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EXECUTI VE SUMMARY

Deliverable D10.1 (Task 10.1) reports on the def
SUM4 Reei | ot demonstration strategy. |t establ i sh
selection, i nstrumentation plans and evalwuati on
pil ot act iSWUM4iReesT haicsr ownsosr k i s central to work pac
the technol ogi cal 79 divmataeaoersledolfe nWRss o2ament s, enabl
under operational conditions and supporting the
The initial phase of t he deliverable focused

infrastructures were surveyed in collaboration
authorities, contractors and facilithyt maragers
engineering asssectasl eanrde hbawiillditnagg i on si t es, ensur
of use cases. Each site wa s mapped i n t er ms
environment al exposure and accessitbutti ¢eg. t &t ake
monitoring needs, rehabilitation strategies and
The second phase <concentrated on the preparat:i
acquisition strategies. For each site, a tailo
combining fibre opti c-basseendsi agc elFeOSome-bEMSA and
i ne@eti on systems. Dat a management wor kfl ows

interoper abiSIUM4yRkavtida hl akhee and compliance with

assessments and health and safety protocols weil
operators, with special attention to installatio
The third phase outlined the validation and eval
roadmap was produced, starting with baseline mo
(rehabilitation or retrofhnhtermglutaddamne o akhlisdirmoa
ensures traceability of results and comparabilit
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1 RESEARCH CONTEXT AND APPROACH

1. SUM4 Re

1.1THe project

iISUM4ARe is the acronym of ACreathnmi mangoi al s ba
The SUM4Re piHfojpnedetd Houyr otppeean Commi ssion and ai ms
and promote circular construction practices. 11t
of materi al bapkaréaosm bdoambitning mi ning,

ur ba
acquisition tteleé niod eomgtiiefsi aaatdi on of bui |
for new uses.

n
ding comp

The project wi || include the i mplementation of
construction projects, and a strategy to I mprove
and facilitate the uptake of salodteisenonaéev glrope
interests in the sector. o (website SUM4Re)

SUM4Re aims at adding value to existing construc
to an increased supply and wuse of secondary me
devel oping smart digital solutions, bsyu pnmpeoarntse do f
by blockchain solutions.,i nffemsfastdrdeandf il e@astsi ol
digitalisation of mat eri al s anTdheelcheelnlten giems tihn
integration, mat eri al i denti fhec aédodomne sasnedd noau rkient
project. The three main activities of the SUM4REe
l.ldentification

2. Anal ysi s

3.Contribution to circularity

PILLAR1 PILLAR 2 PILLAR 3

IDENTIFICATION ANALYSIS CONTRIBUTION TO
TECHNIQUES & SOFTWARE TOOLS FOR CIRCULARITY
TECHNOLOGIES CIRCULARITY C-BIM

RN T=RIEC s

—— A —— S

Chz

FigursesUM4A4R®min pillar activities
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1. 1TRe consortium

MResearchernnef comneril esading this European projec

recycling construction materials from the preden
The consor tUVdngO il se dc donip7o seendt iotfi es from t henconstr
Nor way, t he Net herl ands, Spain, Ger many, Bel g
Switzerl and,

AnA clear i ndicator of the interest in the proj
business sector so that the EU continues to be
says the projectds Pl , who str eesdsuecst itohne, irnepcoyrctlair

bywroduct recovery at an early stage and before t
infrastructure.

1. 1ABout the pilot sites

ASUM4Rebs resul ts wildl "o t T T T Cdamieee T 3
di fferent pilot sites | 1str
projects in EU regions re,
The Net her | ands; Sout h g
existing buildings with pol ¢
(resideaetiibdry, i ndustr !
assets) and targeting

materi al s (concrete, t ctur
steel, and reinforced e t
met hodol ogy and a strat ‘me nt
to upskil!]l tthhree wooa rkd torr e

and facilitate t he up yns
devel oped.

This strategic choice In t
pat hway t o standardi s a al
(different technol ogi e al s)
economic (availability

mar ket pl aces) or regul al
policies) to wi dtelme tchecen

sector. o (website SUM4Re)

1. 1Hdr.i zon Europe

fifThe European Commi ssion, the funding body of thi
The SUM4re project is funded by Horizon Europe
research and innovation.

I't tackles climate c¢hdmMNdge, Shesltmsd ntad| ac Dieewedé o p e
boosts the EUO6s competitiveness and growt h.

The programme facilitates coll aboration and st
innovation in developing, supporting and i mpl et
chall enges. It supports t he creation and bett

technol ogies.

It creates jobs, fully engages the EUOG6s talent
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1. BaselAlsseessment and Strategic Planning for
Testing

1. 2Rdsearch @qealsvianmnes WP10

fAssessment of the baseline condition at the Pil-c
of pilot & testing activities wild.l be created, t
& technol ogies for identi ftihceatd eommo n satnraal tyosriss., Miai ke
inventory of materials at the pilot site, i ncl

Databases ClI RDAX and CONCULAR (or other applicat

1. 2R&€sear chlt aG&ks ell@sTewdy ary building & urban ass
iMfhis task willsiprepartea talcquomsi ti on f or earthwo

asphalted access roads, the removal of a histor
(reinforced concrete and steel compomnentus al drd
made by reusing concrete from CDW. Case study 1
RGB scan for materi ®8ll Mi demteirfaitéd atni ruvamwd] ¢ XRF
asphal't characteri-E@QT i bor [ OEBARI GLUEPRCEO®S N § IEA S
structural components quality testing [TECN], an
on sitedo[ TECN].

1.0bjectives for the Baseline Assessment

Table 1. Source: Page 5 SUM4Re proposal

o7 : To demonstrate SUM4Re in a real C 0

structur al potenti al for reuse of asphal

aut omated CDW characterization schemes.

| mprovement sifKPI 18: Reddo©ow oonf otfi me need:é¢

productivitylassessmént he construction ptr
VS manual approach).

Efficient anKPI 19: |l eopphygedf seconidmar gi

of circul ar 25%ndeduction in cohn@bPpuScUtM4R
solutions vs manual).

Rel ati on to|Expected outcomes: EO1, EO2,
Programme Scope: S1, S2, S3, S4, S5
Key results UCli,MMS & RGB -ta@®IldMs c an

Uucs3, XRF for har mful and ming

ucs, GPR & ECT f or reinforce
and hiedeéeneatecti on

uceo , FOS for structur al condi

uczv7, multi sensor TRACLI NE f of
Table 2. Source: Page 5 SUM4Re proposal

03 : To d e vseil togp oabshdt e s mart di gital sol u
construction entities (including compl ex
ability to analyse their properties and g
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Ability KPI 3UM4 Re mHjI combipe variou;
obt ain Sbefore_ physical int-e MUBGB) onwi t
and qreduction of 50% for 3D models g
StructurEhldden cpmponents and gepmetrwoe
informatiand ckumnmeahl composition ( XR
constr uctSt ruememﬂﬁmnl cal |c1§nt i ficati on
entitiestpathOIOQ'eS detection (AHS) wi t
t hat can (real time vs. sample collection
t o cir-({KPI 8he reuse of large structursa
dri ven through the structural condition
model s | earning) to detect structur al
mechani cal behaviour by @everni&@?9
patterns.
KPI ®ne plugin to extend GENI A ¢
integration of al | the techniqu
structural components in accordad
Quality KPI 1PBor heterogeneous CDW compd
CDW wusinfracti-omse BRACLI NE will charact
based and mineral stream. It is Dompo K
mul tisendgAl will be used to process (iude:i
system materi al s and -BsWMet CLDWorqual iGy
and/ recycled wnattler capaciwti yBhttd hp
devel oped and tested in a real C
Rel ation |Expected outcomes: EO1, EO5;
\Fl,vfggra:mmEScope: S1, S2, S3, S4, S5, S7, 9
Key resulUCl’ i MMS & R&E®WlIavwind scan
ucs, XRF for har mf ul and miner al
Uucs5, GPR & ECT for reinforced st
el emdgrettsecti on
uce, FOS for structur al condi ti o
ucrv, mul ti sensor TRACLI NE for CBD

1. 3Ude cases
Table 3. Source: Page 5 SUM4Re proposal

UC |Use CResscription Use Case Product/ Rej

1 3D geometric modelli MMS & RGB i mage AR
Vi suualspecandmt egr alScathéd81 M software fp

georeferiemfcedmati onrmassi ve and faste
from various sensolmodelling.

3 Detection of harfXRF and soft wafroer -prieq
compounds, or coatl|lidenti ficati on of
products such as <c¢/material s.
for their recycl abij

5 Detection of hi |GPR & ECT integrati
(reinforcements) i|protot yfpe charact €
for reusel/repair. reinforced concret g
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conditideh e& nhdi am ¢doaef me
in buildings.

6 Characterization o|Distributed FD8r psbd
reuse (beams and picondition character
the need for new olcomponentrsei(nsftoerecle d

7 Opti mum u@RWcl i ng tTRACLI NE-smubkthng pfo

anal ysi s of chemithe identification
mineral ogy, humi d-ijfti me of CDW miner al
mor phol ogy and iji4hine)

poll utants

1. 3ERXpected outcomes
Table 4. Source: Page 20 & 21 SUM4Re proposal

EO1: Faster andnt essi vieabiodlent i fi cati on,
mat erials and products from existing buil
SUM4 Re wi || answer to the ci{At | &6&stc,al e

i nnovative solutions (UC) d{community wor
for-siohe @asnd eofffaster smar t technol ogi es
construction entities (03), | SUM4Reb® t g
cowtelcti ve met hodol ogy aliglservice pro
(04), supported by a framewdqmul tipliers
(02) and tested in several (¢10 potenti al
contribute to: i) scientifil|(demolition/r
these techmoladdgivealsoilrun i onscompani es) f q
scopes-SQycx8e2 8e3 964 UCS5{technol ogy;
S3/ 4;-SULCT) i mpl emented on W CIlIRDAX, CON
(7, 9, 10) ; i) i mpr ov earfefna (GENI A.
products/ services t o t he

sthadardi zati-&d MNP L/MUE/MOT) ( KP

societal benefits derived

secondary materials and red

SUM4Re wi || decrease resources needeenolfiot
mor e t han 20% i n ti me and mi nimi zing h
requirements (working hours) and avoidin
buihdgs to be demolished). CDW is one of
generated in EU27, 330Mt/ year excluding
EU, assuming the Spanish scenari o, t he
3, 7Mav ye@DW.

EO2: Il ncreased supply of secondary mater.
t hus reduci ng-atnhde erneesrogeymes e t of the const
SUM4 Re 6 s framewor k wi || flAt | east, 6
construction component s & |t he communi t
considering LCA for improvifgmunicipalitie
increasing the availability|follow t he ¢
product sS4VRELL2KPI IContri but{SUM4Re; 30 ne
new knowledge based on a stthe mar ket pl
(e.g., guidelines on circul|references
circular economy mo del i n beyond t he
traceability (e.g., bl ofckmaeatidat abase
flows & societal benefits fI(CONCULAR, CI
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intensity and toxic free by
Knolvow in CDW managS®medxmAa [
(KPI1 17).
SUM4 Re wi || i mpl ement solutions for redu
Kg/ m2; and additionally, recovering adasd
materi al s, 8 Kg/ m2 steel, and >10 Kg/ m2
i mroved management of CDW mateqgr ipalr ftroaant
(ferrous)  fe4tols hoB2.7 (mixed metal, c
Dominating miner al CDW fraction (305 Mt
waslteads to 5.6 Mt CO2. Foll owed by-rkc¥cW¥
ferrous CDW (13.6 Mt). Concrete CDW i mpro
and reuse of shell of building, or precas
EO3: Reducongnruati on and demolition wast
Aligned to EO2, a speci al f (At | east, 5%
generation, increase efforgworking c omn
l andfilling and reducing enthese fields
out of the 1 ocal areas andj|of t he pil ot
footprints afnar ctomangpuaertti on |[user s (5Re
the circular wuse of constru/working wi t h
renovated/ transfor med buil dtechnol ogi es;
preserving the maxi mum valu¢demand reduct
For that , -Ud hiear eatat Qi e s
considered to optimize t he
construction #&WRXI/ 4) s( KRICL 3
SUM4Re wi || i mpl ement solutions to redug
calcul at e existing buil ding components
components/ materials do not have to be di
aeas. CDW accounts for more than 32% was
recovery operations. Alternative recyclin
waste can be recycled up to 96 % compdree
of CO2 savings, reuse of concrete waste i
by recycling of steelinaslphtaildn. waudMd4 R& VW&
Action Plan for Resourceful Cietniteesd, twoh itch
Commi ssion in the Interreg project URBACIT
The Hague.
1. 3.2cdpe
Table 5. Source: Page 6 & 7 SUM4Re proposal
S EU horizon ca|lAlignment of SUM4Re to th
1 New techni g(SUM4Re will exploit vari
technol ogi es (ucaucy compri sing di f f g
materi al s, embedded data acquisitio
products and advanced dat a anal ysi s
existing or dsegmentati on and cl assi
wor ks materi al s. These wild/l be
and methodol og( &€8esWELD)
2 Solutions t HfMet hods for data anal ysi g
analyse the pallowing close to real t
characteristi|properties (geometry asnid
products, and|inspecUCEp. (Al gorithms f
Funded by 1
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systematic data | abellin
strength estimation, di mg
(UCBC9) .

3 Solutions to SUM4Re wi || facilitate Q
categori se, entities from an added v
materi al s, effective methodol ogy for
products &oel (life cycl e based on a
use on the malcategorization, and | abel
in relevant sibl ockchain solutions f o
dat abases. Supossible market transact
devel opment the challenges of a par adgd
tool s & dat-ymodel | i ng towar ds Cdriv
creation with|lsegmentation and cl assif{
across t he the information needed t
ecosystem, SS|icomponents, that can be s

at the end of theUQWCKdI
approach ba&asedtomncavi | |

to the different profilej
expertise, reinforced by
the consortium in the Di
Strategic -PClm) (UC114

4 Solutions t ha SUM4 Re wi || devel op
suitability met hodol ogi cal framewor k
el ements for actual potenti al to make
economy, or gcompontmteugh circul arity
| abel t hem flow tracking (UC10, UC1 ]
i ncluding thithe facility for circul ar
separation anjrequirements for t he e X

CONCULAR database systems

1. Rel evance to the othe-actesearehlh goal s

The research at the pilot site aligns with

and contribution to circularity:acfthivd td eslsi:v erlamnlr

coll ection of data, col |lwicltdinmgg s haet bsistcddialrdtdadia
site, manually and by wusing different scan techn
research.
2
3N,
e

Il denti f Analys Contri b
circul

FiglrRel ati on bet ween tphd oadt®iammsn di nt htelweortkh epac kages

After this fAbaseline assessmelilaod phélmaestullt danwai

used to develop a butulscki npg atnemadTviB2t.i bar ahdl
circularity).
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» Baseline

* Testing,
Analysis, and
Evaluation

* Development
of Building
Renovation
and Reuse
Plan

Assessment
and Strategic
Planning

_/ — _

Fi gwBrWA6 rel ation lwetrke prackagte

With redasksl00l1l, the integration of sens
FOS,

Di gi
def i

ing tec
and TRACLINE is directly | inked to the ove
t al Product Passport (DPP) requirements. T
nes which el ements must be characterized an

wor kfl ows, while the DPP requirements establish
geometry and composition t o skehnhbkecyctlhee tsreancseoarbs
compl ementary rol es: i MMS provides the geometr
S
I

composition and hazardous u
i nsul ati on or embedded ut i i
component s, and TRACLI NE ensu
attention is given to challe

bstances, GPR i den
ti espurFOB8f meeril BOIL
res the |lifecycle t
ngi ng wasemgo nsetnrte a m

materi al s, where XRF and GPR become essenti al t

The
con
on
de

qu

out puts of Task 10.1 feeadmodilieécwohy diantao cWwhk
olidated. i MMS captures 3D dimensions and ge
he chemical properties of mat erctilesnshi GARI
c subsurface features that are not visible
t ative information about strain and struc
o] n traceability along tnhoet voan luye secuhpapi onr.t s
I [ audits but also aligns the collected

acquired data is proc8B8sMedewierht Abn
contribute to automated g-bametdry mc
ssification. FOS data id uwoediftoronpr
d component s, and TRACLI NE metadat a
I

R
a
n
a identities, ensuring robust traceas

e
P
|
a
t
t

ion from data collection to circular
es on sensor -oemeluittsi oo dedigenpveation plans

hazar dous areas and reusabl e material g,i calMMS
constraints, and FOS validates the structur al co

XRF,

FOS, and TRACLINE to populate Digital Prod

performance, and traceability ierdroiranaead omMP P sNPi6n tt
CBI'M environment, ensuring that both geometry
interoperable for cimadkidlngr. economy deci si on

Finally, in WP7 to WP9, the integration and di s-¢s

der i
and
valii
whi |
repl

ved from Task 10.1 are normalized and upl oad
CONCULAR, enabling interoperabagéemgntnidnyvWBSE
dates the aplpdsedbdllddsyi foifc steinerorand DPP i nf
e WP 9 transf or ms t he |l essons |l earned i nto
ication strategies. thethéshmwalyogiTaak fL0udd:q
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physical sensing with digitaidembtcul ani tays sees kk
driven model ling, DMBHA M e wetleogprnaetnitoon.and C

Tabéssummari zes the relation of each technol ogy,
of the ®UkK4aRek ages.

Table 6. Task 10.1 technologies relation between each work package.

WP TWP 9
Pl at fo
i MMS 3D geomelCaptur efAut oma|Vol ume Structurgl FC intlUpl oad
di mensiongeometr|Scatn®l [geometr y[DPP i nBCM GENI A/ CI
clouds audi t
XRF Material [ denti fl[Afassi ssHazar doulDPP malLi nked -Dat a
compositijchemi camaterijmateri allproperti gl M entivisual i z
hazardousgproperticlassiimapping CONCUL AH
detection
GPR SubsurfacgReveal |AI fq_Locat e DPP enr ilModel Cl RDAX
el ement dconceal|lcompl elinsul atilon composconceal |integrat
el ementlgeomet structu
recogn
FOS Structur gbat a Condi t|lSafety DPP C-Bl M GENI A
response ||l oad/ stjprediclassessmeldurabilitstructul|ldat abasg¢
moni torinsensorsmodel sj[demol i ti|fields enrichm
VNI | f ecycl gl D & Met ada|Tr ack Cor e trgC-BIINDPP |[CONCULAH
traceabillcomponelAl l'injpotenti alfi I'd inj|synchrolinteropg
component

1. Besearch approach

1. 5Mdt hods and activities

The research approach f ogruatlhiitsa tdievlei vaenrda bgluea nctoi nibai

ensuring that both the conceptual framewor k and
met hodol ogy is structured around the following i
A Desk reseArcbmprehensive review of |l iteratur e,

practices was undertaken to provide the theore
regulatory frameworks for hazardous materials

Di ginta&adu dt Passports (DPPs), and advances in n
assessment wusing digital technologies. The des
and constraints, positioning SUM4Reds ccancturliabr
economy strategies in construction. These acti
| abontensive identification and digitalisati ol
cut teidgee knowl edge and regulatory requirements.
A Baseline requihemeaks step involved identifyir:u
l egal , and environment al constraints influenc
Techni cal requirements relate to the accuracy,
technolMMS,esXRHECGPRFOS, and TRACLI NE) . Legal
compliance with EU waste directives, buil ding
when dealing with hazardous substances. Envir
tems of poRsenvtiinagls ,COni ni mi sati on of wast e, and
reuse. These requirements define the conditio
benchmarked, directly supporting EO2 (increase

Funded by 11
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(reduction in CDW) by ensuring that regulatory
from the outset.

A Scan plAnstructured and detailed plan was dev
acquisition across the pilot sites. This plan
geometry and point c¢cloud generation, XRF for ¢
ECT ttroe detection of reinforcement and conceal ¢
assessment of steel and concrete component s, é
and classification of heterogeneous CDW strea
calibration procedur es, the sequencing -of me a
validation and data fusion between technol ogi
reduction of 50% in 3D modelling and materials
of heterogeneous CDW streams) by formalising h
to efficiency and data reliability.

A Onsite data:cdheecmpbementati on of the scan pl &
and Jol astokieta Urbanization pilots was caref
Each technol ogy was depl oyed according t o C
accessibilintal enemndionhimens, and safety requir
mai ntained for equipment calibration, s<anning
verification was performed to validatéfohe con
exampl e, comparing i MMS point clouds with GPF
measurements with TRACLINE classificatieoens. Th
|l ayered dat aset covering geometry, materi al |
traleielai t y. By securing accurate and validated
(digital recording, categorisation, and taggin
for circular wuse).

A Assessment of | abour: pAokegtdivmengsi onpact the r
i s t he evaluation of how digital data acqui
conventional manual met hods. Quantitative metr
manual sampling, and dcBetvedpnt ddt geeakes at wene oa
parall el gualitative insights from practitio
wor kfl ow, skil!] requirements, and acceptance b
the measur ement of SUM4Reb6s contribution to pt
KPl 18 (10% reduction in time needed for <circul
secondary materi al supply and 25% reduction in
Struwrcatl assessment time using FOS and transfer

1. 5R€ading guide

This del isvterruachtluer eids t o provide a clear and syst
context, pilot applications, technol ogi cal foun
encouraged to follow the iskewidpimmst lve qureevtii add yon

A Secti omRedearch Context and Approach: I ntroduc
objectives of Work Package 10, and the specifi
met hodol ogi cal framework combining qualitative
de s k research, baseline r-seiqtud réateat spol seamni qn,
productivity assessment.

A Sect iiomi |20t 1 AJolastokieta Urbanizationo: Pr e
relevance as a demonstrator. It describes the
context of interventi on, and the <chalbenggs
assessment, and material recovery strategies.

A Sectiio®it ast e of the Art: Reviews existing liter
related to materi al identificati on, structur al
Speci al attention is given to the,aX®RIFi-c &tPiRon
ECT, FOS, and TRACLINE) in construction and de

Funded by 1
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A SectiiPme4dequisites for Data Acquisition: Det ai
and economic constraints that influence the ap
|t sets the baseline requirements afnadr reégtud afgoc
compliance

A SectioinBasseline Assessment: Summari sessitéhe C
i mpl ementation of the scan pl an. It presents
technologies deployed, di scusses the compl emer
highlhghdt¢lsaltl enges encountered in capturing ma

A Sectiicervad uation: Assesses the effectiveness ar
process. The section reflects on the impact of
contribution to SUM4Rebds Expected Outcomes and

A SectidD@orcl usi éurrst hemsnedar c h: Synthesises the mai
deliverable and their relevance for circular
contribut-sensof dcdataito DPPBUAEvehoipmeméntanandC
future research ndiriemprn onsmenitscliumdi dat a i nt
connectivity, and replication across other con

This structauwgas ye nriaodnegant t he projectbds context ar
the technical and met hododtgaicrad d freeusalllatast b o 8,
strategic recommendations for future development

Funded by > |
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2PillaaitJ ol astokieta Urbanizati ono

From the SUM4HRe eprodpdo ssaclh:o ol area in San Bartolo
renovated and conver tceedntirnethee a arsew sdhidpypihmg t wo
main building (2000 m2 with 4 floors) wild.l be se
and wil |l have 9 floors, 4 for the shoppi
ng i ntl edee Mteimodd tii ma, renovati on, and rec
iles, wooden and glass windows, masonry Wwg
r, reinforced concrete beams and col umns,
Buil ding presents pathologies inherent to
structur e, cracks and fractures, spalling, ef f I
components, and corrosion in reinfonted concrete

SUM4 Re wi || contribute to the conservatiagn of t
whil e improving the economic and soci al i mpact
study wi ||l be: (1) virstaucteplhilcetgmeamani @pr ot
a (FOS); (3) application df pierrvfeorrsrreantceecrarsisqeLs
XR virtual interaction; (%)t ede aits iomn king;

ma
to unforeseen changes in the timeline by the
ot site, the SameBarisl nmel oo geMbaRal baldkd f
To address this issue and ensure the succes
was proposed a modification to the pilot site
en combifruetdh,elcraenqui r ement s and objectives set

2. General aspects
2. 1Ddmol ition Site: Anoeta Metro Station
Location: Euskotren Metro Station, Anoeta

Description: This urban tertiary building will be demolished to create a new entrance/exit for
the metro station. The site features concrete and steel components, providing an opportunity
to utilize Construction and Demolition Waste (CDW). However, it lacks masonry walls and
asphalt, and there is no opportunity to reuse the steel components.

Previous situation: Later situation:

Fi gurNew demol ition pilot case

2. 1RRuse and Materi al Recovery Site: Jolastokiet

Location: Herrera

Funded by
the European Union
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Description: This project involves the demolition of existing warehouses and the urbanization
of the area. It is a private development by MOYUA HOMES, a subsidiary of Moyua Group.
This site includes steel components and asphalt, offering significant opportunities for both
steel reuse and CDW utilization. While it is not an urban tertiary building, it aligns well with the
project’s goals for material recovery and reuse.

Fi gwbrNew reuse pilot case

2. 1CB8mbined Pilot Site Approach
By combining these two sites, we can achieve a comprehensive pilot case:

Anoeta Metro Station will serve as the urban tertiary demolition site.

Jolastokieta Urbanization will provide the opportunity for material recovery and
reuse, particularly steel components, which can be subjected to stress tests before
demolition.

f
f

2. 1Prdos of the New Situati on

1 Enhanced material recovery: The inclusion of the Jolastokieta site allows for a broader
range of material recovery, especially steel, which can be reused effectively.

91 Diverse scenarios: Combining two different types of sites (an urban tertiary building
and a private development) provides a more diverse set of data and scenarios,
enhancing the robustness of our findings.

1 Increased opportunities for CDW utilization: Both sites offer significant opportunities
for the utilization of CDW, aligning well with the project's goals of promoting sustainable
construction practices.

1 Mitigation of schedule risks: By selecting two sites, we reduce the risk associated with
potential delays from a single site, ensuring project timelines are maintained.

2.3can technology wused
I'n Task 18UMA4Ikpdr of leet-t eahmul dgy approach is empl

comprehensive structur al and materi al data for
objective is -tesglkeuneranegéoméatrical, material,
support structural health monitoring, retrofittdi
The scanning and sensing framework includes:

Funded by 5 -
the European Union ‘
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Tertiary Urban district Residential
building & transformation building
urban asset = - 4
Timber @& AHS AHS GPR+ECT
Steel AL FOS
Concrete ** GP%R(-E-ECT MFT
Asphalt @ GPR+ECT
CDW TRACLINE*
3D Model . MFT .
IMMS+RGB iMMS+RGB IMMS+RGB
*TRACLINE (LIBs+Raman+RGB-D+NIR+UV)

FigwrSsecanning technol ogies used

Table 7. Task 10.1 Scan technologies summary

Technol ogy Used for|{Partner{Contpetson

Indoor Mojgenerat.

1
Mapping material|lUVI GO Jesvs Balado R

jbal ado@uvigo.

Syst ems identi fi
(uUcC1l)
Mat eri al
al compo Pabl au?&Ao
Xray detection AR j .arauzo@ol ar
fluoresc|hazardou Pl - .
. solutions. com
c hemi c
el ement s
Mat eri al
Ground characte Al ex Novo
CI N N=NONM penetrat|and hi ddEAGLE alex.novo@scr g
radsayrst erel ement com
detectio
Fi ber Op Structur Jose Carlos Ji
) “lel ement s o
monitor.i . TECN Josecarl os.jin
conditio
System a.com
assessme
characte
Mu ksteins orfand Jon Alhtderri oz
TRACLI classifi|lclassi ®f|TECN jonander . i turr
system demol i ti om
wast e
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3State of t he art

3.1MMS point <c¢cloud

3. 1Stlate of the art
Indoor Mobil e MapMM3)g hSayvset ernaspi¢d leyf fa kv eemded ool s f

dense georpbenencéddosr i environments, l everagin
Li DAR, | MUsr,e saonldu thiioggho mpameedst o traditional terr
(TLS), i MMS systems significantly accelerate dat
as demonstrated in case studies using syesmems |
accuracy and | ow noise | e\jell]ls in complex indoor

Parall edadvwandement , AuhgemeunBRtecadei oy ( AR) for 3D dat
evol ved siignncirfeiacsa nntgl yt,@hpep | niuchaliei rfoinasfr ent | efamdgm o f

i mmer si ve enwiorbonmentpbe rkceeyptsitoenp i s Simultaneous
Mapping (SLAM), which allows AR systems to map ¢
posi SLABMased AR is now widespread i.homobxadmpldeyv
LaMARe henar bnesof wube dmdasituact-bagbdRal i[24ti on

Recent devel opments have explored collaborative
For i nBtoanwd,ofj 3eémplalys synchuoaeti zesdmamiuopbanes
dynamic BacewneadD i ndoor environmeManmiedppto pabls.ect i «

a methatd Ainsderaop @ tr ac ki ngnatgee deaopt wmrae hi mtbgreceach d
to create the 3Db medorcalir d¢teil dn. AR ot ercehcnoonlsa gyu cits
i mages aboutbihlesprarty cit saunedsr empdhese viabhdapl amaghkes
sur gles]y

ThesdBbased 3D ascygsutiasnmet ieowrol vi ng toward higher acc
adaptabidiiftfye reemad kAisn dtsh eo fu nddaetral.y i ng har dware co
especially in mobile platforms, -twanec 8D excpmaidtsibr
everyday AR applications.

3. 1li. MMS point cloud Iimitations

Nowadays, there are seywemalr adddampoexnti tl biubdAR du
of applications that use this information such
segmentati on, among others. Consequentl y,s the
constantly incrementing. For instance, portable
and tablets, further enhantemacdemagbi detgcbiyom
sharing thbasgtd pl[etjti/oR nisevi ces lari &k ealHspd ouhserdh 2
integrate multiple sensors (LiDAR, | MU, ¢é). Al
sophisticated technologies |ikd hkML S rer efalsy 4 rod
as they are gener[a’/Hlowewvetr, véeéhy kheawuyacy depends
fusiam®@yrrors in one sensor can compromise the ma
systems often r eqpriacece sexitreogn sliivkee plosntdl e adj ust me
of noisy dat a. Moreovergr the rusaagres torf u AtRI ®ry,s t cens
devote attention an@8iiFmé | dwiingg i ®#cammisng ame | i
often contain occlusions, which | imi[t$] visibilit
With the introduction of Al model s, a new | imita
model s are trained for specific sensors or envi.
[ 1.0]

3.1B8yond the state of the art

Augmented Reality (AR) is rapidly transforming
pl atfornn ifroer 3rDearleconstruction and pr@mge ecslsearoni
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end is the -tsihmé tort gnveaaead rrreszedln st ructi on direct|
mputing and opti miFopedi 8sABMnpepelSiCMgme rofno rarisgor
cremental volumetric scene reconstruction witdt
filled in on the fly as new data is acquired.

® S5 O~

milarly, recent developments in AR photogr amme
aut omating model generation and alignment di
ampl e, in heritage Wdhrd crko welctoyntslitérasct d poinb rtaatsek seé
ign the model i nst antplryo coens ssiintge ,t irmeed ut foil.g fu stth ea

Q OTC W T O
— X< =

S5

address the <c¢chal |secnaglee osfc aanlsi ginni ncgo mpalregxe c onst
use hybrid AR +tiLm®ARpakeit hlodanowhohi mg.al |l
to stitch and synchroni ze uppdionatd ecdl o urdosm
rasckerdomdevices. This reduces delay in gen
|l itates faster progress monitoring.

[7)]
<

3T

(@)
O T O’
_.8_m

er , these innovations -afrfe eteweeomi migod des i
and field wusability. The-dewvafetcitmmeeya |l 9 smacnltei acra:l |
reconstructi on, eliminating the Idonaggid el aAyRs utshea
construction.

The SUM4Re project wi || devel op an application
geometric data to be collected, whil e minimizin
generated by vi al markers positi cmodacd si,n |raebaell s
or reference p s for algorithms i mplemented i
structural and recyclable el ement s.

3. XRF

. 2Stlate of the art

m w

or the purpose of determining the presence of
zardous trace metals in concrete, asphalt, bri
of fer a rapid screening msihed.soTihfiisgatpipodre aac
zards, and decisions regarding recyclability,
igned with the EU Waste Framework Directive an
3]As outlined in the proposal, exhpéi XRFE ps8sr pos
rmf ul materi a and characterising the chemic:
t C h
e

O, T O 0w

I s i
umen.-OESei CPo be used as the quantitative | ¢

XRF i seqnsriftdaove-depeé nmanit i, x t h most effective
CDW is to adhere to the following best pract
aning and smoothing. Subsequentl aretbent hobtkaea
mm i f possible, or grind/press paaltethe df or I
ded calibrations are performed, using Compto
e validation i s @ienms tO&ISCRMSISP yt or eavnicehwerd deegt ect i 0|
curacy for regul atory or passporting needs. [
sociated guidance documents are extensively re
compasses «trd tdwaH eass psampl e homogeni sation, r
d acéeveltused cali bration ranges.

the specific cont ext obbjSa&JiMtdiRee s tdiree f e Il iowe a
nstruction of an extensive XRF I|ibrary for <co
mpl es-OEyYS If@GR t he pacuwrsacyfbuwlilghcomposition;
machi ne | earni ngt or egrmedisdton prmogesrl tsi e s and (
uent d epil tog. medthe opr oposal al so commi t s 1
onships betswmeresn tXiRFE ss i-<yEIST | dsw éakn dv alClPe s, an
ation of t W&Psled ) mo drehliss i piolnomtesxct @d- t o a
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sensor/ Al stack (for ex®&Ramaw,-RMVRAQL IfNoE wihteh pLulrBg
data fusion and automated CDW classificati on.
3.2XRE | imitations

Basics of XRF

X-r
e]j
pr

fluorescence ( XRF) is based on the photoel
ts a core (K/IL/IM) electron if itexentagyorx
eeds Vi a either radi at-i @ags)emomrmdinemm Aclgara
sses, witlhKblL,neM)f asneitl ibeys t(lKKe specific shell
l uorescence yield increases wit# detwhbitcbnu
the phosteetliceacnrscaviidads &t rammdgliynver sely witd.l
interactions ar e standawalyy prhegwsii €ewe danidn

©
—

T33O0 QL Y®Y SO C TSk

m

ern XRF i nstrumen
Klgysper si ve ( EDXRF
e achi
o]

—

S ar e p Aei dsopnei rnsainvtel vy ( VED X RiFe
nalWbhXiRpFgt at es t o di ffract
l engt hs ves superior Uypavbmuali ng e:
ripn od &, rheicghsi on or k. EDXRF measures photo
itdat e detector s, al so ref[el)5rleenabl idngffasietac
portable form factors; typilh0 eS\DDateinMm gk r
gh Zxavuetcapability anB .Peltier cooling (no LN

R
t and e
W

oapo<oQ SO "hoooW®

e extent of t he i nformati on obtained i s det
tenuation within 4h&e mamtrxcedoandi comambe | a
fective information depths armilon mehea®sr derr o
ement s, e xt &2ndminlgl iunpe ttroe s~ 1f or -d @ myshitteyr [rddBtdrmemd s
is inherent surface bias in XRF is a consequer
coring/grinding for het ermgetmiemallsy CidaMd e Chit o1
tenuation coefficients (e.gXRHKF NTIJST) or empiric

— = 5 — —h ~+ =5

antification is |limited b
spectral overl aps. Thes
ometr yoft hsetrdt ewor kf |l ows ha
ndament al parameters (FP) model s derived fron
Il i brati onmsatwihtend nCaRMsi.x | n pXRF, Compton nor mal
Compton peak as an internal sgtaedéod) pastaawi del
matrix vari-dédndiitty mat elroival s (soi |l s, pl astics,

stringent control of moisture and thickness per s

y matrix effects, whi
e effects coupl e ana
ve been ecdvelctped st o

O"TQ 2O 90 DD TODONO T =OZ

O C D WnwC

XRF applied to construction and demolition

Whi | st portyabflletnoXescence (pXRF) has revol uti on
destructive field analysi s, it is Iimportant to
its physical detection | imits. Thheesre 4dtitmd mpst ignigv
estimate bul k composition.-sdmsietsiswel cteg c lpXiRdFu @ ,s e
of information being constrained by the attenuat
rays. For heavier elemehfscthvedeperemaatriocesi st
mi crometres, whereas farenlsiglyt eratelremé stid ti rcalno
mi |l | i met8rjdshi s surface constraint poses a signi
construction and demolition waste (CDW), wher e
carbonation crusts, and weathered surfaces <can
maskieagumnderl ying bulk composition.

A second major |Iimitation i s presentayl dlysomapti a|
wherebgnéogy fluorescence is reabsorbed by the
and secondary enhancement, wher entn dxcei tfelsuoa restc
resiunigh the distortion of true concentrations. Th
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upon the mineralogy, density, and moisture cont e
nstruction materi al s, the extent of t hese mati
magnitude difference possibli#atcthed healaibsreants

mpositional bias can persist even when empl oyi

rrection model s.

o o ™0

sensit

wkhbwn challenge for pXRF is i poo
rwtho;sheotlanrws a
a
s

ts
rticularly for C, -©nemMay falnbWorA¢ 9gc e
sample itself or in theasia ¢
ment of cCDhw, as t hese el ement
al types. To illustrate this poi-atyumbne ma
tory Dbricks fremePowotl| drhce dameriti fcaomei on
al s.

—
=y
(9]

tect oi mpact
are frequ

— —h —~+ ()
® = ®d® @D

S - »m
-0 —wun

ess and heterogeneit.)y
aces hawmgsbernaomaaen
t, resuildrnsngofi nheaawie

the relative standa

o =

rmor e, sur face oughn
uci bility Rough sur f
s difficult to predic
ts and an increase in
di stribution of aggregates and bi
l'y sample aaparhithéarephlasecomp

[
e
k -OnteSasured by | CP

w perspective, calibration gaps an
ry practice relies on periodic ca
orical site dad aselldhomhwepddtedd ,dym
urse of field campaigns. This may
aracterised by the systematic devi
S acr os st hme rdneamr@@EiSt li @Rh i p reo jt het .a cklerp
hod, requires the collection of S a

O ~—™7m —oS0hOCc 90N SO

Q = = 0

CDODTSQ~T3>S® ®DOOS—Qa
=
(@]
-
=~
—_

involving multiple acids). The sampl
Déeemeneatheni mp accel erated processing
et

F

OP< O = =05 W”;wo

ss can extend b ween 24 and 72 hour s, dur
unvalidated pXR esti mat es.

cocM~"gJTQOA~OT TQTO~ T I SIOL TP OO0O0O0

COYW ==~ D®= P~ O JVDODT
SO0 O®S T3 OO ®Ig "~

(2]

evident t hat the nmbCBEBtyYobnf elcatniempoane
ific, constructed under controlled calibratd.
S or mat eri al streams withoutporuencdaeld bbbyt i be
nce of wuncertainty quantification in numer o
these devices are provided with a point es
l'icability metrics, whi chhtereneern siiomschval lhée m
mewor ks. | n het erogeneous CDW environments,
ermines both the traceability of results and
mewor ks now emerginyg pwliEddy.ci rcul ar econom

-S> T-TTOTOWwWoTTT ™ T TS T TS OCE T
@ @D O

—QC PO C OO0V OnL—
DO VDT DOV O

3.2B8yond the state of the art

Recent advancements have el gwyt ed utoheeseeaeacef (pi
gui ck screeni nguanotoiltsattiooesemistruments <capabl e
composition, a devel opment t hat i's furmtumemtaenab
against {gaklmareattercyhni qu-&ES. sAcbhaas I €Ppoint is a
around the Tar Creek Superfusdtsesi pXRFnr ©&adiahoggs
igorously comppaorced sWiESH €IRab yses f olzladwiomg o mo
ying, sieving, and aci dn odtiegweosrtti hoyn,c ooddhrieri eoliuattici oasme
a 0.96 for lead, a 0.91 for zinc, and & 0. ¢
ementation of adjustments for moi sture and
thesis that pXRF is a switaiOES&SPpreblichi ngrpre
[

r
d
r
i
h
c rma-t evegl baobmpogilOijon results
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That research has demonstrated ¢ Q@ajnadr ddlzdsoedf i del
met hods across a diver s&nalryaiysodncampaesi néd mheb
strong agreement (with correlation coefficients
As, Ca, Cr, Cu, Fe, K, MgThMse, fNndi Rg Blyrves, to
generalisability of pXRF calibration across a Vva

I n materi al s t hat ar e mor e directly comparabl
cementitious dWisgpgersjven&XRFgy ( EDXRF) met hods have
| CPBES wi t-hemfe@act agreement. A s pacieal ibs endd exdtsu d yo | «
with fly ash, zeolite and bentonite, demonstr at
EDXRF and verOEY 20]Tbhye laGRcur acy of the measur eme
rigorous calibration protocol s otfhaftu saerde gilna spsl adcie
Certified Reference Materials (CRMs) that are t
enables quick and reliable routine analysis usin

An evaluation by the Louisiana Transportation [
portable Olympus Vanta C pXRF to measure materi a
aggregates is of particular interesntifhnetthheauas
oxides Fe.@a®OpiFOewith correlation coefficients o

whil e aluminium oxide exhibited significantly

Il i mitations for l'ighter akbbdmamtad ysThe siemslblatr $ yc
underesti maandOAFf ¢ ho30g@l iIFened more closely with
al bei t with | ower variance. Neverthel ess, for

remar kably high correl ati ¢@fls MOR|] and 0CaD) tber
substantiating its cridlyuswhemr epdh ycsii cvael cfagpram and
conducive to such analysis.

These studies underscore two pivot al insights:

heavier oxides and dense aggr eq@dt dd agnecabsugnd tew hse n
chall enges with |Iighter elements and hspgeaiofgiemeo
calibration and verification is emp©®BSiaeprdl yswi st
as the opti mal met hod. This relidekeimedbelsls enbmalt
prediction in construction matrices.

Il nnovative solutions XRF

The most promising pathway beyond current pract
OES calibradironme nywiwnladteAinkodel s 4 hatalteaonreohi on
paired datasets. Recent studies haveei hdwaadsd
Random Forest s, SV Ms , Cubist and even CNNs, as
more effective in handling factors such as het e
coatings. These factors are known tonsdanupcltiicoant
matrices. Large comparative studies and reviews
machine | earning (ML) over | inear baselines for

a met hodol ogi c asli tuep ggruaadnet iffaincdeotmi drmor(ees.tg.(,RF) and

neur al net wor ks ( CNNs) outperforming parti al

el emental / property prediction fruemospmcked) mi hal
matrices), RF and neumr adh awprm rtoa crheewst ihraevley biempr ov
over GLM/ PLSR for key ansaelty tdeess.i gkie csetnutd iceasl ihbarvaet i
sample diversity and size govern model general i z
sampling campvaeilgyn. tCoelsleecftiindi ngs substantiate U
' i near regressorlsCP&rs paitrmed oXRMhfer bul k- compos
sensitive readi2mgs in real ti me

A second frontiersepeot aifrusi 6o, mwheéiein pXRF i
techniques that contribute orthogonal i nformati
deptédsol veabimatciren, and hyperspectral ogmagRege(H
reviews and studies in analytical chemistry and
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of LI BS with XRF/ Raman/ HSI, f-sotiewed pypéehienappl
enhanced classification accuracy and more robust
alone. The practical integratianeconpwt wal htentdha
For exampl e, LI BS should be i mplemented subseque
to avoid surface modification that could potent:i
be i mplemented at eit hleervetlhe Ifteatsureeviodre ndte ctihsaitor
to utilise these pattersnist e twoordkdnsotw. uclthias rwealkif
of three stages: firstly, the rapid analysis of
in ca®e® wWmmbiguity arises; and thirdly, the empl
means of arriving at a definitive conclusion.

A third | ever i-babol bobopgphsenthheObBSke&anriuedd f modice
guickly enough to matterOb®eramaiomal ayl aBbbthobog
there are now rapid digest-bboncg)laghbekbhaymicdatva
solids and wastes. Couplisgmpimas!| (okpaesietde abir o
coring or grinding) to these accelerated digestd.i
hour s, enabl i-anngc hforre oghuge notf erkteb e d XRFngnopi | ot s. EPA
continues t o provide t he QA/ QC backbone for
nor malization, moi sture/thickness control ), whi
application notes codiZhDlS acueekniceer aatnead ypsreesp fTdhre i (
the core of this study I|ies in the formalisat.
i nnovation involves thesampkedobinghefppeoirbti satr
model s exhibitimnganhedmiobkt @i gmintcertdiinty,ngarmd
regressors in responseOESo ttrhuee harri val of new | CF
Finally, it is imperative to ackwawkbedegel thmenrt
ensuring compliance decisions on CDMW)3]®ad mpted mpoersa
facilitate the output of not only point estimat e
ensembles or quantile regression. Additionally,
predictions as-ofdormbhemébyenfeaci loiutating their sub:¢
througES.CPConcur-geend Impgap HiSHg has t-her sapbdaceyg t
todentify coatings, weathered | ayehoet. oThifsl proc
serves to reduce systuegrmatciec almioa=malfireem rEevdrdence ¢
and secraeaning studies suggests that automated mi
approach of i nfrared/ hy ge2rdsppnebcitnreadtr any nighd ikog e(slcR/n
( XRF) andi/mducleads e'rr eakdown spectroscopy (LIBS) i
t he met hodol ogy and par ameters of measur ement .
demol ition environmentgecbauvacsehbssedt by. hEherin
steps results in two key benefits: enhanced sy
accuracy. This aligns with regulatory expectatio
dat a

w

. GPR ECT

3. 3Stlattehefart

Ground penetratihmg madaower@GBRY 6he most nwer sat il
destructive danredas sidgn u(mMeDTo)us a pspulcihccaatsicarest e bui | d
i nspection, bridagdiHhaealytrmamen intggreidiagemrigoepyl ogi c al
applications [@@hbhgss oatkdr $ o0 chhetacdterdady emap er |
and hi dden foibnjde ceammaodmaalsiseesss over @t 1 udthwer &hketall a yhe rao
broad adoption of GPR is dhuead ot hd-tsnimaaniys eajdwvalinlt
fast data colresdliwtni am.d hi gh

GPR operates by transmittingtel ¢tter gmagmet i(or( BN
with a transmnd imegcoarndtienngnarretf éritcac @ens bd i wheneoe
mat erwiidlhs a r eceliFwirnge Ma mtaevrersa t o be reflected, a
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operties between materials is required. These
ed to characteTfTheefrtdheuemdayrriaadnge i n which GPF
MHz to 5 GHz, with | ower frequencies offering
d higher frequencies providing hLiogweerr frreesgouleuntci
stems are used for wutility mapping and geol ogi
e quienwiyt abl e f or concr eetnet sacsasnensisnnge natn.d pavem

nce its initial a p relcihod tqiuen sh aisn etvipdrF vl 3 7nlaso,ly sti d

ars now, advaenoasdesi gn, computational power
gni fi canttHree siompurtawvwend pameétp anotifobGiPliRietsy -0 d my ,
mmer ci al systemsofatren | h @mrdavsedididh airn tceagrtat ed wi t
tot alf ogst atciciumrsat Adpascéesomiang. al so been made
ielding, exdcirmiaegf.ehence

rt heromore,e har dwar ef rseiqduee, n cyt egmpnetdi 1§ & & CW) GPR
mmer ci al systems have been[Yevel epmed eichhnoleaod
novations that made it possi bl e, whereas prev
und.

addition to the single channel systems which
chnol ogi cal advancements have enabl ed4® he dev
th in cart and as vehic, ewhmoaumtean snud tt i @fh amuwletl
ese allow for rapid data collection over | ar g:¢
rvey delivery time since a wider area can be
ngle channel syguierme wharmrcyh mwaoud @s rteo scan t he s
ere are now GPR systems awairlkhebsltythea vnoaad nfger
l'tiplengywdtl @ems t hat can be contr ol.lCad cwil mpgliy gb
d visuamekzdbpthssiteeiennow possible, which w
ars abaok wiitmerpgasi ti on visualization and sl i
site

practicehi &R® dat hected without GPS are pertf
ids andpeaeaondllilnedisi mga ceritai hbospadheageas oasl | ect
th a positioningpaéni cnmveimeows akont her @esi ti on
sitisgsit@gitfar om meas uvarrged elsiemeéed i n-scthasf é¢om @D
dar gwiatmsv)d rhtei ¢ a | depth axis aadddomezZzdepah di s
ich are formedstad®dmsi cpiatiacs@minB dhealdbmem t he
ta acquisition software, howeevderc aftgemdonpm@rset i axdyv a
ftwarfeg oexxiesatch manufacturer or independent.
art tthreonmhar dware dewveabovpmenhs, have al so been r
ocessing with advanced(ssatbhlxsba mpd otcéewmesrganeggt imen h o
I wavefoamdi waeebebhnhanamaéiymplsement ed for ass.i
terpiaeatadidéhi ahgooithms such as [#fut omatic reba
nal | vy, significant developments have been mad
ssible ta modmwll eixn sIDuctucempl exl hearreoegreasou
t al so irrye pwlja&faingle ogneenterr at e t housands of compl
enarios for tr 8enngmadélemnpeealfsosucnedn airn oGPR sur v
nerate and study realistic synthetic data can
the real GPR dat a.

ardhegECT techmhal dgiygrnecsswartei ons t hati nhawe elme en
asei rvel ess connectioanovimpdmBlbueyoscttntbdleone

swbhmeewtdc ot Padd &mwp. sof t ware, it Iis now possi
engths and heat mapgquidsiregpodhpappotmendiaghbour
recs i blhnhe measurements from a rebar aTtki snfl u
be now performed for both theRdbarsg dbdan @d sa

5 S S 0@
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exported ag rcexftlfyilfesom t heFdaetcHlowodqg usitsoirtaigoen wa ptpt
upl oad of the datia frnroovmstulpe ofriteldd app

3.3GRR + ECT |l imitations

Despite all the advancements asdwi tim dtahedrwat ec har
GPR still faces challenges

Al 't hough GPR is a power ful tool , its effectiven
conditions and technical factors. A key [l imitat:i
media with high conductivity sucdh aat tmerdu aat &€ otnht ea
signals rapidly and thus | imit attenuati on. Con
penetration is good but can be al g®etsi Mmetng d omye dt
ear |l i dm elgiugmcy syst emsonhabwet bhsingahl |r epseonleuttriat i on.

Anot her <challenge is clutter from within the me
affects the data clarity and makes the interpret
these effects, there are stillt.many cases where
GPR is also sensitive to survey design and dat a
capture complex features and thus miss important
be a solution to this problem buttitheesdmbngt he s
Al t hough some i mprovements were made, another cl
how to handle the increasingly | arger data incl

interpretation which can take significant time f
Fi nalaltya, i nt erepma@tnamiaij om baost ttlheeneGcPkR dat a can be q

and require expert uUser s etsalitrst eorfgreent rtehmmas en. dep
expertise and subjective interpretation. However
di stinguish between true targets and false posit
Regarding the ECT technology, one of its disad\
di ameter estimation as beyond a certain depth &
concrete cover, rebar di amet er e sst imeatthioodn iiss hniog
affected by all metallic objects nearby, even al
remove those or scan at a further distance when
A major l'imitation of this method is the requi.!
Without metallic rebars existing inside concrete

3.3B8yond the state of the art

Al t hough in recent year s, SFCW GPR systems hayv
increasingly favoured over i mpul se systdms, t he
achieve theflhedbtetiweacer esolution and depth. I n
t hreext gewéraysoems should aim to optimize the p
with higher channel density) while increasing th
While there has been | imited research, future sc
robots where humanabweaeysat mequwimoman etd, bevhi ch wi | |
rapidly mapping | arger areas. Amongst others, t |
addressed.

Hy b wiod kf |l ows combining GPR with additional sensc
the nextec osmtbeame the strengths and acquired inf ol
reduce survey ti me. This approach wil/l provide

complex environments as there are data from diff

Al t hough recently there have been extensive res
interpretation of GPR dat a, t he commer ci al use
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generalization beyond the training dataset but &
from di fferent GPR sensors as the data are stron
thus each sensor can produce qui tte adriefad.er ent dat

Aldriven interpretations are the most promising
object detection, object <cl asdidf 44 aTthiosn wvainldl ntad ce
significantly the time delivery of a GPR project
process decreases (but does not remove the nee
operator s. When it comes rmnmell asyset edmest,a Afl r onmo drat
particul arl y iumstedrudrbeftvarta foengt enor e power f ul compu
efficient softwaretbapdbetetbeadgevahdppdocessing
per survey.

Al otgrvmhn si on is the devel opment of nati onal or
ground digital infrastructure databasesscuaslieng di

underground network mapping.
As investigated also as part of the SUM4Re proj

maxi mi ze the information for the health of concr
metallic rebars can be detected, thlreei metha & metcer
features and voids in addition to characteri zing
3. BEOS

3. 4Stlate of the art

Fi ber optic
monitor.
and capa
engineer
applicat

S i g (FOS) technol ogi es have be

n e
b
i
i

devel opme
S
[
2|

en n
HM) because of their high sensitivi
I y to cover |l ong di st andceecsa dwei,t hciavi
g has moved from pilot i mpl ement at i c
n i n bridges, tunnel s, dams, and

t ar e not onl vy technical ncfeassidng
and i mproved signal interpretation
l'y integrated into digital wor kfl ow

[

robustne :
e
e
echnol ogies can be broadly grouped int
g
I
t

progress
mai nt eml2d

Th
Fi
ar

g
i
n
0
n
s
v
b
t

mai n
er Brag Gratings (FBG), i" AFCBIGu dai nndg eual Kt vr 8aB Ge d |
ays, all ow farnsdir$buette oneagquaseinpeenrtast uorfe swirtat
y high emporal resolution, making them suit a
al | oad 2 ¢valReateinan af[dvances in multiplexing
usands of sensi ngf ipporiemhisc halexntge nad ssitnhgetier appl
l e struct2u@r.al Dissyftsitbepastiefd sensing (DFOS) compl
viding continuous fmelarsRaylmeingls sad atntge rtihreg t ec
i cal Frequency Domai n Renillelcitswaddrtes vy e(SOFDR) ,0n
s of met er s, and are particularly effective
mal i es, andedhagmomuttopoi et @ Pst Bubddeoasmét hods,
h
0

<
(0]

as BOTDA and BOFDA, of fer |l ower spatial re
metwleisch makes them suitabl-sp&aorbgiopas, mouni
pi BePl.i nReasman scattering, though | ess common,
ing in applications

tion in hydr i [
aesnesi tive OT

of detect

ch as fire detection
astructures. dd par al
dmrmsnt ®x idsetnisneg va pbtriact a
tikilaonmde tdwheiscrhi ch aesv eormptes
ic monitoring, rail wa\
S

TS QT OO0 TOYQ OO0 T ST

QJ-O('DU)
B

spectives f
y alon3gl .l in
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applications il lustrate the
ur e dynaniioca dnordeasl p opnasreasme taernrds
i ng or fraotnigg ufei.e |Tdu nonfe | asp prleipcr
has been used to monitor

(@]

= O
Qo
O T
x ~+ O

p

s

S buted sensing

S cement s, ared me wseelthidheemalrobuarcods and massi ve ¢
r ur es fbieborped i tsf fom si multaneous ther mal arl
a ng early detection of crack propagation a
S provides continuous coverage to monitor rail
a

e

i n epsasssacgpur events, and structur al i mpacts i

inter pi @patiicomdadfa has evolved significantly.
measurements with finite el ement mo d e | updati n
calibrated repr es e nheha voihaucohfi n e t rluecatrunrianlg t echn
increasingl being used for damage detection a
effectivene strongly depends on robust feat
representat 3t2r.ailnnitnegg rdaattiaosne twsi tfh di gi tal twin
as hheur al i mpepc woei €¢oring data serve to U

y
S
[
n t

model s of in astructure, enabling predictive co

S
vV e
e X
fr

3.4FQS | i mitations

Despite the maturity of the technotegm,deserabrihit
optifé¢adlren concrete is stildl an active research
chemical att abcekn,di aarmgd rmiqariac i ng appropriate prot e
install ati ond .prOaxleidlurreetsi dn and traceability also
transl ation of raw optical signals into standarc
across cidvdi.l Atodtelse [same ti me, the |l arge vol ume
and acoustic sensing trlemui f es acababht ed abhgat ys
cl assi BicatSitaamd[far di zati on efforts are progressi.:
published specifications for FBG and DAS interrc
device performance ad3df acceptance testing [

3.4B8yond the state of the art

Fi bre optic sensing (FOS) for structur al monito
regarded as a -mabuea aedbbobébgyomnhoassessment, o f
advantages in terms of distributed coverage, hi
digital tool s. Current applications already dem
environment al | iotasis¢c amac iweyl |t mscompl ement or re
gauges and accelerometers.

Beyond tehsitsabweilshed use, the SUM4Re approach ext
exploiting its potential in combined static and

context, FOS measurements aré ndueddmesthndnlivy bt at
signatures but also to provide rich datasets the
finite el ement models (FEM). This integrated us:¢
updated -wot hdrkeahaviourpr @ dicateiavsd ngc dthreaay and r
structural safety verification and reuse plannir
A further advancement lies in the reuse and r e«
circul ar construction workfl ows, el ements such

one site and considered for integrati adviamtta@aga
in this process, as sensors can be installed on
after testing. Once instrumented, the structur al
service, tested under contarndl It ek ns tr @tl-eompakt cegle cdaynrda
in a new construction project while retaining it
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across different service |lives represents a maj
met hods, where condition ass-esemenspéestbobhen | in
At t he research frontier, t hesee nderfvee Ido gme md s t g
environments, where data streams from sensors co
of the asset. Byromomwinnitrog iln@ng FEM icfael iabsrsaetsisonme,r
of structur al el ement s, FOSromve®acbondetiospeassts
proactive and predictive asset management. I n dc
EOf analysis of suitability for circular use) by
supports reuse &dRI¢&d sdoasi oandf >60% in structur a
FOS and transfer | earning) by accelerating the e

based measurements.

3. PRACLI NE

\},IA

TN
g el
LT ||

LU

NIR I
UVVIS
| RAMAN I!lnliuiii-*"
“ LIBS . .
i
Tl

I
U=

-

Fi guwr eTECN'-semglbtri system

3. 5Stlate of the art

In recent year s, t he devel opment of mul ti sens.
characterization of heterogeneous waste streams
challenge in this field is the abil i tnyatteor ipaelrsf o
under conditions that emul ate real i ndustrial [
through conveyor systems. To address this, resea
of continuous transport systems swi tén aebhhb endgd eidn
inspection and continuous sampling of residual f

A representati vieRBe X ayiptIfeo rinms (ftFh sgpuercei f7i)cal |y desi c
remote and online inspection of concentrates der
innovation |lies in the integration of sever al a
anal ytical modul e.l Unddkectdc omv emd ti lbodas used i
manageneRBLI NBcorporates techniqgues such as Rama
Il nduced Breakdown Spectroscopy (LoBtS)ne wihnmaistar
environments but offer highR&WlaNBtgoeceaelyppwerti di
generate | argeresblumésoaf spieghr al data while rer
i ndusstcraileel depl oyment .
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From an analytical perspective, multisensory a
information about sever al key parameters of resi
T El emecndmmpgosition and detection of toxic el eme
T Mineral ogical and crystalline structure of t|
f Organic matter content, providing quantitati:
f Moisture content, a critical factor in both
The strength of this approach resides ihaltlhe conm
8illustrates the relative sensitivdtLyB8B8f Ramanwi
NI R, aVYidsagW@wi nst the main qualidpyr @paemtmed eas tole i
olhsterisks being 1 minimum sensitivity, 5 maxi mu

Table 8. Sensor specifications

Sensor Para|LI BIRa ma

El ement al Cc 0 M B

Toxi c el ement

Mi ner al ogi cal

Organi c matt e

Moi stur e

As shown in the table, relevant information for
one sensing technique. This redundancy ensures |
al so enables the synergistic combieanagbngofheud
compl ementarities, mul t i SR&IsloNBab pl Bdf cwrompr shehs
anal ytical model s that S usreprasscsr  tahpep rloiantihteast.i oTnhse
system capabl e of addressing myl simuétdnmensi gn:
the groundwork for reliable and scalable industr

3.5TRELI NEmMmi tations

Despite the innovative integration of -Yiosur a&mpa&dct
LI BS) within thACIMMuMEYTiIseamsosgvVv dRal ' i mitations
perfor mance. The most significant restriction |
punctual measurements, meaning that the infor mat
t he sampl eanratbaeti ntuhous surfaces or vol umes.
representativeness, especially when dealing wit
Demolition Waste (CDW) material s.

Another <critical l'imitation arises from the het
sensor s. Each spectrometer operates wiotdi scei ff er
requirements, wi t h Raman spectroscopyr elgp@ings pa
substantially | onger integration times to acquir
its performance is highly dependent on the intri
(e.g., crystallinity, flluocemgesictei rma) k glrounant ro
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Vis typi
signific
Even whe
chall eng
the firs
me a
eac
whi
di f

l'y offer faster acquisitions, while I
di screpancies in acquisition rates «L

5

t

s remain. The most notable is the risk

point acquired with one sposdrngaypaob!
ured by the next sensor, particularly if the
sensor operates with a different spot size
means that -eveat exdbennime@mattdy m&y correspond

rent sample vol umes. This divergence compl
ra across modal i ties, since variations i n
sity, resol ultooal, hRhetdeseqnsndiitviigg. t o

C
a
n al | sensor s ar e directed 0 measur e
e
t

—o~oo0— —o0
®XIT®OS S5O
~ @
OV n OO0 ™"TO oW
>SS —HC S0

mmary, the current multisensory device demo
raints retrmltedad@uipuintcitwrad , heterogeneous i
dent performance, and spat i almintiastmactncsh ehsi gahc
need for i mproved alignment systems, har mo
oration of spatially resol ved measur ement
esentative multisensory data fusion.

—_ —

n
p
e
p
p
5

w

B&8yond the state of the art

p ach developed in this task
icitly bridgi g he gap bet ween condlrel | ed
ications. While existing systems, hlavBS,deNIOR
s and HSI technol ogkzat, btolreintatuwesd ah a sc hbaereanc tlea
staticondmrmr oddmid envi Cahmé&Emtts.orTrh e elpRAesent s a
providing a fl exi bl e apracrha mzadetiowrmee rt hlaatb oa lalt @
ditions and subsequent extrapolation to real

The multisensory appro
n t

S_'O'G

first stage focuses on | aboratory testing,
hmarked under controlled conditions. This e
, I ntegration times, illuminati dnnklkeachkr ct
ytical out puts such as moisture content, mi
these parameters are established, the next
more closely resembdle asndosehtialowpecanven
riable feed streams.

n
e
n

wever, one of the critical insights of this wo
i rect industrial depl oyment . Raman spectroscop:
mpositional data but requiresasl ilgpmmentnt enga kaitn g |
bust -tfltorrowdghlphut appl i c\ditd ommsectSiand d apy yi, s UNi g hl
rface colour and brightness, which can be str
in real phadt 8§81 BBysbhowt mast, pNbRi se f ol
acquisition, particularly when combi nec
gmatic ev@UIludMBi go beyowd TRAoretical der
ensor combinations that are not only an
ally viable for recycling plants.
t
d

4 0aqu3gvw -0 <TQOY~0TH OTTCOO
T ODTOO0OCO00T0 9TSSTODT O O LT X
®
~—

i cal added value lies in the fact that
eployed in industrial conditions. Il nst e

ry phase: full wuse of all sensors for
al adaptation phase: sdlfectior cfentsibe s
BS + RGB) for-baesmldoymercte sisresconveyor
egration: combining the industrially v
on richer / il adwsd tatt oa gyt s thereby retaining an
compromi sing on operational Sspeed.
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4 Prerequisites for data acquisit.i
4. RPrerequi 8 iMMess pfboomutd @acqui sition

4. 1Prloperties of the i MMS scanner

The main device used for data acquisition was th
2. To capture the dat a, a custom application ca
acquire not only environment i nfor matmaogrk,erisutand
referenced RGB pictures. Hol oLens 2 specificat.i
However, it is known that its LiDAR range goes U
continuous wuse. Further more, d emle rt foo rdma rea eni anrea It
of the AR device in different environment al conc
sensor, visible | ight camer as, hand tracking ca
(1 MU) .

For data verification and geolocation, a second
performs a fast, accurate s-tametpatvtaoatbmbaion
can be seen on its tabl et applbiyc atthieo no,p earlaotnogr .wikHt
data export is slow and must Amrd dioimmmadikry , a | i c

comparison bet ween stemes 03 smaliernv i ciefsf alRRE @3l 6B00.i 1 s e a
deviobé aminnsaccur ate versi odtnutiodi ¢bmsisdcdemabli py sl owel
because more than one scan is required.

More information about fTh b9 asnedn sionr sD eclainv ebrea bf |l oeu nd2
Table 9. Technical specifications of Microsoft HoloLens 2, CHCNAV RS10 and Leica RTC360

—

Fi gwWrGCHCNA
Fi gwBrHo | ol er RS10 Fi gurOeei RBC3 6

20 12 cm x 24 ¢
cm tripod

2.9 kg 1.9 kg 5.35 kg

Head Mounted/ Handheld MTerrestri al
Laser Scan

Mi xed Real i t|{GNSS integ|3D spherical
proper:t automati c camey aaut oma
consi de colourizat|col our,i zauti oor
recording of
from one sta
anot her
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4. 1EXpected output data and measurements needed

The out putthsskeantsaoroesf are point c¢clouds and, i f desir
provide informative markers that are referenced
mar kers can provide information about the rout
charascterc from the building that the wuser prov
including identification of structur al el ement s,
To perform measurement s, the wuser mu st wal k thr
wor ki ng. Hol oLens 2 has a range of 5 m and can
can measure elements wup to 120 m away, d&ith a
occluding el ements must b e lanv oti hdee dc d&RSE& J@ufct hh daes p
user must select different | ocationsobbadairgy o1l

a fdwlme scan (360B00Wowviezdmtcal )x

4. 1PBerequi sites pilot buildings

Both buildings are scanned fromh imamogpe Ipiemistpatcit
Hol oLens 2. RS10 was employed also in the visibl
4. 1Prdactical and technical scan requirements

Use of the scanner :

T Hol oLens 2
o Distance: 5 m maxi mum
o Battery: 2 h of continuous use

T RS10
o Distance: bet ween 0.5 m and 120 m
o Battery: 1 h (can be switched during the
o0 Speed: 320 000 points/s

T Leica RTC360
0 Di st anectew8erd atn80 m
o Batterty:(use two batteries)
0 Spee2d:000p @Ot s/ s

Facilities needed:

f Ladder to reach the attic
T LAN network andscobepdaea éwpoin
T Power for charging batteries

4. 1Strrategic planning

As the final prerequisite anallgbl@supnenrafrt zmesd by
strategic planning developed prior to the data
optiamatli vity on site.

Table 10. Strategic planning

get access to the different
e access to the buildings W
eviously defined protocols d
asons.

Practical ete the scanning part
o bring a torch to scali
r

ain stati on dueAltso sta
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I n San Sebastian there are two
split into the outside part at
conditions. Jol ast okiient ao rbeu iFdoaty
buil dings the most i mportant t
| ayout of the buildings: walls
ot her s.
Wh a t t o J Al l the structural el ements ar ¢
GNCEINCRVA-RNENeN] | Nt er est was devoted to TECN b
How many Both scans were done in two d
needed Specifically, for Anoeta trai.f
CHCEINEE NN d i vi ded into two different mom
the light, and during t heabnungdg
of peowloe kimg metro |ines). To
needed for acquisition was aro

Pl ans were requested to ascert
estimate the time reqandeldat beH

4. Prer equi XiRtlaecsq ufiosri t i on

4. 2Prloperties of the XRF scanner

The portable XRF device wutilised at the San Se
I nstr unrMETt s7 5X0 0, a handheld spectrometer equippe
ray tube,esolhitglon silicon drift detpocsthdrd o( $BD) ,
changer. The instrument has been designed to ¢
magnesium (Mg) to ur ameiasmr ébent antl bbbt bwsmaj or o
el ements relevant to constructi on ancdh dsepneocltirtuino n
requires approxi maltiedey tsiiumei wgsevhhormds ttnfe devi ce ¢
are processed in real time and stored in stand
integration into the project's materi al dat abas
| P¥4datreadusi ng and a rechargeable battery capable
operati on.

4. 2E®Xpected output data and measurements needed

The anticipated results of the acquisition c¢amp
concentrations of major el amemi,siisrocrh, aasn & arhag rue
which play a pivotal oobleonor ¢éhe ahdraggeegabes o

XRF measurements furnish data concerning trace
| ead, chr omi um, Zinc, ni ckel, and copper. Thi s
percentage of t heentwefirgohnt .t hlets g sr eesviilodss stulc &t ake C:
Cal Al can be deri ved, whi ch ar e pertinent to t
carbonation depth in cementitious structures. T
replicate scans were carraed oel ataitve edteancar dpc

calculated to evaluate measurement precision.
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4. 2PBerequi sites pilot buildings

Daily activities in the building that must be co
Two pil ot Sebaestid n Swaeamre sel ected for the purpos
and t he former fT@QTIK®r yndéist rAinalet a Stati on, t he
accessible structural elements such as asphaltec
no active daily operations interfered with scant
surfacedegdcmet al el ements) required adherence tc

Location of the XRF scan activities

At Anoet a-XRtFatsicmam,s pver e conducted on the asphal

andt he circul ar concrete entrance area The measu

(efflorescence, coatings) was undertaken. At the
structur al el ements (wall s, columnsh @ddi )i camadll
measur ements targeting areas exhibiting visibl
measur ement points pwet egrdapg uime gl kiyn taon dt he acqui
dat abase with associated metadata (time, operatoa

4. 2Prdacti cal and technical scan requirements

Table 11. Scan requirements

Requir eme
categor

Description

Il nstrumen Oxford I nssMETmMERAG® Kortable XBBs{Rhohd

Measur e me

duratio ~60I isvieme per sic2ammi(nplfusr ~plosi ti onin

D . El ements from Mg to U; major oxides (Ca
etection .
Ni |, Cu)
El emental concentrations (% or ppm);

Output d measurements for reproducib

Power sup Rechar geiadn eb dititOe rhy ,r ud triermpd ;a cfeiadll &

Ruggednes | P54ated, suitable for outdoor/in

SOIl{LE fundamental @aliiameatiren( FERMs me 4
runs

Calibrati

Requires fl at, accessible surfaces; rf
unstable structures

4. 2Strrategic planning

As the final prerequisite anallgbl B upnanrafro zmed t ke
strategic planning developed prior to the data a
and optimal activity on site

Table 12. Strategic planning

initiation of a scan
e t horoughly del i ne
Access t i and, where pertinent
i i [ i n ofasstfraurc taurtarl y,y tshoel
ak construction and
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e working distances from hazar

nning should ascertain whether

for working at heights, and-swa/

ry equipment will be needed.

Practical en scanning high fa-ades or ceil

t eardeeadch mounts can reduce oper g
novation contexts, combining pX
isture meters and $hepmaVi demsaga
of il e.

Wh a t t o S i s means not only tar geatriemg aty
renovation mp | i

Ho w

needed

acq

Requirement

e focus may be on accessible wsg
ndow frames and roof el ement s,

bstances (such as Pb, As, Cr an
stematic grid appr owae hc enesrua ges.
spaciimgmoifs 2used for | arge areas
gh sk zones.

g representative 'clean' S
e, the amestalce glodzehseawvyul
g fa-adebédsedkpi,gmant € Ph i
ked before sanding or recoa

many acquisition time depends on t

surement and the accessibilii60
ui si tion onds for most construction mat
recording met adcdatpa,oc®® sp@EdEmd ts
er optimal condit i emast.erA alh osruru
rey building with a flib2rwar ks
h one trained operator, -poerr sporno
icult access (e.g. high fa-ades
repositioning.

i cient pl a g requires sit
orical b u ng materi al re
rmati on e es i kely "hot

Ef fi e
hi st c
i nfo
scanning zones to bendefliomead.i onksl Is
wi t h
me as

0

coordinates or floor pl an mg
urement .

4. Brerequi GiPRe€E&@ft@mui si ti on

4. 3Prloperti@PBRwBEEGahrener

4. 3.RPR .sensor

For the GPR scanningGPRheseRsocegwa&PB88Bllequdnscy i s
contiwaoces (SFCW) GPR system that has-6& 0o dMHIzat ed
This system with its saniarlelquseinzceyd saynstteenm a miesa nd nlhy
high resolution uand camltesocclateur @ s . I'ts maxi mu
approxi mathdwe Bbddre,cmenetration depth depends al so
of the area to be scanned.

The GP8800 system is a single channel system and
and receiver Rx antenna which are erfcltds esd pirm btef
8.9 x 8.9 xwé&i gagpr caxnidnbaltOe [gyt s operating temper a
are betAam@nm4®DFurther more, the probe has a repla
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protecting the antennas from damage. Additionall
which apart from acting as a distance encoder,

cropesl ari zation mode. Which mode t aviudse edaehe mbdd e
all owing to detect certain targets better than t

Regarding powering the probe, there are differer
by a rembhkeabdvat t gagrck a removable pack of 4 AA (N
wi t h -aaimehelldfO00 mAh p.owlelre bsaenrkksor i s controll ed f

application called GP app. The connection betw
established wiFriel erssViyGa vaadbUl WB From the same ap
controlling the sydtagam fvadrs uad q wnaalii topno sacneds shi ansgi cc «
perfor med. When an internet connection is avail
from the app to the c¢cloud to our platform call ec
The GP8800 system has been designed for operati |
or ot her surface to ensure maximum penetration
concrete inspection where it i's usedt eémt )chamdact
| ocate structur al el etmemgisoms ucdblass rebamadyi PO shhu
wooden poles and other reppliucatinonss wheeerdee dhi gAm
GP8800 systenkFiiggdidsehown i n
Battery pack
- Action button
Distance

Abrasidh-resistant

heel
encoder whee skid plate

Fi gurleh®r oceq GP8BHDWong with some of its features ann

4. 3.BICT2.sensor

For the ECT scans, t PM8POOcCceqas PuskdmetlTdri s syst e
el ectromagnetic conduction and consists of di f

magnetic fields when charged by electrical pul se
surface of conduch i ae mabars$al §heuapplications
detection in concrete, cover depth and rebar di e

The ECT sensor can measure the rebar diameter wi
in the first 6 cm, whereas the concrete cover C
depending on the conditions.

The probe along with its e2n5c oxd elbZmcaanrdt ah awse i dgihnie nc
690 Fi guisehows the PMB80O00O0O sensor along with the e
powered wi t2h xa Apla¢Ni MH) recdhanarcdbtkreeBebowr th
aut onormy&8B power bank

Similarly to the GPR probe, the Profometer is ¢
called PM app from which data collection, visua
app also supports uploading the data to the Work
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the European Union ‘



= SUM4Re Associated with docu

Fi gur2Zzéd he Proceq Profometer PM8000 sensor

4. 3ERpected output data and measurements needed.

The output data from the GPR sensor are signal ar
can be represent esdc aans) roard atrigmea/nd §pBe h GPRi dat a mage
rom i mages, they can ,alsttamearedk ppea dopnhd yemieeneStE GY

oudWBarckaerisedl nagd on ot meardkatoabj ect s of interest
cx @i tdisvnformation apdaddpnhbabtet pbestibgloamct ri
ing al sdhexgsewt ek.port hasefgardheg it hffosmagnhiadbdn
e |l ocation of the tag.
t
0

er interpretation, tshceandiiiedig@gcioamnhsd bal eesi mat d
vided as materi dlheprl opgeartti iosns kwntd alepd hs of t
yers i n Quasltirtuacttiuree . i nf or mati dmsednonal sdebaa
nterpferachanacteri zing materials

From Ble senhbher out put dataengehs;i ghaWwever t hese
cal cul aeblaacheet i on and di ameter ,andciatihnice e¢ epacoive
ascsor docwheridas tlhoec artd boanr tameimeltveens can be al s
as a dixmhagdd eaf t hget hssi,g ntahle sctorveenr t Heeeptt enc theech t rmaatpa r
could also be exported.

To perform the measumemant ®, stetearesa grid paper
and place tHdermemtsaoats wint h Tthiee sgransn édy ecplklr ot ime
' inens t he x amd ¥ idkicmle & tein@rt &r eEa cshc alni ne i s mar k e
grid amagpetrchlel ecti on st aditrsedtiiren ffololmwédd kxy t he

4. 3PBerequi sites pilot buildings

Al | the data collection activities with the GPF
Jol astokie$Siandaitl Wisongis anta@dandaownendotb uciulrdrienngt | vy
apart from access pbeaemet i 580 ntohhaeta sniiygeha c tgievti tdyi sr
needs to beHocwewddended. sategyuyipreadt ool accessing
this building should be foll owed.

4. 3Prdacti cal and technical scan requirements

Table 13. Practical and technical scan requirements for the GPR and ECT sensors

RN Pr oceq GP8800O0 Proceq PM80O0O
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GP app installePM app installed

I ntegrated to tSensor n e endosu ntt e d
adjustabl e cart
ERCHINACENY ~ 20 minut es ~20 minutes
rati on
(NCRANEF-EEN 6 5 cm Up 68 mm f or re
estimati on
Up to 180 mm for
VRGN Re mo Vv a alna rechPack2 ot AA ( Ni MH)
Lti hi-iuobhat t parcywi t hfjwi t h 8h duetaondry

autonomy (can ftin the field if 1
the field if ne

NN Ar-Rl Not needed Required before ¢

Recommended ever

Field |l deally flat sulldeally f1l at sur
CHOGEVNENECENN] a ccesnoamdstaclilaccess and n o.

Conductive object
cl ose proximity
scanning | ocati orn

4. 3Stbr.ategi c planning

As the final prerequisite anallgbl 4 upnenrafr o zmed t hye
strategic planning developed pael bownebfdtihca ednat aa ne
opti mal activity on site.

Table 14. Strategic planning

Prior to the data coll ecti on,
LGNNI O bt ai ned al ong with informaéciof
for this buitlbdd agl twat need
Practical Apart from the hardware itself
data collection.

With the GPR and ECT sensors,
scanned, where both walls and
given on reinforced structures
scans wi || be perfor med i nt el
observed/ expected should be sc
concrete area and a wet concre
the presence of metallic bars 1
areas.

Funded by 4.
the European Union



Associated with docu

4 SUM4Re

Wh a t t o J Alhli dden structur al eol re niehnet sr eanr

GE-EINCRA-RENENl Wi t h focusdegnmwmigihg omet al | i c reb
can be reused.

How many The data acquisition time depert

needed and the density of the I|lines. 1T

RGN D aper and the data coll ection
scan should -8@akmi abobes ®RPar at drr
ti me i s required for conducti
calibrating and acquisition wi

NI CECEUNENENCEN To pl an better wha't areas wil|l
perform and density of the 1in
as phbtwesprints or information
beneficial

4. Brerequi FiOtSesacfqaun si ti on
4. 4Prloperties of the FOS
The fibre optic sensing (FOS) system deployed in
coupled with the QuantumX MXFS optical i nterrog
grating ( FBG) technol ogy, whi ch proviatsr epr eci
measurements along optical fibres.
TablLBsummari zes the main technical details of b
vi bration sensors (FS65):
Table 15. Properties of the FOS sensors
Ty pe Capabilities Key Propert.i ¢
CAANNEN Def or ma|Preci s e, st alUses fibre B
SIVANE St r ain (measur ement . EX(FBG) techno
SO ( F B G) strain range igdconstruction
Spani sh page dihumi di ty, co
error, but genegenvironments
sensors are <ca|stability an
strain resolutiover | ong pe
dynami c nreawllgi égih
promi ses h it gehr
stability.
(Optical|{Measures accel ¢gFBhased
acceler|N10 g, at | ow acceleromet e
(vibrat|{(®0 Hz) and passive
signals at ]
| P68 protect
har sh envi
conditions
salinity). L
over t he me
rangan be u
monoaxi al mo
Funded by
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sensor s a lalxa
measur ement .

Foll owingortsdhedesarsi pit s om,i ghpiigbaked i nhherroogator
(QuantumX @Y XKRE QuantumX MXFS modul e acts as the
sen

sors and the digital acquisition system. |ts

T Channel capacity: Up to 8 optical connector s,

resulting in a maximum of 128 simultaneous cl
T Sampling rates:

o Nor mal speed mode: up to 100 samples per

|l ongrm monitoring of slow changes such as

o Hi estpeed mode: up to 2,000 samples per se
dynamic monitoring such as vibration and

T Measur ement types supported: Strain, temper
depending on the sensor configuration.

f Accuracy and resolution: Wavel ength measurem
corresponding to high sensitivity in strain

T I'ntegration and interfacing: Fully compati bl e
real me visualisation, analysis, and reporting
QuantumX modul es, enabling hybrid notpetrifcaacle/se | ¢

with LabVI EW and API s.

Fi gursuantumX optic interrogator

4. 4dERpected output data and measurements needed

T Strgrmfiles along structural elements (FS62)
ti me.

T Vibration signatures and acceleration dat a
phenome®h@ KD), for example vibrations induce:
near by construction.

T Temperature compensation or measurements to
sensors that include dual FBGs for temperatut

T Ti me series data for static testing are sync
link the | oad applied with the deformation r ¢

4. 4P Berequi sites pilot buildings

Daily activities in the building that must be co
Since the selected pilot building is abandoned
operations, occupant s, or ongoing activities th
installation and monitoring. This ebiratnmnaness fp o
occupancy, accessibility restrictions, or schedu
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of maintenance or active services also requires
and safe access to the site.

Locati onFQZictihwei ties

Al FOS acquisition activities will take place i
el ements representat i-lvearoifng hsey sbtueinh.d i Thiged si n doadr
protection from direct envirognmantsal, expodwerba,i s:

abandoned structures must be considered when pr
fibres.

4. 4Prdacti cal and technical scan requirements
f Mounting and orientation: FS62 sensors must
expected strain (beam, sl ab, joint). Adequat

adhesion and accur ataccreelaedrionnge.t efF &, 86BNt at
expected vibration vectoaxmalteMal (impheasenst

needed to capture multidirectional vibration:¢
T Protection: Because FS65 has |1 P68 rating, ens:¢
sealing, protect cable runs and connection pc
against mechanical damage, moisture ingress,

T I'nterrogatOpotni csaylstienm:errogator HBM6s Quant umxX
of reading FBG sensors at required waveleng

needed to establish baseline (zero strain [
f Londgi stance depl oyments: Because of compatibi
l engt hs, | osses, and connector s; ensure ove
connector/ coupler | osses) is respected.

T Data | ogging: Sampling H0edzemangmustorc acere |
for strain sensors, sampling can be | ower b
interrogator, possibly wusing battery or mai n:¢

4. 4Stbr,at egi c planning

As the final prerequisite anallgbl @ upnanrafro zrmed t e
strategic planning devel opedi tpa, btoowtedbf ofti hcad ednat aa ne
optimal activity on site.

Table 16. FOS strategic planning table

CoordinaM@edU®wo té&ansure safe and
programmed activities for test

Access to

Practical Scaffolding/l adders for elevat
fibres; powenrt esrurpopd ayt droruni t .

Repr es e rstteted a ;s at J dJIr dsatno kiad-t
bearing el ements most retllatanpr
a good structural condition.

Wh a t t o J St ructural dehemkehned for potent
i t

r
oA eanmd dluornagbi | i

renovati onduie y.
How many Approxi matbbyre per el ement, d
needed and complexity, including prep:

acquisitio

Funded by 4
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SCHCRINEN G- RNl Basel ine structur al dr awi ngs,
i nput coordination with other sEGT)N.I

4. Brerequi JIRtA€CL | fNd&er acqui si ti on

4. 5Prloperties of TRACLI NE

The TRAZIsAem is a multisensory inspeetnidaunstpl atf
char azcattdordin Construction and Demol i tmioxné dWacsttieon( C
materi al s. It combines a continuous cSewsYypoOr m €
head, enabling the simultaneous acquisition of
dynamic conditions.

S

The ystem i ncor psopreactde sc oan v e §ir@ir ®&bbleel ) ( O whi ch e
continuous transport of the waste stream through
roll er with adjustable height compaatce thhgemat
guaranteeing consistent conditions before anal ys

At the core of the device | iesmottlhoheg i semns ert rplcd tuf
transl ates and -pessBbrohgeatdheérmobversely to the
This design allows precise alignment of the ser
facilitates flexible measurement strategies acrc

The Asuel ntsio r head i ntegrates four p&Ratmaal sSp

troscopy -l(nRdu)c,ed L aBsreera k d own Spect-romfscapgd (
troscopy (NI RS8)si mana Réftravt on &vd 33pget hesco
a | i neraar. R@Bmacnamend LI BS modul es provide de
es and el ement al cC omp/o si tairen ,s ewmlbsiilte vl R oa nmb
ic matter, and optical refl ectance propert.
data with spatial and morphol ogi cal i nfor
re), creating a synergistic dataset that co
r head i s prvoetnetcitleadt iboyn ae nfcol tohseufiri el teegrusi,p pseadf e
al component s from dust and e nisrud U sitgr i mé a
onment s.

—— " NV ITOOo
>

>SS O D 5T
- 0 0 C

i ght sour ces, optical i nstrumentati on, and
ument ati on cabinet, whi ch mai nt ai ns robust
ol cabinet manages the entireohimnel |l éarouGPId
y relays, and power modul es. Speci al atten
ration of cl-mewel VUV aseusc aw®d df8¢I5Igdt wasn dtahred |tK
ct operators during operation.

- 59 O S —
~ @D @ ~
K = = —

acquisition and processing are managed by &
functions: (i) preprocessing of all spectr .
atdiommr referencing to calibration standards
ge of the processed spectra into datasets,
ion are configurabl e; and (ii i )ahbcloimrgu nri ecalt
coordination dfs,alaamrdmsno dud feetayx td vratt i @ n .

—c ~~ 3
- R

l'ly, the system features a graphical user in
interface provides operators with complete
and monitoring of al | sensonmrs.,al gsal ialWyj aitsit anre 1
acquisition frequencies antdi m®@enaecey®ss bted talspremds

Al toget her, TRAZI A i s characterised by i ts abi
measurements with spatial i maging technigues in
resolution spectral and visual datasetas i wmdefMhca
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i ntegration makes t he system a poaeed ulmat enil a
char azcattawbinh s c al-iarbd lest rsieani applications in CDW r

4. 5ERXpected output data and measurements needed

The multisensory platform produces a variety of

each of which contributes compl emembangy eiynfforamat
(for thi DWsenac @&s ekl s.

The punctual Sspectroscopic sens¥irs) (Remamat eL | E
di mensi onal spectra i n whi ch peaks and vall ey
mi neral ogi cal features of the material. For i n
assoed awi t h carbonates or silicates, LI BS del i verl
or impurities, NleR ahiegdh laibgshotrsp t wWatrne rlreefd se,c t snd hlgV
response of the surface. Given thatsaadb at¢qeper
di rect use of raw data is impractical. |l nstead,
di agnost idcs ufcehatawsr eshe presence, intéesi thatorarcéa
measur ement can be tr ansdheamidc ailntion fionrtneartpiroent arbd i
complete raw spectra. This strategy dramatical |l

its anal yltti ciad wadaesary for a technician speci a
ML and DL modehse #Heséextedacharacteristics from th

The RGBclainneamera prcwi ddes omi gipat i ale fiimmaegde sl eonvget

of up to 500 mm. These i mages capture particle n
enabling segmentation into regionS$ oorf Ramaemrw esho
positions, the RGB data can be used to directly
zones in the material stream.
I n terms of measurements needed, sever al |l ayers
materi al classification and industri al applicabi
T Spectral fingerprints: identification of <chai
Cal Si |l Al emi sSssi on i n LI BS, water absorption
mar ker s.
f Moisture content i ndi cator s: systemati c meas
1900 nm (NIR/HSI), critical for distinguishi.
1T Par tli eV el mappi ng: extraction of mor phol ogi c
such as size, shape, and clustering of aggr ec¢
T Cromedality correlation: i nking punctual S
segmentation from RGB (and HSI when availahb
characterization at the particle | evel
T Quality control parameter s: aggregation of
spectra, variance, feature distributions) to
i mpurities in the recycled aggregate stream.

Al toget her, the expected output of TRAZI A consi s
of a structured dataset of features and descri g

model s. This enables a transitionohabme sgmpl et
indicator s, paving the way aflcer siomrttda girgat inoant eirn tad
smart recycling workfl ows.

4. 5PBerequisites pilot buildings

The transitionsdaloen d lm®droa att @miydzuasttiroinalt opisleomi b ui |

careful consideration of both methodol ogical a
| aboratory setup enabl es controll edemmeursiumrg me
homogenei ty, stable il luminati ondt hand eagtiitmi soefd
environments introduces additional compl e
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Materi al fl ows are continuous, particle di
as dust , variable humidity, and vibration
i ngs must me et certain rmuwlutiireeresndrsy tme tghuoa
oped in |l aboratory conditions can be effect

— 0o T oK<
—a .

the primary aspects concerns the environi
e . Spectroscopic sensors such as Raman a
ent , and optical interferenceiclma&i nbr owg|l
entilation and protective filters in the
, ambi ent l'ighting mu st be mi ni mi sed (
ensuring that thal sipgopler depenaé@sndc
ght fluctuati ons. Addi tional vy, vibr
f the sensor head are essenti al to

oQ —
1
_'_'*CDECD:JQ)O @D
o3z~ —
<
)
—. D

T o —

S operation.

Om Onvwo -9 TP O0Q0 wWaToTn X
TV O O "X Dd®SOTT IS O0mcCccoc T

Mo —~uw oW
- ——
—® 53T ® —

—Q

which are homogeni sed, si eved, and cl as
sent variable granul omet r ynpurrdandocm mwicsht
r wood. To ensure representativeness, a
processed, and compacting rollers or f
s e t he |l ayer height beforef isbpecwi omaq,
ment, or unrepresentative spectra from i

t

a

[

u

y important are the requiremenprepar etdhe
s

r

=
o -

Q@
<
“® WZIJVWT T3ICS SO~ TOOD < O

(o3
D
o o

- 353
> —oc

tation of sensor parameters also plays a
s optimised in | aboratory conditions (€
y transferable to @inldomeamswuirememeénisPp.e

this reason, robust sensors with fast
ised for dynamiVé sumay Wi resRamand dbdmor U¥ p
aboratory val i datsi oand Cptobedti en wvwahindar €
nditions must be replicated in pilot environme

prior
I

0_1

afety consideration
dings. Due to the h
® mpblee t mo vneudl tfi rsem
Visedbemeéerd. blasede

nal | vy, infrastructure and s
e methodology to pilot buil
mage during transport, the ¢
boratory to an industrial en

oratory testing and their Dehostdedse uWmregperoye
Il icate the funsceangdirat i oymoifntéietmul Edach sensc
h its own illumination system, spectrometer,
ration and minimising integration risks.

os-——a~T 0o

S OO0 ™SS OFTT S>SSM®MOS S T 0 Y 5~

b
p
t

e

addition, de cated enclosures are required

di
hting, which can otherwise intertf
ct

I

and ambient 1ig

not onl vy prote t he sensor s but ailnscor easabigl

reproducibility |t i's important to highlight t

integration of every sensing technique: while sc

and adaptabl e, ot he-Wbs ) emdy ,nfi Beaehd m nesr i BV al i gnme

speed, or sensitivity to ambient conditions. F C

strategically planned, selecting the most suita

compl i ance wit hstiawndduasrtarsi adnds anieeitnyt ai ni ng operat.
summary, pil ot buil dings mu st provide the s
amework that -devVelwspddabmeahodyg t o -ibredutsd gti ead
nditions. By addressing these prer ediuisseintseosr, [

h
mbi nati ons are r-wbubktd eppugbaftoonseahd to refi
r eventsecal el arglhoey meonstt. adaptabl e method for

dustri al conditions to the ftaborasodyf gt &mi
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obtained under controlled conditions. After this
tested in situ.

Key prerequisites for pilot buildings include:

T Controlled illumination and dust management [
T Mechanical stability of t he conveyor syste

homogeni zati on.

T Processing of minimum representative vol umes
T Adaptation wofhlibbataetdtopwrameters (e.g., i nt e
conditions.

T Prioritization of robust stehnrsoourgsh p(uNl Ra,c gqLuliBsS,t
T Availability of power supply, ventilation, ar
T CompliancebOn8-a5hl dsEe€r saf ety standards, i nclud
interl ocks.

T Si mul at i einn doufs tsreinail situation in TECN facilit
conditions.

4. 5Prdactical and technical scan requirements

The i mpl ementation of multisensory measurements

a series of practical and technical scanning r

operational feasibility. Unlike | abaorandrgcqgondi

parameters can be tightly controll ed, i ndustrial

ambient conditions, &wod médckamieaslonst alhiel iftoy.l ow

consider ed:

T Environment al: dwursdi tainadnsai rborne particles re
interference, particularly for optical t ech
Encl osures or dedicated cabins with forced v

mai nt ai n measurAenhé retnt s tl a gihltiitnyy. must al so be
il lumination can-Vdisst RiGtB, s iaqmrda lhy piem sppeéct r al
and mechanical oscillations inzzchnveyemsayas
consi stqauritsid i on.

1 Sensopeci fic reqtEiarcdmsmptestroscopi c and i magin
operational needs.

o Ramamequires relative darkness, preci se ¢

times, which Iimit its applicability unde

o LI Bbemands <cl ean, stable surfaces for pl

measures to manage gas and plasma emissio

o NI Rs comparatively robust, though highly
and toissempslor di st ance.

o UWikepends strongly on colour and optical

uni form il luminati on.

o RGB maging benefits from uniform, cal i bra

for segmentation and spatial mapping.
o HS(if integrated) requires powerf ul i1 um
significant computational capacity due to
T Acqui sition:po,adaméet measurements to dynamic ¢c
ti mes must be shortened, and acquisition frec
avoid spatial mi sal i gezmémpon oMatter iials preacma e
compacting rollers, is crantdi aeld utcoe ssthaabdiolwiizneg

Convesypoere diO(. . 2n/ s) shoul d be adjustable to ba

Funded by 5
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integration capacity. Calibration using refer
remains essential to ensure reproducibility.

ow control :r eWhuiilreefmetngisbl mot o fully adapt

action waste to | aboratory standards, part
cessary to ensurzetrin oRaabdbml ghweacsampl es,

tami nat ed cl ast s, or mi xed fractions arr |
ficult to obtain reproducible measur ement
uld be established ifnacptiodrost sbuucihl da sngsurtfoa c
ct on separation, iawngd tdhues tf |roend uccltldiskes, tha
di ions without compromising its industri:
e
r
r

— —

and infGasenudther euse of cpawesr | WYV I as
, strict -&®8DPY §tammcaedamwds hi § ECequired, i
s, interl ocks, and emergency stop pr of
trol cabiesef sangowper mbdr access.

cCwL Y O TTVwoo S T
YO®Y O-SIT O —
ﬁ‘ﬁc—h:mo—h:

_.,
o
o —o —
DO ~-T O0om0D<
S5 - »

0

ocessinfeampaopeyati on requires i mmedi
d spectra and i mages, i ncluding noi s
a nzcaet .ino@&t malcit ur ed storage of data must
s. Furthermore, sufficient computati one
specially hyperspectral dat asets without

f Dat
acaq
ref
bat
and

O —TcCc o
~ D =

[
e
h
e

l concl,usprosmcti cal and technical scanning require
calibration of sensors: they involve the adaptat
data processing pipelines to the r enareinttises Bof
considering t hese prerequisites, t he met hodol o
preserving measurement quality and operational r

4. 5Stbrrategic planning

The strategic pl anning of t he pil ot mu st addr e
demonstration site and the opportunities offere
partners. Since Construction and Demoletiby Was:
the pilot buil ding, a contingency plan has beer
sampl es produced during the piTBEN awhee rter atnhsepyo rctae
anal yzed under controlled conddedomnwsa.l u&ghiod aemm
measurements on a wider range of materi al fl ows
pilot, thus increasing the robustness and repr e:
not necessary to rel oclaA edetvhiec emuilttsieslefn,s oarvwo i TdR AnZg
associated with transport, alignment, and recal.i

the industrial M@YWwAL,es p on swihb Icen ft dire
gs can provide access to CDW streams
i ns This extended access to heter
t allows @atodat mowoobpte beemett hod.
otocols on CDWs of different prove
c
e

>

parall el

o wn —<T
~+® —~+C ®T
> ——o = —

edur es arse rsdtudlyi rhiuttedirteo ta asisrf glr
ctor.

strategies provide resilience t
ity of tse dtei mptiem i @dse whfi | ki mihtee
oratl hances the gensuht szabi-dddlye anlda

ent at

—0oMm®m - T3t <an —
3050 ocooomw —C
T —wnaQ

®o® =

y
S
b
n
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e Wwi
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e
b
m
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S ont
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5Baseline asiskPrsslmemiemsairlyt sr of ma t
and data acquisition

5.AR i MM3B by UVI GO

5. 1Prlocess

The device used for data collection was the Mic
was devel oped and i mplemented to capture the 3D
take ref erpmocteads RGBowever, Microsoft does not pr.
this device, beyond indicating that it.thavwasa r a
necessary to perform a performance ARqladysdés itm
di fferent l i ght and at mospher iDel icwend.llli)eo n sT h(emo
Hol ol2d m& egrates various sensors necessary for d
(Time of Flight (ToF) LiDAR), an RGB amamerna,i nfeau
measurement wunit (I MU).

I'n addHeahdhel d Mobil e HMB)SCeHC NRAVa rRedO elletr mi al Lase
Scannerwdrds®t)o obtdiemence data in the evaluation

clouds gener at e @ Thhy ptelce fHocktabtHivbmss efdorar e Tdbpect ed
17

Table 17. Overview of scan materials and programs used by UVIGO

Mi cr odolIf @ L ¢ CHCNAV RS: Leica RTC
2

Reality Me¢CHCNAV CoPr|Cycl one Regi
App developedLi DAR ProcessjiLi DAR Processi

RECHCEEEEEd C|l oudCompalfCl oudCompar|{Cl oudCompar ¢
and datENEEEN-D sour ce) sour ce)

visuali Developed

b
Pari sTech a
division of

y |Devel oped b
nd Pari sTech a
BHdivision of

y Developed b
nd|ParisTech a
Eldi vision of

The worlofmlso wttteed fodl | owi ng actions. Starting witt
tdhescanned area and then acthiisecea ntnberesd ddlbbh,obhgns sk
Lei ca RarmdB 6t0he CHCNAV RS10. The data is collecte
t htei fferenRorm elgdiomas RTC360 adrief freergeunitr esdc,a nsntianrgt i ng
poi Af sdeart a c olwaencetedoend prtoceshetctke dasalte in ord
possobtkeusimbssi ng parts.

Processing the data 1is in relation to UCL1: 3D
i nspection and integration of georeferenced info
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5. 1AR .i NRMGsB reAmbdée¢Ssaat i on

The following figures show the poi nt2(Filgodudles gene
Leica RFC§aHBe and CHCNARVgR®SEO

Fi gurde Point c¢cl oud obhaaliintend Minc rAonsoceftta mMod @i edb so 2t door )

Fi gurs5e Point c¢cloud (1 scan) obtained in Anoeta with L
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Fi gur6Poi nt cloud obtained i n Anpmpleataf owimsh aCrHeCA)AV RS10

5. 1AB.i NRMGsB redal ast oki et a

The following figures show

t he poi nt2 Flgodujdes gene
Leica RFC8§aBe and CHCNEAVgR®EO

Fi gur7re Point c¢cloud obtained in Jolastokieta with Micr
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e

Fi gurBe Point c¢cloud (1 scan) obtained in Jolastokieta

Fi guwue Point c¢cloud obtained in Jolastokieta with CHCN
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li. MMISabour productivity

ough workfl ow documentati on Tarmd &ceosncsiti dblsgee nsi v
rall wogrukafnitewsasadacross five key areas: tool
o hour s, operational hour s, and additional e X
foundati onal benchmar k for measuring futur

5
This baseline assessment establishes current pe
t
0
I
t
i nfor mebknedstt analyses for scanning operation o]

Table 18. Details about the ¢ o s tquastification

Geometric r-evseww pfapse
Onsideescr idpatiaonscanni ng

iOnsite data verification (processi
Labelling and modelling in the of/{
3 workers

M| ncl uded on workers transport

300 tr alv2e@l0 atc c o mme-8 AMailolnowanc e s

8 hoxwrds daywondk3e3rad83=h 32000

[ 6hour2adaxy s x 3 wodXal29®0x1 33

Amount of time for the whole scan process

The overall scan process took t wa lsdcaayns tteoc hbnei gduoen
The acquisition with the HolOHEGMARS2I0ttooke sn®r ehal
Leica RTEB60iIi 6 including the marker positioning,;
whi ch wasr eawlnme ichuri nGheé hdesammedy palbdwtct i vity

depictéde ifwoll owing
Table 19. Details about the scans with the different HW

SUM TP NeE

AnoeStaati on

Hol ol2ens CHCNARS1O0 Leica RTC36
Acqui sitiqg74mi nutes 12mi nut es 93 minutes
PreprocessNot applical20 minutes |90 minutes
Number of |1 2 10
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Jol astbki edang

Hol ol2ens CHCNARS1O0 Leica RTC36

Acquisitig58 minutes 8 minutes |72 minutes

PreprocessgNot applica|7 minutes |90 minutes

Number of |1 1 24

5. XRMYOLAR

5. 2Ldcation of the pilot measurements

The activity related to this task of OLAR2 55,0l ut i
in the pilot testing of MOYUA in two different |
conducted at multiple spots across five distinct

one area within the Anoeta football stadium.

The selection of the spots for measuring the ino
of OLAR Solutions UG and the MOYUA. The main o
capturing the maxi mum material vari abirliibtuyt iboans.e d
The | ocationsionfe mMeastuwemewnwts in six different ¢
i's shdowmOe These in situ measur éOmdmtrsd wWeWwEET d/dbroe
portabadyey Xl uorescence (pXRF) spectrometer.

5.2D&scription of the equi pment
Oxford XMET 750r0aypofrituacbrleescXx¥ nce (pXRF) spectrom
rift

Rhodium (Rh-yawnodéerXesaolhwitglon silicon d det
aut omaposi th on filter changer for optimized e X
gantification was conld&Ectcadi bsanhgomhpr &®1t &4 19, w h
fundament al par ameters ( FP) met hod to correct

consi stedeobnd iBieveacqui sition, covering el ement
uranium (U). Moreover, to ensure the data reliahb

1) Certified reference322ma#t9%lrd aa nd2 () COMBEBI0)E PBER s ed
32nmm pel l ensl madd he beginning and end of each mee
stability was verified through periodic recalibr

Funded by 5 |
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Figwrle From top |l efghto Boeaom: Spot measurements frc
Spot measurements from right to left (areas with salt

and corner). Area |11: Spot measurements from right
rght to left. Area V: Spot 1 yellow beam and spot 2 ¢
area.

TabkRéshows the el ement al compaosi tydsuwerni nogf-s ithhee i2n9
measurements (detail ed XRppepaixgar)ea.r eRder o wveisdud d
approach 100% in total elemental weight (%).
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Table 20. Elemental composition of the 29 spots analysed during the in-situ measurements
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5. 2G8ner al interpretation of the results.

It can be observed the presence of wvarious inorga
asphalt samples from the DTiM&bE@®ctbrycandbéhexh
through a combination of materi al sciexnpcoes urceo.ns:t
Cemelmased material s, such as concrete and mortar
of binder s, aggregat es, and additives. Each of
el ement al signature to the overralhlarcdoenmpeads isttiaotne,
materi al s retain the chemical mar ker s of- both
construction environment al influences.

These inorganic compounds, identified using XRF,
hi story and potential reuse risks of the sampl ed

(@]
o
o
c
3
@]
o
o

i nstance, is a prevalent el er
t rs such as Portland cement. I
e floors, parti cfullairheg maor todrd el
en preval t. The apmuens @Atugn blassbeiecombE s
ciated wit silicate and aluminate phase:

and gravel, as well as supplementary cenm
context of @agphallts,o tamesiecieglagmedntass compo
or aggregate bl end.

- = > (@]
] Q (¢
- <33
— = 0N O D®O 0
O T W” = 5

ides (CIl) are frequently detected in exte
nly introduced throoecghgmanmnihe, aerodwmldu,stde
ulic fluids. Once absorbed by epaod otus Dtue d Ic
orcement corrosi on. Chl orides are often <co
tu

res exposed to coast al environments or hi

l'ly found in

T 0< O T
~—ag-—

r (S) compounds are typi a o] t he
m We@m3Outilized in interior wallboard appl
r materials and fossil f el s. I n industria
S of facilities due to the deteribhation
(S
o]
|

cooTwn — c > T 360
cTrTcCc S-S ODCcC OO T

tion of fuel oi |l s. Sul f at e st ehranv ed ubreaebni |dietny
their potential to react with the cement
fate attack).

Yoo T QY WS TOoQO
® 3O TT —

ncCco—cx o

(7]

e presence of Il ead (Pb) in wall samples is fre

tlbeassckd paints, particularly in industrial bui
ntemporary safety regul ati dune. tbeadrswvaDs e DEER D
d pigmentation properties. FIl oors and beams
mospheric deposition of | eaded fuel exhaust o
corporated into thermatréadocasepéet edsi nodest
enclosed or unmaintained structures.

o -
- =

T QO
~+ 3> 0

>

!
r
C

=]

c (Zn) has been detected in areas associated
provenance of this substance may be traced b
nents or its incorporatainadn-ameiaaddnsi vesent
i ous mechanical systems. With the passage
d with fluid spills, can result in the tra
sl ab. Whihe lkéeelas edreinot (Zypically a st
nce the reuse potential due to environment

3 ®5

- =0 =0 4N
-+ 0O C
— 0T <O

T € - —To O
@ D =

D
—

esence of iron (Fe), manganese (Mn), coppe
a common occurrence in the composition of st
equently detected in corroded beaims presenaond o
pected in areas where metallic components wer e
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corrosion processes that ensue f
adjacent cement paste and mortar.

l es, a relatively clean compositi
aggregate mixes and bitumen bir

Pb, Zn, S may still appsamndye atnad wvmokaan

5. 2Relsul t s of each measured area.

Moreover, each area investigated exhibits a dist
to both original mat erials and subsequent enviro

ol

. 2 . Ar.ela |

has shown el evated concentrations of <chloride
m areas that are visibly moist. The CI l evel s
|l i kely associated with marinender cvalstdcdpd i
s assertion is further substantiated by the
raulic fluids wutilized in elevator systems h;
e been observedritompoondisnoahlbocociadéeon. Sul fur
sul fat e, can have origins in deteriorated r ul
t
a

<O ~—mOo

have been historically wutilized in machine
i s ofndticteath esteer ogeneous nature of industria

DY ST HY =
=D oo DT
o

(3]
N

CAr.e2a ||

The presence of sulfate is part.i ul arly pronounc
fur content, which exceeds 20 wt. %, as indice
7. This finding suggests the podshsoiabrid iary polfa:
c
0

C

are commonly wused in interior partitions.
re-rticchsdllfuuirds are possible factors contri
vated Fe concentrlayi b0%obiserpedsumablly 6a
steel reinforcements or proximate met al
nt with the building's exposure to coa
C systemshe Asi nidindigsat eed elvyated | ead | eve
ion of toxic paints or coatings.

cCSToo0 40 —0
< 00TXT—cC
—aoas-S0ooT

a1
N

AMr.e3a 1L

Th e anal ysis of Ar ea [ reveal s a profile th
characteristics exhibited by other regions. This
concentration of calci um, wi th | ewhell®e tcloantcuc o e
exhibiting mini mal presence of conframihnamtrsg.arThe
unmodi fi d concrete. The absence of salts or p
shielded from aggressive efaVvVia.orad2h metnt%) darhe dengio
natur al aggregates rather than contamination. TI
l ower | imit detection) indicatleasseadcadoateipnagsntad oc
afttenre 1980s. Zinc (Zn) <concentrations ranging u
have been observed in association with protectiyv

during retrofitting processes.

5.2 . AMr.eda |V

The composition of Area |V is notable for its m
characteristics t hat ar e commonly observed i n
suppl ementary cementitious material s e SGMsv)atiend i
zinc |l evels (up to 904 milligrams per kil ogr am)
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contaminati on from machi ne l ubri cants or COrr of
cont ai-maszeédhwaat i addi ti ves, which have been show
over ti me. The uniformity of calcium rvailsuewelalcr
compacted and structurally sound, with no signif

5. 2 .Mr.éba V

The Area V is characterized by a prevalence of

attributed to the historical wuse of -stchcpuirmér s
In sample V.1, the | ead cont enth ee xhciesettosra 8cO phacida t |
used for rust prevention. As illustrated in Samp
is indicative of carbon steel. The presence of
and Ni |, i s indi ccahtairvaec tcefr itshe cdi g tnihreagtent to stece
despite its |l ow abundance, can become toxic Cr
corrosion, a factor that necessitates caution ir

speciatiog.tes

5. 2. Mnoet a

In contrast, Anoeta samples exhibited a consiste
| ower detection | imit and CI |l evel s below 2 %.
promoting reuse, thereby enhancing c®mplTihenc e
materials wutilized in this study reflect cont e

aggregates. Elevatedal améndlupf havkei bean( 8b¥seandd
of 13143 4% aAd7 %, 4drespectivelyinear edemicroenrt &Ixtf iolf

Calcium values ranging from 72 to 88% are indica
formul ation contr ol No hazardous materials wer
for reuse in public works.

2XBHF abour

5 productivity

This baseline assessment establishes current pe
t ugh wor kfl ow documentati on Tarm@ &ceosncmiti dblsee ns i v
0 flow and quantifies costs across fi"
| ur hour , operational hour s, and additional
t foundati onal benchmar k for me & s urainndg efnuatbul r
[

or mebocke n,eddtt analyses for scanning operation o]

Table 21. Details about the ¢ o s tguastification

Veri fication of the install ations

safety briefing,
NGENE securing permits,
identifying measurement points,

2 workers

I ncl udnaeodr koenr assport

508.042r avel acc/ad3MmaAda tlii oln atl |1400wpa n7cle s

SN{CNNe] | ncl uded in the operation hour cost

Funded by
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277.42 4 per person/day * 3 days * 2 g

Any ol N/ A
expense

Amount of time for the whole scan process
Table 22. Details about the scans with the different HW

SUM UP TI MES

Anoeta Station

p-X RF

Acqui sitialh

Preprocessl. 5h

Number of |6

Jol astokieta building

p-X RF

Acqui sitidg3. 5h

Preprocess?2h

Numbescahs?23

5. GPRECDYEAGLE

5. 3Prlocess

At the pilot site, an iniotigaelt ®@ahddeé¢eeabamadd vaacgg uoinr @ s
i nformati ome thsadfewli g hdhagt & hceoll d ceacthiidom&a |l so assi st

i nt er prlent agteincerr.al , t he numbderp enfd sr eognulitrheyd wsda napal e
and adcdecur acy Wheemdead site does not vary much, | es ¢
can alssumed that aref rtelpe esemfbfldteervevi sual i nspecH
site, it twaen dswocd ndse daitf ffeoruerntd | ocati ons:

0 One tohne croincssrtet e fl oor sl ab
o Two on wet concrete floor sl ab

0 One tohneal | col umn

Even i f the da@lrs@®sdelpactetvasor vscanhi ngapeqgui oa c
that the concrete slabs have high degrseheowonf det
withe voids, cracks and rough spalling surfaces.
For édddmrcati on, a 60 x 60 cm area was scanned wi
al so scanned byTHhHeremeaoudroemedretrs were coll ected v
both in the x and in the y direction resulting i

Funded by 6 !
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at each.Stoacrattiinog{ G,rd)m gdienteasut amegtrs dare col | e
t he x dfi olelco wed by coll ecting .&lolraddi meisviidnuat h
measur ement lineol bamplRd Scaaisé c m.
For the wal/l a 40 x 40 cm area sAbhnhowugih ©Ghemfls
were scanned by bot h,tthhee wz=EPIRb sa ngdo btehdes ceahTned by t
sensor anBr mfoa nedsthesrher e was no r eamd oE@TE meat opr e
el ectromagnetic conduction
Each | ocatieodvi wh sa magwiktdh prdgreke dpfoosri tsicoannni ng as s
the reslubws Téhred GPHRpr &lxdr ew bot Hi rect cont asct witdt
for scAhhiwgcognduciinvea dabjdd@dinsmem dfr om, t héweareeg s o r
removed prior to Btelfeordatsa aadlilngc ttihoen.data col | ec
each | ocation, calibration iwast e qaliim efddArb yae hfod vd i
each gsdha&n,data of bothedewihwies hwhrmed eashsicrktgo appl i
ensurheere were no iIissuesloraddpeabn] fwhecocessabaey!
became avathaebldata wer e ugpnd aslharoedt hvei tdlsoauldl o]
additionpbk. back
After the dat apracgeasd siingd oaats tplees tfoofrfmecde. Rohre t he (
foll owingfprnwerssapphaecredtefri mefierence

1. Time zero correction: This filaedussalhleged f o

firsappliedron GPR dat a

2.Noise cancellation filtering:frlsre d ef&airb pyrréeNo v
cell phone emitters.

3.Background removal: Used to remove the respc
being strong masks other responses.

4 GaimMh&PRignals are gettidge weakleogwedhteapth
due to materiamlakcongddeteipeirt fleandr dshusotgavins
needtead ampldiefeyegthenses

5. 3R€sul t s

5. 3.Ri.rls. t ar ea

The |l ocatfiiomb@adreeshai spHiagyZe@gHiem e a rei nforcement
identiWwhedh is in the fearcmnoGPHyippdtd)tasai aunde

1012cm dept h. -FcankitghaebdeB, it is wehdwrmpetrtbatl atsh easn d
the correspdmdieng Iriegghharlsy di f f er enta ndde pitshoss. u rFHraocne
at c¢) and d), respectiitvedppearns ~tlieataimt Herpe hixs aa ¢
y direcfThensebars in these data apmeanr odigdhnerstse
t heoncsat eaadd dt maott all ow for the sensor wheel to
the surface damd utelsus nc awmws e phesdgrtad dati ingn of diukee tr
which is highly Ilikely in this area.

Additional responses werati-#lgZ/ne¢ mmfdept eewkrirch nc a

i Figa®g andTHese appear only atstheThef fiasett baas
l ong pargktel to, thesyi Wi e exdme nkamdl tole ree mid d cc
is smaller parallel to the x direction.

Via a pgraddeds hyperebadl &I feictttriicg,cotnlst ant (rel ati v
velocity of t hwa wd s ctthrroomagghn etthiics mat eri al can be
property fandn aphaer tmat eri al compositionFios télate
ar ea, this was found t,0 Vlei cbhetawee nt YWpi5c aaln dv allOu ée5¢
and wer e eaex ptelcitsedi s f thwihsewa lv eirfiysfpiescdt libochi.el ect ri c
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values for dry cohAcrdhe edebéemabwuaidc 5i s used to
velocity and thus the depth to the objects.

This area was al sBbCT caammewe vweirt,h atsheal so obser ver
dat a, theedepbbkdé&fwhihch i s deep forabhhi aceesnabe
r ebdirameter estimations. To obtain accuwataidi am
the .13 Ktemy.ond t htilse deeggath, mode i nc atnh eo nBE T i snedn scaart
presenrcebadsur ately.i AnskRoFammile where the green
' i nes r erpge seEfrtbtalrds det ected and the yellow cur v«
From this curve, it can be seen tthoatactgue frei gnal
i nf or maottmhoer b 8Srasne o bser vatl ison snawer ¢ or scan areas
which al so acerimdoparedl tcom rd rt ertdaCgihl cooourl ds | nadbtt hbe us
succeéesns thistcaease, ber ugetearf orced concrete sl ab
reinf orsauecmeerstsf ul | y.

Image Processing

Display

Simple View

Heat Map

Rebar Display

Aspect Ratio 1:1

Grid Lines

Marker Lines

Cover Values

Diameter Values

rlEi r st area scain iwviwthhiechM&hobows t he detected rebar:
ngt hs

= Q
)

5.3.2ec2ond ar ea

The second psecranorvwesal h col umn, which also had h
The wall squiftseug hwasie to the waldi fdfeit cultthetad i mo
wheel for scanning si mMiulealtdorygtithaee t dife, atf a0 saxr edad e @ m
grid was @eriftorwesd not | ar ge 60 oxu géh0 .tlcdmepsdcrafa@rnt m otnlt
of this scan arFdag QiR paredrebnh g dd dteact i on.

Cracks, | arge veiredsandedpaliibienfgvlawi s . No reinfo
other el ememé st evd opteom db,é nvshiicceh was further .veri fi
Froombserving the GPR dat a, signifidanechedsanda:
direcdeawi8i ch is due to the external and interna
content

As mentionedee®MBODODO, coulidn ntohti sbel owwsaeed o n due t
reinforcement in the wall s.
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Depth [cm]

b) Distance [cm]

e) ‘ | f) Distance [cm]

Figwrze) First area sGPRi-sBcaocasthowjnB)the GeRhfatcement

i
~12 ¢cm depth, d) Reinforcem&RPR a8$irtBoemrdapgels amd 3MD)
4 -8can
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Depth [cm]
Depth [cm]

25

C) Distance [cm] d)

Depth [cm]
Depth [cm)]

Distance [cm] Distance [cm]

Figwrda) and b) Second ar ey sdam diyd &as GePRs B e)- and f)
direct eds &GPrRs .B
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5. 3.T72hi3r.d ar ea

The tshdamd was ¢ onwleatctfeldooorn sal ab with a §&mgotle sur

24) . The smootweds urofraceasalelro movemeeartefodorreehe wh
precsicseenni ng pamnsdi tdihobnaikngng at t he dat a, a reinforl
|l ocated dr8owmd despth with the rebars | ocated at
the fileatthreacase, then sleemf ct eangrmesht he sl ic
the isosuad aceers be seen by the elongated respons
t hat timecroensiisst ent spaci.Algsibre tswoeneéenh @ sreetfefrsdar § r om
each other

Depth [cm]

Distance [cm]

Deptij[cm]

e) o f) Distance [cm]

Figwrda) Third ar eoan,s cha)n GRHR at)iinGPR 1sl i ce at ~16 cm de
illustrated the position of | ine 2l iwiftohr cd ndya anreesch, | iel
f) Detected 2ell eme rdte pd th . ~
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Deeper in thesaxnlodh,ertelsdanmgraggepmonse 4dtde-nadiefgtrahd
as preséngéeadi mwdi €Eh seems to correspond t o S O0mMme
I n addbsecosntdr oang r e~s3p0o ncsne wdaesp tofb s er v esd ,t iwhea cshe & nhs
to be only |l orthé,slkhisce hawd &lmesaBahny pogfkbe ITahiisn i s
probably a void inside the concrete sl ab

v@x (ONONORONONCHNO] @ ® ¢

§

8
a) ' ' N b) 7 0 Distancelcl 0 ’ *
Figwrsdarget at ~30 c¢cm depth in tHiempd harsda cas asifdo wn iC
scan |line 8. Line 8 is als®oniltlhestsdiatcediwi ta) .a dashed

This floor slab seemed to have higher moisture
fitting,eWkheteic val ues (bteytpweceanl 1wde e5 eaonads tledna ) e «

across tlhn saddietai,on, significant clutter is pres
| ayemas il |tubsasrdatnesd firro md il ri encetse dZ)x(iayneac tEe/ dy)@ Gien

which indicate the presence of moisture and/ or v
clutter schboswerhviggh | i kel i hood of deterioration in

Depth [cm]
Depth [cm]

Distance [cm] Distance [cm]

Figwedghird area -sacjanL ibapredL2 nBcaB8 ®Bith tbgihdhwtlitiegrht ed
at the top.

5. 3.Ror.t h ar ea

The fourth areaonsdaotwdsonl alonwetth ifslooaonrd asbl gabm de p't
el ongatedatel bmeht directi(ng@2w¢ r ewhiidcehn tciofuiledd be a
type of r eiandlfhcoevpeeinstr oot t he main reinforcement
previous fThoeormasicnanrsei nf or c e meinnt tlhaiyse rs adapnp-etider esp ea
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cm depst bs hboywnt he seri es Fofg@igyyp earnbdo Itahse irnebar mesh
and as i sobBiug@@g eandne), Moedp actbiaw el pipne atrh itso cbaes
at the same depth in coanhdashete thecpnevsbant c:¢
the rebars.

Around 13 c¢cm daenpotthh,ert huenriedeing i fi ed strong respol
Fige@de and b). This response has an irregul ar s
correspond to a void.

Depth [cm]

b) ‘ Distance [cm]
m
-
Fi gwrra) Fourth area scan | ocation, b) GPR ssltihcee at ~

position 3wfithi me dasch)edGAR nlei)6EPR2S8|i d® atm depth and ¢
| sosurfaces of reinforcing mesh
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]
©@ 0 0

Depth [cm]

3 ©
a) © 1] 20 25 30 35 40 45 S50 55 60 b) 0 20 Dista:coe o 40
Fi gkBgni denti fied response around 13 cm depislctamms seen
l'ine 19 where it is marked with an el lipse.
Furthermore, #8crads®s mmbest hBdimerce iionsa fl att respo

around 6 aan HiephllHiggh@@ed wint h . &inntcamirsow esponse i s
in both directions and as anflatertapap®ei weenc

bet ween a | ayleayamed ahaesatheget hi s responseéetawasss
observed s$bometridndg asmaa keemmmé irteugdi@osn ss hown by t he s
amplitude HWegtnt® henvalues are represented as

val ues, withambpeéi madée momserved being 9Imalo9l earnd
amplitudes wusually indicat é Epwetaekretri aal el eya avsei askreer S

shown withuaimed)gdhwbesteadanger healthigeereeparmnsg al
yell ow

Depth [cm]

Distance [cm]

Fi gwr9a )Fl at response around 6 c¢cm depth and b) Amplitu
weaker and stronger regions.

5. 3GBR + IEatbTour productivity

This baseline assessment establishes current pe
through workflow documentati on Tarma@& &ceosncstiéblsee nsi v
overal/l wogrukafinitews asedacross five key areas: t ool
| atro hour s, operational hour s, and additional e X
the foundational benchmark for measuring futur
i nfor mdbkeneddtt analyses for scanning operation o]
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Associated with docu
Tab?2® Details about the costés quantification fo
Prior to sipleaarsd e vnmaegwe s
Check egangdmehtrge before visit
Determine scanning |l ocations
Onsite data scanning
Onsite dat a bvaespircbceatsi ag) (
Datasmprocessing andni nther prfdét atei on
3 workers
BN | nc| indevbr kers transport
anspo
st [ 5206 tr a6vbBell atccommobddti am | wances
rkers
anspo
SRiEF:-Wele] | Nncl uded in the operational hours cos
ur s
st (M 1 200AB heEurnlskoO
erat.
ur s
Any ol N/ A
expense
Amount of time for the whole scan process

r

GPF

Theotal ti mec ardQqudtriedgntitiiree J ol awit lodkiaedg ap br oxi mat e

4, Bouarsd all scans were performed on the same da
Tab?2é& Details about the scans with the GPR and ECT se
SUM UP TI MES
Jol astokieta building
GPR ECT

Acquisiti|2h 1.h5
Preproce{30 minutes 30 minutes
ti me
Number o014 3
5. BOS @[@¥ECN
5. 4Melt. hodalhdgpybjecti ves
Based on the research framework described in thi
monitoring methodology applied in this task rep
heal t h monitoring (SHM) . It integrabas e mtdivamale
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structural testing methods in the broader cont ex
reuse.
The central objective is to establish a calibrat

foundation for ongoing condition a
future reuse of ste@hi Peampr oac hr
t effective SHM requires capturi |
ment s, -qouean e rtayt i chgt ar etla abVv el uatighi
and reuse potenti al

provides th
regardin t
recogni s

structur

e
h a
u e
service

e

e
h
t
e

e

The us of FOS as the primary monitoring method
with SUM4Reds obfecmiwiesi amdofl oaagnti nuous monito

cycl es. Key advantages include:
f Superior measurement quality compared to con\
T I mmunietlyecttor omagnetic interference, ensuring
environments.
T Flexi bl e install ati on and deinstallati on, e
per manent monitoring.
1T Lower | ifecycle cost s, making continuous mon
el ement s.
The experimental program focused on two steel be
systaeamdel i ber at e c hwoircled ted esnteundtys rwealh | oad cond
of construction applications. Theer badenaad yedarmd
l oading conditions provides the dataset requir e
predicting behaviour in future reuse scenari os.

B

et

Fi gwBrogt eel beams selected for the testing
Thenet hodol ogy employs a dual testing strategy:

T Statiecepotimteebendi ng tests monitored wiith FOS
strain relationships, defl ecti on patterns,
calibrate materi al properti-esandfoemdmeghaming
t h & ME

1T Dynamic modal analysis, using impact hammer e
to determine natur al frequenci es, damping,
calibrates the FEM6s dynamic response.

Toget her, these components provide a comprehens
both the Iinear and nonlinear aspects of the FEN
feedback from FOS sensor s, creati ngt amacxliors esde sl
precision and repeatability. The <calibrated FEI
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performance under both service |l oads and ul ti mat
deci sions.
The testing program is structured into four S (
conditions to understand their influence on stru
T Original configuration as part of the <cran
conditions and complex | oad transfer.
T Simply supported configuration using removab
for reference calibration.
1 3i4. Replications across both beams, enabl in

boundary condition effects.

Fi gWwBrleef t : -pTohirnete | oading testing installed on site. R

in ANSYS.

This systematic approach enables devel opment of
for different support assumptions, reflecting th
Throughout al | scenari os, FOS sensor s provide
measur ement s, of fering mu c h higher s-pased.l re
instrumentation. This capability enabl eshearobust
than at a | imited set of points.

The d{te@emgn vision extends beyond initial testing
structures, the FOS system can remain in place t
comparison with FEM predictions dasoucdeftascitguegr |
corrosion, or ¢ ondmencdt isaurp pdoerttesr iparoaatcitdanve mai nt ene
way, calibrated FEMs and FOS monitoring jointly
reused structur al el ements iwhyi.l e ensuring safety
5. 4PRel i minary FEM modelling for monitoring plan
Apreliminary inspection of the pilot area was
representative steel beam speci mens for testing

ANSYS finite el emeatemhotdel repsoduce the expect e
under | oading conditions.

The model simupaited beaeditmgeeest that would | at e
This virtual scenari o served two purposes:
9T Definition of safe |l oad | evel s: ensuring th
exceed the all owable stress in the beam and :
T Sensor di mensioning: predicting the magnitud
to correctly select the fibre optic deformat.i
In addition, a preliminary modal analysis of tt
provided the expected natur al frequencies and ¢
were essential to:
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T Defineactched er omet er specifications (sensi t i\
experimental campaign.

T Establish an optimal testing procedure by i de
be maximum (sensor placement strategy).

Fi gwBr2Pr el i ywhomche shapes obtained

Fi gBr3Prel i myxnmeyted strain values at the deformati on

5. 4.2ensor placement strategy

The objective for the d¢dermtiifmynahey mosie!l ¢iingi ¢al t
def ormati on sensorwi b(rsattriacinn sFehSs)o rasn d(TFhGS FakcM e | e |
simul ations guided the plascefnelnitowsf fibre optic

f Deformation (strain) sensopaneweveeni ratcdl Il eod
point application, installing a total of 4 d¢
not exactly wunder the point |l oading applicati
| oading application. Belbobwnisensopseseheéemd, t i
stress expectkNdaspmbhyi mgmlAt each | oading po
mi crostrains at each sensor | ocation.
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0,00 1000,00 2000,00 (mm)
I Saaaa——
500,00 1500,00

FigwrdBl ue circles: Location of the installed FOS defc

Fi gwBr5eExpected strain values for the sensors

Fi gwBr6Expected stress values for the steel beam

T Vi bration (accelerometer) sensors were place
di spl acements for both wvertical bending mod
modes, as identified by the modal anal ysi s.
reliablethe@ptnat e@rafl THea emasiemcmede shapes wer e
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FigwBr7i€opstvertical modBot t3c6m:452Hzv.erti cal mode, 113. 85

0,00 1000,00
L — |

Figwrsé¢bori zontal mode, 14.39 Hz

Fol |l owing the obtained mode shapes, the accel
of capturing these mode shapes is aspdml | ows
point (cawyewmnutriecalf flvarei,z@amtdall mode) and at L/
captur®verhti Qal mode and possible torsional
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0,00 1000,00 2000,00 (mm)
—

500,00 =_ 1500,00
Fi gwBr9Bl ue circles: Position of accelerometers at L/ 2
5.4.Qal2i.bration baseline
The calibration strategy i s badatda®wet combining s
T From t h-poitht eleendi isg rtad snt sc,u rlveeasd wi | | be obt a
optic deformation sensors.
f From the dynamic vibration testing, the nat
determined experimentally.
Toget her, these two sources of data allow the a
estimate the effective Youngébés modulus of t he
continaek a4imdl3 where transfer | earning techni que
calibration and extrapolate to similar structura
5. 4St3atic bdleaviogr
Static |l oading tests were performed on the steel
FEM predictions. FOS strain sensorpgy edEESE62 mitiyedk

l ocations to capture distributed deformation pro

== £ e ._.

FiguOenstalled FOS deformation sensors

The foll owing graphs present the results of the ¢
the strain measured by the FOS sensors at their
against the applied |l oad. These prredilcttds oanrse t wo mp

the deformation response.
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STEEL BEAM 1

With removabsempli Vyl aupported cond

celula 1[01]

celula 2[01] celula 3[01] MXFS8DI1/FC_CH_1-4[04]
MXFS8DI1/FC_CH_1-7[04]

MXFS8DI1/FC_CH_1-5[04]
MXFS8DI1/FC_CH_1-8[04]

400

350

300

100 200 300 400 500 600 0
Time [s]

100 200 300 400 500 600
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BEAMi TESTi Lload cel | s .
BEAMiI TTESTI Sit r &®imd m()
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MXFS8DI1/FC_CH_1-7[03]

MXFS8DI1/FC_CH_1-5[03]
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celula 1[01]

celula 2[01] celula 3[01]
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BEAMi TESTil20ad cel |l s BEAMI TESTi S r imid m(
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celula 1[01] celula 2[01] celula 3[01] MXFS8DI1/FC_CH_1-4[02] MXFS8DI1/FC_CH_1-5[02]
MXFS8DI1/FC_CH_1-7[02] MXFS8DI1/FC_CH_1-8[02]
12 350
10 300 'l
250
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|
200
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r g 150
o ]
[ 100
P
J 50
]
0 S
100 200 300 400 500 600 700
Time [s] 100 200 300 400 500 600 700

Time [s]
BEAMI LESTi S3t r imi m(
Without removable pillars

BEAMI TESTi L3oad <cel |l s

MXFS8DI1/FC_CH_1-4[04] ——— MXFS8DI1/FC_CH_1-5[04]
celula 1[01] celula 2[01] celula 3[01] MXFS8DI1/FC_CH_1-7[04] MXFS8DI1/FC_CH_1-8[04]
450
10
400
s 350
300
6 250
z £
- £
5200
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150
’ 100
50
0 0
200 400 600 800 1000 200 400 600 800 1000
Time [s] Time [s]
BEAMI TESTiLload cel |l s BEAMI TESTI Slt r &imd m(
celula 1[01] celula 2[01] celula 3[01] MXFS8DI1/FC_CH_1-4[03] MXFS8DI1/FC_CH_1-5[03]
MXFS8DI1/FC_CH_1-7[03] MXFS8DI1/FC_CH_1-8[03]
10
300
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6 200
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£
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2
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BEAMI  TESTi l20ad cel | s BEAMi TESTi <t r &imd m(
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BEAMI TESTi L3o ad

Fi gurlResul t s

kN

12

10

16

14

12

10

Time [s]

Wi t h

celula 1[01] celula 2[01]

obt ai

celula 1[01] celula 2[01] celula 3[01]
U
7 y T 1
{ \/
| '
/
et
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]
\‘
100 200 300 400 500

350

300

250

MXFS8DI1/FC_CH_1-4[02] ——— MXFS8DI1/FC_CH_1-5[02]
MXFS8DI1/FC_CH_1-7[02] MXFS8DI1/FC_CH_1-8[02]

100 200 300 400 500
Time [s]

cells BEaAMi TESTI S3t r imd m(

ned

f

or

STEEL

~

»SE

e

removabl

celula 3[01]

100 200 300
Time [s]

400

e

static testing in steel

BEAM 2

pillars (simply su

MXFS8DI1/FC_CH_1-1[04]
MXFS8DI1/FC_CH_1-3[04]

MXFS8DI1/FC_CH_1-2[04]
MXFS8DI1/FC_CH_1-4[04]

100 200 300 400 500
Time [s]
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BEAMi RESTilload cell s BEAMiIi RESTi Slt r Oimid m(

MXFS8DI1/FC_CH_1-1[03]

MXFS8DI1/FC_CH_1-2[03]

celula 1[01]

celula 2[01] celula 3[01]

MXFS8DIL/FC_CH_1-3[03] MXFS8DI1/FC_CH_1-4[03]
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10

100 200 300 400
Time [s] 100 200 300 400

Time [s]
BEAMI RESTilLl2oad <cell s BEAMI RESTi S r Oimd m
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celula 2[01] celula 3[01]
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MXFS8DI1/FC_CH_1-1[03]

MXFS8DI1/FC_CH_1-2[03]

celula 1[01] celula 2[01] celula 3[01]
12 i - 400

MXFS8DI1/FC_CH_1-3[03] MXFS8DI1/FC_CH_1-4[03]

350
10

300

250

kN
)

=
£ 200
150
100

50

50 100 150 200 50 100 150 200
Time [s] Time [s]

BEAMi RESTil2oad cells BEAMIi RESTi S r Oimd m(

BEAMI PESTi L3oad cel | o
BEAMI RESTI S3t r &imd m()
Figur2Results obtained for static testing in steel bees

5. 4Dy¥nami ¢ bieTheasvtiionugr

Dynamic behaviour was evaluated throubbrvebnatal o
excitations. Optical accelerometers (FS65 type)
excitation | evels. The results allowed the ident
and mode shapes, which wil lt pelhea taecrc ecl cempaatri eodn wie
was measured with FOS accelerometers placed at c
T Vertical excitation: to (izdeanxtiisf)y, verti cal bert
T Hori zont al excitation: toside¥naxify) l ater al oI
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