬁme§ plan to reduce errors and costs. However, contrary

fields [2]. Th €’ research aims to suggest interoperability methods of architect &
engineeringBIMvdata in general townhouse design and conduct analysis of BIM data
based LI %

@y Location & Method

is study targeted the area near the Danao city of Compostela, Cebu, Philippines. The
study area mean elevation is 10.0m, land slope running from the northwest to the
southeast, and 10-minute precipitation level is 177.08mm from the IDF curve which is
from the 1991 year Cebu Mactan Circumferential Road project.
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Figure 1. Study Location Map & IDF Curve

2.1. Study Method

There are several kinds of BIM Software used in engineering and architecture, but the0
usage of Civil3D and Revit from Autodesk® is common. However, the
discussed data exchange through IFC (Industry Foundation Classes) is not %Ith

,S % ation

todesk®

these two software and thus, there was a need for collaboration using shage

converted to the *.dwg format or collaboration with viewer Spftware s
Navisworks.

However, there is need for a full data exchange_me |mp035|ble for
designers to engage in numerical design data :@ cal across several
design divisions based only on shape information,“partial reco tlon of the analyzed

data is required with every design change a restricti |n quantity schedule work
are clear. Although recently released cjvi ineering s ns support IFC 2x4, it is

D
=
G
D
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nothing more than a partial extensmn e inf tion since it does not support
exchanges regarding reconstruction r|g| @E database when importing IFC
2x4 files to other BIM solutions. g\

However, by printing out rlbut rmation as text files, rearranging it in
document format that is sup by collaﬁgng software and automating these series
of process, the limitations=pf softwal erent divisions were resolved and smooth
collaboration between throu h data continuity and design data format change
was achieved. h sect can reduce their project budgets regarding the
mamtenance cos nnece ware needed for review of design data from other

eMation wish to discuss the concept of codes designed for data
lified moe of design data exchange that reduces data loss during the

%o low-impact development analysis based on the exchanged
BIM data @

2.2. Informati change Problem

Variou%gthods are being tried out to ensure data compatibility of wvarious
ivisions using the same or different BIM software platforms. Currently
ical exchange methods; direct exchange within the same software platform
le for similar sector such as architecture, Structure, Mechanical and Electrical),
atibility supplementation using APl (Application Program Interface) base Add-on
software and data export/import based on the standard information exchange model [4].
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Figure 2. Information Exchange Risk of Development Project

However, problems of information exchange within the same BIM software platforms
(such as limitations in file volume size and maximum design area) are continbQusly”
appearing and the BIM data compatibility problem between different software
gives rise to the discussion of a fundamental issue in BIM design Qﬂ siders
collaboration between different sectors as highly valuable. cqrding the data from a
previous study which analyzed the reasons for design c)ﬁ'n eigh styuction sites,
49% of the approved changes were caused by collabor@ ted4 s‘&. Thus, BIM

collaboration is required, as much as BIM desi eing primardy used to reduce
errors/omissions and utilized for collaboration bet wners\ ign firms. [6]

Information Exchane - s, of Developn. *nf P.oject

Figu% mation Exchange Item of Development Project

2.3. Exch rogram Code

In @ for exchange of BIM data in an ongoing design process within the

dborhtion between the civil engineering and construction sectors, the data needs to be
%ted in text format. Civil engineering surface shape data can be transferred to Revit
grotnd element via LandXML or IFC format but it only shows surface data and does not
contain ground information. Also subsurface pipes, fittings and other numerical data
cannot be exchanged with each other. This issue is a concern when using the IFC 2x4
schema which does not support civil engineering entities and also when developing a
schema that is not available in the current commercial BIM solution.

Also there is a need for extraction of attribute data (such as the starting point, ending
point, diameter and ingredients of subsurface pipes) into text format (*.csv), which is the
most basic format for defining entity attributes and can be identified with commas. Since
Autodesk Civil3D organizes and shows the gathered data in panorama view, the

~
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information was extracted into Microsoft Excel or text format (*.csv). Additionally, the
extracted data can be converted into Revit element and edited through Schedule.

The extracted data was available for use while tracking changes regardless of the
distance, by saving the data in a SVN (Subversion) local server or uploading it on a Cloud
server, in which the VCS (Version Control System) was applied to the settings for
collaborators in remote areas. Also, files with errors that were uploaded could be restored
with the previous file. Using C#-based Autodesk Revit SDK command, the extracted
underground coordinate data were defined as new points P1 and P2 (these points refer to
the coordinates of the starting and ending points) via parsing, according to the comma,
from the text format data as can be seen below. Regarding this, the coordinate area in the
construction sector is restrictive, with only 33km (20 miles), and thus a Project Point must
be set and the data that took out the Project Point distance from the original coordinate
system in the civil engineering sector must be parsed

open.Filter = "CSV File
if (open.ShowDialog() ==

System.Windows.Forms. Dia&R@sul

.
OpenFileDialog open = new OpenFileDialog(); V
(*.csv) | *.csv"a

{

XYZ pl

XYZ p2 = new
StreamReader sr = new StreggReader ( open\Y\Iame,
Encoding. GetEncodlng("euc—

whlle qe\h eam
&1pe pl ull;

new XYZ ;

try
{
\rlng s = sr.ReadLine();
@ \s ring[] temp = s.Split(',"');
diameternumber = temp[0];
The locati hne startinglending points of the subsurface pipes were already
designated efinitio ve and thus the attribute will be defined by assigning titles

to the pipe y defi e design template and the definition regarding the diameter
and thickness of the ill be carried out below.

Element Sel@nt =
pipeTyp&iﬁ;f. ind ( (pipetype) =>
{
(;ég'ng typeName = pipetype.Name;
o™

urn typeName == Typetemp;

Type = SelElement as PipeType;
DiameterAndDiamterplus = DiamterZpointcheck (diameter,
diameterplus, pipeType, diameternumber);

diameter = DiameterAndDiamterplus[0];
diameterplus = DiameterAndDiamterplus[1];

new XYZ (Convert.ToDouble (temp[2]),
Convert.ToDouble (temp[1l]),
(Convert.ToDouble (temp[3]) + diameterplus));

pl

P2 new XYZ (Convert.ToDouble (temp[5]),
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Convert.ToDouble (temp[4]),
(Convert.ToDouble (temp[6]) + diameterplus));

Additionally, by acquiring the X, Y figures of the facility family (such as manholes,
catch basin, reservoir and holding tank) in the same way as the pipe figures were found
and the Civil3D model was transferred to Revit by arranging the family in designated
locations and automatically imputing the z position via the family parameter.
Subsequently, this process was defined as an icon in the User Interface Ribbon and the
creation of the model was automated.

using (Transaction familytransaction
= new Transaction(doc, "Create family"))

{

familytransaction.Start () ;

doc.Create.NewFamilyInstance (FamillesStartXyY, VV

familysymbol, familystruct);

familytransaction.Commit () ;

} W«
$2dd user T-con OQ \\>/

app.CreateRibbonTab ("Damwon") ;

RibbonPanel panel = app. CreateRloo nel ( *" ")
PushButtonData PlpeInsertData*: PushBu Da

PushButton PipelInsertButto
panel.AddItem ( Plpelns@ K\ Button

2.4. Information Exchange%
The project site was_revie ed pha3|s on the data exchange between

construction and civil neerlng rs. Collaboration of the civil engineering
landscape within the atfor s enabled by converting the format via Autodesk®
Revit used by con on d ’Xusmg the exchange code on the gathered data and
exchanging smg L L or IFC 2x4. Out of the extracted data, information
such as X,@ ometr a for start point, end point of pipes, pipe diameter, storm
drain manh structure location, structure top, bottom elevation, pipes in
& out elevation a erial information were converted identically and the same
information car& ed via the pipe-related Schedule in Autodesk® Revit.

-
©)
Q°
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Revit Pipe Schedule)

Figure 4. Design Information Exchange Case (Civil3D Pipes Pa@

The designer was able to check the numerical point ollaboration
via data exchange and was able to prevent errors apeJyfii etween design-
construction. There was no data loss during the d@ between different
platforms; the transfer of IFC data into ESRI®™# ta through the data
interoperability extension of ESRI in Autod Revitand g Autodesk® Civil3D (via
the GIS Export function of Storm and Sani alysis) VN hieved without data loss.

# 10 Drainage pipe
Plan View

rin EL ani x EL is different
Drain EL to at@hed with connection
Shop Drawing

-----

TEFL+1150 (65 EK
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3. Low Impact D ment Analysis
The interpre@ ftware uses EPA-SWMM and Autodesk® Storm and Sanitary

Analysis, whichcan be directly imported from Autodesk® Civil3D or GIS. The analytical
model obtaihed drainage network, watershed characteristics data from BIM data and
added t all information of study site, which is distributed by center concentration
time f alternated block method from IDF curve.

@ 10Yr Rainfall Distribution by Alternation Methed
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Figure 6. Rainfall Time Distribution
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General drainage network and underground detention basin was analyzed by using
storm and sanitary analysis and LID elements such as permeable block, roof garden and
rain garden was converted to and analyzed as EPA-SWMM, from Autodesk storm and
sanitary analysis data without any data loss [3].

Stripe Infiltration Swale
Rainwater Recycling Tank
Small Scale Detention tank 1 P Concrete Curb

Green Filter
Rainwater Detention tank
Detention Basin
Permeable Block

Road Catch Basin
Sorar Pannel

3D Simulation Small-Scale LID Facility BIM Model

*
Figure 7. Study Location Rendering Image and Small Scale LID Eq \0(
for each Housing

The project site is composed 43.8% of housing are % of area and
average curve number is 78.9. Ground water of housinX@ ay and ment area to

be stored in small scale detention basin of each hous chisab atch rain water.
Each household tank capacity to be determined a of ro%egwhich is catch rain
water up to 0.05mm to 0.1mm in depth and capa is deter d 4ton to 8ton. The
outflow portion of project site to be installed @\3 of de&er@ tank which is determined
by discharge flow of initial analysis  «

Rational A SSA SWMM Analysis EPA SWMM LID Analysis

Fig@& tudy Location Analysis Model of SSA and EPA-SWMM
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Figure 9. Study Location Analysis Result
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Figure 10. Profile of Study Location Storm Network

LID equipment can reduce up to 16.8 ~ 24.5% of the discharge flow and time to reach

the maximum capacity of detention basin was 19.8 minutes. The project site drainage”
networks diameter was determined at 450mm and most of the network pi re
reviewed as acceptable. 0
. 2
4. Conclusion % @
Most of engineer can use Autodesk® Revit pl t moswchitect division
engineer have any experience of Civil BIM platf hat is hy, data collaboration

as Autodesk® Navisworks. In this study, rela VISIOHC able to engage in smooth
design collaboration by exchanging the.d e wh|ch nverted any data loss and
tracking the revision data that was @ware of individual sectors for
townhouse BIM design and constru

Additionally during the d |g ess the \1 model and information data was

is limited to shape information based on 2D é tware or review software such
f

converted to analysis mod d exc ed with conventional analysis software

without any data loss. This LID analysis based on the underground
facility data exchange an ropera y collaborating with related divisions.
d

However in the ent st itional research into BIM data exchange of
above-ground fac il be co ted to acquire a higher interoperability of BIM data
in different dIVIQ m a p?&@l iewpoint.
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