POLITECNICO DI TORINO
Repository ISTITUZIONALE

BIM and energy efficient retrofitting in school buildings

Original

BIM and energy efficient retrofitting in school buildings / Di Giuda, G. M.; Villa, V.; Piantanida, P.. - In: ENERGY
PROCEDIA. - ISSN 1876-6102. - ELETTRONICO. - 78:november 2015(2015), pp. 1045-1050.
[10.1016/j.egypro.2015.11.066]

Availability:
This version is available at: 11583/2629980 since: 2021-06-24T11:36:15Z

Publisher:
Elsevier

Published
DOI:10.1016/j.egypro.2015.11.066

Terms of use:

This article is made available under terms and conditions as specified in the corresponding bibliographic description in
the repository

Publisher copyright

(Article begins on next page)

03 May 2024



Available online at www.sciencedirect.com

ScienceDirect

Energy

Procedia

CrossMark

ﬁﬁ‘
ELSEVIER Energy Procedia 78 (2015) 1045 — 1050

6th International Building Physics Conference, IBPC 2015

BIM and energy efficient retrofitting in school buildings

Giuseppe Martino Di Giuda?®, Valentina Villa®, Paolo Piantanida®*

“Politecnico di Milano — ABC, via Giuseppe Ponzio n. 32, I-20133 Milano, Italy
bPolitecnico di Torino — DISEG, corso Duca degli Abruzzi n. 24, I-10129 Torino, Italy

Abstract

The aim of the research project presented in this paper is to experiment actions to improve the existing school building
management and maintenance through a technological and process innovation based on the Building Information Modeling
(BIM). In the field of refurbishment and reuse of existing buildings, some of the most sensible and specific sectors are
investigated, particularly focusing on energy efficiency, structural improvement, up-to-date information on completed works and
quality control. The project’s goal is to take advantage of the information technologies, beginning from software interoperability,
and defining a new working philosophy that should use the BIM also in the monitoring, managing and maintenance phases. This
will result in an advanced drafting of the design standards for refurbishment/reuse of public buildings by a hierarchic data
structure (Preliminary Requirements). The optimization of the process will lead to a complete building modeling (architecture,
structure, facilities, deterioration) in order to describe both the residual building performance and the outgoings of the
refurbishment design (Final BIM Requirements). The research has been validated by on-field application (school buildings).
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1. Introduction

The Building Information Modeling is a project management methodology that governs the materialization of the
information system through the use of dedicated software.
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Applying of BIM methodology (see Fig. 1) to existing constructions does imply, first of all, a thorough study of
the documentation and then an accurate analysis of the true state of the building. The mapping of residual
performances provides the basis to proceed with the evaluations of the interventions in order to realign the building
to the current rules and with the planning of its ordinary and extraordinary maintenance operations. In the building,
the structural, architectural and system models allow for instance seismic-dynamic analysis, energy or noise analysis
and encourage to design targeted interventions, very tailored to the weaknesses and the specific needs of each
building element; the goal is to assess in advance the investment impact in terms of benefits, costs, implementation
timing and payback time as well.

Only a really systematic workflow setup can result in a consistent, reliable and methodical filing of all the
information scouted out from old and new archives and can prepare the correct and efficient archiving of future data.
Furthermore, the cloud information management provides a simple but effective tool for on-site monitoring of all the
maintenance operations. This is especially useful to create an integrated system for fault detection and intervention
planning, when it comes to manage several properties.
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Fig. 1. Workflow (survey stage)
2. Work stages

The proposed work strategy on the existing school buildings applies the BIM methodologies to the survey of
documentation, technology, structure and facilities to obtain a virtual synoptic table to base several design solutions.
The accurate definition of the performance specifications should explicit the requirements both for the typological
units and the building elements. By means of considering the intervention investment, its benefits in the future, the
cost on the life cycle and so on (optioneering design), it can be defined, at a later time, any intervention strategies e.
g. for energy efficiency and, if necessary, for regulation compliance.

In order to obtain the complete status of an existing building it is compulsory to know its history: this comes
from drawing examination, design analysis, techniques and construction technologies investigation; but it is even
more weighty the full knowledge of the interventions carried on the school over the years, for example to improve or
restore the current performance of technical elements. All the information gathered during this cognitive process
should be digitally stored to allow a fast and effective consultation: getting information from the same (and sole)
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database make possible a smart design process for every designer and a brighter coordination of the maintenances
(Fig. 4).

The whole work strategy and software has been validated trough a full on-site testing, carried out on a secondary
school in Melzo (Italy): it consists of a main two stories building and a gym block (Fig. 2). The school was
constructed in the early Seventies using the current technologies at those times (reinforced concrete, brick walls,
single glazed windows etc.): in the next future, it will be part of a refurbishment program carried on by the Melzo
Municipality.

Fig. 2. “Mascagni” secondary school in Melzo

Fig. 3. Basement plan of the secondary school “Mascagni”: sketch mapping (left); plan restitution in the BIM model (right)

2.1. Documentary survey and filing model structure

The first phase of the work consists of inspecting, scanning and archiving all the information scouted on the
papery files that have been collected by the owner year after year: design drawings, calculation reports, contracts,
building work accountancy etc., including all certifications, authorizations and qualifications by the competent
boards (e. g.: Health Board, Fire Prevention Agency, Monuments Bureau, Italian Olympic Games Committee, etc.).

An initial screening identified the sections and topics into which the digital archive should be organized.
Depending on the amount and the peculiarities of the available documentation, each datum has been associated with
the model part to whom it belongs, namely building elements, typological units or construction parts (Fig. 5). This
first step of the work revealed to be very time consuming, but it has been considered by the research team as the
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main pillar on which all the BIM modeling work relies: without this it has been assumed it would be impossible to
proceed in an orderly manner with all the following steps.

In parallel some inspections are conducted to determine whether there are critical situations (in case, previously
complained), or to check the maintenances already carried out on the building (Fig. 3).

Famgha: | Famghs d sstema: Informazon s proge ™ Carica,
L J L T304 - Taeola 2 Panta delpa teia Soala H 00 Such, & Camecs, E006 Ele Scucly Flerari e Via Bckogr n 6005 ot
B o30VTIE - Tuvolad: Piania secondo piana Scala 1100 fuch & Camera E005 i Scucla Pemessce ViaBickanaf 008 ol
ONOWTISS - Tuvcla S Prospenc En Scals 1100 Arch A Camein €075 Lie Scuci Elececs e Via Boiconaf 05 o
[ Parsmetic | Valore [= 030NTS - Tavola®: Prospens Oves e Prospemo Sud Soala 1100 duch & Camea E0% b Scucka Elenaniace Via Boiconaf (6. ool
ONOWTES - Tavola T Seciorsmuasersale A4 Scals 1900 duch A Camen E004 Fio Scucls Blerwreae ia Bolognai004 ol
Autore OOV . Tavolad Progeno Palesva Sosds 1100 Auch A Camea €01 Ede Scucia Elecectace Wia Bologoaf 0T ol
2THWTED - - Tavols S Plarimeia Scala 500 Auch A Camen 0001 Fide Scucks Flesactas Via Boleonaf O0Lod
Tnowes - - Tavols 3 Planimeins Scals 500 (moddicata) HArch A Camen E002 Fie Scucla Elemacesce Via Bclognad00 ool
s i e ‘voveses : -+ Tavola 3s Puarau pans tpa Soaa 1100 Huah A Camers [ e —————
Tonwels Wie: Piacea pusees prrmeslraconds Se als 1 W0ICorpi
e TeovEen = = fuch. A Cameia E005 Fie Seucls Demertace \ia Beloon a5 ool
A A Archaig) Soucla Elermen Brariarail
WL-%W“—-] e cawsimes = Tavea 5 Parimia Seala 12000 frch A Camers T —
22M5i868 - Tavol R 100 €02 E
A_Operen ch. 1 22N - Tawola T3 Piares seminonrans Soala 1100 fuch A Camess EOEY Fio Scumda Flemarese Vin Pokeon s 061 ol
4 Pratica catestale | Chachnag\Arehavio Seusla Eemen 22n5Imes - Tuvola ¥ Plarta pianc tena Scala 100 fuch A Camea ED64 Fie Scucly Flemeci e Via Bckoonn 064 of
Chirchevis\Archivia Scucla Elrmen BBM9EE - Tuvola'S Sericrss - Faee & e S E022 FlaS
:Lr"':m e ettty quoTEes B Tuvols ¥ Plarea piana tens Scala 10 Arch A Camers. EDGS Flie Scucls Flemers ace Via Boboony U6 o
= = : ki 26038 - Tuvola 22 Sesiorw Soala 1100 fuch. A Cames EDOS. Fie Scuucla Plemartice Via Bk gnsf O o8
A C O Archivie\uchi s - Tivola 21 Prospeno bigresso Scals 1100 et A o €0 Ede Scucls Eleecy we Via Boiogr s o
A _Varie ChArcheno\Archivio Scucls Blemen || TWONTTI - Tarvols 30 Pusre palestia ¢ piscns Scala 1100 Huch A Cameia E009 Ede Scuols Flemsotae an Foigoaf 003 ool
_ TN - Tarvola 31 Prospesie secsoni paleira » piscin Scala 1100 Arch A Cameds 0% Fie Scucds Flemersace Via Boloon a0 ol
-y 20N =: Tavola 1 Prarea palestiaw semnies aio Soals 1100 E06Z
Data o delprogetta  Datad TIBS = - Tavols1 Piares palesus e semnnenso Scals 1100 T rale EDO3 Fia &
Stato del prog s, 1SS - - Tavela 3 sle EOT
MNome del cliente  proprictarc TIBIIHS - e :xf::'u::ummng*‘mw s T4 e ::g s ol
" ramenass - A — it
m vy Moddics:. ) 0B85 - - T2 & Sminaniil E034 e o
progetto COZENdel Tuvels P Elmnack T
Humero del progetto  Numero del progettn sl T UM Plas Semreeratn g M Reagem E036 Fie Stucla Dterace \iaBekonsif 026 o8
L4 COZB0Tdel Tovela 2P Elrinach 1
. Zsimes = | I e nacene : Ing. M Resigons E037 e Scucla Permecice Via Bckoona 037 o
e R - | Tt ko meee SO S S 10 o e Eo—
| fob-30 - c s o g A ek 0% Fle Seucl Flementuce ia Rokooral 11 o
L e
Fig. 4. Example of BIM Digital archive
Scheda rilievo n° 15 Cvol Doto: 10/11/2014
Famigha: Muro di base
- -;{" e ] Tipo: SEU_CV04_Muratura_25 on
;: | s . <] Spessore totale: 35.00 Altezza esempio:  100.00
1 H d 4 Resistenza (R): 0.0000 (mK)MW
; 4 Massa termica: 0.00kJK
= I ) Strat
v W I 4 LATO ESTERNO
| Ado 11 9
| ‘ 5 Funzione Materisle I Spessore I Chivsure | Mo *
;. B ! oY% 2 [ Struttura [1] Cementoarmato _ 19.00
™~ &9 Q:Q:‘: |3 | Strato Termico/ | Isolamento termico | 3.00
a n 0’0" 4 | Strato Termico/  Isolamento termico  2.00 @
- ‘ KK [5 | Strato Termico/ | Aria m
s KK - [6]struttura 1] Bloccoin laterizio 8.0 ]
:’:’: [T Contomo deinudi | Strato sotto chiusura 0.00
KRRKA [8 |Finitura2[5] | Intonaco 100
[ Sroto T Spessore | Descrizione 0. ’Q”‘
{1 [intonoco o bose di colce e coments |1 om| Chiusura vericole stondord isoloto in XA ‘ i | '
2] lowrisiolorote 1 8cm| intorcapedine, finturo intema in intonacs X LATO INTERNO
{3 [Intercopedine doric |2 cm| tteggioo e cokestruzzo amato focciavisie ‘:’:"
4 | holonse i polate 2em 4 "
™ 0N (Comewo ) [ ][ = J[ & ]
6 [ Muro in cemento o ;: om .“‘:’:’:
= tura di default
XK i =
:.:.:.: Agh inserti: Alle estremita:
XXX [1ntemo ] [iatemo -
S
.Q.Q ] Modifica struttura verticale (strument attivi solo in anteprima sezione)
VAV AVAN

( ) [ _ow ] ]

Visuskzza: [Sezone: Modificait v] [ Anteprma >> | o J[ anaa [ 2 ]

Eddica Scuoia Medo Via Mascogn, Melzo

Fig. 5. Technological survey and layer consistence input in the BIM model
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2.2. Architectural mapping; technological, strcutural and facility survey

While or after implementing the archive, a close survey of the building is carried out: it consists not only of a
geometric mapping of each room, but also of a check if the room destination has been changed with respect to the
original situation.

Besides, sample tests and investigations are carried out on the major building elements: this is very useful to have
the evidence of the materials, thicknesses and building technologies really applied and thus to have a reliable
technological survey of the whole edifice. Similarly, the specification mapping is implemented also on the plants,
networks, facilities and control systems.

With relation to the Customer’s specific needs, nondestructive structural tests and measurements can be
completed in order to check the working status of the bearing components (pachometer testing, load testing etc.).

2.3. 3D model and information modeling

The second stage concerns the organization of all the collected information into a BIM three-dimensional model
of the building (Fig. 6). Consequently the model becomes the “materialization” of all the technical information
related to the element or system to which it refer.

Each element of the model is “informed” of all the parameters, specifications and characteristics of the real
element. For instance, it can then be associated with the relevant technical data sheets, certificates and declaration of
proper installation or everything else that could be useful to the current management and the future maintenance.

Fig. 6. BIM model of the school “Mascagni”
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2.4. Residual performance evaluation

On the basis of the performed surveys and of the real state model it is possible to calculate or accurately estimate
the main building residual performances, which can be referred to a single technical element (vertical envelope,
window frame etc.) or to the building as a whole. The former group includes, for instance, the thermal transmittance
(U-value) of the envelope, its thermal mass, its sound insulation properties etc.. The second group includes whole
building performances as heat loss, acoustic reverberation time etc..

Assessing a residual performance is generally intended also to verify the Law compliance of the building, e. g.
regarding escape routes, emergency stairs, disabled accessibility and so on.

This step completes the first part of the job, concerning the information on the knowledge status of the building.

2.5. Performance specifications draft
Following the full modeling of the building, the key output is to draft up a performance based tender (Fig. 7) to

realign the building to the actual standards and regulations. Its requirements and performances will be the gap to
fill. i. e. the goal of any maintenance or upgrading proposal.
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Fig. 7. Form for performance specifications.

3. Conclusion

Applying the BIM methodology to existent constructions open a wide range of possibilities: the very innovation
of the one here summarized is to embed the present situation, the maintenance history and the real performance of
the case study school into a online 3D BIM model through a large survey campaign both in the edifice and in the
owner’s archives. The wished easy accessibility to this vast data system by all the operators (managers, designers,
engineers, service men etc.) will lead to a strongly tailored list of possible maintenance or upgrading strategies, all
cost optimized, regulation compliant and customer oriented.



