A study on the Preconditions of Space Program
Validation of Healthcare Architecture for Application of

BIM Technology
HelH=O| BIMEES At s HEE2 1 HRS MLTHS| MA|ZHO|| &5 A7

Seong Joonho, &3 * | Kim, Khilchae & & **

Abstract

Purpose: The planning and design of hospital generally requires the participation and consultation of skilled
experts since it has more complex space program than any other buildings. Therefore, the BIM systems for
the planning of hospital have been tried continuously. The purpose of this study is to identify the precondition
for space Program validation of healthcare architecture based on BIM, which is recently receiving wide
attention. Method: For this study, United States, Australia and Finland's guidelines were analyzed among the
description space program validation system in 14 overseas BIM Guidelines. And the propose precondition
that can be applied to healthcare architecture from among these description of space program validation items,
target, process etc for General building. Result: 1) spatial program validation is the following four evaluation
phase. Step 1: Standard setting phase Step 2: BIM model accuracy assessment phase Step 3: space validation
phase Step 4: Performance evaluation phase 2) The standards for the building elements at Standards Setting
stage is considered to the standards for the architectural elements of General building. 3) Healthcare
Architecture Area calculation method is considered to be reasonable that borrowing the area calculation
standard of general architecture according to the UIA of international standards. However, Be proposed of
measuring method that reflect the efficiency of the design process step-by-step area calculation method. The
performance assessment indicators of reflect the Hospital uniqueness have to developed. And the research
needs to be carried out continuously according to the purpose for healthcare architecture of feature-oriented.
Implications: In this paper like to understanding that precondition of space program validation considering
the BIM. As a result, understanding to condition about step of the evaluation, the evaluation standards. Is
expected to keep the focus on the development of performance indicators that reflect the uniqueness of the

hospital for the efficient evaluation of the Hospital building.
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1.2 Research Methodologies and Scope
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[Table 1] Aborad case of space program validation

Countries - . )
L / Guideline | Evaluation| Execution Phase | Tool
Institutions
— Schematic
USA ) Design .
) Spatial .g Solibri
(General BIM Guide — Design
) . Program Model
Service Series02 o Development
o Validation ) Checker
Administration) — Construction
Documents
) — Pre Design
Australia g
i ) — Schematic
(Cooperative National . L
. Design Solibri
Research Guidelines Model
o ) — Developed Model
Centre for for Digital Quality :
) . Design Checker
Construction Modeling
. — Contract
Innovation)
Document
) — Design of L
Finland BIM . an Solibri
i Quality Alternatives,
(Senate Requirement . Model
Assurance | — Early Design,
Property) Vol 06 . ) Checker
— Detail Design

2. Theoretical Study

2.1 Building Performance and Space Program
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[Figure 1] The concept of performance—based design
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[Figure 2] Performance defined cycle(CIB Report Pub, 64, 1982)
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2.3 Space Program Validation

AEL] AA Z2A2A ] AT de] A5z =
old AL 1960 Fuko = A nlA A (Markus, 1969) 9}
B.PRU(1972)9] dge] ¢ It npALE A7 $H4,
A5 QY A &He Nd4d rdE AASt dE 59
Mas Y stdtt 2= A5 B7F 3 o] A gkt
o vt FestEz AA Z2A X0 dT H7F BAel B

& slojopaithn F4aln,

F A ew

Post-occupancy
evaluation

2957
Operation/
Maintenance

Z2a8Y

Programming

A2 24

Construction Design

#2498 87t

[Figure 3] ZA=2| AMoHZ=7|(Facility Standard for PBS, GSA, 2005

AZFE] Ag Hrlel| gk 7Hg BEAQ o g A
& H7}H(Post Occupancy Evaluation, ©]3} POE)7} ©]
of gtow HA AFEZ o] &3t AFA] 7o)
Atk Hold Brhdste) A wst Sew SHoA
FAH o wolEadx 1 It o] 3 Hr} A

- AFE B 7|E AdE5EY NS A #3 o]

o FARG E] FRAT ¥ uE F e A=
€ 2 F Utk shAIRE AF = Hrhs Al o] A

2) AN ER A8 nEr e, AeFAe A4 E A
71BAE 9 AR 1A, 2007 12, p4

3) 9rdAd, Sxbulx] Hrked s, A ety dighd BAbEE,
2009.04, p29

@ A Bl g me
the @AE AT 9
53 WA Lo
554 Wohe oleld

2.4 Previous Studies Related to Space
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3. Space Program Validation
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3.1 Validation Standard
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[Table 2] Space Program Validation of case by case

1) Building Element Standard
BIM 2dlo] HEA Hrrt oFFHT oA 7|o= A A
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devide GSA

SP

CRC

Interference | Duplicate, and collisions

Duplicate, overlap, and collisions

Duplicate, overlap, and collisions

correct use of objects tool

correct use of objects tool

correct use of objects tool

Hierarchically defined of Building elements

Defined Space Floor

Defined Space Floor

Elements | Accuracy

& Validation N/A

Defined Building elements Type

N/A

Required Building elements(Wall, Opening,
Door, Window, Slab, Beam, Column)

Required Building elements

Required Building elements

space around the building components

Interference | Duplicate, and overlap overlap overlap
The gap between the space and the adjacent| Whether to match the shape and
) N/A
boundary elements size of the wall and the space
The relationship between the space and the N/A N/A

Defined Floor

Defined Floor

Defined Floor

Minimum Area—0.9sf(0.85m’)

N/A

Minimum Area—1m?

Defined Space Hight

Defined Space Hight

Space Hight more than 500mm

Defined Zone

Defined MEP Space

N/A

&A\(;;Lijcﬁf%n Compare space and area with Model and Compare space and area with Compare space and area with

Space program Model and Space program Model and Space program
Include space name and number Include space name and number Include space name and number
Defined user name of Space Defined Space Unique ID N/A
GSA STAR space type N/A N/A
Defined “Full_Floor Space” N/A N/A
GSA Gross area BIM model Gross area N/A

Space N/A Accuracy of the measurement of N/A

the area.
N/A Net area ratio N/A
Major vertical penetrations N/A N/A
Floor rentable area N/A N/A
usable area Net ratio N/A
office area N/A N/A
Floor usable area N/A N/A
Floor common area N/A N/A
Performance | Basic Rentable Area N/A N/A
Building Rentable Area N/A N/A
Building R/U Ratio N/A N/A
Rentable Area N/A N/A
R/U Ratio N/A N/A
N/A N/A Code Checking of Evacuation
Route

N/A N/A code checking of Accessibility
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[Table 4] Require Information of BIM Model
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[Table 3] Interference Check
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Space and Building Interference check

« Duplicate, overlap, and collisions between building elements

« Duplicate, overlap, and collisions between Space

o
Z]I

» Collisions Check between Space and Building elements
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[Table 5] Space classification and Area Measurement

Division GSA SP CRC
) . participants
Define Room 108 Room Name parhmpants discuss or
name discuss )
User Define
) - participants
_I?eﬁge Space 35 Space type zzrgs;p;ants discuss or
e User Define
Area
ANSI/BOMA N/A N/A
Measurement SI/80 / /
Define Space | Floor finish to
High ceiling finish N/A N/A
Minimum More than
Space Area 0.9sf(0.85m) N/A 1m*(Area),
P 500mm( Hight)
Unique ID Supported by BIM authoring software

Define Space
Floor

Defined and the corresponding layer of the floor
space, including information

[Table 6] Space classification system of the GSA

Division Contents ex
— Gross Area
Building Gross area = Rentable Area + — Rentable Area
Area Non Assignable Area — Non
Assignable Area
Included in 5 Category. Office - O“.'C‘? Area
. — Building
Area, Building Common,
) Common,
Floor Common categories are — Floor
PBS & ANS| | included in Rentable Area. Common
Category Vertical Penetration, PBS Ve rlica]
Specific Area categories are )
) ) i Penetration
included in Non Assignable -
— PBS Specific
Area,
Area,
) . — Assignable
PBS Usable In(?luded in Assignable Space, Space
Area Joint Use Space, they are ~ Joint Use
associated with the ANSI/BOMA
Space
— Facility
. Common
Included in 15 Category and g
PBS Space associated with the ANSI/ Building
Category Common
BOMA. )
— Community
Joint Use
) - AUD
Incl h
PBS(Space) nc udeq in 35 Typg and they _ CRD
are defined according to the
STAR L - TT0
Space Type characteristics of the room. — CRH
pace 1¥Pe | abbreviated to 3 letters.
— MCH
— ATRIUM
Room Name | Defined 108 Room Name — WAREHOUSE
— OFFICE

Hshel dl A o5& F 108719
3 gleH, ol F 387}4]€] PBS STAR
Space Type S 2 #-F/3lal 3t} PBS STAR Space Type<-
rag Adsts ok Rz Ho| S5l #et
AH 2 352 o] 2 PBS A% A| &Hlof| 7] FH T
PBS Space Category+= 1570¢] 7} 18] 24 7 ¥
Ao AL d ol #Agt JH 2 A AHE H) Space Type<]
Abg-A}ol| ulgl Space Categorydll A& A& -8 (Building
Common), Al F & (Facility Common), 78 (Assigned),
AHYE F-8(Community joint use) 522 EFHT}
Space Usable Areas o4 (OFFICE Area)<to A
A8 F7t}(Assignable Space)¥} 3§ FZH(Joint Use
Space) 0.2 {3t olF ¥& ¥
ge] & Q3 A FIF Atolo| A EAkE
A g Bl W 5x, s34 5 onlsit
PBS & ANSI Category= PBS¢} ANSIC| ZEH X
F AAZA AHHA (OFFICE Area), & &8
ing Common), & ¥4 (Floor Common), 3 #% 4
o (Vertical Penetration), PBS &4 ® 4 (PBS Specific
Area) 02 F S7HA| 2 E{FIFAL Utk E3t o] & V|Fo R
WA 24 7Eg g sh 7 AdEE WA S i s
A A8kl Yt} (Figure 4, 5).
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Wall Plan View

ANSI 02 — Building Common
or ANSI 01 — Office Space
ANSI 03 - Floor Commaon

Finished Wall Surface
Finished Wall Surface

Space Boundary
Wall Plan View
ANSI 04 — Vertical
Penelration ANSI 01 — Office Space
ANSI 04 — Vertical ANSI 02 - Bu;l?mg Common
Penetration ANSI 03 — Flaor Common

Finished Wall Surface
Finished Wall Surface

Space Boundary

[Figure 4] PBS & ANSI Category is different (ANSI 04 ) 03 ) 02
» 01 Discerning Dimensions)

Wall Plan View

ANSI 01 - Office Space ANSI 01 — Office Space

ANSI 02 — Building Comman ANSI 02 - Building Common

or or
ANSI 03 — Floor Common ANSI 03 — Floor Common

ANS| 04 — Vertical

Penetration Penetration

I
|
ANSI 04 — Vertical |
I
|

Finished Wall Surface Finished Wall Surface

Space Boundary

[Figure 5] PBS & ANSI Category is the same(Centerline of the
wall)
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[Table 7] Validation Contents
Contents GSA| SP |CRC
» Whether to match a list of requirements space. | O

©)

» Whether to match of requirements space area. | O

» Whether to match of defined space name. 0

» Whether to match of Floor area and Gross

n/a
area. /

+» Accuracy of the measurement of the area. n/a n/a

« Area ratio according to the type of building. 0 n/a

» Check of requirements on the spatial

relationship. n/a|nfa| O
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[Table 8] Results of Case study on Spatial Program Validation
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[Table 9] Case Status guidance on performance standards

Case Standards
+ PBS Business Assignment Guide(2009. 5)
+ ANSI/BOMA Standard Method for Measuring

GSA(USA)
Floor Area in Office Building (ANSI/BOMA Z
65.1 — 1996)

CRC(Australia) | « NSW BASIX(Building Sustainability Index)

SP(Finland) « N/A

GSA®] 74§ 29 & A SE o] ¥ Public Building Ser-
vice(©]3} PBS)o| A PBS Business Assignment GuideZ
AFdtal 9o ol GSAL] Spatial Data Management(
o|g} SDM)e] ¥zt #e] A AHE &835t7] fg &3t 72;
ol dRFH FIA S e T olE E 73
7]"‘ /] D]'—T—’- M

22 ] = %7}&% American National Standard Insti-
tute(©] 3} ANSI)2] Building Owners and Managers As-
sociation International (©] 8} BOMA)2]” 7]15& 7|2 =2 &}
3 Utk BOMAE 3XA AFES o=z AL (H4
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[Table 10] ANSI/BOMA (GSA)

ltems Content
Stairs, elevator shafts, flues, pipe shafts, vertical ducts, and the like, and their enclosing walls. Atria, light
wells and similar penetrations above the finished floor are included in this definition. Not included, however,
MAJOR VERTICAL ) ) ) ) )
PENETRATIONS are vertical penetrations built for the private use of a tenant occupying OFFICE AREAS on more than one

floor. Structural columns, openings for vertical electric cable or telephone distribution, and openings for
plumbing lines are not considered to be MAJOR VERTICAL PENETRATIONS,

FLOOR RENTABLE AREA

The result of subtracting from the GROSS MEASURED AREA of a floor the MAJOR VERTICAL
PENETRATIONS on that same floor. It is generally fixed for the life of the building and is rarely affected by
changes in corridor size or configuration.

USABLE AREA

The measured area of an OFFICE AREA, STORE AREA, or BUILDING COMMON AREA on a floor. The total
of all the USABLE AREAs for a floor shall equal FLOOR USABLE AREA of that same floor.

OFFICE AREA

The area where a tenant normally houses personnel and/or furniture, for which a measurement is to be
computed.

FLOOR USABLE AREA

The sum of USABLE AREAS of OFFICE AREAS, STORE AREAS and BUILDING COMMON AREAS of a floor.
The amount of FLOOR USABLE AREA can vary over the life of a building as corridors expand and contract
and as floors are remodeled.

FLOOR COMMON AREA

The areas on a floor such as washrooms, janitorial closets, electrical rooms, telephone rooms, mechanical
rooms, elevator lobbies, and public corridors which are available primarily for the use of tenants on that
floor.

BASIC RENTABLE AREA

The OFFICE AREA, STORE AREA or BUILDING COMMON AREA shall mean the USABLE AREA of that
OFFICE AREA, STORE AREA or BUILDING COMMON AREA and its share of the FLOOR COMMON AREAS
on that floor, BASIC RENTABLE AREA is determined by multiplying the USABLE AREA of that OFFICE AREA,
STORE AREA or BUILDING COMMON AREA by the FLOOR R/U RATIO. The total BASIC RENTABLE AREA
of a tenant occupying more than one floor shall be the sum of its BASIC RENTABLE AREAS on each floor.
The total of all BASIC RENTABLE AREAS on a floor shall equal the FLOOR RENTABLE AREA of that same
floor.

BUILDING RENTABLE AREA

The sum of all the FLOOR RENTABLE AREAS.

BUILDING R/U Ratio

The conversion factor that distributes the BUILDING COMMON AREA of a building.

The USABLE AREA of an OFFICE AREA or STORE AREA with its associated share of FLOOR COMMON
AREAS and BUILDING COMMON AREAS. RENTABLE AREA is determined by multiplying the USABLE AREA

RENTABLE AREA of an OFFICE AREA or STORE AREA by the R/U RATIO. The total of all RENTABLE AREAS equals the
BUILDING RENTABLE AREA for the building.
R/U Ratio The conversion factor that, when applied to USABLE AREA, gives the RENTABLE

AREA of the OFFICE AREA or STORE AREA.

Index, o8} BASIX)& AAlskaL 9lon, ol= Fe 3} &g T Aok 3 GSAY] A A A4S e o9
AEe 2, &, duA AREFel e Aefks Faof &4 7t s THoR Wriste] ¥kl Aol tel Bk A4
2 WSS FolaA ke 29 A& 7hed el & o7 AAstaL et
g e Aol ol te A& ¥ HHor o w GSA?| &3t el tste] & T8 7= ddl =
B7h skl itk Z2EH o g 3t s 7]l thek At € ool thgh AAY Fdol 2w Fa gtk wEhA A5
B A5E 79 2 e A Vel hE vl #4 o B84 WUt FEE 5= o WA tste] 9
g oy FF 29 {FEA Hrhe AE sl of & 4 e WA FE AxEA FH 3o, 54
e 7S 33t Y A V2R Hrkela s douAe 3 A, 28, duus, evs wA 5
& vk £9 ol dEE 79, 7 52 e st of thste] EAskaL A& R/U Hl& 9 R/U Ml &3} 22 A
Z2AE 540 met 4§ 7Ee] ol & < e e A EE gEote] E Ao g d4E 5 U= st
o] it ATk ol vle A& F8UA, AHE 7heHA 5
SPe] 73§ theket ot A& Hohs WA gy A e d e veRs 28 An. S U4 5284 4
Hlol] tigh rket I3k 223 thu] AA|Qke] Hbed wl& + 3] Aes getetr] A AxE=A L 7HA7E A
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