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Development of Virtual Construction Equipment Simulation
System Based on BIM for Civil Engineering Project
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Abstract

BIM(building information modeling) has been actively applied to construction industries and to maximize its application through
the life cycle of structure, various relevant technologies have been proposed. In particular, 4D sequencing management and 5D
cost-related management were introduced as an improved version of the design review and interface control by 3D information
design. On the other hand, the virtual construction using virtual construction equipment can sophisticatedly handle capacity, dynamic
movement, collision boundaries of actual construction machines but it still stays at a low level in a technical sense. In this study,
simulation systems based on BIM involving virtual construction equipment have been developed; then it is applied to the actual
construction project to evaluate the safety and efficiency of construction equipments. It was confirmed that the simulation systems
can be utilized to construct virtual construction site by using an effective 3D library of construction equipment and can plays a key
role to secure construction safety and economic feasibility. Specifically, the simulation system are very useful for decision making by
construction managers to select the optimum equipment and construction method with a better understanding for safety and

cost-saving.
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T ERAEEY Wd BIM(building information
modeling)8] E30] &g AHA F2E] 2 AT
dx 457 Fre] ggolgte L9 BF o] vt
ol2 1 8858 S ¢ s Hkte] d7EHI Aot
(Kim et al., 2011: 2012). 3D 4A A4E AEv A4
A9 2 Qo= 4D FF#E E 5D 719 #@Hd g
g&o] ZUstA APH L 32 H(Ding, et al., 2014), F=
Azt e W3 A ES 2AFE Aoy B, SAMEY
AlZgld e ARt ol = | F2 20| BFHA

%3 (Sampaio ef al., 2014), FAS FAIZ 3ol 24
2, ZAYA 55 22 5 AE Wt W HI
opa] FE37t Aol

T 24 =2AE7 Q¥ 1= 7« ¢ &8
2 Ald#EE7E Hagel wat iy A4 oE=Tt
AR FobA 7ha vk, oiuk, 24771 A A S =07
A F88 4TS FHske AL Ao, U] o gt
AR AFe| FF ¥ AR F3e T £l
o358 AM AlF PE AT, 2 F A
A¥AE Z7MA711 dck(Jeon et al., 2013). 2016d =
AR[AE A vh2d, 24704 FE AFGALTT AA
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A 27.24%=% 7% EotX AR W ZAA7A%
HHE Al R nlgo] B 0= AlFsitH(Ministry
of Employment and Labor, 2015).

A4 9] B&Fo|n A LAY 2 #AHE A3
2o AlEFeld 2 AY FHAs g a7 APHA
o, F= S FHAFH dFE AT duds AL
(AlBhanassi et al., 2012: Hung et al., 2016)°) &3t
U-go]AY, 3D Azl k2 AN (Park et al., 2013)
=< BZo® @ /EEAN A EFe B4 EAE OF
A AR A&7 A FEsi.

£ 7oA e BIM 7|ite® sMdel AMARES 73531,
ZEE(control)°] 7Fsdt 7Md 4w RS 0|83
T4 7V AlEH A ERES HASKRIY. &, o|E
AA BEEFA A&t dE ERES EHE A
ad wE E8ATHE AA stz gt

£ adA dgste EE ERE A8 gL sd1sEs
1-1, 3-1, 3-3%F, =8 2EIE FA~HY A 9T,
4712 A8k TEL T301 S°lth

2. 71874 AlEdolMe] 7|2 74

2.1 74 AEF0lA AT 1L

£ AN 7MEa4d B E o] 87 7MIdA Al EdelAg
F3tet O FEAHS AAFEH. Fig. 192 & @7M A

st A-g3tart s AlEH MY F8 7%l i s
A HA AH Z2AESL /MFAM S vlmsich A4 =2
HE AFAG S B oE HES] A% P4lZHQl 471
84F AT, 3A 2AE, AEAS gHe A &9
a8z} gAelA AR A3t JEE A", 7|Eele
olg 3 E3HHQ AEYL 2D EHY EAR H BuME 7t
o2 AY B V€At AES: Wog o]FoA it
£ dFeA e o8 @ vl 714 84wt shue] 74 A1EE
olddlx BFH o HEE F UEE A2HE FHEHOE
M 71€A7L vA hetsiA] ZatAY Bd o.F o) ARE
23S UEe AR A AdeteE ok

olg} 22 Al BHlo|H FRES JNslaL A&7 i 75
Axel EPF9 ZHANIE At AFA 8o
7Fsd =209 = AEsigch. B3, 75E ERE
ALEIE BA] 3l AA AT 39 EENA Z2AE)
HEAHQ T ALt 74 AlEeoldY F8
8491 3D Bd# 34 A g 4D A28 FAel 3
AME olv] B 477 AFHAL = FLsHA H-85 1 3]
gl & Aol e At 3, & At 448 BIM
AAETFE Autodeskrle] Revit® Civil 3Do|d, AlEdle]lA
TEE Y3 718 EREFL 48 ALARQ] Unity 5.0%
24319l on, =2 dole C#E AHE3Igitt.

VA48 AEECIAS A8 AAEATY 2 4T AR,
A E 7 & 7P3ER o] Basitt £, AEE0| 715
7|9 thFet Frek AAIZE HslEHE 4S80 & e
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Fig. 1 Comparison of actual(existing) and virtual construction methods
(Construction of lot 1-1, Honam high speed railway(KTX), SK E&C)
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Fig. 2 Framework of virtual construction simulation platform
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ohate}(avatar) 22 Al TUHE AT I M ¢A
A ES B SlaL 2E8] Asie] Fxe] DBMHE 75519
AT, 4, 7 T84S HR 4 eSS
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e A, 2uld 844 o8-8y A e ol B2
7ido] o]Fo|A F& ALNE FREFS B8 Aol Hrp
E&Zo|t.
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7P AEECIAE AT MR 75 AAYAY
Al g A A FAE o] B85 E BIME 7o itk a2y
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aejst] FE GT FEREO|Y F8 74 Tl I
TEHE Z4$7 et webd g Al dAE
Agusht JAAEE, J8a = 59 FEI} AR AT
A % AFE dEME F71 Beo] Hasttt & AT
dxe AAETCE 5] oz dde] 3D JRE
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Fig. 38 Construction of virtual site by 3D laser scanner
(Construction of lot 9, Suseo Pyeongtaek high speed
railway(SRT), GS E&C)

o}, FHIde 2 84997t BIMS 384 AFsAY
EZA 93 A¥e] WislE agFow sl 93 ALe
Ha JHWu et al., 2010).
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Fig. 32 A7 A48 B8 337 53¢ 7Md%<
7MEA7l 3DE F3sk7] A oA Y& AL Al
oltt. QF w2t FetE 23 37 &S] AR A FAE
#o]A 27d3le] Fig. 3(a)9t 2] B3A9] Point Cloud
£ §S3ta, BIM B+ 3D CAD &< °]-83) Fig. 3(b)¢%
#o] 3D Bd& 758 & U+

3, A K FERE St o ARFAAAE
7HI AL Sle BIME BEF Fdsks AL v|E&30]7] HL
drH ez g 3D /ol tisiMe 3D CAD &ZESoIE
o 9 4T 7SI Table 12 & @ld 758

Table 1 Authoring method of virtual site elements

Items Authoring Tools due to
Permanent |- BIM: Autodesk Optimized for
structures Revit structural BIM

Planned |- BIM: Autodesk Civil|Optimized for

earth works | 3D earthwork BIM

- 3D CAD tools: BIM informations are

T .
eriporary Autodesk 3D Max, |not essential for
structures .
Bentley M/station |temporary structures
- 3D laser scanner + |, .
Obstacles irregular object

BIM/3D CAD tools

(b) Virtual construction site with digital image

Fig. 4 Construction of virtual site by combining BIM
model and digital image
(Construction of lot 3-1, Honam high speed
railway(KTX), Dongbu corporation)
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7PEERe A 8aE AYWEE FEF Aol

Fig. 4(a)$ %Z°] BIM3} 3D 2= 748 7MadS
olu] &g FA4T HE, ATE XekaL 1o, ATl thE
OFE A BHS Ad) @l 2 wEE ovAE
2Het. Fig. 4(b)9 2] A7 ARl A RS
dsid 7MEAR 752 gAsiH, 8] T8 i AEE
B9l & A 3D 2dE 7RI

2.3 7 A A EES ofule 2Y 75

7Pz A eS| 8 54 P shil SAHEE A3 AT
W AE| U 9 A Yol eld Tl A AP ES] o]
Zasith Fig. 5& 7MIAA 714 cs 288 8 A
AEEES e & d7A e AR thEH s
HEHe A AHEES AL o] BolBHE 5 sl
8N 88 ¢ UES TSI @8, 7MIAA ohEe
AA FYARA 7H8E WA S 4 gle AAE 2
g AosA Ay, AYA T 2 AT 98 %e o
AT 2 7178 AES FESI. obEe ARAlE
AEE et F3o| 7R B of, 1A FhAre A
dxel AE7F Basty] i AHS 193 Ee 3U0He=
AT 4 3ok Fig. 62 ¥ @7l A8d 24 oprigt
dAE vehdo

(Construction of lot 3-3, Honam high speed
railway(KTX), Daelim)

Fig. 6 Avatars in virtual construction
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g 28I AT o Sl TF AR A A E
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Table 2 Analysis of virtual construction equipment model

Items Contents
- 3D shape of the equipment with a level
3D shape . .
of detail to be considered
Engineering |- Moving points and boundary conditions
constraint considering the action of equipments
Collision - Boundary box of equipment for collision
boundaries detection
Capacity - Unique capacity information according to
data equipment action

: Boom length

: Boom rotation

: Crane body rotation
: Operating radius

: Crane moving

: Boom constrain

O G Mmoo o »

: Engineering constraint

Fig. 7 Engineering constraint conditions of virtual
equipment model for mobile crane

(¢) Dump truck

(a) Mobile crane

Fig. 8 Virtual equipments model with collision
boundaries box
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Fig. 9 Load chart and graphical DB for virtual equipment
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HE AL AR #E dYsta WAE # =S 74
sl5ith. Fig. 82 £ A7olA A4d F8 FH|Q o]F2
RN W3S, YxEH9] 3D Pl FEUTL F7 AL
2dS Vet

ThoE JHE R AZSelA AlFshe 172 3)-8-87
g dolelE dgsta Fule T2 e &% #8 TAE
Ao R B & =S Sk Fig. 9% ©1%84] ZH U
Qg PR =g el AoEA Al EiY
ol g} o met QAY%E& FFo] Wk AL AE
Ack. BE 270 U§ FEAF FHEo] AFTHA ¥7]
HEd A HA dellA 7P FL g Agsts 7]&d)
AR A ALdshe &Y WS A &3l9it dE &
A & Zol7t 44maL, ¥Ho] 2Tm=E E3ete A ¥ d%
T7re] #4391 16.2 tono] A=A, o, A AFFEFS
225l LS BABIEE RIS 530

2.5 7MRAA NEHold EAF
$A 71ed 7MY 4 A 84S0 F¥HE Fig.

103 #Zo] £ AFlA MdE ERE UolA B2 Sk
7P AlEHold EREL A 3D RS AT F Ue

: Virtual site

: Construction schedule == " [—
: Virtual equipment w / J|ILF X A

: Equipment information | -;

m oo o >

: Equipment and avatar

Foleh AL 2AES AT F e Fo= vE F 5o,
24719} olutel, kA AJEAEES glolHeE] DB AH A
333l FEE & # e 7% dA=

EH4E U9 Fole AYIZQ Unitye] 79 97& o4
st, BIM®] 3% E& XU [FC XS 948 & =S
oz AEEt. 2 9d= FBX ¥4# Collada®]
DAETY F thd 3249 g g A4 F A=E a3t
7Pae] W7t YT W Aol fold 2dHe 8%
g9 A7] AR ZAEEC] 9EsR| BE F Jon= YA
A3t nie} 2ol Rde] vHE B Fslske Bgo] Fasitt

3. Jladd AlEd0|Mel HE

B AoNE 7MaA Aol SRES EAY B2
2%o] £ Yk A4 A A8F F 2 ANE BA
3194t Table 39 2% e} Zo] 74AM Aol M
B4 9 & Qe B (DA LAY AR, (B8R
@ 23 AE, (TR AE, (OTH s 4,
(5)etd BE 5 4 Aok

Fig. 11€ B2 A48 34 3 84 359 33844
71 229 Aol ofs) 2% Ate] AX BAL Al gl
g XS UehdT Fig. 125 7129 $9 59 A% 93
sl T\ 2E AT ASE RAFH, Fig. 138 e
B4 @AM WZEY 93590 oF A A8
olHE S Allolth. Fig. 119] a2l 714 AlBajolAg]

Table 3 Effects of virtual construction simulation

Type Effects

. - Checking limitation of equipment work
Planning of

libraries

Fig. 10 Composition of virtual construction system
(Construction of lot 3-1, Honam high speed
railway(KTX), Dongbu corporation)
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. range
equlpm.ent - Checking accessibility of equipment
operation . . qags
and intrusion of temporary facilities
Review of - Checking plan to use huge equipment
complicated in narrow space
equipment input |- Checking correct placement of equipment
plan and facilities in narrow space
Review of
alternative - Analyzing problems of schedule process
S construction |- Checking validity of scheduled process
¥ method
4 Better - Simulating construction process step by
understanding of| step to find potential problems at
B N construction pre—construction stage
s method - Checking validity of scheduled process
- Inspection of worker's location and
equipment location according to schedule
Safety
process
management

- Each worker's confirmation of their role

and responsibility on construction site




Fig. 11 Virtual election simulation of bridge beam
(Construction of lot 3-1, Honam high speed
railway(KTX), Dongbu corporation)

A AS B Srn N :‘:Jrﬂ/L 3
Fig. 12 Virtual excavation simulation in the vicinity of
the existing rail road
(Construction of lot 3-3, Honam high speed
railway(KTX), Daelim)

N T e N S N e

Fig. 13 Virtual earth work for large scale footing
(Construction of T301, tel, Singapore metro, GS E&C)
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