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EXECUTI VE SUMMARY

As part of Work Area 6: Demonstrators in Existin

has focused on establishing a baseline assess
Longyeafmhgenbjective has been to develop a stra
and testing, supported by the identification, a
This preparatory work provides the teichhnWarak b 8

Package 11 where analysis ofucttleed harvested dat a

Field activities were carried out 129 Mayp, pUWRTEe
conducted an external scan of the pilot buildin
The purpose of this activity was tolregop#l t nhmo
cladditmg dofuil di ng iemv elumpe. a@mdi 113 onal .schernd ng
the University of Vigo (UVI GO) applied an Augme
i MMBGB) combined with LiDAR throughtancamptenge as g
and visual dat a, whil e EAGLE carried out Ground
external and internal areas to map structur al I
activities pr oceedkadc ha cbcuoirlddiinngg thoaspliatns own par't
and it is difficult to generalize about what t
Sval bard pilot these condition was favourabl e

particular B.ssues or del ay

I n parall el with the scanning, a manual amateri a
populian eGl RDAX andd &O0AIC&&sfdoRR | owi ng t he agreed for
I nformati on about t he raelgsuoi rleeden abecor dendput o he
evaluations.

The baseline assessment also incorporates a rev
aspects relevant for the reuse of materials and
(i) legal requirements such assgéomer alktulegi shat p
regulatory barriers or opportunities; (ii) funct
t her mal performance, moi sture behaviour, adaptab
service I|ife; mtnal (adpectesn,viirmamnlmedi ng the iinfl u
ener gy needs, compari sons bet ween new construc
contaminated component s, and the need for holi st
The combined outcomes of the scanning campaigns,
review of contextual aspects form a baseline de
information on the condition of stphaetballdonfigur
and the framework Tlheddaiasst forl rebbseused as ir
devel opment of a materi al database in the next
identification of the hinghreesltatdiornc utloarl ovcaallu eb uosfi
and requirement.s will be pursued
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GLOSSARY

Terms, Abbreviations, and Acronyms

HBI M Hi storic Building I nformation Modelling

AR I MMEB Augmented RealityMdampgiergg a3ydt edobi | e

AHS Active Hyperspectral Sensing

GPR Ground penetrating radar

HaD E A European Health and Digital Executive Age

CDW Construction and Demolition Waste

Li DAR Light detectiblnasaend irnmaangg i nngg, detecmedbhopd
determining ranges by targeting an object
for the reflected light to return to the

NDT Nofdestructive Testing

EM El ectromagnetic

ML Machine Learning

NI R Neairnfrared

HSI Hyperspectral i maging

SC Supercon(tiimmucuomt ext of | aser technol ogy)

DMS Dielectric moisture sensing

I RT Infrared thermography

RGB Red Gr eeimn Blounet ext of col our model s

ToF Ti me of Flightdan tenohaertoghy

HML S Handhel d MoScianrenelraser

I MU Inertial measurement wunit

MEMS P | Mi croel ectr omeReéramti ciarlt é&rafberyomet er

FWHM Full width at half maxi mum

SFCW Stdfp equency wawéi nuous
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1l ntroducti on

1. Abo®&WUUM4r e

The SUM4@Reeating Materi al Banks from Digital Ur
initiative wunder the Horizon Europe Programme,
analysis of materials and products in exitatieng b
ur ban dntime ngystematic identification, ex®©raction
enhance circularity and r edultM4 Rrea swiel i nb et hvea Ic
ough 15 Use Cases (UCs) addressailng deinftfidi emtt
egration, and mar ket adoptiorm.caTlee ppid @jte cstt uwl
way, the Netherl ands, and Spain, each target
eg&é&iUMdRe aligns with the EU Green Deal and Ci
create scalable solutions for sustainable cor

-0z "
O OS5 TO
— = —~ =

1. 9bj ectives of WP10

WP10 is an asskasaleinttlessidrnadtteegi ¢ pl anning for the
testing activities of the Svalbard pilot site.
for data acquisition, materi al inventory gener a
successfulotdpplircataobnconstruction principles.

Objectives:

T Assess the baseline conditions of the Sval bar
T Develop a strategic plan for pilot i mplement:
T Establish protoaolas$ yizoamgi de mgtiitfayiireg,ng demons
T Create a comprehensive material inventory re

(ClIl RDAX and CONCULAR) .

1. Bbout the Svalbard pil ot

The Svalbard pilot stands out as one of the mos
SUM4Re project due to its extreme envi ruorngneenntt al
need for circular solutions. It focuses on the
Longyear byen, a town facing severe structur al
buildings in Longyearbyen ar e stiunrkailn gi,s ssuheisf,t ilnega
increased maintenance costs and safety risks. R

Il i mited access t o new construction materi al s,
sustainable devel opment .

The pil otFilgulyledwiansg o(r i gi nal POyG acsonst modutuladr i nesi

building. Its prefabricated modul es were transpo
reflecting a construction strategy wel!l alignec
|l ogistical constraints.

Key advanteamgels|l affr tappr &ach included

f production carried out indoors, avoiding crit

T fast delivery, since foundation work and f act

f possibility to relocate the building if futul

T reduced responsibility and constructsiiothe r i sk
producti on

1T excellent thermal performance, particularly i

'H-1 ogal and E20&mRe otjf eAS : El vesl et tiaReMad rdde,n tl ool @ yHeoarspitynegpn  Ver si on 1. 2
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e

e
.

FigurePil ot buildiobefn: Svabbarside; right: rear side

At the out sebtuiofdiSigManoedwd € iretl ®emcdeé d:ont he bui l din
foreseen to be disassembled an8v alk bdgesmdommbsiterda ta tn g

direct reuse of whole modules. Although this pl
ot her practical reasons, thsei nnceemgepgi mi ¢mai bsihidg
face the same destiny as ground conditions conti
Therefore, investigati-mgduhe feaséebbahidt gebécbivi
value components (e.g., wi ndows, door s, structur

in Sval bardoés housin
circul ar constructio
wor |l dwi de.

g stock. Tfhoirs spcialloghly [eaefrAvr ecst
n solutions benefiting c¢oml

1. Abowdel i verable D10. 3
D10. 3 (Strategic Planni ng samnmdhleD astoataadld leT @1V 0B Re

i dedicated to prepasgsdags pieheae t bevdandgiegal |, functio
environmental, and economicufactoossthactiohl uer
2) . Section Bnmpoesecinnmwsiertchbr ol ogaitest huessepdclob 1 esit t e

datoant hleui |, dimgmponand s materi dlod.] owWlkids Bdiysisceéhct i on
summari zes-sitthe doat a acqui skFitmahnl ypl asie¢ higo n 5

i mpl ementatdanaocodcghi siti on campeabegnl asdlohhet dé s ed
analysand interpretation of these, rebBuths wivi | |
addr e sass stehses ment of the correspondiab® RBPFreduai miot
i n tfiome geometry and material 9datapaoduicsi Vi og i
compared to traditi ¢Pabjmabhu&Pli7hventories

D10had8s beedn by SI NTEF inScoft éaNor skl oBeoddm é k
Mat erUmilwer sit yWDTScvdeebni ng Eagl e

(

~

C

2 Baselassessment

This section addresses the foundational aspect.
conditions of .t idheSwusilsmasdmebiEzpeesl , functional , en
and economic factors that influence the executio

context

2. legaslpect s

A summaoveiwgew of the key | egal requirements an
of building matiesiglseondh&lsalkmaondpasses both ge

Funded by
the European Union
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i n nati onal | egi sl ati on and specAf imor e omdcittaii d re
description of this thopli.c2.i s given in Deliverabl
2. 1Gdner al Legislation and Regul ati ons

T Pl anning and BuilQ@n ngvalchar(d°bBAt)he same | egi s
mai nl and generally applies, but with certain
practice. Reuse must adhere to doc-bmantagi on
capacity, fire préboecwisen, and suitability

T Buil ding RegulEasttiaobn si s(hTeEsK)mi ni mum r equi r ement
safety, energy efficiency, and indoor <cl i mate
ensure these requirements remain fulfilled.

1 Sval bard Treaty andSwvalcladr dPrioavd sspasi fic rul
governance (Longyearbyen Community Council)
administrative processes.

2. 1R®2l.es and Standards for Reuse

1T CE Mar ki ng and ProducltseDocmanteett iadli ® n:may [
documentati on, which can create the need f o
compliance.

T National St-ENBarnddiNg parts are often requir
standdrods i nstance, Ehuea aorciomdge ss tfrou c tluoraeds or st
classification and insulation.

1 Experience frodmem8nskTREES t hat clear docume
remaining service |ife, and suitability for
approve reused material s.

2. 1L8gal Barriers and Opportunities

T Requirement for DoWohmentredsbBafjetymponent s, a
demand closer scrutiny and verification comp:

9 Sval bard@seL®hdn and BuilBémgvdB8buoadsaroesreuse
subject t o stricter application and per mit
considerations.

9 Potential forNeawrgewimdelnimegs and pil ot project
in the future i f documentation requirements I

2. 1Sdmmary

9 Generlaelg:ii sl ation on Svalbard | argely aligns \
uni gque administrative processes and practical

1 Reus@fiten requires more documentation and qu
component s.

T Further IStteps: advisabl e to investigate spe
Longyearbyen Community Council, as wel | as p
building el ements. A thorough pl an for |l ega
relevant standdradvd uwi lalnde mobruesta out c o me.

2. Bunctiaspatt s

The functional performance of buildings on Sval!l
of Arctic climate and permafrost. Cold temperat
things, hi gh i nsruolbautsitonc olnesvterlusctamaeh t o ensure i

Funded by
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structur al stability, and |l ong service 1ife. Wh
the following considerations should be part of t
2. 2Stlructur al I ntegrity:

Ol der-beamdng el ements must demonstrate sufficien
for wind and snow | oads. Wear , moi sture damage,
especially when permafrost undergoes repeated fr

2. 2TRer mal Properties:

Due to higher energy demands on Svalbard compar
wi ndows, exterior wal | s, and roofs with inadequ
operating costs. Theatektsraendewvartaghngeds i s ess

2. 2M@Bi.sture and Condensation:

Despite cold and relatively dry conditions, t en
intrusion can lead to condensation probl ems. T
thorough condition assess meretl att lreadt diadneargtei.f i es ar
2. 2Adtaptability:

Ol der building elements are often designed to me
reusing an el ement, it is cruci al to determine \
plan, fire safety, room height requirements, etc
2. 2Ré&maining Service Life:

| f a component is nearing the end of its opera
adaptations and refurbishment may be | ess advi s
therefore essential to avoid unnecessary costs a8
2. 2S®HBmmary

Successful reuse on Svalemaridhgr e d thierrarsarletlhashte dl are
properties remain adequate wunder Arctic conditi
upgrade needs, and potenti al reuse benesfeintsd bl en e
s ol udtbiootnh technically and economically.

2. Bnvironmeme atl s

Sval bard has a unique ecosystem characterized by

even minor di st ur btaenrcne sc ocnasne ghuaevnec d so nfgor wi-l1 dl i f e
use ©plan for Longyearbyen stipul atxeeethatefi hed
boundaries, thereby preserving the untouched nat
certain interventions are permitted within the g
2. 3EXtreme climate and energy needs:

Low temperatures and frequent, intense winds on
efficient buil deifnfge cetn weel oipnessulvaittihon and airtight
| ess eenferigecyi ent resulting in higher heat |l oss

(diesel) during operation.

2. 3Nw construction vs. reuse:

Al t hough reuse reduces the transportation of n e
hi gher energy consump¥i pnoduvuee I asgkrfeviemal |l em
constructed buil di ng fseati nrgi ndge smaader.n, | ne neao e

therefore be more environmentally advantageous

rather than toheélbseéehatbuisl diigd llst icrmaenf fbiec ineortti cte
buil di ngs erected i n Longyear byen around 2005

mai nl and Nor way, designed for rafpicd citngt @lonat it o

Funded by
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Att hat me, Longyearbyen was transitioning from a
community, and these buiipekirmanewmdre Thengsi cxmpedtts
was typi30Oalyleauresd.ebnutillydi ngs i n Longyearbyen are d
cl i nraetsei | i ent structures with an expected servi
foundations to bedrock, i mproved insulation, an
per mafrost

N

.3CBntaminated component s:

fore any demol i ti on,i sangeevevnalweoymedttad isdiewteiyf y
bst asnceels a's asbest os, heavy met al s, or PCBs.
ansported to approved disposal facilities on t
cal waste pfrorcetstsiisrgkipn@ant

—— 0w
o - cCc o

.3Hal.i stic assessment:

I mat erials used on Svalbard are shipped in, ¢
the same ti me, pgowedr agnedn eprraetdioom niasntdfyf r el i an:
mparing reuse and new constrttetmomenenet snust
educed waste and reduced | mportteronf gnaew smaotfe ra
eredyf i cient new structure in a challenging Arci
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. 3Sbmmary

e Arctic ecosystem demands C i
geplbhypehdmi taneéxpansi on, but
ffect nature. The exefrfeincei ecnlti n

al bar dos frag
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il ding envelo
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nd transport, i nefficient struct
w, em@trigmi z e buil dings. Fsat z abred oiudse nct oi nfipi oende nat nsd
e mainland for safe disposal. Overall, decisioa
i stic view #hratm weait@eghsd alshocrattiemgns eagairmantme h
r ch

[
formance in all.enging Arctic conditions
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r example, reusing doeorad uers wiamdd wsa dwittoh gweak e
us, hi gher operating costs over time. At the
ement s-i hnsehaboe, further i ncr eaesdi ncgo npproon eenctt hea
mited remaining service |ife, the total cost
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2. bBink between building context, circul arity
needs

Theaseline assessment has shown that the potent
components is strongly influenced by its Arctic
(sect Rodf uncti onal requiréamght s nssuahbhi-ppoeadt imon s

neeskect?2O0B® environmemrtiarhbh egiaesleetds opercd 2ig@n a(nd
the elevated cost iof Svadswualdmdl |l oghstease the t

economically viable reuse.
Initially, the pilot modules were intended to be
Longyeasebcytelng&8 Thi s i ntention underlined the pos
modul es, which represents the highest circular
embeddcadi ronment al i mpact and technical functi
relocation plan was | ater wi tlhedwealwnr, e ushee raesnaeisms
ambition of this pilot and directly informs the
l evel reuse i s an important option.
The building i s c¢ompos ebda sperde dnoondi unlaanrt | syt rouf c ttuirnebse,
value depends strongly on the actual state of
summari Jekbl,é mome el ements (e.g., gypsum boards,
reuse potenti al due to dismantling damage, whi l
ti mber el ement s) have high reuse value but reqil
perfor.mafhhacre certaidnnsampbhnent $ayers, stxrpoctewr al
cl adaltimeg deci sion between upgrading in place, se
on detailed condition information that is not av
Theaspedcdfsine the core information needs address
T AR i MMMEB mapping supports commplodgeghet idriegibiuaill dtit
modules and component s, enabling safe disas:
di mensional stability for potential relocati ¢
T AHS scanning focuses on the external claddin
weat hering, providing i nsight i nto degradat
necessary for condition and durability asses:

T GPR i demlmitddéms acteffri st mber cacsnscearbllede sst uds,

potenti al voids and i nsul-desbnuctoind navayua

el ements critical to reuse and di smantl abil it

T Thermography and dielectric moi-sbndeéeti®aens
measurements for understanding the buil dingho:
The data byplthesddo(sgceshbni 8ges the gap bet weer
constraints and <circul ar opportunities. |t ens.
components and assemblies with the greatest infl
supporting strategctci vekecdissinnannst lomgselreuse of C
modul e relocation, and necessary upgrade measur €
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Table 1. Key constructions products of the Svalbard pilot and their potential circularity strategies

Product s

Circularity

strategy

1)Structur al The timber in the modules are al/|l
Glulam (Glue di smantling is ¢ unabneorusnotmeo fd ufea sttoe
ti mber) from dismantling expected. Circu
|l engths most probabl e.
2)Chi pboard Cumbersome dismantling with high
board) potential of salvaging.
3)Exterior an Exterior cladding easy t o di s ma
wood claddinreusability potenti al I nterior
short |l engths and damages. Reuse
4)Parquet and| Fl ooring with some potential for
fl ooring without damages.
5)Mi ner al wooll Il nsul ation may be reused unl ess
based on sto high compared to cost of new pro
little energy to transport.
6)Pl astic (vap| No reusability potenti al as fil m|
7)Gypsum board| Di fficult to dismantle without s
however it is a heavy product wif
8)Wood fiberb| Depending on the original wuse chig
and Hard/ MDF| Probably downcycled and conveyed
9)St eel (Reba| Handbelams with hugeée rpaeatemnteiusle. ofH
and brackets|other than recycling.
10foncrete (sl There are no slabs as decks or wg
and columns/|found. The potential for reuse o
fill may be an option if the toxi
11Wi ndows Wi ndows high reusability as origi
Mar ked ©price much higher than t
associated with transport is hig
in buildings with ol @&nweirggowms xd o4
12pPoors As for windows.
13Compl ete modq Reusing the whole modules is by
on Svalbard and the arctics due
embedded eCO2 from manufacturing
mai nl and. The modul e ma y reeqrui g
deformations), but this may be
increased insulation (internally
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2. Manual materi al i nventory
The materi al inventory focuses on categori zing
databases to facilitate traceability and circul a
and CONCULAR wusing standardi zed @mdtloicfod sy c leen atbrl
This process is guided-Bewmol hei omn idwddr cEPY At) oa
SPEC 91484t h the aim of aésguailng yt heeupgadtlamtaitalor
2. 6Kdy Data Parameters for ClIRDAX and CONCULAR
Given the intention of UVigo to extract data 1in
clear definition of the required parameters is e
critical for a measucgkesbkfas$tsdasmenntagdati on:
T Condition of the vmastaesrsieslssnfenftheetcairredat phys
noting any damage, wear , tear, or discolorati
f History of the materi al (Refurbished/ Repl ace
hi story to determine if it has been previous
el ement This provides insight into its [|ifec¢
T Connection and Fastening Met hods: A precis
components are fastened to each other (e.g.,
i s critical for assessing the didemamtulcabivlei
removal
2. 6lLR2ventory of materials
Using the archival drawings obtained from the pi
conducted. Taed ddawipmen/tisied substanti al i nsi ght
composition andt Blpuwitlidilnd,ayalultowifng for the prel
guantification of numerous Diowisdir og titndew o muahji ¢t estly o
(top andt hetid@@d muni ts was specified.
|l nspecisiiare amas not foreseen in this task, given
associated travel cobeésdanaad do fdsoncaw eeerdetvsi e d
det er mione@d ovi degosoudh i gthheen fpbfywij elctt he excepti on o
on the odndihtei obnui | di ng components, Twhe cini 3iqmug r
information from the potenti al site visit was t!
further devepopjheiontaHdfydehai | ed desk study and su
into the Chradabeeynwsttcempl et el Nk ds hCaornecdu | vairt h
2. 6R8gi stration of data in ClIRDAX and CONCULAR

Wor kfdmdv data coll ection
The wor kfl ow taamdd admplnetl a1 dtelse t he f ol l owi ng steps:

1T Data Andhysias:ready collected from the Desk S

T Pl anned Buildindng Ilansgeantdiaopthy i @ea@dtseo,n mspect.i
woul d nortnhael Inye xote step to compare the data f
condithnobhédis pilot, such an (isnsepetctomn2 w&.s2n

T Detail ed Illf\vhenti oirslypaedc th eoenn coomMdparivweodd,Isd have
been asemssisteedsnpdeci fi c information i mportant f
dat abweebd havecobedad, as required by the DI

assessment :
o Condition of (teh.eg . matdamade, wear and tear)
o Il nformation on previ oruesf wrskeo H 8NaIE8 ehde mat e
o How the different components t@oeadasdene
di smantl ability.
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T Data Pr ockfstsarmogptithhedb malpecti on, thewowmlvenber i e
processed and merged with the already existi:|

T Error CorAreytieonor s or miwesulilndg timamumet iy on
corrected.

T Resul t Documemda aprocess cul minates i n t he
documentation, which forms the basis for the
final reports wildl be generated fBuwim dtihnigs,
Passpaonrd s pMactiefriical Passports

Manual scan plan for the pilot buildings

Upon receiving a request to carry out a building
gat hering all avail able documentation related t
drawings, budgets, reports, csopredcsi.f iTchaetsieo ndso,c uammedn |
as the foundation for an initial desk study, al |
the buildingbs structure and materi al composi tioa
Duri ng tbhaisse dd epshkase, we analyse the available da
and structur al systems within the building. Thi

orsite verification or additi odnalBafsieedl do nd a@tha sc gul

anal ysi s, we formul ate targeted questions and d

normally address.

I n a standard procedur e, a site visit would ther

er | f suc-Bi tae mamweaenht ocorny had been <carried o
ification of the buildingbds atctcheadolcloadtitdmno

measurements, scans, and photographs, as well as
i nt

enance history and past renovations.

n this pilot, h eswietvee ri, n vt ehnet ommayn ufaal e eomse e c c.ood u 2t é
tead, the desk -Basedg amal ydsoicsumeot med t he ¢
i stration in Cirdax

hin &nd daixt h pa ogiemisl arn Concnuataerrbisal sso fatnwda r gr, o
ntified from the dmasnku aslrtldyyl yt edlroatuimealtisy aac &t e g
cumentedbynideémi 6ry gmmeaaiadlliysdesntaeTrhdidssed on
ailable documentati on, is reviewed and enri che
om existing records if available). A second ir
manually iehoemadi on, providing annotations or
rectly wi tCnicne tthhee scyosnipelne.t e dat aset, derived f
S bemenrual |y entered i nitto utnhdee rQioredsa xa ustyosniaetne d pr
em scans the comtsersecenacdateasd ,f oni sismng i nfor mat
ds) , or potenti al errors. Any identified i ss
entatneuddblyl ft he specialists to ensure the integr
d on the source documents. Foll owing this v
orm advanced calcul ati onk mpealcdt edntdo reaste
d on the validat edFRi gmapeuaVildesenarmrerexanpmltea . s
owing uploaded building products within the Ci
ralaynsi s.
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The output of this process is twofold:
n

1. A Buil di g Passport, which consolidates all f
2. A set of Material Passport ss pewhiifcihc cionnftoarima tdie
0
h

n addit.i
l ong wi't

n to these deliverabl es, the c¢client re
an export of the complete dataset. TI

I
a
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the inventory process and serves as a criti
materi al reuse strategies
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2. 6La&bour productivity

A fundament ala spsagsabreettbeéri ttso odatat @amau esiatcikemgand
digital fwlrattfher makenset rics titCiladFem b2 seu mmar i zes t he t
neededi f berpernotceessisb t he manw,alr é aawletnitrmg i nra& .t ot al

Table 2. Time needed for the manual inventory

Resol uti on Manual inventory

Collecting archive dr awi niENNEEs

Arranging Cirdax and 2 hours
dr awi ngs

Manual inventory Tar get EfCHUNINENEES

Complete in Cirdax 3 hours

Tot al 3/hours (2 units)
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S3Technbrciaéf

The data collection adthtelee dSsSfddetv@imdg st eehmnolcd gide

T Augment edi rRteaadridtyed Mobi |(ARMapPpEBEIhh g System
T Active Hyper s gedtSr) al Sensing
T Ground penetGRRiIing radar (

A brief SOAbovedvhgwsoadnni sggteehnbhogeesi on 3.1
mor e speciigtiicondesfcrt he equi pment used in3.the Sva
Section c3.idbesenecessary preparatory measur es p
cont aismasmpglhieng met hodsusaend ipmr otcheed udaetsa .acqui si t i

3. %t at e ofofstchaen ndimmtigh nol ogi es
3. 1LIAIDAR scanning

Li DAR technology has been successfully integrat
Building I nformation Model Isitnrgu cdfulleM) exmp Ibii ¢ a tcio
geometries that chall enge tr aaduitto noantaeld snuertvheoyd onlg
developed in recent years for modelling timber t

effectiveness of Li DAR tfuorralo brteapirnei snegn taactci uornast et os t

n DXF format with stigndldarsd i degwii athiionmg dfet-lve@n%wt
ection and t heec ®isaddeetterctt iomrgosasnd analysing crac|
i mber %beams

ort
nd finite element analysis EA), facilitating
i DAR devices, such as smartphonesbahidtyabyets]

i

S

t

Li DARnerated point clouds supp advanced di it
a ( F t

L

retal me damage detection andbadsaetda psPhaatrfionrgmst hr ough

te its benefits, Li DAR has certain |imitat
dent on proper acquisition conditions, i nc
sions. Gaps and o¢chuséedndoyimbpecns ol owpd
onment durcamg legdi giot iiomcompl et e model s,
CTthieo nssr,.esence of peopl e, especially in | arc¢
ficantly obstruct the |l aser bge apmg r tpsr eovfe nt |
unding surfaces. I n such cases, reconstruct
res the operator to make asvsiusmpbtlieo nosr aubnosucta
These assumptions awketdgeiohlthebasede pne
arities or contextual information from adj
Xi mati o of the original shapes. While this
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f the authors knowl edge, Li DAR app
storic buil dings and timber beams
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20Ot er o, R. , Lag¢ela, S., Cabaleiro, Be e Btoawmat,i H.33.f,r &mArmadcgel IPi n
trusses using i hdeomwcpuokrts 47 ATBB) .1743

5Santos, D., Cabal eiro, M. , S Awspaa,r ehlh.t Sa.n,d & eBriasncam,t Js.e cM.i o(h2 @222 )a.m
structuresoumndlBIl . Bui |4Di nlgd 30Bn9g0i.neer i ng

‘Cabaleiro, M., Lindenber gh, R. , Gard, W F., Arias, P.,n& Van de
analysis of cracks i n t iCwobnesrt rbuecatmso nf raonnd, 1B @ AR idnagt aMat er i al s

SLi u, H. , Wu , Y., Li ,PrAec,is&omedgtedti ¢gr0any. identification met ho
components of historic buildingdobasad of Baori 19a8b nlgl 1IDMBPAReeq i ngme n 't

fSant os, D., Sousa, H. S., Cabaleiro, M. , & Branco, J. M. (2023) .
revilenw.ernational Journall78d) ALBAFL ectur al Heritage
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tructur es. Further mor e, whil e Li DAR excel s in
etecting internal defects. Compl ementary techn
omprehensive assessment of timber el ements.

1Gr2ound Penetrating Radar

s
d

c

3

Ground Penetrating Radar (6BRyucsi ae wia@etiyngseN
applications in concrete buildings and structur e
utility mapping, geology/ geotechnUX@ldaeatpedtiicarn ia
ot her GPR can detect hidden ob
condition of a material. Alth
a commerci al usage of sGPRcforewoodnahd f bombdr a
f d. GPR has been wused for nspecting tree tr
s ctures for identifying internal cracks, knot
c acterizeandcestcrommmgttfi omf t he wood

ects in a structu
u

j
ough not as popul a
0

[

= c —

—

he 1970s, GPR technol o
g power, and signal pr
Hinegdlhr pqu & A ahyennas, such as the r
at have a gh r esowhiitsliceam na mady dan | rde
00 which do not require great pen
t t can bessbwt aodl-=ittl wtinramd ealr dt aathal e
dermt eopmetr ati abn.units are can a
integrated with GNSS or total st
Il so minimized exfeegakencwnt-eoher et
s have emer ged, suppl ementing t he

fi n gy
esign, comput 0 (
n b P
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Technol ogi cal i nnovations have enabled rapid dat
data visualizati on, such as 3D view and augment e
straight after data collectionhhabDatrmrestonoalgess no
and enables easy data sharing.

Al ongsi deh ansnggltee ms mul tichannel GPRs have beco
carts or vehicles and equipped withscmdlet idpdtea ¢
collection over |l ong distances with fewer passe:¢
orsi te vtiisaumltiaal s -t(ismec hd eapst hr esalli ci ng and backgr c
have further streamlined field operations.

Data <collection methods vary depending on whet
systems, surveys require gridded Ileanyaobultesd wsiytsht epna
all ow free path movement. Datsxxaamse (@Ommardlay gd ia s
depth vs. di stance) or as time/depth slices com
can be performed during acquisition, but - more a

processing software.

Beyond hardwar e, progress in data processing hc¢
techniques, includimg WDgaadi oeyef skl waveform
anal ysi s. Al applications, such as audroantaece.d r
Furthermore, fully 3D electromagnetic (EM) model
in recent years allow for simulating antenna sy

"Daniels, ). GroyrdOopgle e'% d atTihoey |rnascdart uti on of Engineering and Tech

8Rodrigues, BC.AP. W, XeWnelkidk( 2 0 2Us)e. o f Ground Penetrating Radar in t
StructureshFdr Revs ew.
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high degree?® ofThasc waaycy r eal scenarios can be 1
propagation through materials can be studied an
model | ed data are also highly used for traini|

automated daa#ibnterpr

Al t hough GPR has been utilised for assessing tim
requires a dielectric contrast bet ween differen

Wood hagiallecwric constant/relative permittivit)
dielectric constant of air or of other | ayers (
l ead to weak signals from interf acesdelmetoveeenctme
detection harder. Further mor e, irregul arities in
contact between the probe and the surface (air

properties can introduce hreoiisnd eirprtehatdana Ahso
hidden object and the thickness of a | ayer can |
the smallest size that can be detected.

3. 1A8tive hyperspectral sensing

Hyperspectral andagipreg tba@BSdp pynn fnreamared ( NI R) radi
been used extensively for both classifi%tion o

However, existing HSI deviscexer anea@asupémernutids abdble
dependence on ambitedrett | HEht acuate rely on eith
l amps for illumination of the targwittimabet halig
sources are prone to fluctuations due to ambier
(AHS) overcomes this issue by introducing a no\

unaffected by ambient conditions.

Acti ve hyperspectr al sensing uses superconti nt
supercontinuum | aser i s a | ight source that C (
brightness, directionality, coherence) iwgtth t he

Typical SC | asers used for AHS are pulsed at spe
detection of the reflected |light, making AHS | es
To our knowl edge, the depl oyment of AHS in SUN
hyperspectr al device for standoff scan of constr

3. 1ll.AAfrared thRheadmdgraplcyri c moi sture sensing

As the propertiedacsfedwomad eandl woadepend strongly
moi sture contentadtdithenmht mehnalbaemkente tWwheemaste
st aatte t he time of ARPpumpasearemenhe measur ement i ¢
to theaRAH$r aatnidont herefore it I eBfnategdl|l alfleRfTlthogoap
det eicntfsrraacidat i on etnoi tneeads uhreeat from t he-tebijedts.

st aotteh@rntet hod i mpl emenit @ dt Hiemwalsgtesa m T bceasnee r a s
convertetipg t he far infrared wavelength into a v
SWarren, c., Gi annopoul os, AL, & Giannaki s, . (2016) . gpr Max: C

propagatGroontioPenet.l atoimputRada&®rhysi cs, COnHlumnA &€& ti ons

Ypatsi a, 0., ,GhaGinhapbakBmZkground Removal, Vel ociTi ymnweEMi gmati om;
A Complete GPR Processing PipelniEt€EBdsedsant Maoki ne Geaspiegce an
vol . -1a1, 1

NJochems@&n fradsBur,udG2QRRRy)per spectral i maging as a toolPifrous profil
syl vestlrmtserLnBit o dentaédri orati onl784 BOD4@&4r adati on
2Leinonen, A., ManflUMi AeBaranp?22a@ROBF)INILRagkpec¢t Toscopy in predicti

resi stanclearraedtadreidstci cs Bifnsol $sy) Seot st o baf ¢r,s GRYNIBY 4

BKaayrjaijipaeann,s on, A. V., Man 6 RDaAX)tR.v,e Naymreirmsere,ctA.al SenB®rotBased o
Interfendeesers9,l 2192.
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Di el ectric moi stiur eai smeormmie @@ e B MStpdg moi st ure cont

a mat édryaalsessing i ts di el ectr i DMScscemsstoarnst emri t
el ectromagnetic waves into atnhael ymmat ereifdlect ®udclsi @
frequency shifts caused by changes in the dielec
the amount of water present . TFthiimse medihsotdu rad | nmomsi

| RT and DMS wecempbkemermtsaray tmezapuoeimeéeatt emper at
moi sture range and distribution on the measur e
measur ement .

3.Equi pment technical specification

3. 2AR . i MRVMEB

The device used for data collection was the Mic
was devel oped and i mplemented to capture the 3D
take referenced RGB photos. HowevempecMifarcad o fotn sd
t hi devi ce, beyond indicating that it.lthasasa r a

S
essary to perform a performance ARqlad ysaes it
ferent l i ght and at mosmher Mal icweld.bklli)eo n sT h(emo

nec
di f
Hol ol2e mg¢ egrates various sensors necessary for d

(Ti me of Flight (ToF) LiDAR), an RGB camera, fou
measur ement Furmgibaselfd WidJ)an i mage af the HololLens 2
a)

FigwbreMicrosoft HoloLens 2 (a) and CHCNAV RS10 (b)

I n addition, a Handheld Mobile Laser Scanner (H
reference data in the evalwuation of the quality
2. The technical speci fi caTahbidndsn ofmatghei so fd etvhiec eC He
RS10 isi Bhgwome

Table 3. CHCNAV RS10 technical specifications

Resol ution 0.18U

Accur acy 10 mm

Range 0.5 to 120 m

Battery duration 1 h

Feld of View 360U verthemilzanaldoU

Measur ement rate 320,000 points per second

Operating Temperatur e -20AC to +50AC
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3. 2ARS

Théechnical parameters of thWepaoyiede i mypdrn spedtl
summar i Tzaebdl. Ehre sensor operates using a soparcont.i
infrragge@dnt he spectrum, with a peak wavelength
Thesable spectmum308@&nges 1700 nm. The spectral 1t

thecmiel ectromabPgnibtali nterf e+dPhedtvehri chMEMSI t er s
wavel ength atfua It ivmed tvhi taht ahabf appr ox210g A&EHWM) 15
The AHS is optimized to operateThe rnebBl encdedtlaing
target is detected by a |inear edermyorstdammdw,)ggaend
across a direction perpehdichéapitot thestl, nehidse
means roft aga i ng mirror.

Table 4. Technical parameters of the AHS

|l mage or dr awi
scanner :

¥ w plosV® o

RPN -5« 220mm x Tsm
DEPITERN : : <o (2.5 ko of tripod)
pracemenc men QUSEAETECEECEERITE

Resistance to | P63 (dgbkt, protected against spray
conditions:

O M N-N AN NN - Nl No batterdieevs ceer comtrol unit in cur

intto account: power required for AHS device as we

Operates with class |V | aser. Lase
personnel / others in the area. I f tl
people without training in |laser sa

it should betlte amaaderde meont s .

3. 2GBR

The GP8800 GPR sfysregeumency avaswdeiphdm®OWwW) GPR transd:
a modul ated freqiehl MEmn.geTHHifse 408 nac yhiGPHR ant enr
high resolution and a maxi mum penetratnomi tdtegrnt h

Tx and receiver Rx are included in a single encl
8.9 x 7.6 c¢cm and its weight is ~500 gr and can |
40A. The GP8800 system i s equiipcphe de mva btlhe sa ns caadn nuis
both normalpodrmdieamrds ®n modes. Each polarizati on
di fferent targetsThetdevi ¢cdhainsther othédrerequi pped
pl autseed f or protecting from damage.

The GP8800 proberiesmopaweé eiedni bbpatatwd rt yn Bahc klmut o n o my
removable pack of 4 AA (NiMEHhelbfat1@r0@6G mAhupoweg
is controlled using an i Pad via an application ¢
establ i shed owi av-QlicabUBB Aparti 6npmddeaaaviebbhkrct
basic data processing can b&hper aor maetieebetigh 1k
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avai ltahElceg,ui red ugpdtomdadeifPrdodn t he d¢cloowdir pl atf orn
Wor kspace

This particular antenna has been designed to op

material surface in order to maximize the penetr
concrete scanning to pinpoint sbrust urcondlué ment
tension cables and for concrete assessment, howe
of wooden wutility poles. This transducer along w
i Fi g6re
Battery pack
Action button
Distance .
encoder wheel Abrasion-resistant

skid plate

Fi gwriehe Proceq GP8800 transducer albomotwitth some of
Tab%ssummardsaeme of ttechnkeywal specifications of the

Table 5. Technical specifications of the GP8800 GPR sensor

Featur e GP8800

SRR T G G- NNl SFCW GPR system

Modul at ed fr eq UsURINROUNNORE Nz

Penetration de ENE

Di mensi ons 8.9 x 8.9 x 7.6 cm
~500 gr

Charging Li on Battery Pack:
Battery Pack (4xAA N
Power bank (not incl

3.2l.Af.rared thermography and dielectric moisture

FIl uke Thre rifimd g i gwWrTeab6)evas used to coll ect i nfor
surface telmmwméedat yr esegr acde utshern mal wimkhB0o ng X alner
focal plane array, wmaoo alaendd 6miiCa romb loH 2 eAICemred f or
predictive maintenance, troubl eshootilhnigsai and ve
drawback is fixed emissiwaccegpsabténgortotBe 986 pmn
surfaces excepting shiny metals.
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Fi gurFel uke THél@lmadger (picture credits: FIl uke Corporati

Table 6. Fluke Til0 Thermal Imager technical specifications

Temper atur e measur ement r

_ i 20AC to 4AB0AG ¢ 482AF)
calibratedlbAgCow

IO A AR R CEE R R \2 AC or 2% (at 25AC nomin

Field of view 23A x 17A

Spati al CENCHTR AN NOAAY 2. 5 mRad

Minimum f di stan Ther mal | ens: 15 cm (6 in
u ocus stance Visible (visual) light 1Ie

Focus Manual

|l mage frequency 9 Hz refresh rate

Detector type 160 x 120 focal pmhaoeohol

Infrared | ens type 20 mm F = 0.8 |l ens

IR LR 2R A=l O 0. 13AC at 30AC target t

Infrared spectr al band 7. 51 & oeml 4

Vi sual camer a 640 x 480 resolution

FLI RR60 Moi stur@Ei yédtTemT)®ace used to collect the i

the materi ails mofigdddalrieon,] thandhel d instrument des
gualitative moisture analysis in a wi-dasedange
(resistive) and) pmena seusrse medite |teeccthrniol ogi e s, al | o\
no-destructive testing, respectively
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Fi gwBrFel RR60 Moi stur € pMettarr eF et ediybtlsR

Table 7. FLIR MR60 Moisture Meter Pro technical specifications (dielectric pinless mode)

Measurement Resolution 0.1

Moi sture Depth 1.9m maxi mum

Moi sture Range 0i100 relative measur ement
Response Ti me 100 ms

Sampl e Rate 1MHz

Operating Humidity O 90%, 0~30AC, O 75%, 30~

3. Bqui pndeenstcr i wittitonr esgpplcitcaoi on and utilizat
3. 3AR.i MMBB Scan

Hol oLens 2 wersepeoiftideslalppwede 3D dat a, but rat h

where priority is gitveaene)t awptdfae i ogn otf anth d(omealr by
i nter.acG@adnosni dering that the 3D data generated wi
CBI'M generati on, t he met hodol ogy designed has
conventional devices:

1. The rangli DAR tshesnsuopr t o 5 m accordiemgi tbocahe
tests have reported am.CosefvehtiDARgkobf capt toi
interiors can have range®erahgepl it mi 3&t inonorme
el evated areas that are not accessible cannot
trajectory must be closer to the objects.

2. Lower data resolution (point ¢ ®@empioyl)ecmmak es
making it impossible to detect small el ement ¢

On the contrary, Mil x otivo Resa ket wa d eepcrhtneod s go/f

Funded by
the European Union



SUM4Re Associated with docu

l1.Data collection is wupdated and visualized i
scanning of wuninteresting dgnamhd obfieretsgdc
addition, constant refreshing generates a mol

2. The device is not only a capture sensor, but
functions can be implemented to process dat a
environment

3.Virtual mar kers placed during scannimog eal | ow
eas/iltyhus i mproving subsequent automatic dete

Each sensor operates differently for each data ¢c¢
cl ouds measur i nign5Sagrpardoixu smastpehieycd are then export
together to generate a complete point cloud of 1
point cloud for each data col hegéeooaferAénhcepdoi a

registered with each other to ensure spatial con
3. 3ARS

Applied to detect surface dasnagkheandlatas seslsl a@d tnd
AHS contains informatiomatnéeoual thei sue fhlbe HNFRTt
shall ow penetrat.iTdhhn sdengtams( tdwa@mtmm) f there is any
wood, it owi |l | akdlpy oafidedt t hleec®opeéchg/ paint i s

region) .

Thepectra collected with AHS cortrtlhespoameact t @l mhae a

are relatedotecseglparci &hd intermolecular bonds of
case of sakhdsas wood, the inter molpercouplearrt ibeosn dosf 1
materi al (e.g. density) which may be affected by
The AHS is particul arl y @anenashistoirvpet i to;m rmhaingdt uorfe Ww
142n0m. | n addi NI Bnspectrum atebapedstaoatshéemaiunec
of ti mber, namely <cellul oBlee preomp acretlilaud oe €& &hd
components, atsheweldr eassthrouwct urally organized i n
type of wood, as wel | as dihfefiar ecnotn dti & g boencso if vFenloyw
decompose the diff erreemndemoiondg csooprepoinfeind sspectr al

Therefore, we tchaen feodd mewiantge expected parameters

the pilot test:

1. Type of wood

2.Coatings/ patimagiimgmsqgs @aindl e conditions.

3.Moi sture

4 Presence/type of moul d
't i s i mpertthaantt whoatnokti nd of i nformation can be r
on the availability/ quality of training data. I
generated databases related to the presence of
details of this database can be found in Deliver
3.3lL.B8frared thermography and dielectric moisture
FI ukiel 0 Ther mal |l mager was used to capture tempe:]
by AHS f t he isdirfact ws@arsl i ghtmea scuaneprieennhe mntaasr yma d e
when the swotac«pwd®d MR60 Moi sture Meter Pro wa
(pinhesestr modiepe eserve the value and surface i
reusabl e Meatsairieanent s wer e made in corners of th
each plank of the wooden fence.
3. 3GRR

The GP8800 system, althoegmfonceidalclowcdesiegnseadn
used to other mat er i aheelthi gch a pepaloibicetgiv@aarnesmatl h at

Funded by
the European Union




SUM4Re Associated with docu

penetrati Wooedhmpt bsrd an be saxmdhnpdnetrated with |

applications such as wbodaed.utility pole scannin
For this specGPfR &n atlpigl ltusceatteit erestt r luicdadmpelniemd isd e
thewal |l s ansludH o@s swooddramsud@n dnejtaildt-mwetardnd i ton

obj gdees goi detect the dif fcfr emdl [(se/yfgltcsoirnsesi déi on
and assess t.Rendi toondi amelssmenteval uadamtgi n thiet ypr

of e. g. i nsmoiag i wme | g teenatiinognndeeafdleda@téep ohs of targ
and thicknecsasn obfe |eaapteinmsaet avdh| | s @amdsimalolor shiaclene s
maxi mum penetthr aotfi otnhedecphosen system i s sufficien
Since this is an NDT technique, it all ows for 1in
component s.

I n contrast, t he ECT sensor cannot bheedisead f c
el ectromagnet i cneicnedsuscardyodfua@rtnidv é smateri al s, most
rebars, to be present.

SinGPR can penetrate tiimnmerl,i nkti ngasabmegss wuhf ¢
subsurface deat ereirdrabd me cceaxsteesn t of v itsd btl ee siumtf eercn

structamr e determined from GPR reflectioms from
addi tarems of surface discoloration and tstagi ni ng
indicate increasdd smdaies ttithree tammtewnitst tuet af éect s
wave pr opFauratthieornmor e, warpedfaceameakaotbebenr s
with internal anomalWida$ detnses ehdiugtthiyo rGPdantda col |
accurate datasmadgilt ifeemivnog s swoah dade diefneat ed.
i nteamadk wildd bdkepdendscton the resolution of th
resolution in this case), tamel dihze saimd odapdt hg «
condi ti osnnsa.l IAlvseor,tin dafficcacksta detect with GPR.

3. BRreparatory measures

This sectionregscdcririlde garcamyornast ordy HISh e nac tSWda&Rleo n

measur emMentpsr eparatory measur efR nit SRVMEBBe rSet KMMe e d e d
Al sfoogDMS measurneomemrtespar atory ac,timaeaca uses hee lhrfee qaifi f
equi pment was used to obtain only complementary

3. 4A1S

Toextract qualitative or quainmdaged i ovre dmda at rfa,o mw
obtain relevant databases foramyggiveenappécicratimo
comprises a convdleuattiuone so ff rrauml tailgl et he componen
t herefore, interpreting t hiasp ptl scioangp btghxeior e i £ alw
cal cul atTiyopniscal | vy, such theoretical approach i s
systems consisting. ofhpureaswbasampées ofl real
training/calibraaconi uednygi dthttbassgame equi pment

n the hceasSevaofbatrd pil ot test, we aompwidr esd mpH e st r
25 mm di ametem dhsekg)l ot site in tthel dTTelsabon
canned the samples both wiofi heeHE adypea spercv et i
e measured the wood sampl es tarsedthmegntarirn ve3%
hamber.

a
i gOrsehows photos of t haes sparneplliensi,n aasy bwaelaldt enm  an
ni form anamri d il dati on and projection (UMAP). Mor
he calibration data acquisitionDandBmBIl ysis wi

|
(
S
W
c
F
§
t
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Scatter plot
T T T

UMAP embeddings 2

'5'(b) Sample 4 ,@ |

5 L L
-6 -4 2 0 2 4 6 8 10 12 14
UMAP embeddings 1

Figwrwoood samples analysed iwntthhd&dHBTBnldakomateoty onal
the pilot test. ;(d)b)SadUNAIPe apladtycss s scatter plot.

3. 4GRR

A mowgk of t hes hpiwirfoitigniv@ddals bui |l t and sprnoredt ovi t e
testing in Svalstksersd iwhadr derf otronati on we can ext
of structures. The-upeswull s afl s@em htehe mwodckh t he in
from SvBhdagampl e hasl2diOmdn Bi0dDnd ®fl11 mm and cons
|l ayers aBi gktker i n

1 4 @m

A
1)
L,
i |
] J Ry
i 4_") "-‘é-\'h
= i |
" M
e
= i 4
]- '\._4./
= P
. ! 1
- "1___'_/
| T i T Py
".".“r ‘\\:‘\-""_//"‘.J"-","-' 6
AN /7 D
- S
-]-ﬂ i -I-I
P
~Ji—8>
1 R
-
P A .
¥ W
Fi guroelori zontal section view of pilot %uter wall witHh
“41) 19%x148 mm holbrevzeolnetdalc Ildeoducbilreg with two | ayer of system coat; 2)
3) Wind barrier; 4) 12 mm windproof asphalt panels; 5a) @50 mm gl s
mm wa fibre insulation; 6) 36x148 mm studs C24,; 7) 0.15 mm plasti
fibre board; 9a) 36x148 mm C24; 9b) 36x148 mm -CA4bod@Er &2 mm pl ywc
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Cladding —» Stone wool
Battens Empty Empty cavity
Wind barrier L, cavity
Asphalt panel [‘ Wooden studs
|
l Glass wool
4 Fibre
{ > board
Plastic
film
211 mm 1200 mm
FigulrlesSt ructure ouptiwal mockeft: Side view which show

Mi ddl e: Structure of (tRheghitns dlmatged ofedgih@®n i nsul ated r ¢

The sample was scanescsodol uic@g SBINO® IGPRAMsSY St emt , |
scan measurements wer ef oarc qtuhidei eldweltkbr cal Vvélratiet y
medi um ut i sing the known thickness of the spec

t seedrfeor cal cuAsateilnegc ttrhoemadgenpetthi.c waves

il
w e rnee eads he
through air, a dielectric of 1.3 was estimated f
most of the wall hagi an g )wé eamadt i20. M0 niaotre rtihael sr ee X i
For the data acgualpsi ttiwon acreat seams of 60 x 60 <c
each (seixdteer nal <cl addi h@namud ei ntheurpd alls| ssirodhaska e d n g
to a total ofl f otuhe aare@ma sT@arss , measurements wer
of 5 ¢m, both in theTkeraemfdorien, tihne tyotdailr e2& i menas
coll ected for Teamhr krehesaneaa and the | ines, a r
The area scamat bebhtwbpihbBhagddkongl odPt8h8 0tOh eGPR sy st e
and the grid paper FuigelREheasame beentians were
from the i nTtheer nfail gusriedeal so highlights with the
presented here. The solidplriesentradpfeosennt hmeaste
the dashed | ines measurements from the internal

 (splesagzoon) Area scan 1
7 R R

( | [ Line|8

>

Fi gur2€he area scan | ocaup owsdl donng twh & hmachke GP8800 syste
l i nes r espcraefisseonmt t he external side, whereas the dashed
the internal side.
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After the data were acquirewieragppé¢i edl i owiomglepr oc
1)Ti me oemnrroectTihdms filter is used for correct di
2)Noi se cancel:l aUsedh ffarl treeemmonvgi Nng noi se in the
3)BackgroundUsedioval remove the response from t

being str ong ensapsoknss eost.h er
4)YGainUse®damplify the responses

Resul t s

Theesuwlrtes presented either whitherépremsent i magke:t
(radarogrr aamt)l t he data have been combined to geneil
are extAr adetped sl ice from the internal scan at 12
Fi gadoeel ow. Here, the middle and wooden studs th
compar tcneennthbse i dentified with the depth observed
depth i n-utphe mock

Depth slice from internal scans at d = 12 mm

Side wood
studs

slice at a depth of 12 mm from internal sc

From the individual radargrams, more informati on
response from the wood studs can be observed but
and the cladding/air interface.

Signals from theupdgasn d©fe tskenmookt he dat a, cal
due to the finite size of the wall sBheptliataTbfest
much | arger buil dLopgkiwvabl at nt Be a rtbwaopndt nesref sa cfersgm w
can see that these arrive slightly |l ater and ap
radargoamthe |l eft of the |light green matséreidall i n
wher e, as menthenwaveesa stliomver t han the right si de
Therefore, i f t hiiss dteynptei fofedr e d pherysecsoul d i ndi ca

mat eMihalse ar ed iHnNgukk®&heet egaps i n the fibre board
thiees not affect the data significantly
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Internal Area Scan 2 — Line 11

°

panel interface
e ———
\

Cladding/air
interface

- ‘ Insulation/Asphalt

20

40

. ~ X External to the
| wall responses
- Insulated
side

80
0 20 40 60 cm
Figuwrdeine 11 radargram from internal area scan 2 with

I n comthremmsts,canni nghextergat !l gaps and etxhteerinrarle gL
cl addi ngi msturrddawccee si @8 &6 igalapm@tn naodidsiet itchre trmoe ttal il 9 ,c
naiolns t he cladding surface due to their storong si

A distinction between the wooden cladding and t

from the GPR data, which was expected due to t he
A
t
(
t

| though the external scans were more challengir
he extdeirrneaclt exd scans, where the asphalt panel [/
b awcakl | ) i nt erf aceThceanb abcek whhd tl ecrteesdp.osed ta find
hickness in case not known, assuming the dielec
o Area Scan 1 — Line 8 [External]
] Noise from
ol cladding
Fibre board/ air
interface

External to the
wall responses

0 20 40 60 cm

Fi gurseine 8 radargram from external area scan 1 with
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3. Quality assurance and control measures
3. 5AR . i MMEB
| mmedi ately after the scans, t hd sthealkietdy tean da scsce

whet her repetition was necessary. The HoloLens d
in text .fiTlhe sf amamadatmi zes t hnea ncyo nppoa tnitb icll RPSYO apcr roogsr

raw scan data is processed and exported using Cq
from both cases are visualized using the free CI
3. 5ARS

The data coll eict ednaufse mgedHiSo a second | aptop t

interruptcamgamdhechecked with ownewWaltdatbi arp pd fi ctah e
This qualiistoy ecnhseucrkeo vtelm atl lig hevagsei st ent with the s
and the spectra doohoi npgiegesedntl Amy cealmompalei ewdt a as

viewed in the Matl|l abFaguWioe cCThitegloth paneslhossmows a
i mage of the scan (i.e. an RGR waaegde engée datsed hfat
visible in a raenglultahre pphlootto)on t he elwo trtaomn slpeefctt rm
selected pixels. I n this software, it is possib
pixels are present, as this willcdismageée. the cor
Initial settings & file selection Hyperspectral image editing & map generation | Hyperspectral image visualization
Load image Remove background Crop image o False color image between 1300-1700 nm
Reset image Subdivide
Pre-process image Save image
S Pre-proc. type | Baseline ALS v
CP1S1REF
SG win 9
Der. 1
Spectra from selected pixels

2 . . Raw spectra .

Absorbance

3 N " N N " " .
1300 1350 1400 1450 1500 1550 1600 1650 1700 0 50 100 150 200 250
Wavelength (nm)

Contrast:
Preprocessing: | Raw reflectance v [ Plot selection |_| Show labels

o "ok "ol ols o8 1
Fi gur68&creenshot of apptlomaMatolnaldh or assessing the qual

3. 5GBR
Two units of the GP880Q oprtchbee pwillolt bse tter a ms pa rdtea

be available in case equipment issues arise. Bot
although the battery packs are rechargeabl e, add
As mentioned above, dat a-pwioscueaslsiiznagt iwon |a rbde gmnaidcek
day after data collection to check the quality o
i ssues/ errors with the data cod3lestaoa odndura
data acquisition can be made on the foll owing d:
of i nterest are observed, some addi Thenabl| §eahsgod
data will be uploadedwhlod althec all loyw da D ud kmd skoup.
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4 SUM4Re
Due to the cladding on the outer face of t
but also due to the c¢cladding surface not been
the external wal | scans which ecad mak el hteeoscthke e r
this does not affect the data significantly.
pilot site due to variabilitupswalhlatanmd gthhte eadtsu
wal |
Prior to the pilot sit-apvpsl bt waebt bawaBasbeant be
numeri cal simul aup osamplfesg.heTheossek dat aset s
scans from Svalbard for checking uktotah stoh & oqu alsist
in data interpretation.
4 Data acquisition plan
The strategic plan ensures effi ci eraorl ee xaescsuitg nomme no
as weddheckdahdndefinition of the measur ements

4. Humaresouraseas gnmendl easand

Each

opti mal

partner 6s
ouda € osnemmiarbi8zeed i n

r ol

e

s implicitly

Table 8. Contributors and their roles in the Nordic pilot

Af fi

|l i al Rol e

aligned

SANTIRVEGECE NS ST ORE ContactfiperdongEmilindberg@snsk. no
NORSKE

Henning STORE Head of Buil dilHenning.stalsber g@s

Stlas ber g NORSKE

Sveinung SI NTEF |Responsible offsveinung. séesheif m@o

Nesheim

SN NN S| NTEF Coresponsi bl e ramon. hingorani @sin

FranciSemnniVaml Contact personfrancisco.sennaviei

Vieira

Teemu K? f ¢V Contact personTeemu. Kaari ainena@vt

PetHr adi | VTT Contact personpetr . @vrtatdifli

Jes Ys : UVI GO Contact ApReirMMYj bal ado@uvigo. gal

Fr2as RGB

Juan o: UVI GO Contact ARreB|juancarl os. navaresa@

Nava#&g qu RGB

Pedr o Ar i {iVAVANeNe) I P parias@uvigo. gal

NI Il UV | GO PM anasanchez@uvigo. ga

LGRS KR E A GL E Contact personalex.novo@screening

SENNE-U U E AGL E Contact personourania.patsia@scre
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4 .  Rleasur e méhraud es

AHSemsemseni{ VTT) wer e Magrif2&rOn2esdw hoinlGeP Rb B d dal ned)
AR | MMEBB UVimg®gsur ememptl aceoohkil3d umn2ed 2Bs summari zed
Tab9. e

Table 9. Testing schedule overview

May tBméhdtR9 Junét nd3th
External ( AMSY|Exter nal

and

i NGRRR ail MRY®BS)

Day 6bhr s ;

Day 1: 8 hrs;|NA

NA Day 2: 8 hrs.

4. Bositioning and definition of scanning are
This sectioplaxepmainnefanleanzieng bar eAdHsfde Xxeoacut ed

by vanmnd GRRecuEedlsBhannietdino.l oAgiseysst em ddf il egad nds
to Bndthe following drawings andhirleleusli fa®eremns o
I D abal 8 uGnreed :if logo s istoifont he ti mber ,clamddi age stmp!l
positions of externalsagBegaffernal scanning ar ea

For the definatieashmpcolsocoadneniinsg uge®d: ABISeemed f or
and violet for common scanning apeapeOAHSubad GE
drawing plane is representred uasedafbrneptDashéd:
positions.

Definition of scanning positions for AHS and GPR * Positions ID

D AHS scanning area parallel to elevation view @

| AHS scanning area perpendicular to elevation view Timber cladding samples ID
GPR scanning area parallel to elevation view A
GPR scanning area perpendicular to elevation view External scanning areas ID
Common scanning area parallel to elevation view
Common scanning area perpendicular to elevation view @ Internal scanning areas ID

I
3
[]
[
Fi

Cancelled scanning area parallel to elevation view

Cancelled scanning area perpendicular to elevation view

gurref i nition of | egends used for scanning areas in

Funded by
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The measur emeanrte pdoesfiitnneodnsi n t he bEilgdiBesi guraevi ng
2bel ow. The positions were selected based on a
properties, and the specific capabilities of thi
phasifdhe goal atquhsidaoa campaigndestnwctivae ume teh
can support characterization of bot h I'wiuspiadrite can
scanning positions were chosen to:

f Capture representative fa-ade conditions whe
coating degradati on, and potenti al bi ol ogi c
conditions.

1T Access interior and balcony areas where GPR
studs, and voidscompppentimgppidden

Additionally, the selection also reflects pract:i
andt hesi ®@anstraints.

T \
g N

ve 514700 —

Oversiktshilde

SITUASJONSPLAN ELVESLETTA NORD,
LONGYEARBYHN, SVALBARD,
GNR, 22, BNR, 1,

ol
TEGNFORKLARING
/
|/
STREKSYMBOLER I v/
-
e eawTer
TeTasme
...........
=
[~ ~siegsan T
N
[ I
.
.
h14s
" K128t
P
M/;J / L /
\#’ u ¥4 ERVIDETA NSE 1 NETER
Tiageiuet MALESTOKK 11000 @)
Voo pr— g
_\‘ REVEIONER FEE
\'\ / OO WO T ¢ [
e B e
\\»\. N ~
Las
n

€

4
A
¢
- & )/ ."‘ LN LT Tek = PLEN AT
P QI 1DECON As
v ik e D anens) i v,

Fi gur88i tuati on dr awi

ng

wi t h

s ed recc ttehde sNoarndhiicn gp iploosti tiino
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ST

T T (T

|
|
1
]
|
1 i
1 "-'i' ]

North Elevation

Fi gur9el evati on drawing of scanning positions
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22880
4100 . 56 4100 56 3600 . 56 3600 L 56 3600 56 3600
= Scaffolding iD
'\ HV15x12 [ HVI5x12 HV15x12 il
1 M ’——E—‘ :':'EIL-‘ =
— | FKjxllA FK15x21 |— == 8
T BEDIG2L — FR15:21 FK15x21 @
7 N BEKDI0x21 _
VoLl o e g
12.3m2 22 —
3 |
N _ Bl
% 5@:‘ ﬂ 9 Stue/kjokken
32.2m? =5
S = Bad = Stue/kjokken Stue/kjekken =
By = 7.2m? [ : 2
b 0 2 52 o
& i /\ ‘ ] 27.3m P
Bod ‘
3 5m? &
— IR/ —
Sov {
7.4m*
([ 1 s
v L K
—_ 4
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Yy L -
Fi gw®rOPl an drawing of scannin@stposeéeyibdbn ground fl oor

*
*
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51 mpl ement ati on

5. Execution
5. 1AR.i MMMBB Scan
Data cowilteektARGBMMSwvaBonducthed aofnt er noon of Thur ¢

12, apadarltoomenndt2t he exteri or, while the morning of
t hepart mentamd oolhe lexterior as well , Hoopouinpmenrt t h
empl oweaedMi cr dHod fotl2e nasnd CHCNAW chSuliedt,ali S esc t@dnon. 1

Personnel involved werw8zlgweaerr CGCarrl ool ddwarse s2 U S

Bal aFkdf® as and Pedr o ArSieaxd )fffarmeR $leCe diesde f or dat a ¢
compinTadl @&

Data collection was carried out partially in pa
each other, as they were used simultaneously 1in
Hol oLZnsmar king structur al el ement s, objects of

coll ecti AArHSarasmad &wiRc e s . Data collection for the
inside and ended outside, surroundindet o@plosii It i
trajectory fwars tfhoel |aopreerdt mmage ®noff |l d@atra 1calnl ecti o
Figare

Fi gwRr2emages of the data collectiob)wabhd NMHENAVYORSE1M6oO/(

5. 1ARS

We coll ectedheda™®sd !dif iMagy Th2023%®.l ected areas for

described in.s®Ontitdhre F.iF.st. ay, there was snowf

repeated. Overall, the quality of tThhee d&tSa dad lal

coll ection was performed by FranciBicpld@ahnmmwa Vi ei

how the AHS waeo dotcapg ioms of the pilot test.
Funded by
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Fi g®kr38et op t hael uAHtShge pil ot test. @akp a@e p(ar)atsiednu pn eaurr
scan I €. area

5. 1. 8Bf.rared thermography and dielectric moisture

Temperature and moi st doatehmee asame mddaSy sswaasn niinn g
part i2c8ud®h2a5 bet Baenntl 61 Bdd 2b%e.tSween 8:5Q0GMAd2)2: 30

The goal was to | ocalize hpaossilblber i dgiest utrheatt rnagf
interpretati oormsotherAHEheasahiat yseéatbEthdasaahoedh
ar eas Cwe rDe F, G, H1, H2, J1 and J2. |t schnoul d b
the secoméadaye@mmut $ he moi sture soaoganmerdi rogh wad sn at
I't is however assumedel awetbecoonsssuert across
5. 1GRR

Data collection with GPR wh3, p20i2ch rdmerde coorr disr if da
GPR measurement s APPE NDI IXI édct ed 1 n

Both the first floor and second floor apartment

conducted externaFby wéeetai poesi ét eal scans, S C.
scanning, the Proceq GP8800 GPR system3wa2s 3used,
The data collection was perfor mekladayet)Al as sNGY @ ne
from RHmMmognof @INNTEF)

The scans wer e per f ofrinfesdagsrd ratr ma mtg if mtoer nanlel y, t h
secaofnldoacprar t mehernally and finishiidpawiviwaest he e
controltlhh@Bapg aand after the acquisisioe, tbhendat
t here wer e( onro riespseuaets s clamasg eisf onfe etdheed)dat a acqui s
are pr eskeingt@dAde i n
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wr4éeehot os from the GPRrdmtantethaktbsBoans (top) and
ttom) .

o«

I n totalwenrd occglalvemcdt eod whi ch 213wweereal.Bdmessanns
l ine scans were cwhbéctsktedeaedbalmi ne sbmehere are t
ori fhe area diff er sdefcriohe ftidflel rarsdaa asnaan needs t ¢

Measuremene®nadwucted at mul tiple locations to e
representative of eachnasmelty on of the building
M Different i nternal wal | s
T I'nternal wal | bet ween two apartments
T Different external waltlesr naSc asnrmdieng from t he
T Fl oor over foundati on
T Fl oor of second fl oor apartment
T On the floor of two different r ooms
T On the external wal | section between the fir
the windows of the | ower and upper apartment.
T On the side wall of the balcony
1T Where possible, erreepsamedsbanh Wwrom the inter
side.
Similarly -ump ddmpdneroccke amnasonducted in a 60x60 cmw
measur emener @bitreé mew both in the vertical and ho
spacing between the | ines. whasgsrefddr pmpeki wgt hhea
whi cshatwwt ached to theEaah | meagunedime sfdlfolodarnreu moenrs i &
tracesxcainSA). The spacingadet ween0thecmyr acgsi val en

for dense data acquisition.
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5. Zime requirements for each technology
5. 2AR . i MAMVEB

The data collection conducted by Microsoft Hol ol
processseist:e odnata coll ection and data processing/ \
of the case study, the data col lfeerinomnwas dihwir
June 12, was used to scan the upper apartment an
June 13, was used to scan the | ower apartment (a
day' s scan). Tinleasblder e i ndicated in

Table 10. Data collection time of AR iIMMS-RGB measurements

Hol oLens 2 RS10

35 min 30 min

- 65 min

30 min 12 min

- 25 min
5. 2ARS
The mos-tonsumi nign sdeetpa coll ection with AHS is
measurement. After defining the area to be scann
controlling | aptop needs to be cleanmrrdd.atEladboturti
must be provided for both the AHS and the | aptop
The total time used for scanning the selected ar
were scannégd (FG, HR,, DsTadahld, Jwe t hp dteg (R each ar
and6 lscans for each s p@AtP,PEIN®DY) &IhiBz irnega s dmansac
several scans for each position was to ensure th
3 min to be performed, which means the average
houamsd 10 min (assuming 2 min 30 s average ti me
wor king days, we estimate the time required for
AHS between positions, as 13 hour s.
5. 2GBR
An initial observation of the pilot site was mac
for scanning and to identify any I|limitations th:

At the same time, obstructiadfi®citngdihcde stcla@ nb wmigl dvie
This took approximately 45 minutes.

The main data collection required around 6 hour ¢
a both interna-hbwr apprdosceexstseirnnga Iways. cAarlri ed out
data collection to verifyedkatthe oqguaslsiuteys dfad

dat
t he
The fupdopestsing of the data was not conducted i
the pilot site visitjlG@Gndawsa.s completed within &
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5. BResul ts

5. 30dervi ew
TabllBhowhe s$iaasaswel Ir ed = rpetngiet i loadx toefA H S |

scannin¢SAawridgars respect.Noo ithhte rinwill drielagsur ement s w

with the AHS.
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TablLgandabl 8 ummartihzece measufr@memnnsalkekan&GBRSA
respeclht veh gutladdhle@mesoof t h8Aeapimwhkyeadlt her HA&HS or (

not applicable wmhi kedoadsdeNA) are common for both.
FoSA n the ver taibsaxl) splaand,e Ai(stance horizontally
and o® d()naitse t he distance vertically with positiywv

FoSA n the hori zaobnstcglsispml armee, dA s(t anceesh dheebui o
with positive t oowadignsaiteeagsthe amnd t-@mgteh i chi 1t het inwormr
positive towards north.

Table 11: AHS external scanning areas

Measur e Size [cm| Reference rpdasitti iven REL
I D atus A | o ‘ scanning area‘ A
A Cancelled: the plywood plate where the sampl e
B Cancelled due to inaccessible scanning position
120 Intersection betwe
S Scanned. 60 (60) balcony roof/ wall 0 27
i Scanned 50 120 | corner between fa-a 10 -5
S Scanned 10 120 roof to top rig 0 5
Bl scanned.| 120 120 Cormer of buigdihb |, 0
|l ower right sid
Corner of building
€l Scanned. 120 120 lower left side¢ 0 0
kg Scanned. 60 60 Bottom fence and cq ., 18
P Scanned. 60 90 lower right of ]
| Cancelled. Position Under the building. Too I|it
Nl Cancell ed due to inaccessibility
Scanned. Top of grillage/w
NVl Represer 60 60 separation between 55 0
for).J1 right of SA.
K N A
L N A

AR Funded by 4
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Table 12: GPR internal scanning areas

Measure S A [c Reference positio REL [ c
to scanning a o

| Scanned 60 60 Ceiling; Wal | 30 8 6
| 1 Scanned 60 60 Ceiling; Wal | 56 52
(| Scanned 60 60 Ceiling; Door -98 58
| V Scanned 60 60 Ceiling; External 10 65
\% Scanned 60 60 Ceiling; Wall/l -10 65
VI Scanned 60 60 Ceiling; Door -70 70
Vi | Scannrned 40 40 - - -
Vil Scanned 60 60 - - -
| X Scanned 60 60 FIl oore;r niaad It | to t -15 -4 3
X Scanned 60 60 Cei | Bxatg nwaal | | t o -15 4 3
X1 Scanned 6 0 60 - - -
X1 1 Scanned - - -
X101 Scanned FIl oore;r niad It | to t -15 -4 3
X1l Vv Scanned Cei | BExetg nvaal | | t o 15 43
XV Scanned - - -
I'n addition to he 40x40 area scan, several l'ine scans

Table 13: GPR external scanning areas

wer e

[crﬂReference position REL
scanni ng ar e

A NA
2] Scanned 60 60 Roof er Bwadl | to t 28 60
C Scanned 60 60 - - -
D NA
E NA
F Scanned 60 60 Grouncdc;r nExdltl wt o t 36/ -13
(€] Scanned 60 60 Grouncdc;r nExdltl wt o t 25 -13]1
H1 NA
H2 NA
| Canceduedto difficult access{(bpsittygnanddegut |
J1 Scanned‘ 60 ‘ 60 ‘ - ‘ -
J2 NA
K Scanned| 60 | 60 | - -
L Cancel |l ednaueeds i bil ity
5. 3AR.iI MMEBB Scan
Data <collection was satisfactory anpoipritoaaeded
corresponding to floor 2 was manually reference
by selecting pairs of equivalent points in the c
both sc&nbdsedwdmS1l@oint c | omiedrsg evde raen d georefere
ERTS89 Zone RA®EINoL2Tpked et ouds wer e al so georefer
processing, t he study area was reduced to the
surrounding ar ea, and noise points geaoatrbahedupgpe

AR Funded by 4
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apartment were filtepcidnsosudwni dlihle4a méinlyenrssernd
Fi

Table 14: Number of points

Devi ce Hol oLens 2 RS10

Number of poi 45000 16mi I 1ion

Fi gw®r5e Point c¢cloud generated with HoloLens 2

Fi gwRr6Poi nt cl oudwigemeR%*T®d a) outdoor, b) apartment f

Funded by
the European Union
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5. 3ABS

Overalgualtitey of the hyperspectral i mages was su
Il hocations H1, H2 and J, there were some areas
sunlight . . héddosspeerraton those scans were not com
useful after processing.

Sever al scans prdeentedcbommunpcaeien errors duri
However, since multiple scansthewebesacgquianedahobe

further. anal ysi s
As mentioned. 4 nlatmedtyisors of the AHS data i.s deper

lnaddi asonhhis is a completely new application for
tesbetilangemar ks can be made regarding the coll ec
the dat a, as di3.chlstsd eidshihneotseopieowf t his tdeel i ver ¢
various data processiintghiasndwialnlalbyes idso mee tihno ddsel i v

5. 3l.Afrared thermography and dielectric moisture

Temperatmoesaode measurement didnoét reveal any
raps or ther mal | e a(kesx cienp tti hweg tsdcradéndneCld eaamae@esd ¢ o a
act , the materi@oiwasireelcaniteal y)oddutey etdoro ¢Znlea n d
l' i mahe, the surfaoweartitampepnraetduwre® enaumskdy dir ect or
ndirectl Runl mghese awd rbg a thed etmd9%s0s¥awidt ywackground
emper aAQr es i3y ogestsi ngFl ukfet wadiheee d toovemd of t he
her npohgirca | margeas iMlwasddel2er mi ned by Wédtewedarr kgr
he plTaebke. artefacts coul d bdee eenteidninneacteesds,a rbyu ta si t
s not the main scanniTalgl#netdhod of the project.

— o+ o+ = ) —h
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Tablléshow t he rempd rtast uofe tand moi sande emampleer
thermogr apghgareenBi g2Be

Table 15. Surface temperature obtained from the thermographic images

Location Orientation Max Min Avg Std
[°C] [°C] [°C] [°C]

G West 28,00 7,63 20,64 1,64  Direct sunlight

31,44 13,47 25,71 2,16  Direct sunlight
D East 2,22 -1,19 0,97 0,49 Shaded

3,75 -0,31 1,02 0,37 Shaded
C East 17,66 12,28 15,47 1,13  Partly shaded

18,75 10,28 15,91 1,47  Partly shaded
H2 South 27,63 5,94 13,65 3,36  Direct sunlight, spaces betwee

planks

Temporary shaded, spaces
=Z24A17 EAM TAP 04X between planks
H1 South 21,97 -26,13 10,85 7,95 Direct sunlight, spaces betwee
planks
16,43 -2,09 9,21 3,59 Temporary shaded, spaces
between planks
18,19 -9,53 9,08 7,71  Temporary shaded, spaces
between planks
Temporary shaded, spaces
NYAT prdM TAZ TMA= between planks
J South 43,13 11,63 30,63 7,86  Direct sunlight

O=Z4Al NMNAc Z=TAC 04AM ?RI UHqHt e UGRNG

ONAY NMNA1 Z=4AF 0AM ?RI UHqHt e UGRNG

ZNdc¢c N=Zd¢ =MAY ZaN. NJaGY!l ¢l ! Ht 6¢1T

J2 South YA« YAT ==4dc¢ OAN ?RI UAqHt 2UGRNG

ZNAc¢ N=Zdc¢ =MAY ZAN NIJAGGY!I ¢l ! Ht 6¢1
F North 7,72 -0,59 2,57 0,66 Shaded
6,91 0,88 3,48 0,51 Shaded

Funded by 5 -
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Table 16. Moisture content in all measuring points (left) and average value (right)

Location Orientation Position Moisture Location Orientation Moisture

G West TL 11,80 % C East 9,05 %
TR 5,20 % D East 10,40 %
BR 7,60 % F North 10,78 %
BL 11,10 % G West 8,93 %
D East TL 10,10 % H2 South 6,26 %
TR 12,50 % J1 South 6,80 %
BR 8,70 %
BL 10,30 % N _
C East TL 9.60 % Positions (facing towards the scanned area):
TR 11.50 % TL:. top Ie_ft corner
TR: top right corner
BR 6,90 % BL:bottom left corner
BL 8,20 % BR: bottom right corner
F North TL 6,70 % T1T5: top of the plank numbeB Icounted
TR 14,60 % from the left)
BR 9,80 % B1-T5: bottom of the plank numbes 1
BL 12,00 % (counted from the left)
H2 South T1 6,40 %
T2 7,20 %
T3 5,30 %
T4 7,40 %
T5 6,60 %
B5 6,20 %
B4 6,70 %
B3 2,90 %
B2 7,10 %
Bl 6,80 %
J1 South BL 6,80 %
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C

Max = 18,75
Avg = 15,91
Min = 10,28

Fi glrfEx amplheer ma l iwmag@asclodddi mgFe@@ e fatnd particle boar
damaged coatiage@si €ht D

H1
Max = 21,97
Avg = 10,85
_Min = 26,13

Fi gwr8Be Exampl e thefmahei magden fence (areas H1 and H2

5. 3GBR

Af ter data @ddrlea tdadaa welpeeopeshetdhe GPR 4 nsight
processing software wapiphg etdh é-vogGPiRe dsaideaks as

Fl oor over foundati on

Starwi tithe flsotts, staosm é6heshefl oor ovehe the f
underfl oor heating el elnmeenstes ccaonu | bde bseg eipd dimotd iefsiiend
but al se ciam tdheed aB aanWgper boodasdThecwmldept irom po
VIibwhi ch shows t he ,ihpraes aigf ieg @Oeewh esr esacsa na sBamp | e

frdrmoor GmaddIXé of theibiwihagimgrdo@em ffrloono rwhi ¢ch mc
information can be obtained.

The floor includes also vertical wooden beams,
strong hyperbolic response undernEag8®ghe heatinr
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Position VIII

Fi gwRr9Pepth slice from,s avdrerleodetei chre a\li Indgb seelrevneednt s ¢ a |

FIl odr s,econd fl oor apartment

Si mirleasrul tosb tweeirreed from the fl ddrposaddhobgwe metdh e
from the ,GRRieddtlaoor structTihree uingl es If isgtiorrul cyt eudritefi i e
not asascliehairt ke fl oor, whi €&€hg8&y pesolFs®mv &¥ ei n

B-scan idladaat i(ecdeXgladdeg , apart from the heating el
bet ween different | aherfsican obreeiident hhéeiaetditnegr f a
el ements and thebseswuédtcaocdme p@Biy@ernekt at woesponse
correspond to the insulation/ caowintlyiceamd@Oc awmi t y/ i

respectiwhelcsh mar k the cavitywot hatsuéaide ome h aywe &
t he ,fltohoer i nterface betfweberne tbhoea ridn siusl aitdieonnt iafnided.

a) Position XV b) Position XII

Heating/Insulation
«— interface

= Insulation/Cavity
+ Iinterface

\
Cavity/Insulation
interface
\
Insulation/Fibre
board interface

Heating 5
element

Depth [cm]
w »
(=] o

=
o

70

@®
=]

10 20 30 40 60
Distance [cm]

Fi gwBr0a) Deptat sllocati on XV that showsn dt Hsdc aBn dseanid loeo r
fromoor sicnant Xel Isecond fl oor apartment.

Walili nt esoahs

I'n all t he bionttherinnalt hsec ainnst e r,n atl h ea nvde retxitcearln aa n dw atl |
wooden studs coabdtheséedgnel 8eddqguBiyt e nstterronmg rwea
here is meant a wal | bet ween two r oomst tod wehlel s a

of a room where therefishd8awadhaethh &€lke ttadda, s iafe
the studs could be estimatedinebatdi vl gkteo sheds

inside the walls.
The structure of the external l'iving room wall v
scans in locations | X, X, XIlIIll and XIV ¥ildllded
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i s preserrti gdbPersechhowecahieon of the seanckhubtalkso
overlaid where the vertichh xuwbbdecmedin®Bd @amt he
response can be toedmevaedwdtlspsaykidg Brhgwhiincen 7 i1
remai ns unligdoemmet ioffi eedh.e measur emaentbe t&ent nf eeda:i
i Fi gB8Bmbg with the first one possibly correspondi
and the second one from the backwall

Wood stud ?
First 0
interface

Second —»
interface

Depth [cm]
S
o

20 30 40 50
Distance [cm]

b) Line 7 B-scan

Depth [cm]
»
o

. 80

20 30 40 50 60
Distance [cm]
c) Position XIII: line 22 d) Line 22 B-scan
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only ismanomdataf t he B

TWTT ®» s 3c -

~t
O 4+ + X

Funded by 5
the European Union



&= SUM4Re

Associated with docu
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_Eg panel interface
§ Insulation/fibre
board interface ?
10 20 30 40 50 60
Distance [cm]
b) Line 20 B-scan
£
Distance [cm])
¢) Position II: Line 16 d) Line 16 B-scan
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a) External position J1: y-directed scan
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b) External position G: x-directed scan
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Figudrdam )Y-di r ectsecdankE ater nal position J1 illustrating t
cl addi ng -duinrde dt)e X scan at extoevi mgl ogdxirtiresmpGdnses obs
Wall s external to the fl at where no cladding wa
wal | next to(pdoei tmiaddm tkKyadonwdalhles bal comnmgcadndwadrof t
apartmeeogi ti onSi Bi amd €)Yructure with studs and i
in these arther e hwaveveirgni ficant clutter in the
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b) Line 14 B-scan
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¢) Line 25 B-scan d) Line 26 B-scan
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6 Concl usi on

Task 10.3 has successfully established the base
compl ementary data acquisitihbasemdemaodoes i ahndiaveatt
Hyperspectr al Sensing (AHS) was apphieddttead as s&:
in the timber c¢cladding ®eneheaekhgr Radawal GPR) G

destructive mapping of subsurface construction |
and balconies, -R6GB stshet AR CHMMEdredods hepdbui al ge
visual condition for 3D modelling and document
according to epxglpam, adesegsteonstraints. Some | oc
coverage | imitations were observed, particul ar/l
due to irregular surfaces and moisture effects
sSsubsequent int ealpuaettiasctn.on and ev

The collecdedctatdasgt digital materi al ewgiilslt rati
serve as the technical foundation for the piloc
perfor mandief fogfc amhbei ng met hods wi | | be evaluated
inventories with respect to effectiveness, ef for
directly to tipreojaescste skdPihayiht t@afr get s a 50% reduct i c
and materials data acgaoadwsdéti wint anidcompdoe AiDIalpidd
hazar-thatueri al identification.

Actionabl e recommendtahltatolnls @ugpoprrtovmarea efficie
circufloacruisteyd dat d nadaquiugiet iagpnpd i eraguroemsal i gnment
broader obtjheec tdWM4sReo fpr oj ect

Funded by
the European Union




= SUM4Re Associated with docu

ACKNOWLEDGEMENTS

Task 10.3, concerning acquisition planning, dat ¢
Sval bard pilot site, has been carried out within
material banks from digital wurfbuamdimm ghifnrgom tThhe SE
Uniondés Horizon Europe research and innovation

101129961.

Vi ews and
those of t
Neit her t h

pinions expressed are those of the a
e European Union or the European Heal
t he

o
h
e European Union nor formanthem auth

Funded by
the European Union




i« SUM4Re

Creating materials banks
from digital urban mining

V4 4 \\ N\ V4 4

Funded by the European Union. Views and opinions expressed are however those of Funded by
the author(s) only and do not necessarily reflect those of the European Union. Neither

the European Union nor the granting authority can be held responsible for them. the European Union




4 SUM4Re

Associated with docu
APPENDI X R erdcords during the GPR measurements
Table 1-A. Overview of positions of performed GPR measurements (13.06.2025)
N° Internal/External Storey Room Element type Orientation Y Distance to adjacent elements (cm) Photos 2
VIl Internal 1 Living room Floor - - 1-4
IX Internal 1 Living room Ext. Wall w Floor (43); Ext. wall to the left(15) 5-6
X Internal 1 Living room Ext. Wall w Ceiling (43); Ext. wall to the left (15) 7-8
XI Internal 1 Living room Floor - - 9-10
Xl Internal 2 Living room Floor - - 11-12
Xl Internal 2 Living room Ext. Wall w Floor (43); Ext. wall to the left(15) 13-14
XV Internal 2 Living room Ext. Wall W Ceiling (43); Ext. wall to the left (15) 15-16
XV Internal 2 Living room Floor - - 17
VIl Internal 2 Kitchen Ext. Wall E - 18-21
VI Internal 2 Living room Int. Wall - Ceiling (70); Door to the left (70) 22-23
\Y Internal 2 Bedroom Ext. Wall S Ceiling (65); Wall to the left (10) 24-25
\Y% Internal 2 Bedroom Int. Wall - Ceiling (65); Ext. wall to the right (10) 26-27
1 Internal 2 Bedroom Int. Wall - Ceiling (58); Door to the left (98) 28-30
1l Internal 2 Bathroom Int. Wall - Ceiling (52); Wall to the left (56) 31-32
| Internal 2 Entrance hall Int. Wall - Ceiling (86); Wall to the left (30) 33-36
K External 2 - Ext. Wall W/E - 37-38
F External 1 - Ext. Wall N Ground (130); Ext. Wall to the right (36) 39-40
G External 1 - Ext. Wall W Ground (133); Ext. Wall to the right (25) 41-42
J (J1) External 1-2 - Ext. Wall S - 43-46
C External 2 - Ext. Wall E/W - 47-48
B External 2 - Ext. Wall wW Roof (60); Ext. wall to the right (28) 49-50
"h NASYyGlez2y 2F (GKS SELIR&ASR SEGSNYLIFf adNFHBEOS 2F GKS gltftoy { I {2d2iKT b
MO GEAEFOES b e ME®DO K NDANDEE BEnS Iy BdZNB Y Sy G &
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Table 2-A 7 Continuation: Overview of positions of performed GPR measurements (13.06.2025)
N° Comments
VIl Located in SW corner of the building
IX Exterior wall measurement close to floor
X Exterior wall measurement close to ceiling
X Locr_;\Fed in the m_iddle of the flat betweer_l kitc_:hen and living room - _
Position was defined to measure potential differences to the results for VIII, which in contrast to X, is located close to the facade.
Xl Nominally identical position as VIII but in second floor
X1l Nominally identical position as IX but in second floor
XV Nominally identical position as X but in second floor
XV Nomi.nally identigal position as XI but in gecpnd floor; Located in the middle of .the.flat between kitchgn and living room;
Position was defined to measure potential differences to the results for XllI, which in contrast to XV, is located close to the facade.
VIl Several line-scans performed and area scan on 40 x 40 area
VI Wall separating living room and hallway
\Y, Exterior wall in bedroom
\% Interior wall separating bedroom from bedroom of adjacent flat
1l Interior wall separating bedroom from bathroom
Il Interior wall separating bathroom from bathroom in adjacent flat
| Interior wall separating entrance hall from storage room; Wooden shelf located in the storage room behind the scanned wall (see photos 36, 37)
K External wall with two exposure faces: W (measured) / E (backside)
F 60 x 60 area scan in approximately the middle of 120 x 120 spot marked by VTT
G 60 x 60 area scan in approximately the middle of 120 x 120 spot marked by VTT
J1 Spot located at interface between storeys 1 z_ind 2. '
The 60 x 60 GPR area scan was performed in the lower right corner of the 120 x 120 square (see photo 44)
External wall with two exposure faces: E (measured) / W (backside) ; 60 x 60 area scan in lower half of 60 x 120 spot marked by VTT
Spot was not measured by VTT (no prior markings).
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APPENDI X BHS measurement numbering

Table 1-B: AHS measurement numbering

. Scan Scan
Position Spot Position Spot
number number
number number number number
(best ong (best ong
s1 S1
P1
S2 S2
S3 S1
P1 P2
sS4 S2
S5 s1
P3
S6 S2
s1 s1
P4
S2 S2
P2 S3 S1
P1
sS4 S2
S5 S1
p2
s1 S2
S2 S1
P3 P3
S3 S2
S4 S1
P4
S1 S2
S2 S1
S3 S2
S4 S3
P1 Pl
S5 S4
S6 S5
S7 S6
S8 S1
S1 P2 S2
P2
S2 S3
S1 S1
P1
S2 S2
P3 S3 s1
sS4 S2
P1
S5 S3
S1 sS4
P4 S2 s1
S3 S2
S1 S3
p2
S2 sS4
P5
S3 S5
s4 S6
S1
P6
S2
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