The BIM-GIS model for EeBs integrated in healthcare districts: an Italian case study
Luca MARZI - Roberto DI GIULIO
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Special Town-Planning for Careggi

= Azienda
Y| Ospedaliero
y Universitaria
Careggi

74 Hectares

27 Health buildings

" 20 Technical and Administrative buildings

10 Other buildings
14.841 rooms for 306.710 mq

1561 Beds

55.765 annual admissions
71.797 annual day hospital- day surgery

130.327 emergency interventions -
annual
10.611.854 Prestazioni ambulatoriali
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The main purposes of the “New Careggi plan” are:
> Renovation of the buildings

> Reorganization of the transportation network inside and outside the hospital area,
> Concentration of functions (care, teaching and management) to reduce the number of

buildings and to merge university teaching and research activities with healthcare activities.
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Training facilities
New General Entrance
Library
Birth centre
Pathological anatomy
Medical clinics
New and old San Luca
"o 9 Emergency Unit

- 10 Ambulatories
| 11 Research laboratories
= . 12 Villa Monna Tessa
% 13 San Luca
‘l 14 Pediatric Hospital
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demolition around the 60% of the existing volumes
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alienation
demolition

new construction
refurbishment
connectivity and logistic network
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IL LABORATORIO DI MONITORAGGIO - 2002

IL MONITORAGGIO DEGLI INTERVENTI COMPLESSI

Governare rigualificazione struttura sanitaria

Governare processo complesso

- SUSTAINABLE

| | ) PLACES

Y18 September 16-18, 2015
../ Savona, Italy



i

=
i 9
=

';5;5;?

t;%

coeschy

¥Ry

il ;

iii;

jeeajpesEspgaes
if

3
f

Hith

i?gi i ig

i
H
:

Acosen
« Marighons Arsizenco

,,,,,, -1 A2 234

Wy P T T e
8b - CLINICA CHIRURGICA P @
RA

Area Plano: 883,55 mq

Pad. 8b - Clinica Chirurgica - Piano 1

% 201 wo Cenitn

Bomma batate il boesicin L4 v o

La seroia carcats @ stets trovain

1613 Vebis ol camae E6s

om
amrom

t -I""

Powvares by AACY

SUSTAINABLE
/) PLACE

2015 s

SACS SUITE



The SACS©O system is a custom Visual Basic software that drives Autocad to manage and
analyses digital plans of buildings coded on specific layers. Moreover, the system is linked to
the georeferenced Hospital Information System (HIS) designed in Microsoft Visual Basic. The
particularity is the “everything inside DWG” approach: all data are stored inside the digital
maps allowing anytime to rebuild the whole information having nothing but the DWG files.
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S.A.C.S.© (acronym of the Italian “Systems for the Analysis of Structural Assets”), is a suite
used by the company as a structural asset management system.

PLACES DLE SACS SYSTEM
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Detailed description of the SACS system (GIS development included)
Computer Aided Facility Management

] y Accessibility
y Cleaning
y Signs
y Wiring
y Voice and data
Electromedical
/ equipment

LICENSE (accreditation

PLACES ABLE SACS SYSTEM
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Rooms management
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The peculiarity of S.A.C.S system is its capacity to manage digital cartography not %’“ |
specifically designed for the software, but that could be retrieved and adapted by all the y

players that had a role in the implementation of the projects.
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Rooms Group

DESCRPIANO_NOMEGRUPPO_AFOBLOCCO_NUNI
TA_PPLL_DAI_SOD_ARATT

DESCR_PIANO: piano dell’ edificio del gruppo

NOMEGRUPPO: “P” + livello + “-” + zona cartiglio +
[CONN]

AFOBLOCCO: ID della D.U.P. del gruppo
NUNITA: numero di ambienti funzionali specifici
PPLL: numero di posti letto

DAI: codice del D.A.l. di competenza

SOD: abbreviazione del nome della S.0.D. (S.O.D.

singole) o codici delle S.0.D. (S.O.D. multiple) afferenti

ARATT: codice dell’ Area di Attivita del gruppo

1§USTAIN}’ABLE

Array of Data Entity

SLR: the square-light ratio — 15 bit
6 bit = Codice Locale
9 bit = Grado di conformita

medical gasses — 16 bit

X, 4 bit — Ossigeno

: 4 bit — Protossido
A\

6 4 bit — Aria
b 4 bit — Vuoto
&o". H: the height of the room— 10 bit (max 1023cm)

ATU:. = 9 bit (511 unita)

Class (D.U.S.) — 9 bit

000000001 a 010000001 — Class ID

010000010 a 011111111 — Non utilizzati

000000000 — Nessuna Classe per la D.U. selezionata
100000000 — Classe non selezionata

C.E.I. — 3 bit

000 a 010 — Gruppo locale

011 — locale non ad uso medico
100 — Gruppo non selezionato

Categoria — 3 bit

000 — Categoria non selezionata
01x a 11x — Categoria locale

xx1 — Locale conforme

xx0 — Locale non conforme

LACES. o e Detailed description of the SACS system — Array and MetaFile

Savona, Italy



Automation: departments
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Stages of data-entry and administration of system.
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Space destination

Operating Room
(beds)

01_00
Radiotherapy

04_00
A&E

07_00
Endoscopy

10_00
Laboratory

13_00
Rehabilitation

16_00
Specialist Ward
(beds)

19_00
Toilet

22_00
Acceptance

25_00
Morgue

28_00
Outer Area

31_00
Lavandry

34_00
Technical Room

37_00

Didactics

40 00

General OR; Specialist OR; Hybrid OR;
Orthopedics OR; Pre-Operation (Patient)
/Awakening; Pre-Operation (Staff);

Radiotherapeutic Applications;
Thomotherapy; Gamma-Knife; CT
Simulator; Control Room

Examination Box; Discharge Room;
Isolation; Triage; Shock-room: Short
Observance; Intensive Observance; Other

Bronchoscopy; Digestive Endoscopy;
Urologic Endoscopy; Disinfection; Pre-
operation (Patient); Control Room; Other

BLS 1; BLS 2; BLS 3; BLS 4; Biobank;
Cold Cell; Cold Store; Filter; Other

Gym; Swimming Pool; Physical Therapy
& Rehabilitation

Psychiatric Ward with Toilet:
Hematologic Ward with Toilet; Isolation
Ward with Toilet; Pediatric Ward with

Public Toilet, Staff Toilet, Patient Toilet
(for Invalids), Public Toilet (for Invalids),
Staff Toilet (for Invalids), Bedpan

Acceptance; Information; CUP;
Administration; Porter’s Lodge

Autopsy; Corpse Waiting; Corpse
Exposoure; Cold Store; Other

Footpath; Parking; Other

Vertical Atrium; Server; Sound & Data;
Lift House; Boiler House; Electric Panel;
EG / UPS; Other

Administration; Office; Classroom;
Auditorium; Conference Room;
Simulator; Other
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Intensive Care
Unit (beds)
02 00
Diagnostic
05_00
Day Surgery
08_00
Frigoemoteca
11_00
Mental Health
Unit
14_00
Day Hospital
17_00
Dyalisis (beds)
20_00
Medical Office
23_00
Waiting Room
26_00
Meeting Room
Library
29_00
Unclassified
32_00
Locker Room
35_00
Medical-Aid
Fecundation
38_00

Connective

41_00

IC Box; NCC; Filter; Washing; Other

Control Room; CT; MRI;
Uninterventionist Angiography;
Radiography; COM; RIS-PACS;

Therapeutic & Rehabilitative Assistance;
Socio-Rehabilitative Assistance; Minor
Intensity Therapeutic & Rehabilitative

Office; Talk Room; Other

Waiting Room for Relatives; Waiting
Room for Patients; Game Space; Living
Room; Other

Meeting Room; Reading Room; Library;

Other

Staff Locker Room; Patient Locker Room

Level 1; Level 2; Level 3A; Level 3B

Horizontal Connective; Verical,
Connective/Stairs; Litter Lift; Lift;
Elevator; Service Lift; Stairlift; Backstairs;
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Sub-Intensive
CareUnit (beds)
03 _00

Nuclear Imaging
06_00
Delivery Room
(beds)
09_00
Ambulatory
12_00
Pharmacy
15_00
Ward (beds)
18_00
Staff Room
21_00
Sport Medicine
24 _00
Public Service
27 _00
Office
30_00
Warehouse
33_00
Kitchen
Work Canteen
36_00
Sterilization
Disinfection
39_00

Hemoteca

42 00

Medicine Preparation; Diagnostic; Gamma
Camera; Other

Delivery Room; Labour Room; Pre-
Operation (StafT); Substerilization; Filter;
Other

Echocardiography; Ergometry; Dynamic
Electrocardiography: Surgery Ambulatory
(local anaestethic); Surgey Ambulatory

Medicine Store; Fridge; Medicine
Collecting; Antiblastic Medicine Unit;
Medicine Preparation; Other

Ward with Toilet; Ward without Toilet;
Creche; Other

Nursing Coordinator; Reporting; On-Call-
Doctor Room; Tisanery; Nurse Room;
Relaxation Area; Other

I1st Level; 2nd Level

Commercial; Chapel; Showroom: Game
Room; Other

Office; Administration; Direction; Other

Surgery Instruments; Medicine; Cleaning;
Dirty Stuft; Clean Stuft; Archive; Other

Cooking; Work Canteen; Larder; Cold
Store; Diet Kitchen; Meat Treathment;
Washing; Warehouse; Other

Organizational chart - D.U
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Careggi sacs@aou-careggi.toscana.it

Sistema di Analisi delle Consistenze Strutturali dell’Azienda Ospedaliero-Universitaria Careggi
N

SACS published THE DATA on the corporate Intranet
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Web browsing (intranet) — SACS DWF LAYOUT
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X Azienda
Y\ Ospedaliero
Universitaria
Careggi

Initially, the San Luca Complex included three equal buildings. These were organized according to a simple body layout plan, and they
defined the model upon which the former plan for all Careggi was designed around 1920. The first two buildings of the San Luca Complex
were built around 1930, while the last one, which corresponds to the one still existing today, was completed after the Second World War.

1920 Plan A
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2D-3D interoperability .

LOD 0—2D footprints 4¢<

on top of digital terrain model

cases = LOD 1—City model

Block model, no roof structures

LOD 2—City/Site model

Roof structures, optional textures

LOD 3—Site model

Detailed architectural model

LOD 4—Interior model
Walkable interior spaces

SUSTAINABLE
PLACES

September 16-18, 2015
Savona, Italy



AaAsCAD TV wadetin, ) ey

Irs

DAE MODEL

LIFL02 e D
T Bakng
Vedcn Line gtian+ St FE) OF27 Biking
LIn-26 Baking
U729 Balding
P12 Buktng
11501 Bukting
542 Babding
¥ (R et
LE-01 Bewrion
D2 Bearion
D E43 Bewsien
654 Bewrien
1505 Uewricn
LE06 Do
TEO7 Besnon
D E-08 Bewsen
[@treror tevatos
¥ lworisteets
 Vey- Sebtan |
[Hoents
0 Dexusmmens
vE»

@ Gaseric Avcon
¥ v

» gt

» (5 Comsonart
» [IProject indeees
» [Lsts

3

x A aoae B e
PRI

Click an Bement or Dvmv a Selection Area. Press and Mold Cirls Shift to Toggle Elemem) Sub-Clement Selection.
[ eV Re s VWL I BN

SUSTAINABLE
PLACES

Seplembev16-18 2015
Savona, Italy



CAREBIM —OLD SAN LUCA

Toolbox

Select

& o
13 Marquee
v Design

_Edit View Design Document Options Teamwork Wind ! 2 =N & o [ 2% gio 00:5
| |Oc- 8] & 8@ o ! o

=

9
|[®] |-/ o) co - ][] ]

|~ Navigator - Project Map

= )

&y wall
ﬂ_Door

tH Window

i Column
& Beam
<3 Slab
&P Stair
£ Roof
N Shell
27 Skylight
&% Curtain Wall
&> Morph
H Object
[ zone
£ Mesh

v Document

+% Dimension
" Level Dimens
A Text

A Label

pripeo e

£ FL-02 Field_Dv

i Trace & Reference

:|.1.

Reference:

Active:

) FL-03 Building
3 FL-07 Building
) FL-08 Building
7 FL-09 Building
) FL-12 Building
7 5-01 Building ¢
17 5-02 Building !
v [E]Elevations
2 E-01 Elevation
3 E-02 Elevation

£ £-03 Elevation
1 E-04 Elevation
1 E-05 Elevation
7 E-06 Elevation
{3 E-07 Elevation
2 E-08 Elevation
[@ Interior Elevation:
v [[]Worksheets
7' Key- SitePlan (
[ Details
[ 3D Documents
v [E3D
@1Generic Persp
@ Generic Axono
v [@@ Schedules

Z Fill » [ Element
» &, Component
/ Line » [=Project Indexes
O Arc/Circle » [@Lists
(7 Polyline —
E Drawing 7 B | >
= Section : v Properties
... Elevation L Ceneric Perspective
. settings..
4 & ok Cancel
;T‘ ’ T Qz Ax: 56338 l:i Ar: 59443 W bz o0 AEREC RIS i HK“m 3
1L »l Ay: 18962 a: 18,60° » to Project Zero > Leaces - ol B o= I =

Click an Element or Draw a Selection Area. Press and Hold Ctrl+Shift to Toggle Element/Sub-Element Selection.

e ISCONNE- IR W1

SUSTAINABLE

PLACES

September 16-18, 2015

Savona, Italy



gron— c T2 = & <)

AL LIS - " c 32% 00:
ui. B EETENE N - (I mE 900049

i1 Marquee
v Design

& wall

Hl poor

H Window

i Column
& Beam
<3 Slab
& Stair
£ Roof
N shell
Z7 Skylight
/4 Curtain Wall
&> Morph
I Object
[£% Zone
2 Mesh

v Document

#% Dimension

@' Level Dimens...

A Text

<Al Label

. Fill

/ Line

(O Arc/Circle
(7 Polyline
x_"_ﬁj Drawing
= Section

. Elevation

© O8] ®

Quuis
X —

[

~ Trace & Reference

| ISR 2 51| & (8] [ ]

sl |2

s

Reference
@ 3
Active:

@

RN |

= v lielsl 2% | Half > |

el ‘ Pl RS ) ok | cancel |
el Ax: 45508 X Ar; 49511 4z: 0 |
L (e ) Tl | ay: 20503 ey % ehoeazen b

Click an Element or Draw a Selection Area. Press and Hold Ctrl+Shift to Toggle Element/Sub-Element Selection.

B3 M| £ e E][ [of- d/E] =]

|5 Navigator - Project Map

LACIEIEY

v {fy san luca r6+site r3
¥ [E]Stories

[ 2. RF-Roof

[251. 01-First Floor
[240. 00-Ground Floor
[5-1. F1-Foundations
[-2. F2-Foundations

¥ [T]Sections

T3 FL-01 Muri-DWG (indepenc
Y FL-02 Field_DWG (Indepenc
777 FL-03 Building Section (Aut
) FL-07 Building Section (Aut
% FL-08 Building Section (Aut
1) FL-09 Building Section (Aut
1) FL-12 Building Section (Aut
15-01 Building Section (Auto
115-02 Building Section {Autc

¥ [@]Elevations

72 E-01 Elevation (Auto-rebull
3 E-02 Elevation (Auto-rebull
2 E-03 Elevation (Auto-rebuil
1) E-04 Elevation (Auto-rebull
T2 E-05 Elevation (Auto-rebuil
) E-06 Elevation (Auto-rebull
23 E-07 Elevation (Auto-rebuil
2 E-08 Elevation (Auto-rebull

[@]Interior Elevations
v [@Worksheets

¥ Key- SitePlan (Independent.

[E] Details
573D Documents

w Properties

| Generic Axonometry

i

H

SRR 5]

B 16063 gl

SUSTAINABLE
) PLACES

September 16-18, 2015
Savona, Italy

=i
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CAREBIM —OLD SAN LUCA
Streamer

furgess morse b oy e torn lemater A

0304
Diffusori a soffitto 0 a parete
Alventwith grate

PIANO TERRA | GROUND FLOOR

=
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tecnici o1 02 terminali alri 05 apparecchi  apparecchi altre
Letti Technical infissi sanitan MVAC  terminall apparecchi  medicali  da uffico  apparecchi
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Building  Floor _ Space code Avea(m) hiem)  (n) {n.) Class (category of spoce) windows  fittngs  system  terminals _lghting equipment _equipment eauipment ceiling
| R . B T T T I -7 1% ) I 771 Ci | S

03.02(12) 05,04 {n.1)| 07.03 (0.3} mineral fiber|

lveccrio o 16_A_001 ) 0105 (n.2) no| 03,03 (1)) ol 05,05 (n) no| 07.10(n.2)}

lvecchio o 16_A_001a 243 310 o) o no| no|_05.02{n.1) o o)
6201 (n.1) 05.02 {n.2) mineral fiber|
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03.02 (n1) 06.01{n.2) 07.02 (n.2} minersl fiber|
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Radiotherapy
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Endoscopy
— Blood sampling/testing

— Transfusion centre (blood bank)

|

" = chabiltation
Outpatient department

|

— Intensive care ward
-_— High care ward

Low care ward

Medical day hospital

Oncological day hospital
W Day surgery

Maternity ward
|

|
-]
|
|
|
Operating theatres —
= |Nterventional radiology
Accident and Emergency (A&E) =
Medical testing laboratory
Anatomical pathology laboratory [
Internal pharmacy
o Sterilization centre
General storages —
Kitchen B
|
Canteen
|
|
——
|

Medical archive
Admission (reception, information, reservation)

Garbage room and special materials disposal

N o Mortua
[ — : ry
M Dressing rooms for staff

PLACES Cleaning facilities Zone and - functional area

September 16-18, 2015
Savona, Italy




Formati vettoriali :

A G ED A a B gE e e M Ed B e EE EE 24

| Y
BIM oriented - VA 3

<X

al

ArchiCad e

GT Strudl s : Sap2000. Staade Revit Structures
& Revit Architecture =
Robot e MicroStation e PDMS® ProSteel 3D o SketchUp ® Rhinoceros e
Data Processing Software
Topography of the land Geo-referenced model Q-GIS 2.8 and
Sketch-Up

Network of the roads Geo-referenced model Q-GIS 2.8
Network of the technical infrastructure Geo-referenced model Q-GIS 2.8
Functional areas and space units (room level) DWG drawing SACS
Organisational model (room level) DWG drawing SACS
Medical equipment (area of activity level) DWG drawing SACS
Shape of the buildings nearby the San Luca complex | BIM model ArchiCad 18
Structural components BIM model ArchiCad 18
Windows and shields BIM model ArchiCad 18
Floors, claddings and ceilings BIM model ArchiCad 18
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QGIS App.

& Quantum GIS 1.8.0-Lisboa - Careggi 0_GF_rev10
File Modifica Visualizza Layer Impostazioni Plugins Vettore Raster Database Guida
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CareGlIS: contain information about
the logistical tunnels and technological networks and types of main plant
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“Careggi Smart Hospital” App contains a Way-Finding module that queries S.A.C.5.© and
CAREGIS databases through a web-service and can be used by the citizens to be informed
about the arrangement of spaces and paths based on a number of possible searches done with
the key words proposed by the system.
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App - (that can be free - downloaded for I0S and Android)
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