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Abstract

In this paper, a retaining wall system, developed using building Information modeling (BIM), is presented. Based on the information from a

literature review, elementary technologies for the system were defined and developed. First, for the elementary technology, BIM libraries were

constructed using standards and previous study results to achieve versatility and reusability. Second, methods for determining the quantity

take-off (QTO) of a retaining wall were reviewed for an earth-work calculating system. Additionally, inverse distance weighting interpolation

was used to generate topography. Finally, four formulas for calculating the QTO were proposed and devised for each element. After its

development, the BIM system was analyzed and verified through comparison with a two-dimensional drawing-based QTO. The proposed

system is deemed to be practical for determining the QTO of retaining walls and earth works. The contributions and limitations of the research

are discussed in this paper.
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FEWEY, ek, IR AR R AL 50| 2 29 Building
Information Modeling(©]3} BIM) &A13} 2 = Wl 7lo] =g}
Q1 AN 7% HopolA] BIM 24 w9]o] gt 74 A4k
A gFAto]| 71012 3} tH(Ministry of Land, Infrastructure and
Transport, 2020a; Ministry of Land, Infrastructure and Transport,
2020b). 17, B0 - A S 913 BIM 4-§-2] g
g AESITL YUt S4TEE B vy mad s A}
&57] AEFsto] =2 FAo] Al AR o= AR EUE 1A

ot ge] FToe “EREof WA BIM 7ho]l =il “E '
o} WAL BIM A% 0325 EE B0k BIM 24 ¥
27} =) 32 QIeK(Shin et al., 2010).
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éiolE}(Lee et al., 2010). B2
7)1Z=wo| that Ao Za sk
Fo| ulet Fevt 2 o2 A

e T
o W B3 B AEHE A o] Fast

Quka 02 AF 7)ol MY Al B B2, Aol
A5 B\ EUS Y TR e n AP A
F 1410 Lol 8 FallA] e A 3Hck(Shineral., 2010).
she, G oh e A1 71EHo] W MelolAE FaAS
FolM A 52 BEATh 71E0] AHolA] ALgSH 2D
714 £ B AHE WS Table 13} o] ] FltkHwang

et al,2018). S, OF T Gre] H-2 uleo R Yol S 7

Bl= oFchH ¥ (Average for Both Section method), <9
b o] 212 8R8-51 Z2o) thAH(Center Cross-Sectional Method),
oF Bt} 220kgk2 &H-8-31 715+ -2-A](Prismatic Formular) 5

T2, WE, X4Esa} Zro] A3 A oA AFRE = o2

42 37 S2 4715 o]olA Fh=E Harw(Spot Height
System), 511412 &-8-3)= 531 A H(Contour Line), B EZF
G& ZA(Mass Curve) 52 Zulo] &

@ Atol= UARE Auk=Ql A
N A15-2] et ghe E-8sho] Hr FEj o] A2
7} WrH(Baek ef al., 2011).
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Table 1 Comparison of quantity take-off(QTO) method for earthwork
Method Formula Traits
V=(A, +A4,)*L*1/2
Average for Both |A1: Front section area High frequency of use on roads and railroads.
Section Method ~ |A2: Back section area High probability of overproduction.
L: A1-A2 length
Use if the cross-sectional spacing is not
Center . . .
. V=A,*L constant and the cross-sectional area change is
Cross-Sectional . .
Method Am: Area of middle section not large.
There’s a high probability of underproduction.
V={(4, +44,, + 4,)*L*1/6
Al: Front section area
Prismatic Formular |A2: Back section area Use it when the sides are flat and not irregular
Am: Middle \section area
L: A1 - A2 length
1) Rectangular Use to calculate the amount of earthwork in a
Spot Heicht Svst = Q00 +2Y3hy +3Y 3y +4D 30, )* A/4 large area.
pot He1ght System 2) Triangular Measure the ground height of the points that
V=00h +2) 3y +3D 0k, +4D 1, +8D hy)* A/3 are divided into triangles or squares.
V=(A,+A4,)+2(A4, + A, + A, ) +4(4,+A,+ A, *L/3
. An: contour line area Measurement of area within contour lines.
Contour Line . s . .
L: contour line length It’s convenient to calculate irregular volume
N: odd number
v=A/H . Accumulated based on the mass curve.
L: Average transport distance .
Mass Curve Measurement using the average transport
A: sum of earthwork distance
H: sum of earthwork(max height) ’
Hebsh 4= gl B o] e ks o 4= QltiOh et al., 2002). Sl dEA 2o Rampal RS O L2 eo] HejR] &
Aol A7 U S SR BASle] EF B AESE  TEIAGT 0|S B3 BIMY|uE ARRIF e} A 28 55
b o] 1 AIE] T Q) thPark and Jung, 2021). o)1= ¥R & o] = itk
He) g ot o 2 E2o] MKl N HHS Fosto] = Kim} Koo(2014)& S w8 5o 4] 2.0 2 A A]5}3L 9]
Q1E Ze}9-=(Point Cloud) 7|¥tC 2 d|o]E| & YAt o] L o u/ol7] Zof d|els A S Revito 2 Rl s}Ac)
5, 20lE 2oh9C dolg S o AW D vAYS G AAEES stebu|el 7} 48 7H5 e BIM etolHefe) 2 2
2 B3} AES vjmste] ERS AZach gk 52 Aof ueb Ag HsSEE & e gk eloltefe] o 28-S
= A #H 5o 3 B gt £7E Hot7] wiel 23 AA AT BeF o 7 =9 Zo| HrokS A A kT
W A% Eger o] 48 Abo] Bk A el ek Kim(2016)& ob7| = o =] 2 1542 Aftste] 3D w
oISt Elgo], £Bol B o] AN A, #BFo| Auw L FAR AR YR BFLATY F UL MBI A
o7 7hrro] Egao] sl ALEE = 2w glct ol Higt Ws AAfstl. F7h=, GDL(Geometric
Description Language) 2 20| H 8] 8] & &5to] g AJ7F
22 F%o] EF A4S v AiFshs WS Al s
Lee 5(2010)2 #& ASlo] @2 B2 2el2) S A4t
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Table 2 Literature review of BIM and quantity take-off for Earthwork

Category Author Title
Han and A Study on the Automated Estimating
Nam, 2011 System using BIM based Library
Library . Development of Parametric BIM Libraries
Kim and .. . .
for Civil Structures using National 2D
Ko00,2014 .
Standard Drawing
Program Kim, 2016 BIM based smart temporary work

Development planning

BIM based Virtual Simulation in CIP(Cast

Lee in Placed Pile) Method for Underground
etal., 2010 .
Space Excavation
Jeonand | The Case Study of BIM-based quantity
Yun, 2011 take-off for concrete and formwork.
Quantity Analysis of Errors and Reliability in
take-off Jung Earth-Volume and Retaining wall
etal., 2013 Quantity Estimation with 3D-BIM
Compared with Routine Method Based 2D
Jung Reliability Analysis and Utilization of
etal., 2013 BIM-based Highway Construction Output

Volume

901 e A S Bhshizt] 7] of st oet.
Jung S(2013)& B A5, %5, SEOR o] &
3131 0] % o ek AHE A 0] 2A Hlo] € & TE 3k
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200 st=EFMTEIEE =23 M35 M45(2022.8)

gfolH e = stute] goj B e A Tl AE JEE #
A 2hoj B 22|} slitef ghol Hefelof A = 7l o]/
A AT Hoketo|H el 2 yro] 55k i Tt 2
ojH2|2| 9] HA& =77 EAE(KCSO)ol| A 33t 7}
o] =EfRIQI“7IAI = A 7] KDS21 30 007 whehA] 4+
3}%3 th(National Center for Construction Standards, 2020).
BIM eto] 122z )48 2 B Re|ojof s, 7] & 27
Aol EEFASE, AR BERAA 28l 2 Ak )%
HEE 7Z0R ARSAS o), 35 FHOR BREo|
U= AAE 2= B85t o= A7 Ak
wheta] A9 BRAAL BAAA7IEAE 2809 o
3 FFS FUOE BFoHE, SAAR AREE g 2
Shefolwale], el eolHae] 0w ERair. o, 217}
9| BIM gto]Heje] £ K 7|E ERAAE F712 5=
2 EFAIZ
=RAA e FE= HAEE
R S Slol] T R, 98 234, GERHIRE
S 244, Bateto| Hefel), FRF(AA £8 H2 %
524 272, Gletoltefe)), ARR(AA AR 44, %
SRR 2A)e), Wl eto| Rejel) 2 BRsholth. 7EE el e
55 T gt 2] 3371 O & Table 33} o] 2=t
gto 22| 2| &2 -5 244 ©] DB(database)= Fig. 22} 20|
T35t AAE FASHE 28 A= EWelement, EWpoint
Element, EWLineElement < 100] 7|&] S|4 2 LA = o] )
t}. o] 5 8 S0 et A ok Tk

i)
2
f
m{m
tu

O

oHIHAFTO] FAF: CE),

* EwElement: &1} A A S0] FEZ O

o5, &, #lojof 52 FxE = ol

c2d&

EWPointElement: 0 & A& gl X7} 71X 3L Qo]
ofE= A 2, o, 2= o] A Eot EfE = e s o
of Hl= £ 7HAAL
EWLineElement: A1 02 WHElg] = A7} 7}X] 31 3)o]
ofil= A Zat, Wn), 7/ 59 FEet I H R v &
ofof H= £ 7HAAL Sl Fl A

EarthWorkUIdBaseObject: Z§A]| 2] 414, A1Ad5-2] 3| A~E ]
£ A= 22

T P

& Agshe 2

Ol =Ha] A
M =2 —

A =
NS HRE

IDynamicProperty:

S-S 7H ol male EalA AR 4
ul w4 o) 2 shedet. ol Bl Ea

chaFe YA o] 243} BIM B E] AA1go] 7Hs ot



Table 3 BIM library list for BuilderHUB-CE

Classification

Complex Library
XL| L | M| S | XS

Single Library

Public Procurement
Service Code

Information Classification in
the Construction Industry

Code Name Code Name

Soldier pilet+Retaining Wall
(H-Piletbraced wall )

Soldier pile
W 2411

Retaining Wall

Stiffener

Soldier pile

AEl1
¢ 0 (H-pile)

H-300x200%9%14

Soldier pile

AEl1
¢ 0 (H-pile)

Lagging

CAEI130 Lagging

SEammworkUIdBaseonect |y - EWElement f— - EWGERment |

isftegistedHistory EWObjectType BasaCurve

Register ToHistory Mame EWGElementType

IsRegistedToHistory Propertaisl EarhRetaining

Sectioni
Dispose

CreateEWElament

DatataChjact
InitiakizeProperty SetDynamicProperty
GelPrapenyComboBoxham
SelDynamicProperty GetEWGElamentType
' IsValidateProperty SetEWEarthRetaining
IDyRamicProperty kt----1

Register ToHistary Getlayer

PropertyList
GetRestrictionLevel

ReadOniyList

)
DicDwsplayNameList

EWPoinfElement EWLineElement

Name Name
BasePoint Baseline
Angls ModelTypa

PomntalignType Width

SeiDynamicProperty SelDynamicProperty
Seihatrix SathMatro:

UpdateGeomatry UpdateGeometry
SeiGeometry GetProfileByZ0View
SetVisiblePointList SetVisiblePointList

GetPointAlignTypePont GatAlgnCurve

Fig. 2 Data Model of Element in BuilderHUB-CE
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Table 4 List of Type and Formula for QTO

(Type A) 1:1 object based QTO

Item Unit Formula
Excavation m’ Volume
Removal of surplus soil m’ Volume
. lagging area
Lagging m? .
Sum of{lengthxheight)
(Type B) Due to Materials’ properties, surcharge is added
. Wall volume
Slime m .
(sentiment 50%, etc 35%)
sentiment 7%, soil 13% surplus
Cement Ton

retaining wall areaxthicknessxsurplus

(Type C) Due to connection of material, surcharge is added

Sheet pile connection ea (sheetpile lengthx0.1=whole number) Sum
H-pile connection ea (H-pile lengthx0.1=whole number) Sum
Strut connection ea (Strut lengthx0.1=whole number) Sum

(Type D) surcharge due to ownership cost

H-beam ownership cost ‘ H-300x300x10x15 ‘

300x300(94KG/M)+surcharge7%

Fig. 3 Calculation Methodology for Earthwork Volume
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Avte] o) Wola 4 olek. E, WIlE A EW] A, Mz
Zhe A% vlole] Zol=olgk 2ATTH: Bao] gk ol
3 WS 2T dlolee] $EO 2 YA doltk. 34
B33 w0l 5] o] )2 SshA SHEIF o)A AR A
53 RS 54 L T4 Ak o] B o) FFeoIEY
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Table 5 Comparison of 2D-based and BuilderHUB-CE based quantity take-off

Item size QTO type | 2D based real QTO(1) | BuilderHUB-CE QTO(2) | Diff.((2)-(1)/(1))
casing D400 A 235 223 -0.05
H-pile H-300%200x9%14 A 3493 3171 -0.09
wale H-300x300%10x15 A 608 605 -0.01
RSR connection H-300x200x9x14 A 344 378 0.09
beam
steel bar 22mm A 224 224 0
excavation volume A 6607.4 6473.6 -0.02
Removal of surplus volume A 2385 3883 0.62
soil
slime wall area(sediment 50%, etc 35%) B 2642.9 2589.4 -0.02
1 0, 1 0,
cement (sediment 755, soil 13% surcharge) B 7069.9 6926.7 -0.02
retaining wall areaxthichnessxsurcharge
H-pile connection | (H - pile lengthx0.1=whole number) Sum C 5763 5232 -0.09
H-BEAM ownership H-300%300x10x15 D 427 380.61 -0.1
cost
R Type A~Dell 2A3ko] v m3tgict. B ALE4] Type A| 7
§ A GRE LIR BRFAES sHe FEolet AiA o
B HIES Holl AL U 4 At
EAb] B9 ANEHQl W] B9 A5 Bk BE5
of HPARE O] A 4 0 2 EFS A 37t ok A
3D A ] F.3] g 5Hs We 5] H-CES] WA wH Zo) 7}
Qi) whebA] Table 59 E-ZaF(Removal of surplus soil)o]| A
o 2D 7|Rt =5 8] B-CE Q] EfAt&oll A Aol 7k L= A
Fig. 4 Retaining Wall in BuilderHUB-CE < oF 2= 9t}
ek 212 4] Type BO] A0 o]l 282 29 5
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