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Workspace Generation and Interference Optimization Algorithm by
Work-type using 3D Model Object in a Construction Project

ABSTRACT

The increase of input resources, such as labor and equipment, in a construction project causes workspace interference between activities
and it influences on the productivity and quality of construction activities. To solve this problem, many studies related to the workspace
interference have been performed, however they verified the workspace concerning with only the geometric location of activities or
generated the shape of workspace by a whole object concept not separated units of detailed operations. It is difficult for project manager
to reasonably analyze the workspace conflict, because the size of workspace cannot reflect the characteristics of an activity and input
time of a resource. This paper presents a methodology that can generate three-dimensional models in order to optimize the workspace
shape and size by considering with the characteristics of each activity and input time of each resource. The suggested method can be
used for the active BIM system that optimizes the workspace conflict without additional construction duration and for the searching
algorithm of optimized moving path for construction equipment.
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1.1 g7o| Hid o =5

T Pz eAEE gt 9 ARk defego]
ERAAL Qlek o]2gh EHFellx] tire] Fgo] FAlel g
785, Agke 2dettel F92 AL ) E ARES] Rk
TS 57Vl ik ole} o] Algke Aisgtel Fuke 2Fde]
WSS 3R] 3Hdo] AF e HH, o ZRAES]
A Bl 2] S A = STk web S8R 2Rt
Al zeAE XS k= 23 I eV FY(Choi
et al., 2013).

olglgt FAIE s dar] ffal A dArrere 7 mds
Zgate] ARt I ARE FAH R HHStekaL, o
AlZkskelr] 1% BIM 71| &qo] S7kske FAol itk
e itk M Bed] FAES] 718k ARk
aefete] AAeits AL, AR Fs dEHow
Agetal stk ol= 58 B 5 ARl SAF ARt wet
Wsleh= 2derte] e whdekA] ZekE ARl At
zte] #490] ofeie AgolckMoon et al., 2014). o} £
B AT AT A9le] SAo) A3ke 2ekExte] Bt
18 T F Y= YT 3349 29 PPPELS
AN, o2 7lko 2 A4IFRE M HAs} 7FsE BIM

AR T

2. 0I2& )&

21 2uje| HnEs
ZVZA) FdeRt 2P IR AR oe
2t}

Seo (2010)E BIM7¥to 2 gzt 7HdA|a T2A~2
TEIkL, A AE B2E3E 9 FHAAE S
Choi et al. (2013)= 4D BIM 7]¥ke] HA1AQ] 213571 AlE)
TS Aekslgdrk Kamat and Martinez (2005)3= 3D ofu]w]
ol 7e& B3l AETAR] APES AlEHe|AEk] 2449
] B S Ak WRES ANEE e, Guo (2002)
2219 = 7]k 2B $3E RISk o)E sl
o3k Az} @ AES Ao)3h v} 9Jr}. Mallasi (2006)= CSA
(Critical Space-time Analysis)& =913k, 12714] 244 38
HE 9 371A]9] 2AE EAREE 7|Hko 2 ZdFRt AlEEo)A
34S 723100k Hammad et al. 2007y 23 =38 AF83}e]
] AQedde] EAL BEst gt FE5S A &
O~

9= T2 EER]Y A)JAES Ffukeleich &3 [-Chen and Yen-
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Chang (2010) FXRMIE 47FA] 382 1M, BT,
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A|2ElS Faksledar, Akinci et al. (2002)S 349 2HdE7t
25 S8 BIM7iko 2 21337hs 2P0 2 A Adehs WS
AAIEFG. o1, Tantisevi and Akinci (2007)2 =#¢l3} 2
9] Fooll ofgk Fe] 31xPES 3D bounding box o2
T35kt Chavada et al. (2012)2 24137 79 #3ls
Ao, ARt TS HSIIL o] & sEshs ek

Ak SAek

ZHFetol d3t 71 el ARt Al 97 A
l FFZEAIRE AAJSIAL BIM, 4D o] ITSHEelM ezt
Aste] Algshs EESe] v w3 EAL vk ey
olE oM 2dERt A3l atefsfol & A A
FFEe] F53 Ao w vjepsglon, So] Akett A s
wdstsle] 2dERt Ge deH o Ao e Azt
A23el 57 B Ape] SAde whdeA] itk 2ARE (et
ek w2 dATtexes 39 A8 FYAde]
54& agste] AdetE AT ¢ J=S Fgert 1l
73 Rke Ho TAgkele] AARR: B3 oS EriE BIMZ Rt
o7 Agette AL S F S AT EalS S8
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2.2 Bounding VolumeS £!25t =Tzt AN
321 SFolME F2 B FES AR Sk AAlE
= ZA1E-E(Bounding Volume)S A5, 72+ AAIBFS
o] &5 FIslal ItkKim et al., 2014).
olefdt ZAEF WAk Fig 17} o] gz o2 BS (Bounding
Spheres), AABB (Axis-aligned Bounding Boxes), OBB (Oriented
Bounding Boxes), K-DOP (Discrete Orientation Polytopes)

5] At(Yeo, 2002).
2.2.1 BS (Bounding Spheres)
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Fig. 1. Type of Bounding Volume
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Fig. 2. Definition of BS

e Hludto ey SEoFE vetd ¢ Slrk
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2.2.2 AABB (Axis-aligned Bounding Boxes)

AABB 212 Fig. 19} 0] X, Y, Z&9A] 2t 737k
(Bounding Boxes)E AAdekar, ZHzke] oA AHojd Hizt
2 HURS vagte vx SER-E ekt 5 Qv o3k
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S 7L gl AR 31 wvict BAVIARE 78718
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2.2.3 OBB (Oriented Bounding Boxes)
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2.2.4 K-DOP (Discrete Orientation Polytopes)

K-DOP 1822 3gaigt 3gid Afolel] Sli= 7K(Slab)ES Bounding
Volume .2 28811, of7]x] K= We] 7irE vt =,
OBBelx= 25aA| =Rt A & 4= JAIRE K-DOPelA=

Table 1. Workspace Type Classifications (Chavada et al., 2012)
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Riley and Sanvido (1997) Guo (2002) Dawood and Mallasi (2006) Wu and Chiu (2010) Chua et al. (2010)
Layout area

Unloading area

Material area Working space Product space workspace Path workspace Process space

Storage area
Personnel area
Staging area
Prefabrication area
Debris area

Hazard area
Protected area

Work area

Tool equipment area

(laborers, equipment)
Storage space
(materials)

Waste space

Set-up space

(Temp. facility space)

Process space
Equipment space
Equipment path
Storage Path
Path space
Protected space
Support space

Material workspace
Laborer workspace
Equipment workspace
Site layout workspace
Building component
workspace

Resource handling space
Product space
Interdiction space
Usable space

Dead space
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Table 2. Workspace Type (Moon et al., 2010)

Workspace Type Definition

. Installation space is directly related to the
Installation Space | . .
installation of construction structures

Fabrication space is prefabrication area for

Fabrication Space . . . .
supporting the installation of construction structures

Transfer space is related to the moving path of

Transfer Space .
resources and materials

Loading space is related to the loading and

Loadi . .
oading Space unloading materials

Safety space is related to prevention of the accidents

Safety Space and damage
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Fig. 3. Workspace Generation Model based on Workspace Type and Resource Profile
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g the workspace
3:Checking for y 4D VR Viewer

2. Checking for
The workspace Modg| "S5Ss

Brorkspace e I
e

worksﬁ;ce model
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workspace model by AABB

Analysis of schedule
overlapping ratio

(Kang et al., 2013).

WA, 35 ARl At ARt s s
$BiAE Fig. 49} o] 24+ 3452] BIMEEZHE ARz 2]
ARE Ao} agE7ge] 914, 718kt Ful, FAALS] 5,
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T efale] ZPERE IS RSk olet o] FgERt
o] A gk AW E Fokeb, Ardle] A guralel wket
a3 FPTt Fodo] AR ET

2pedazte] Fdo] A 5, kAR T2 AR} o AHo
w2t 2HeFeto] Fig 49} 2ko] Ade): o)of 2] B84 2de
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AGERE B PLAE WA 2Rt $1A] B e 2dE
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w2o 2 2 ERkE /g8 Zlojrk 53], OBBLE AdE 24
SR TRl Wk Hghe| wiet g AQERindE Y
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S 2Rt mele] o] SRE, o} 7Ne R Aty
7 2VdE rebeith ARt MY e 7IE el AAIE
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Fig. 4. Optimized Workspace Simulation by Project Schedule
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317] wiitel] SRt 13 T FAET ] o] sl
Hrf 53], vk o g A A 7] AEgAE 7RI
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2008).
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Step 1: Selection of equipmentand
workspace

Bulldozer Workspace & Safety-space

e

Backhoe-
Excavator

Step 4: Analyzing the unit-distance of the moving path

No.2
Coordinates

Neo.1
Coordinates

T

Analyzing the unit-distance

Step 2: Setting the moving path
of equipment

Setting the location of moving path

Moving simulation
of equipment

3309 AP e A B AR FE5o] YonE,
) S B le] ol5HEE A 5 Ik =
A8AT o15A RS EAES WA Agsteehe, 44 el

PR IR FOE ARt 7HE A5 2 ARsgt
o2 9 IHE R FRE =23 5 U stk o)E B
AlEshE AU E AHE YAAA, I ARE AdFhe 24,
Agate) Rebdn 2 el Jere =ik
7wje] ofsm o] ehmll HAlrhde A Bal)
A2 4DRE AN ARV 2 Btk S sk
Table 3. Standard Size of Construction Equipment
Type of equipment Division Size(mm)
Volume(ton) length % ?:;gg}:}tl X crawler
Crane 100 3400 7500 7790
150 3400 % 7810 % 8155
200 3400+ 8840 8560
VO?J:;E?;B) length >k width * height(mm)
Backhoe Shovel 02 5870k 1880 2580
06 7035 % 2590 2920
08 8985k 2990 % 3040
W\Ziogrlll(tl(lll(gg )| Tengthx width f heighi(mim)
Bulldozer 25150 5760 26203510
37500 6250k 2780 3490
Volume(ton) | length * width > height(mm)
Dump Truck 15 7695 % 2495 3030
25.5 8535k 2495 % 3235

Step 3: Selection of target activities
for analyzingworkspace conflict

. i
w v B

Selecting the activities of
analysis

Step 5: Analyzingthe workspace conflict
by equipment simulation

Analyzing
the workspace conflict

Fig. 5. Method of Selecting the Optimal Moving Path for Construction Equipment
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5. Equipment simulation

Fig. 6. Case Study for Selection of Optimal Moving Path for Construction Equipment
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