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ABSTRACT

The Biotope Area Ratio (BAR) is a quantitative pre-planning index for sustainable development and an integrated
indicator for the balanced development of buildings and outdoor spaces. However, it has been pointed out that there are
problems in operations management: errors in area calculation, insufficiency in the underground soil condition and depth,
reduction in biotope area after construction, and functional failure as a pre-planning index. To address these problems,
this study proposes implementing LIM. Since the weights of the BAR are mainly decided by the underground soil condition
and depth with land cover types, the study focused on the terrain and pavements. The model should conform to BIM
guidelines and standards provided by government agencies and professional organizations. Thus, the scope and Level Of
Detail (LOD) of the model were defined, and the method to build a model with BIM software was developed. An apartment
complex on sloping ground was selected as a case study, a 3D terrain modeled, paving libraries created with property
information on the BAR, and a LIM model completed for the site. Then the BAR was calculated and construction documents
were created with the BAR table and pavement details. As results of the study, it was found that the application of the
criteria on the BAR and calculation became accurate, and the efficiency of design tasks was improved by LIM. It also
enabled the performance of evidence-based design on the terrain and underground structures. To adopt LIM, it is necessary
to create and distribute LIM library manuals or templates, and build library content that comply with KBIMS standards.
The government policy must also have practitioners submit BIM models in the certification system. Since it is expected
that the criteria on planting types in the BAR will be expanded, further research is needed to build and utilize the information

model for planting materials.
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Table 1. Space types and weights of biotope area ratio

Space type Weight Description
Natural ground green area 1.0 | Green area on undamaged natural ground
Water space Water permeable 1.0 | Water space with continuity to natural ground and groundwater recharge function
Water impermeable 0.7 | Water space without groundwater recharge function
90cm=<soil depth 0.7 | Green area on artificial ground with more than 90cm of soil depth
Amﬁeceiil frf;“d 40cm<soil depth<d0cm | 06 | Green area on artificial ground with more than d0cm and less than 90cm of soil depth
“ 10cm<soil depth<40cm 05 | Green area on artificial ground with more than 10cm and less than 40cm of soil depth
30cm<sail depth 0.7 | Rooftop greening with more than 30cm of soil depth
Rooftop greening 20cm<soil depth<30cm 0.6 | Rooftop greening with more than 20cm and less than 30cm of soil depth
10cm=<soil depth<20cm 05 | Rooftop greening with more than 10cm and less than 20cm of soil depth
Wall greening 04 | Greenery on walls or retaining walls. Up to 10m of height for climbing type
5 | o e e
Permeable pavement Permeability Class 1 04 | Paving area with more than Imm/sec of permeability coefficient
on entire surface Permeability Grade 1l 0.3 | Paving area with more than 0.5mm/sec of permeability coefficient
Pavement with cracked surface 0.2 Eﬁ;ﬁlgg \;rte; r::ririhaai; all(l)(inxa(t)? ﬁa;: Szrgff;ttid through cracked surface
Linked area to rainwater storage & infiltration facilities | 0.2 | Paving area linked to rainwater infiltration or storage facilities for groundwater recharge
Pavement area 0.0 | Paving area without permeability. No plants
. ) Natural circulation function area > (Area by space type x Weight)
Biotope area ratio = = x 100%
Total area Total area

Source: Ministry of Environment, 2016: 8-9
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Table 2. LOD level and modeling contents by design stages

Design stage | LOD | BIL Fundamental details and usages of a BIM model Specific details and usages of a LIM model
- The model element may be graphically represented with a symbol . . o
. ; . + The terrain, main buildings, underground structures
. or other generic representation, but are not geometric represen- . .
Pre-design . and surroundings are modeled in mass forms.
100 10 tatians, - Pavement elements are mapped directly on the ter-
- Any information derived from LOD 100 elements must be con- A 2 v
. . rain as land cover types,
sidered approximate.
- The quel element is grgp}ncally representgd aa geqelrlc sys- - The terrain is modeled based on conceptual levels.
. tem, object, or assembly in terms of approximate quantities, size, .
Schematic . . . . - Pavement elements are modeled on the terrain as
. shape, location, and orientation. The existence and forms of . . . ; . .
design . . . generic objects with a single representative material.
o 200 20 spaces and objects(pillars, walls, slabs, roofs, stairs, slopes, etc.) . . .
(Criteria - Staircases, slopes, and retaining walls are modeled in
design) ae modeled. . . approximate in the quantities, shape, size, location
- Any information derived from LOD 200 elements must be con- and orientation ! ! ’ !
sidered approximate for analysis, cost estimating and scheduling. ’
- The model element is graphically represented as a specific system, | -« The terrain is modeled based on precise levels and
object or assembly of quantity, size, shape, location, and orien- the project origin.
Desien tation. - Pavement elements are modeled on the terrain as
develo gment - The quantity, size, shape, location, and orientation of the ele- compound objects with the layers of materials. The
( Detsile J 300 30 ment as designed can be measured directly from the model. overall thickness and the detail materials are included.
desien) - The project origin is defined and the element is located accu- Non-graphic information is attached to the element
&n rately with respect to the project origin. including functional data such as biotope area ratio.
+ The model can be used for construction, analysis, cost estimat- | - Staircases, slopes, curbs, planters and retaining walls
ing and scheduling. are modeled precisely in the shape, size and location.
Construction - The model element is modeled at sufficient detail for fabrication. | - Pavements, staircases, slopes, curbs, cast-in place
. 400 40 - The quantity, size, shape, location, and orientation of the element planters and retaining walls are modeled for fabri-
documentation . . .
as designed can be measured directly from the model. cation.
- The model element is a field verified representation in terms of . . . .
. - . . . . ) L. + The model includes information on construction, pro-
Construction | 500 | 50 size, shape, location, quantity, and orientation. Non-graphic in- curement. costs, maintenance. etc.
formation may also be attached to the model elements. ' ' T

Source: American Institute of Architects, 2017: 9-10; Architectural Institute of Korea, 2016: 76-77. Author edited
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Table 3. Modeling scopes and methods

Category Space type in biotope area ratio Included Modeling method Library type
Buildings and . + Modeled in mass forms with SketchUp and imported to the
Not applicable O .
other structures main model
Terrain Not applicable O - Modeled based on the contours and levels of the masterplan
Natural ground green area O + Modeled as a floor element with natural surface material Single library

90cm=soail depth

+ Modeled as a floor element with the layers of materials

Artificial ground 40cm<soil depth<90cm O - Temporarily moved down the terrain 90, 40, and 10cm in order A§semb1y
green area to check clash detection library
10cm=<soil depth<40cm
Water permeable + Modeled as a floor element with the layers of materials
e Assembly
Water space O - Two types of water space are distinguished by the floor mate- libar
Water impermeable rial that determine the land cover type v

O

Partial pavement

-+ Should include information that the planting area should be Assembly

more than 50% in the object property library
Items
non—rlelgted Permeable Permeability Class I - Should include information on the permeability coefficient and Assembly
fo buidings | pavement on © class in the material propert librar
entire surface Permeability Class I property ¥
Pavement with cracked surface o ~Should include information on filling with more than 10mm of Agsembly
fine aggregate library
- Modeled as a separate single library for area estimation in the
Linked area to rainwater storage & lagdscape model(may be included as a roof element in the ar- A A
infiltration facilities O chitecture model) Single library
+ Should identify the necessary facilities and the operation meth-
ods in the property
Pavement area O - Modeled as a floor element in 3D form based on the slope Aﬁzer;r;sly
30cm<soi h
Roofto cm=soil dept - - Modeled as a floor element with the layers of materials Assembl
D 20cm<soil depth<30cm X | - May be separately modeled from the main landscape model and Semby
Items related greenmg integrated later library
to buildings 10cm<soil depth<20cm X
Wall greening « - May be modeled as a single wall element on the buildings in Single library

architecture model, and integrated with the main model later

BddY (2) JE5FY JRIE AT T4A ol A,
(3) A A9 vie TAA} AT, W= 1D S 53 27
ARRY 22 (1) F2E 29 ERE AUy E A%
2 AR, I AN 5 A Tu d8F Ao sMR
AYHA, By A= Ad BE AgAN] 1E

3. BIM M= MH

234BRAS FE3) e ZAES Sy 2y

g 2ZEdolE AAsol 3tk sj9 2ARCRINE F=
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AP 5 2R AY BaYol stk TH TgAE
whet 912 (Famiy) 7152 #8304 A4S dolo] 4
BE TP BF Polneel BE 5 Ak of goluey
o iAUEE WA M2 FH B TS 4
HE % I, o1 vlEH(Floor) EFE A1Y A0l $AAA
BUYPORA Y WAL HANOR 7Y 5 v Ed
glolejele] B4, 1FA, FRA% ABNRY 5 A0
WA AU 5ANE TRNNOZA AHRAE 44

V. Al HE
1. CHAKX| JHR

Al B AT EE A ol A3e) 23] glom
A AR B QA SR ERL 7
g TEFURAZ AR ol 2494 wu
Qo] oS Aupze] HE B4 oY 5 Tk o
2489 29 s

s
2 A AUET HolE 150144 2
FUAL BUARAS ARt *

N

ve] AguE

C

Ae 4N GAZ FelE o] AA 9} AlFo] o] FoH e, o] F
N A& Aeste] A3E stk Figure 1-a #2). Ul
AAE 20099 AFES¢l0] ghE o] 20179 FREUL, AF
o] o]FAX= HelA Aol ZFH FAF O HFto|
A= A Figure 1-b %), AR A48 = HAx%
3 5320met HXEY 889ImE 20m 7+ =o|xp7t itk Ab
A=l A 71202 A 28,083.10m>¢) WA 971% 1514
A7t A= T, 2AHAL 13564.43m ] 2alitk A
HAEL TA] LGP M} AAA s RE AF 2 A
FALAAEA ggal A=, AEHE 13906.35m’
o] WAE] 4952%°l ZatAThFigure 1-¢, d 32).

A (Property Line) =& thAA] AA
S e tHFigure 2-a #F), FalA
28,084.18m" 2 AF]5:9 DAl AutoCADZ AH&d
3 < A8 B, A7y I3
W2 el YAAFE 98 Revitol A A AA A
2 7% wAE A4 AR HEo R ARSI AR dd
Edest

-

4 nE 2

H1 ot

Hansung
.. High School

“  —Development area

Daeshin i
Elementary School |

Ahyeon Station™

— O T T e
100 Ll | ] l___®280 ‘ 020 40__som

b: Approved masterplan

@ 0 20 40 ___60M
I e

MBiotope Area Ratio Table
28,083.10

Space Type Weight | Area(m?)  Area with Weight() Note
for to L=
Natural ground green area 10 6.450.58 6.450.58 ??’1 ';5 M2 e cicioion Mee!
| Refer to L-102 Area calculation sheet
Artificial ground green area 07 7.141.26 4.998.88 -6
Rooftop greening [ - - Not applicable
Water space(permeable) 10 - - Not applicable
Water space(impermeable) 07 682 8177
Partial pav.(N/G) 05 16.75 8.38 .
Partal pav.(A/G) 0.50.7 22028 7.0 Stapplng sione paving
Wall greening 0.4 1.831.10 732.44
Permeable pav. on entire surface{N/G) 0.3 1,138.09 341.42 Permeability block paving,
Permeable pav. on enire surfacelA/G)  0.3x0.7 1,32046 277.29 masato paving, sand pavi
Pavement with cracked suracelN/G) 0.2 - - Wood deck pavement
Pavement wih cracked sufacelA/G) | 0.2x0.7 129.06 1807
[ nkedows oramweer sopeinivioncibes 0.2 460211 920.42
— Pavement area 0.0 5,145.55 -
Total - 13.906.35
Biotope Area Ratio(%) 13,906.35 / 28,083.10 X 100 = 49.52%

¢ Biotope area ratio plan

d: Biotope area ratio table

Figure 1. Location and masterplan of the site
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i\
— T
= B
a: Property line and total area calculation b Toposurface ¢ Levels and building pads in south elevation view

Figure 2. Toposurface modeling

3, o] =9 gt FolE #H(Level) 2 A 5te] vhet o H vt s g AdekE, A T 2 Qlo] HA Rt
o 742402 A% FUTHFiqwe 2b F2). oA 3 B AQANIEAG AF 2 AFALAARE BY o)
of 215 7 2HANES A RUHT | 7 Gl 2F Bejg 2 Ay, UmAE vbet sjde] o] 23 JRe A
o7 RALEE 39 th(Figure 2-¢ #X). 53 gtolBeje|E ZAJste] JAIA RS golofd thit AR
£ EFAHTHTable 4, Figure 3-a %),
3. AR z2to|=e2| M|ZH ahet o] £ 54 Fols dubAd AR JH o] vt
Hxo] Qo) ANHAES AHE SYRES TTH o
Al AeH TS AAA SR, QFA RS, IA BOoBE Mo npyfHFE Sk gt wpebA s
T3ZHAR), 283 R, AUsrEy, sAFrEds 2 189 "Als 2 v g e g £33 D, ¥
A5 2 AFAAAAY, 24 REE) o] Atk ol A Hrd, sHEAINE, FRAIE, TR Y SAAHEE FUE F
Table 4. Properties of pavement elements related to biotope area ratio
Type Space type Family name’ Undergrpund Sail depth PermggblhE*y Weightm Material layers
D condition coefficient
1 Natural ground *Natural ground green Natural 1.0 - Greenery material on the top
green area area
o o 90cm<depth 0.7 o )
5 Artificial ground - Artificial ground green Artificial J0cm=depth<%0cm 06 - Artificial soil, permeable sheet,
green area area aggregate layer
10cm<depth<40cm 05
3 Water space - Water impermeable Artificial 0.7 - Gravel, sail, felt, EPDM sheet
4 | Patia t |- Stepping stone pavi Natur 951 Stepping stone, sand, rubbi
artial pavemen - Stepping stone paving - Stepping stone, sand, rubble
Artificial 0.5%0.7
Class 1 04 P hility block ravi
- Permeability block pa- Natural ermeabiily block paving
. Class T 03 (Ascon, sand, rubble)
Permeable pavement ving .
o on entire surface - Masato pavi  Masato paving
- Sand palji?ngng o Class 1 04x0.7 | (Rough sand, rubble)
ici - Sand paving(Sand)
Class I 0.3x0.7 1ic P LSA
Pavement with Natural 0.2 - Wood deck pavement
6 cracked surface + Wood deck pavement Artificial 0.2x0.7 (Hardwood, concrete, rubble)
Linked area to - Linked area to rain-
7 rainwater storage & water storage & in- 0.3
infiltration facilities filtration facilities
8 Pavement area - Pavement 0 + Asphalt, rubble, sand

The list of the family names is only for this specific case. It could be added and modified
i*“Permeabﬂity coefficient: Class I = Imm/sec, ClassIl = 0.5mm/sec
™ The weights and application of space types based "Application guidelines on biotop area ratio(Ministry of Environment, 2016) 5

22 s=x7sks|X| H| 46H 35(2018 6%)
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Edit Assembly x| || Parameter Properties X | [T¥pe Properties X
O Shsvaa pa ams\e

&0 Select... Export...

a. .o Parameter Data.

a.o Name:

[ T— L
@ vou: TS T o T Add to all elements in the selected categories
a. Editing floor assemblies for paving layers b: Adding parameters to floor family properties ¢ Editing family properties
Figure 3. Creating floor family types and properties for pavements
=39 tH(Figure 3-b, ¢ #Z). W28 F¥HEL UHEE, 7 (Figure 4-a &%), o] HAA CAD AYEHS EjEq] o]
AE, EAUA 5 AR ZAAEE AHSE As 9FoE € EUE ¥AE Rddsly ) ©& 2ds dEjse
3, A g AFARREAl, FF7k AR R AFALAA, Eol2 F&xA0E Faale] nigtd S At AAt
EgHE HEe HAo] glon® FGEHS U ALE e vheH 2 319 Q40 M} Mo FE3E Eo] 7S P}
ASlth A e REEY AUELEY, BATSE o mugely, Fu AFS 6] 93 S5 H Figure 4-b
Ao st Ad e QIFAWRIAIE s 8, A7) 7)eb o Aoo] Ml 7L WSy EXe AAXNS U}
ASE AVEFZY) AR 15A A4S A ERE gy g8 A 0 54 93 A9 2 A2 ) 2
& ;
. ahsick
53] FALSHAIRE et A Sl e FEERY, HAUF 7dS gA3 o= RS dAF R 90, 40, 10cme) =
FELN AFFEE Al o) A & olulE 42207 o|EA|A 7hWA A|alERA AR 9] 3
8L, L 8 SRBES AT AE2H AU 43 ﬂ%w%xm o =4l %4% 8 712 9 2
2 oA sl EAL niiwss ZIIAAA] OFA] RFAIE) - -
ﬂ‘]'ME]—.J———iUi HH‘_‘I% u]o‘]j—zijo_ 7“@]%10%}__,‘1];(] _o_g 5 2 %%U}Flgureél—c?“'
ARRYS} A5 $ei5d AAFAY RIS T ATAF oo aaeay o %q Ao e =
- - - - - - - . O —

2 0T E =l = A ok = TEE
T UES Sqth e

54 99 o8 5894 A1 APt 2490
[ ZHNEDY = oF 3l= A H 0|3 ‘:]'. E3] QAL TAZZAT QAL 9l
TAREAZ AYH FoEA BN o nE AHHYE

A v A0S AAE F 3AAH AR oF o] /3] BYuA = Agolgleh olol AstrxEY Fol
ROBA ZARLRDE THAT, 7 58 AFEA Ak o TS 243ke] B Fu} o|FHES AL W
FARS SketchUpdl Al Th22 1eps) Agetel BHEGT s ZHo) skt

— i ’
C 5 ] 4 S ' '4[‘ :
e A
[ = ‘ﬁ
| T =i
i al I
g = i Tz s SR
S \ !
a‘ Landscape information model with buildings b: Manipulating a sloped paver c: Clash detection points

Figure 4. Landscape information model and clash detection with buildings
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b &E =M H LEE A A SRAN B e & A A, SRR R
ot 7kEA 5 AuHAEd 38 758 $HRE A
A AR Ehd $44RE B AHRAES 3 oz nae £48 243 Wa AHo] s5EAT) o] 2H
P FES Uehlie BA7ANS Adst BAYUE a5y s)320] BEEA T W Ao 027} folAA Alb
(Area Plan)E 2Jety, W€ wHasith(Figure 5-a 32) HAF o] AL 73 2= 99Tt SA). B go|n
ol WRme HoEE v 2 SR NHA FS A oz Az 29 349H AYRAS Beele) Auus
TR ANBITE v deis AeintkFgue 50 & g A9 9 agEd 2% ME A4S ABEToERN
%) 3 SF ol BAR AR vhe ) FUS F g gy 5 9ARe £84S ERT 5 Ytk AM, 29
L ABE A ARG Gl FAR AFE ATOR o) a1 gl g Aad 2AE BU2 Y94 AR
oAt Figure S-c #2). V%7 A9 2444 =RF qag - g A AsFEAY 729 F6H WA %
UHRE THAEY EHEYCZN AHHAE AYE9} A oF EA 3H oR = MAolS AX7Lo 7 FolahHA 2319
AR, TPINEE AdsHAtHFigure 5-d, e #X). A Ao 2E Bold 4 gAd QTR =R o] X5t
25 dSaA AT 5 AT ol2H AlF Fol A W
V. UM £¢} =3t 3! I} BOR Qo 288 Mg kTS A0 5 9 AR
7R YA, A% 8 AdrEe VS ged as
o el A AW uie} o] AUHAE ALE AT 24 EEYs] FTHWAT TGS AT o 1 1A
BEIE AYS A ¥ I {9 AYE 2 o] WAsks AHS Zohflo] BdS F B wokeke] gejet
AAE 5 ol B AlFete] Ay glo] migReE & P R 7Re e HeAFolnh
deste W oR APHh A AA e AHH L g AEEGA SHelME o 22 23 /1A E = 3
dHE 715H AUE ¥ eEN 75 Bt dolE w3 LIM 2dS EE A4 =R A ARES
£ EUE Aduds 39 2o dERs sl Al 2]k H7h7150] skl Frsl wgE e A
LIM AAMY S =YQstsle o AAAE SHAA bat A8 Ad4Q AEs Q5o 7Feadint 24, 373

¥ R N e s |

a' Area plan and legend b: Schedules/quantities ¢ Process for paving details

/™, Biotope Area Ratio Plan

L103 L104

d: Biotope area ratio plan e: Paving details

Figure 5. Creating construction documentations based on the LIM model
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= AAFAL FE, Al B T, A8 Sl @
HHEQl AH L A WA, FA - s sl thE Wi,
D, P A, st d4d 5 AT B X187
Aol ek oheFst JR7F 235+ S ok 9= LI(Landscape
Institute) & Digital Practice Working Group(d BIM Working
Group) |4 gte]282] PDT(Product Data Templates) & 2
ZYEANE P20 Mz v gled, olE & Ao,
=4, 27 AraA S AAJA 7L FA 7 ol gholEy
g A Zell S Mol st} AR} e 2T H QAE H]
A golBeg] A go] Loslt}, AR o] AA L
2o sl KBIMS®| #he]B.2jg] A 27]E (BuildingSMART
Korea, 2016) 0 A8 AAH Hage] AAFEE DI e
+5dy goludyE 24, wizsta, AAAATE olE &E
gto] A e 715 A ARE FUF B WATOEA b
o glo]lB & AZT g Stk olge 7] mpesA 2
olHejg] A&l WAE 71 ¢ QAL 7]EAIY Wkl it
A&g g-go] 7 A HE AGA|, AR 24 ATt
E7H VIEYA Ao ERo] Hrh

AR, BHHAE 71k sTAA 22k AAIEA
o} H7pMo] 9FEsA] 27, BIM RdZ A= 3k Al

£4 o] Witk ol HBl WEA Zo) BIM A4
7o O AN} /1SRG ANE L7 S YOBE 2
ARWIAE A7 Aoleis TR Gk WA Bk

B A4 Alo] £33 92 9 0 S4Es) o)
3 A8% Bd Pyl A EYtks A7 Uk 1
Elu BIM AASA02 Makss A A4Ade N 2744
A7) 913870 B ARZA S Hohtd 4 9
£ 94 93 Hsd A4 LIM 502 ANSGLA
slnk S8 A% okt 494 YL BLE e IF
FagAe) ARUAE A 2AS B A7E QA
0.2 EANYH AA014] H2RH Top-down B4 AE
2 ngst, AHALFo] AAH AANIAEZA 25
SES ARG SR 1 WA T Hgrhe o9
7+ gk

A2 ALAGNN AURAE Ao A4 §3E F7bske]
i

3 FEsh £ BE AEAE A4S ¥

ol M2 34 §4 Ado] FiY AT AYHEE H4)9)
AW 723 B9 B8] 0 F& A7) DR w9
Mg 9 Snet 29 B 98 4390 deld A
A AAGA, B A% 2] 19F AL E A
% %A AR F55H JRAZY 5 O AT
el & 5 9
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W BIM %<2 KBIMS(Korea BIM Standard) & 7 H‘%}. ERariss
KBIMS+ @=& tixEshe R BIM ¥F0% 7 )
2, ERAA S8 FgH lew, o] FellM BIM E}O]l-iﬂial
A A7) BIM 2A9] 28795 ¥ol7] 913l etolBefee] %F3)

A A% ene gojelr o,
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o
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F 2 AAIIE AHUASES FUAN g AU SN A
F15E R BASHS) SRR Holay o
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4 mgstol Sty A8aka ook
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 ZATAE AR THE AN FRNES mRae) WA (m)
O S AT B ZREA AL A9, vige] 4 WAL
o whgh 1:1AMA-E 141%, 1:2 APHE 112%. 1:3 AFHES 105%=
Fharstel Ase Ee AAES B slel &
BAA Helo] WAL ALETHPark,
2014).

Tl A 15%5

=+ 4. http://www Jandscapeinstitute.org/technical-resource/pdt-store
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