Greece 2.0

NATIONAL RECOVERY AND RESILIENCE PLAN

GREPNERGY

Resilient Vertical Forest Renovation of Reinforced Concrete

Structures in Seismic Prone Areas
(H.F.R.l. Project Number 015376)

Assessment of the performance of tested renovated

3d VF structure.
Deliverable D2.6 Work package 2

Funding source
“Hellenic Foundation for Research & Innovation (H.F.R.l.)
Greece 2.0
Basic Research Financing Action”

Host Organization

=

AHMOKPITEIQ DEMOCRII_‘WS

NANENIETHMIO I UNIVERS|
BPAKHE M OF THRACE

Democritus University of Thrace (DUTH)

Collaborating Organizations
Aristotle University of Thessaloniki (AUTH)

July 2025

Funded by the

European Union
NextGenerationEU

© HFRL Greece 2.0

Hellenic F
Research & Innovation NATIONAL RECOVERY AND RESILIENCE PLAN




7 - Funded by th
QQE;‘B;!: Greece 2 E::o:eanyUnieon

Research & Innovation NATIONAL RECOVERY AND RESILIENGE PLAN NextGenerationEU

The research project is implemented in the framework of H.F.R.I call “Basic research
Financing (Horizontal support of all Sciences)” under the National Recovery and Resilience

Plan “Greece 2.0” funded by the European Union — NextGenerationEU (H.F.R.l. Project Number: 015376)

Version Date Comments-Modifications
1 July 2025 Final Version
2

Suggested citation:

Rousakis T., Voutetaki M., Kellis S., Zapris A., Xynopoulos |., Sapidis G., Lappa M., Papadopoulos N.,
Mallinis G., Karabini M., Stefanidou M., Theodoridou I., Kytinou V., Chalioris C., 2025. Assessment of the
performance of tested renovated 3d VF structure. Greenergy-Resilient Vertical Forest Renovation of

Reinforced Concrete Structures in Seismic Prone Areas (H.F.R.I. Project Number 015376). Deliverable
D2.6 Democritus University of Thrace, Xanthi.



Funded by the
European Union % * E@" @
NextGenerationEU

NATIONAL RECOVERY AND RESILIENCE PLAN

HFRI Greece 2

Research & Innovation

Project Title Resilient Vertical Forest Renovation of Reinforced
Concrete Structures in Seismic Prone Areas

Acronym GREENERGY

HFRI Project Number 015376

Call identifier

Basic Research Financing (Horizontal support for all
Sciences), National Recovery and Resilience Plan (Greece
2.0) / Sub-action 2. Funding Projects in Leading-Edge
Sectors — RRFQ: Basic Research Financing (Horizontal
support for all Sciences)

Thematic area

ThA1. Physical Sciences, Engineering Sciences and
Technology, Environment and Energy

Thematic Field

1.16 Smart Cities

Host Organization

Democritus University of Thrace

Collaborating Institutions

Aristotle University of Thessaloniki

Project starting date

13/3/2024

Project Principal Investigator

Dr. Theodoros Rousakis

Affiliation Democritus University of Thrace / Department of Civil
Engineering

Email trousak@civil.duth.gr

Telephone 2541079645, 461 / 6977421569

Deliverable number and title

D2.6 Assessment of the performance of tested renovated
3d VF structure.

Related work package

WP2 - Experimental dynamic assessment of physical
model structure towards holistic renovation

Authors

Theodoros Rousakis, Maristella Voutetaki, Stefanos Kellis,
Adamantis Zapris, loannis Xynopoulos, Georgios Sapidis,
Martha Lappa, Nikolaos Papadopoulos, (DUTh), Martha
Karabini, Kytinou Violetta, Chalioris Constantine.

Georgios Mallinis, Maria Stefanidou,
Ifigeneia Theodoridou (AUTh)




Funded by the

European Union QRE@" @Rg\{
NextGenerationEU

HFR| Greece 2

ic Fi dati fi
Retemch & loo0ontion  NATIONAL RECOVERY AND RESILIENCE PLAN

TitAog Epyouv

AvBekTIKN AvTloeloplkn Avakaivion Kataokevwv amo
QnAlopevo Xkupoddepa og Kabeto Adoog

AkpwvipLo GREENERGY
Ap1Bpuog Epyov EAIAEK 015376
Xpnuatoddtnon Baolkig  'Epeuvag (OptZovTia

Apadon

urmooThAPLEn OAwv Twv Emotnuwv), EBviko Ix€dlo
Avakapyng kat Aveektikotntag (EANGda 2.0)

Oepatikn Meproxn

OM1. duvokeg Emotrpeg, EmiotApeg Mnxavikol Kat
Texvohoyiag, MeptBariov kat Evepyela

Oepatiko Medio

1.16 'E€uTveg MoOAELG

dopeag Ymodoxng

Anuokpitelo MavemotAplo Opakng

Juvepyalopevog dopag

AplototéAelo Mavemniotnuio Oecoalovikng

Huepounvia évap&ng Epyou

13/3/2024

Emiotnpovika YnevBuvog | Ap. Oe66wpog Poucdkng

‘Epyou

‘15pvpa / TuRpa Anpokpitelo Mavemotipo Opdkng / MoAlTikwy
Mnxavikwv

Email trousak@civil.duth.gr

TnAgpwva 2541079645, 461 / 6977421569

ApLBpAc kat TitAog Nn2.6 Amotiunon TNC  EMTEAECTIKOTNTAG  AMO

Mapadotéou MEPAUATIKEG OOKIPEG oTNV avakawvicuevn pe KA

KAataoKeun

Ixetikn Evotnta Epyaciag

EE2 - MMelpapatikh duvaplkn amotiunon Tou QUuOLKOU
TIPOCOUOLWHATOG TNG KATAOKELAG TPOC TNV OALOTIKNA
avakaivion

Zuyypaypeig

Oeddwpog  Pouodkng, MapiotéAha  Boutetdkn,
Ttépavog  KEAAng, Adapdving Zampng, lwavvng
ZuvomouAog, Tlewpylog Xamidng, Mapba Aanna,

NikoAaog Mamadomoviog (AMO), Mdpba Kapaumivn,
BloAétta Kutivou, Kwvotavtivog XaAloprig

MNwpyog MaAAivng, Mapia Ztepavidov,
Iplyévela Ogodbwpidou (AMO)




'i HFRI Greece 2.0
{lenie i fi
@ R o o ion  NATIONAL RECOVERY AND RESILIENCE PLAN

Funded by the ‘
European Union E "
NextGenerationEU

Acknowledgements

This project is carried out within the framework of the National Recovery and Resilience Plan
Greece 2.0, funded by the European Union — NextGenerationEU (Implementation body: HFRI).



Funded by the |
European Union % * & "
NextGenerationEU

@ R o o ion  NATIONAL RECOVERY AND RESILIENCE PLAN

o
Research & Innovation

Meplexoueva
ACKNOWIBAGEMENLS........coeeeeeeeieeieetieetteet et et et e st e st e st e st e st e st e st e st et e s st esseassee st asssasssasssanssesssesseesssesnees v
LIST OF TABLES ...ttt ettt et ettt sa et et s se st ettt e st s s sesee e es e sesaeseenenne vii
LIST OF FIGURES.........coooeoeeiieeeeeeeetreeeeeeete st steset et seseete e st sees st et se st et s sesseaeas e ssese st entesesseaenesn viii
LIST OF ACRONYMS ......ouoeeiieeeeeeetetetetet ettt saese st st s et et e s se st et st ss et s e st s e se e entesesseseenesnees xiii
ABSTRACT ettt ettt ettt ettt ettt a e sb et et bt b et et e st e se st et et e ae st et et et ebebentent xiv
TIEPIAHWH ettt ettt et sttt ettt st et e st et e b b et et e e s ae st et et ebebesse st eutesesbentent Xv
1 Test set Up and iNSTIUMENTALION................ocuveeeeeeeiieeetieeee et et e et e e te e te e s steeesseeeesaeseseesenseeessesseseasssenan 1
2 Position of smart PZT sensors for the vertical forest (VF) StrUCLUre..............ccecvvevevreeerrereseseererrensennens 12
3 Assessment of the performance of tested renovated Structure. .................cccueevveeeeceeeveeeieeeeeeeeerennnens 13
3.1 Assessment of the recordings of tested renovated 3d VF structure. ..........c..cccoeevieiienienne, 14
3.2 Concluding asSESSMENT TEMAIKS .......c.eevieiieiiieiieie ettt ete et eae et e e e eeaeeeseesaeesaeessessseesseseneees 80
3.3 DAmMAQE @SSESSIMENT ... ..ottt ettt ettt ettt e et e et e e ete e ateeeseeeeaseeeaseeansae e nseesnseesseeeneeanne 81

3.4 Assessment of the performance of the tested as-built VF renovated structure using PZT

SEINISOIS e 122
I 000 o) (117 1o 1 1 SRR 132
L2 =] =] (=) 1= TR 133

Vi



Fi dati fi
Retemch & loo0ontion  NATIONAL RECOVERY AND RESILIENCE PLAN

HFRI Greece 2

Funded by the |
European Union % * & "
NextGenerationEU

LIST OF TABLES
Table 1.1: List of accelerometers, draw wire meters and strain gauges placed inside and on the
STITUCTUIE ..ttt b bt e b e bt e bt e s bt et e bt e bt e s beesbeesbeesbeenaes 7
Table 3.7: List of all performed tESES ..ot 13
Table 3.1.7a SUMMAY Of FESUILS........oouiiiieieiiiicee ettt ettt et ettt eeeeneas 31
Table 3.1.17b Summary of results (CONtINUE) ...........ccooiriiieieiiiecee s 33
Table 3.1.17c Summary of results (CONTINUE) ........cc.oiiuiieiee e 35
Table 3.1.17d Summary of results (CONtINUE) ...........ccooiiiiieiiiieeee s 37
Table 3.1.17e Summary of results (CONTINUE) .........cocoiviiiiee e 39
Table 3.1.1f Summary of results (CONTINUE) ...........ccoviiuiiiiiiiieieetiecteeetee e 41
Table 3.1.1g Summary of results (CONtINUE) ..........c.c.ooiiiieeeeeeeee e 43
Table 3.1.17h Summary of results (CONTINUE) ..........ccooveuiiiiiiieiecceeeeeee et 45
Table 3.1.7i Summary of results (CONTINUE) .........c.ooiiuiiiiieeeeceeeee e 47
Table 3.1.1j Summary of results (CONTINUE) .........ccciriiuiiiiiiieieeeeteee ettt 49
Table 3.1.17k Summary of results (CONtINUE) ..........c.cooviiiiieieeeeeeeeeee e 51
Table 3.1.11 Summary of results (CONTINUE) .........c.ooiouiiiiieeeecee e 53
Table 3.1.7m Summary of results (CONtINUE) ...........cccivieiiiiiiiiieieeee et 55
Table 3.1.17n Summary of results (CONtINUE) ...........cooviiiiiieee e 57
Table 3.1.70 Summary of results (CONtINUE) ..........c.ccooiriiieiiiieeeeeee s 59
Table 3.1.1p Summary of results (CONtINUE) ..........c.cooviiiiieee e 61
Table 3.1.1q Summary of results (CONINUE) ..........ccooveviiiieiieieeiectceeeee e 63
Table 3.1.17r Summary of results (CONTINUE) .......c.ccoouiiuiieieeeeeeeeee e 65
Table 3.1.1s Summary of results (CONtINUE) ...........cccveiiiiiiiieieciecce e 67
Table 3.1.1t Summary of results (CONTINUE) ..........cocuiiuiiiiieeeeece e 69
Table 3.1.7u Summary of results (CONTINUE) ..........ccooveuiiiiiiieieececteeete et 71
Table 3.1.17v Summary of results (CONtINUEA)............cooiiiiieeeeeeeeee e 73
Table 3.1.7w Summary of results (CONTINUE)...........cccveiiiiiiiieiieieetee et 75
Table 3.1.1x Summary of results (CONtINUE)..........c.cooviiiieeee e 78

Vii



ic Fi dati
Retemch & loo0ontion  NATIONAL RECOVERY AND RESILIENCE PLAN

©) HFRI Greece 2

Funded by the i
European Union % * E@" @
NextGenerationEU

LIST OF FIGURES

Figure 1.1 Position of accelerometers (specimen’s view perpendicular to the direction of the seismic

1ADIE MOVEMENT) .....viviiiictceeee ettt ettt bt ss et v e esese s esene s 1
Figure 1.2 Position of the draw wire sensors on the concrete structure slab and foundation beams

(specimen’s view perpendicular to the direction of the seismic table movement).................... 2
Figure 1.3 Floor plan with strain gauges at the bottom of the columns ..............c.ocooeeiiiiiiici 3
Figure 1.4 Floor plan with strain gauges at the top of the columns...........c.ccooiiiiiiii 4
Figure 1.5 View of the structure with strain gauges in frame of Columns 2-3 ...........ccccoooieieiiciicreennnnn. 5
Figure 1.6 View of the structure with strain gauges in frame of columns 1-4...........c.ccoeiiiiiiieicnnne. 5
Figure 1.7 View of the infill wall with strain gauges in frame 1-4.........ccccooieieoiiiiieeeeeeeee e 6
Figure 1.8 View of the infill wall with strain gaugesinframe 2-3 ...........c.cccooiiiiiiiiiceeeee 6
Figure 1.9 Cross section of the structure with strain gauge SG21 in frame of columns 4-1................... 9
Figure 1.10 Cross section of the structure with strain gauge SG22 in frame of columns 2-3............... 10

Figure 1.11 Cross section of the structure with strain gauges SG23, DG24 in frame of columns 3-4.. 11
Figure 3.1.1 Bottom and slab acceleration time-histories for the two levels of earthquake intensity (a)
0.07, (D) 0.T0 ettt ettt ettt bttt et bt et s et b s s s s senseaens 15
Figure 3.1.2 Bottom and slab acceleration time-histories for the two levels of earthquake intensity (a)
0.4, (D) 0.200 ..eeoveeiietiieieeeiet ettt ettt ettt et b ettt s et b e s et s st be e s ne s eseneenenes 16
Figure 3.1.3 Bottom and slab acceleration time-histories for the two levels of earthquake intensity (a)
0.340, (D) 0.500 ....eveeiieeiieieieieitetete ettt et b ettt r et b b se s s et bt s e s s seneenens 17
Figure 3.1.4 Bottom and slab acceleration time-histories for the two levels of earthquake intensity (a)
0.550, (D) 0.74G ettt ettt b e b st b st b et b s st esens 18
Figure 3.1.5 Bottom and slab acceleration time-histories for the two levels of earthquake intensity (a)
0.800, (D) T.T0G cveiieeiietiieteeetee ettt ettt et e b et bbb st se s s se s b e s s s eseneesens 19
Figure 3.1.6 Bottom and slab acceleration time-histories for the two levels of earthquake intensity (a)
T.3G (2), (D) ToAG ittt ettt ettt ettt ettt se et se b s s neneas 20
Figure 3.1.7 Bottom and slab acceleration time-histories for the level of earthquake intensity 0.20g. 21
Figure 3.1.8 Bottom and slab acceleration time-histories for the two levels of white noise before
intensity (a) 0.07g (without bottom fixing of the vertical living walls), (b) 0.07g...........coco....... 23
Figure 3.1.9 Bottom and slab acceleration time-histories for the two levels of white noise before
intensity (2) 0.147, (D) 0.340 c..ooiiieieeieeteeeee ettt ettt 24
Figure 3.1.10 Bottom and slab acceleration time-histories for the two levels of white noise before
intensity (2) 0.5, (D) 0.550........ciiiiiiieiictieereteeee ettt ettt neanas 25
Figure 3.1.11 Bottom and slab acceleration time-histories for the two levels of white noise before
intensity (2) 0.740, (D) 0.8 .....ociiieiictieetieeeeeeeete ettt ettt 26
Figure 3.1.12 Bottom and slab acceleration time-histories for the two levels of white noise before
INTENSITY (2) 1.1, (D) T.30 i ciitiietiietee ettt ettt ettt ettt b et ess bt sse s 27
Figure 3.1.13 Bottom and slab acceleration time-histories for the two levels of white noise before
iINteNSity (2) 1.4, (D) 0.20 . ..o ittt ettt ettt ettt b et ess b se s s 28
Figure 3.1.14 Bottom and slab acceleration time-histories for the white noise after intensity 0.2g .... 29
Figure 3.3.1 Observed damage after Wnb0.07g(without), Wnb0.07g, EQ0.07g, EQ0.1g, Wnb0.14g tests:.

Slight rocking Of PIANTEr 5. ....ooieieieee ettt 82
Figure 3.3.2 Observed damage after EQ0.14g, EQ0.2g, Wnb0.34g, Wnb0.5g, Wnb0.55g tests:. Slight
rocking Of Planter 2 aNd 5.........oviiiiiiiiieeeeee et 83

viii



ic Fi dati
Retemch & loo0ontion  NATIONAL RECOVERY AND RESILIENCE PLAN

©) HFRI Greece

Funded by the i
European Union % * E@" @
NextGenerationEU

Figure 3.3.3 Observed damage after EQ0.34 test: Planter 2 basalt rope loosening was observed, then it
was tightened. Rocking of planter 2,3, 4 and 5. .......coooiioiieiieoieeceeeeeeeeeeeee e 84
Figure 3.3.4 Observed damage after EQ0.5g test: Rocking of planter 2, 3, 4 and 5. Micro-displacement
OF PIANTEI 4. ..ot ettt e et e e s e etaeeaaeeateeaaeeseeeveenneens 85
Figure 3.3.5 Observed damage after Wnb0.55g, WNb0.74g, Wnb0.8g tests: Rocking of planter 2, 3, 4
and 5. Micro-displacement of Planter 4............cc.oovioiieiiiicecceee e 86
Figure 3.3.6 Observed damage after EQ0.55 test: Planter 3 displacement of prestressing device was
noticed and it was tightened again. Rocking of planter 2, 3, 4 and 5. Micro-displacement of
91 =1 ) (=T O ST ST SER TR 87
Figure 3.3.7 Observed damage after EQ0.74g test: Fracture of the basalt rope of planter 3. Basalt rope
loosening of planters 2,5 and tightened again. Intense rocking of planter 2, 3, 4 and 5. Micro-
displacement Of PIANTEI d..........c.oo oo e 88
Figure 3.3.8 Observed damage after EQ0.80g test: Intense rocking of planter 4 leading to micro
displacement of the PM pads and of the planter itself. Planter 3 basalt rope was loosening.
Intense rocking of planter 2, 3 and 5..........oovoiiiiiiieiiececeee e 89
Figure 3.3.9 Observed damage after Wnb1.1g, Wnb1.3g, Wnb1.4 test: Rocking of planter 5, 4, 3,2...90
Figure 3.3.10 Observed damage after EQ1.1g test: intense rocking of planter 4 leading to micro
displacement of the PM pads and of the planter itself. Fracture of the one basalt rope of planter
3. Displacement of prestressing devices of planter 2 and 5 and loosening of basalt ropes.
Intense rocking of planter 2, 3, 5 and rocking of planter T........ccccoooeiiiiiiiicieeeee 91
Figure 3.3.11 Observed damage after EQ1.3g test: Intense rocking of planter 4 leading to displacement
(+-3 cm) of the PM pads and of the planter itself. Planter 1 showed bottom microdisplacements
because of slight loosening of the steel rod. Fracture of the one basalt rope of planter 2.
Planters 2,3 and 5 showed bottom displacements. Intense rocking of all planters................. 92
Figure 3.3.12 Observed damage after Wnb1.3g (2) test: Rocking of planter4 and 5. ............c.cccc......... 93
Figure 3.3.13 Observed damage after EQ1.3g(2) test: Intense rocking of planter 4 leading to
displacement (+-3 cm) of the PM pads and of the planter itself. Fracture of basalt rope of
planter 3. Fracture of both basalt ropes of planter 5. Displacement of prestressing device of
planter 2. Intense rocking of all PIaNters. ........c.ccoouiiiiiiiceeeee e 94
Figure 3.3.14 Observed damage after EQ1.3g(2) test : Intense rocking of planter 4 leading to
displacement (+-4 cm) of the PM pads and of the planter itself. Planter 1 showed bottom micro
displacements because of slight loosening of the steel rod. Fracture of the one basalt rope of
planter 3. Planter 5 and 2 showed bottom micro displacements. Intense rocking of all planters.

Figure 3.3.15 Observed damage after Wnb0.2g, EQ0.2g, Wna0.2g tests: Rocking of all planters. ....... 96
Figure 3.3.16 Observed damage after 1.1g test: Left living wall LW1-4L, showed basalt rope loosening
without detachment of PU pads allowing micromovements for high direct horizontal loads
(severe wind) but no living wall collapse was 0bServed..............ccccceevveiiireiecieeieeeeeeaas 98
Figure 3.3.17 Observed damage after 1.1g test: Left vertical living wall LW3-2L showed basalt rope
loosening without detachment of PU pads allowing micromovements for high direct horizontal
loads (severe wind) but no living wall collapse was observed. ............cccccoooviieeiiicicceee, 99
Figure 3.3.18 Observed damage after 1.3g test: Left living wall LW1-4L, showed basalt rope loosening
without detachment of PU pads allowing micromovements for low direct horizontal loads
(frequent wind) but no living wall collapse was observed...............cccceeiveirieiicieceeeeeana, 100
Figure 3.3.19 Observed damage after 1.3g test: Left vertical living wall LW3-2L showed basalt rope
loosening without detachment of PU pads allowing micromovements for low direct horizontal
loads (frequent wind) but no living wall collapse was observed. ..............cccoooeeveieiiceennne. 101



ic Fi dati
Retemch & loo0ontion  NATIONAL RECOVERY AND RESILIENCE PLAN

©) HFRI Greece

Funded by the i
European Union % * E@" @
NextGenerationEU

Figure 3.3.20 Observed damage after 1.3g(2) test: Left living wall LW1-4L, showed basalt rope
loosening leading to detachment of PU pads allowing micromovements for low direct

horizontal loads (frequent wind) but no living wall collapse was observed............................ 102
Figure 3.3.21 Anchoring details and PU pads dimensions (under the top slab), left living wall LW1-4L:
detachment of PU pads after EQ1.3Q (2) ...uooveoveueeeeeeeeeeeeeee ettt 103

Figure 3.3.22 Observed damage after 1.3g(2) test: Left vertical living wall LW3-2L showed basalt rope
loosening leading to detachment of PU pads allowing micromovements for low direct

ROTIZONTAL. ...ttt ettt b e 104
Figure 3.3.23 Anchoring details and PU pads dimensions (under the top slab), left living wall LW3-2L:
detachment of PU pads after EQ1.3g9 (2) ...cecvvvevirieriieieeeeieeeceeteeet ettt 105

Figure 3.3.24 Observed damage after 1.3g(2) test: Steel rod (hemlock) slight loosening at the top of
living wall LW3-4R allowing micromovements for low direct horizontal loads (frequent wind)
but no living wall collapse Was ODSEIVEM. ...........ccveiieiieiieiieeeeeeee e 106
Figure 3.3.25 Observed damage after 1.4g test: Left living wall LW1-4L, showed basalt rope loosening
leading to detachment of PU pads allowing micromovements for low direct horizontal loads
(frequent wind) but no living wall collapse was observed. LW1-4R showed slight basalt rope

100SENING @IIOWING ...ttt ettt e e et et e b e esbeesbeenseenseenseenseensens 107
Figure 3.3.26 Anchoring details and PU pads dimensions (under the top slab), left living wall LW1-4L:
detachment of PU pads after EQT.4Q .......coooviouiiiieeieeeeeeeeeeee ettt 108

Figure 3.3.27 Observed damage after 1.4g test: Living walls LW2-3R showed slight basalt rope
loosening allowing micromovements for high direct horizontal loads (severe wind), but no living
wall collapse was observed. Left vertical living wall LW2-3L showed basalt rope loosening
leading to detachment of PU pads allowing micromovements for low direct horizontal loads

(frequent wind) but no living wall collapse was observed...............cccceveiveirieiviceececeieena, 109
Figure 3.3.28 Anchoring details and PU pads dimensions (under the top slab), left living wall LW3-2L:
detachment of PU pads after EQT.4Q ......ooouiiviiieeeeeeeeeeeeeeeeet ettt 110

Figure 3.3.29 Observed damage after 1.4g test: Living walls LW1-2Lshowed slight basalt rope loosening
allowing micromovements for high direct horizontal loads (severe wind), but no living wall
collapse was observed. Living wall LW1-2R showed basalt rope loosening allowing
micromovements for medium direct horizontal loads (intense wind), but no living wall collapse
WAS ODSEIVEM. ..ottt ettt sttt e st esttesatesatessaessaesssesseesseeeseessaesseesseesssenseenses 111

Figure 3.3.30 Observed damage after 1.4g test: Steel rod (hemlock) slight loosening at the top of living
wall LW4-3R allowing micromovements for low direct horizontal loads (frequent wind) but no
living wall collapse Was ODSEIVEQ. ...........couooiiiiieieeeeeceee e 112

Figure 3.3.31 Observed damage after EQ1.3g test: The columns entered yielding strain of their
longitudinal steel reinforcements at the bottom. Damage with crushing of bottom brick at
PArtial INFIll WAl 2-3 ...ttt enean 114

Figure 3.3.32 Observed damage after EQ1.3g(2) test: Damage with crushing of bottom brick at partial
infill wall occurred. The columns entered yielding strain of their longitudinal steel
reinforcements at the bottom and at the top critical regions (columns 1, 4). ........cccccoevnee. 115

Figure 3.3.33 Observed damage after EQ1.3g(2) test: Damage with crushing of bottom brick at partial
infill wall occurred. The columns entered yielding strain of their longitudinal steel
reinforcements at the bottom and at the top critical regions (columns 2, 3). ..........cccco......... 116

Figure 3.3.34 Observed damage after EQ1.4g test: Damage with crushing of bottom brick at both partial
infill walls occurred at very high displacement drift levels (2,62%). Local fracture of the FRPU
jacket at the boundary between the crushed brick and the bottom foundation beam. Additional
cracks at some mortar joints between bricks of the partial infill walls at their internal face (side
with no FRPU jacket). The columns entered yielding strain of their longitudinal steel
reinforcements at the bottom and at the top critical regions (columns 1, 2, 3, 4).................. 117



ic Fi dati
Retemch & loo0ontion  NATIONAL RECOVERY AND RESILIENCE PLAN

©) HFRI Greece

Funded by the i
European Union % * E@" @
NextGenerationEU

Figure 3.3.35 Observed damage after EQ1.4g test: Observed damage after 1.4g test: Damage with
crushing of bottom brick at both partial infill walls occurred at very high displacement drift
levels (2,62%). Local fracture of the FRPU jacket at the boundary between the crushed brick
and the bottom foundation beam. Additional cracks at some mortar joints between bricks of
the partial infill walls at their internal face (side with no FRPU jacket). The columns entered
yielding strain of their longitudinal steel reinforcements at the bottom and at the top critical
regions (COIUMNS 1,2, 3,4). oottt ettt ene e eae s 118

Figure 3.3.36 Observed damage after EQ1.4g test: Observed damage after 1.4g test: Damage with
crushing of bottom brick at both partial infill walls occurred at very high displacement drift
levels (2,62%). Local fracture of the FRPU jacket at the boundary between the crushed brick
and the bottom foundation beam. Additional cracks at some mortar joints between bricks of
the partial infill walls at their internal face (side with no FRPU jacket). The columns entered
yielding strain of their longitudinal steel reinforcements at the bottom and at the top critical
regions (COIUMNS T, 2,3, 4). oottt ettt r et et b e sbeteete b s essese s 119

Figure 3.3.37 Observed damage after EQ1.4g test: Observed damage after 1.4g test: Damage with
crushing of bottom brick at both partial infill walls occurred at very high displacement drift
levels (2,62%). Local fracture of the FRPU jacket at the boundary between the crushed brick
and the bottom foundation beam. Additional cracks at some mortar joints between bricks of
the partial infill walls at their internal face (side with no FRPU jacket). The columns entered
yielding strain of their longitudinal steel reinforcements at the bottom and at the top critical
regions (COIUMNS 1,2, 3,4). oottt en e nens 120

Figure 3.3.38 Characteristic observed damage after all seismic tests: (a) interior side of wall infill 1-4
parallel to the direction of movement of seismic table (b) wall infill 2-3 parallel to the direction
of movement of seismic table (c) Interior top side of wall infill 1-4, parallel to the direction of

movement of the seismic table (d) detachment of PU pads ............cccoeveieiiececececeeee 121
Figure 3.4.1: Voltage frequency responses of the PZT sensors inside beam B14...........cccccoceuvenne. 123
Figure 3.4.2: Voltage frequency responses of the PZT sensors inside beam B12...........cccccevrneeneee. 123
Figure 3.4.3: Voltage frequency responses of the PZT sensors inside the slab ...............cccccoeeenee. 124
Figure 3.4.4: Voltage frequency responses of the PZT sensors inside column 1 (Top, Middle, Bottom)
...................................................................................................................................................... 124

Figure 3.4.5: Voltage frequency responses of the PZT sensors inside column 2 (Top, Middle)......... 125
Figure 3.4.6: Voltage frequency responses of the PZT sensors inside column 3 (Top, Middle, ) ...... 125
Figure 3.4.7: Voltage frequency responses of the PZT sensors inside column 4 (Top, Middle, Bottom)

...................................................................................................................................................... 126
Figure 3.4.8: Voltage frequency responses of the PZT sensors on partially infilled walls (Upper, Middle,
BOMOIM) ..ottt ettt ettt ettt ettt e b ettt e st et e se s te sttt ebese s ese s ernana 126
Figure 3.4.9: Voltage frequency responses of the PZT sensors on full Infill wall between columns 1
...................................................................................................................................................... 127
Figure 3.4.10: Voltage frequency responses of the PZT sensors placed on top of column 1 : MORJPuT
at the infill wall and MITJPuT at the partial infill wall ..o 128

Figure 3.4.11: Voltage frequency responses of the PZT sensors (column 2: VFAnBF, LW2-3R, column 4:
VFANBS, LW1-4R anchoring metal structure for living wall as well as anchoring metal structures

FOr PIANTEN T, VFZNS) ... ettt neneenas 128
Figure 3.4.12: Voltage frequency responses of the PZT sensors externally attached (YAERB and Y1ERB
- columns 3 and 4 bottom) on the basalt rope............ccocooiiieiiececeeeeee e, 129
Figure 3.4.13: Voltage frequency responses of the PZT sensors inside column 1 (Top, Middle) at all
=) (o3 2= L[] 1= USRS 130
Figure 3.4.14: Voltage frequency responses of the PZT sensors inside column 2 (Top, Middle) at all
=) (o] = L[] 1= USROS 130

Xi



Funded by the
European Union & M
NextGenerationEU

Figure 3.4.15: Voltage frequency responses of the PZT sensors inside column 3 (Top, Middle) at all

@ R o o ion  NATIONAL RECOVERY AND RESILIENCE PLAN

o
Research & Innovation

EXCITATIONS ...ttt ettt ettt et ettt et r e e 131
Figure 3.4.16: Voltage frequency responses of the PZT sensors inside column 4 (Top, Middle) at all
EXCITATIONS ...ttt et ettt et ettt et et r e ae 131

Xii



© HERI Greece 2

o
Research & Innovation

NATIONAL RECOVERY AND RESILIENCE PLAN

Funded by the

s GREFMERGY
NextGenerationEU

LIST OF ACRONYMS
VF Vertical Forest
RC Reinforced Concrete
PZT Piezoelectric sensors or piezoelectric transducers
3D 3 Dimensions
etc et cetera
D26 Deliverable 26
PURJ Polyurethane Flexible Joints
FRPU Fiber Reinforced Polyurethane
SHM Structural Health Monitoring
EMI Electromechanical Impedance
DUTH Democritus University of Thrace
e.g. for example
SG Strain gauges
AUTH Aristotle University of Thessaloniki

xiii




@ B e NATIONAL RECOVERY AND RESILIENCE PLAN

o
Research & Innovation

Funded by the i
European Union % * E@" @
NextGenerationEU

ABSTRACT

GREENERGY aims to assess the dynamic performance of old type deficient structures after
receiving innovative, lightweight, non-corrosive, minimally invasive, natural, recyclable, reusable,
replaceable, flexible Vertical Forest renovation related retrofits. The second phase included the
replication of seismic excitations during the first phase for a direct comparative assessment of the
renovated structure. Further, additional number of suitable seismic table excitations was performed to
provide equivalent levels of induced seismic intensity, considering the increased top mass of the
structure because of VF renovations. Before and after each earthquake shaking, the structure was
excited through the whole range of frequencies of the structure under suitable designed low
acceleration intensity in order to investigate changes in eigen periods of the structure. The assessment
provides the results from characteristic peak acceleration, drifts, strain, structural health monitoring
recordings with PZTs and observations that validate the resilient performance of the structural green
and forestry renovations. Minimally invasive retrofits resulted in a renovated structure with higher
global stiffness despite the increased top mass of the structure. Interesting structural damage
redistribution and structural damage barrier mechanisms are revealed. Five different cases of
simulated planters’ (with trees) anchoring are assessed as well as eight different cases of top
attachment of simulated vertical living walls. The assessment concludes an excellent human life
protection up to advanced Ultimate Limit State (ULS) performance levels, against undesirable brick infill
disintegration, RC structure damage, planter overturning or damage as well as against vertical living
wall collapse. Experimental results reveal a high potential on the vision of high-density urban forestation
in existing buildings through suitable vertical forest renovation. Suitably renovated existing structures
can safely resist upper boundary load per square meter (of building floor plan, top and balconies) of
forestry through planters or upper boundary load per square meter (of available elevations) of vertical
living walls for severe seismic excitations.

Keywords:  experiment, seismic table, reinforced concrete, brick wall infills, seismic excitation,
intervention, Vertical Forest, resilience, renovation, structural, structural health monitoring, PZT,
polyurethane, basalt, planters, vertical living walls, glass fiber grid jacket, greenery, human safety, life
protection
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MEPIAHWH

To ¢€pyo GREENERGY otoxevel va aflohoynost Tnv OUVAULKY OCUPTEPLPOPA  Kal
ETUTEAEOTIKOTNTA TAAALOU TUTIOU QVETAPKWY KATAOKEUWV HETA TNV KaAlvoTopo, €Ahagpld,
avTdlaBpwTikn, €AAXlOTA EMEUPRATIKNA, QUOLKN, AVAKUKAWOLHN, EMAvVayPnoLUOToLoVUEVN,
QVTLKATAOTACLYN, €0KAUTTN gvioyvon, oxeTL{oyevn Pe avakaivion Kdabetouv Adooug. H beltepn
@aocn mepIAaUBAvEL TNV Avanapaywyn Twy OELoPIKWY SLEYEPCEWY TNG TIPWTNG PAoNG yla pla dyeon
OUYKPLTIKA amoTiPnon TNG QvAaKAWIOUEVNG KATAOKELNG HE TNV apxlkn. EmmA€ov, mpoobetog
aplBpog KATAAANAWY OELOPIKWY OleyEposwy €KTEAECTNKE WOTE va TapacyxeBolv Loodlvapa
eMineda eL0ayopevNG CELOPLKNAG €vTaong, AauBavovtag umowny TNV avgnuevn weEALN ydda tng
TAAKAG TNG KATAoKeLNG e€altiag tng avakivnong Kadetou Adcoug. Mplv Kal peTa and KABe oELOPLKNA
OlEyepon N KATaokewn dleyepOnKe o€ OAO TO €DPOG CUXVOTHTWY, JE KATAAANAa oxedlaopevn xapnin
€vtaon, poKeLPEVOUL va dlepeuvnBoly oL aAAayeg oTLg blomeplddoug TG Kataokeung. H amotipnon
TIAPEXEL TA AMOTEAECUATA XAPAKTNPLOTIKWY PEYLOTWY ETUTAYXUVOEWY, OXETIKWY HETAKLVACEWY,
avnydévwy TapaPopPWoswy, Kataypapwyv OOHIKAG uyeiag pe PZTs kal mapatnpioEwy Tou
TEKUNPLWVYOLV avBekTikn (avavnmtikn) emnidoon mpdolvwy OopooTatikwy Kal  Sacikwyv
avakalvioswyv. OL eAdxloTa eMeUPATIKEG €VIOXVOELG 0ONyNOav OE AVAKALVIOPEVN KATAOKELR HE
avgnuevn duokapypia mapd tnv avgnpevn pala tng MAAKAG TNG KATAOKEULNG. AmokaAvmrtovTtal
evOLaPEPOVTEG Pnxaviopol avakatavoung dopootatikng BAABNG Kal @PAydatog dopooTaTIKAG
BAGBNG. ATIOTIHWVTAL TTEVTE OLAPOPETLKEG TIEPLMTWOELG AYKUPWOEWV TIPOCOHUOLWUEVWY YAQOTPWVY
(ue 6€vTpa) KABWG KAl OKTW SLAPOPETIKEG MEPLMTWOELG AVW OTNAPLENG TIPOCOUOLWHEVWY KABETWY
{wvTtavwy ToiXwyv. Zuunepaivetal e€alpeTikn mpootacia avlpwrivng {wng €wg TPOXwWpPNUEVaA
enineda emrteAeotikdéTNTAg Oplakng Katdotaong Aoctoxiag (OKA), évavtl avermbupntng
amnodlopydvwaong TolxomArpwong  BAABNG pEpovTa opyaviopoL QY i avatporng/BAapng yAaotpag
f aotoxiag KABeTwv Cwvtavwy Toixwv. Ta TELPAUATIKA AnMOTEAEOUATA ATOKANDTITOUV LYNAR
duvapLkr Tou opAPATOG TNG TIUKVAG AOTIKNG avaddowong oe uPLoTAPEVA KTAPLA, HEOW KATAAANANG
avakaiviong pe kabeta ddon. KatdAAnAa avakaviopeva VPLOTAPEVA KTHpLa PTIopolV JE acpdAeLa
va avaAdBouv upnAd (opTia avd TETPAYWVIKO PETPO (KATowng KTnpiou o dwua Kal PTaikkovia)
KABeToL 6AoOUG PHEow YAAOTPWY N LPNAA @opTia avd TETpaywWVLKO HETPO (SLaBELuwyY EEWTEPLKWY
OPEWV) KABETWY {WVTAVWY TOLXWV YLa KATACTPEMTLKEG OELOULIKEG OLEYEPOELG.

AEEeLc KAeLOLA: melpapa, OELOPIKA TPATe]a, OMALOYEVO OKUPOOEUD, TOLXOTANPWOELG, TOURAQ,
oeloptkn Sléyepon, evioxvon, Kabsta ddon, avBekTIKOTNTA, avavnmTikoTnTa, avakaivion, doptkog,
dopootatikog, apakolovbnon dopikng vyeiag SHM, PZT, moAvoupebavn, pavbvag vahomAEyuaTog,
BaocdAtng, YAAoTpeg, KABeTOoL {wvTtavol Toixo, pLTELON, avBpWTILYN ACPAAELT, TIPOOTAGLA CWAS
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| 1 Test set up and instrumentation

Below are the diagrams with the location of the measuring instruments (for more details see D2.3),

as well as the relevant table.

Column 4

GREFPMERSY
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Figure 1.1 Position of accelerometers (specimen’s view perpendicular to the direction of the

seismic table movement)
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Figure 1.2 Position of the draw wire sensors on the concrete structure slab and foundation beams
(specimen’s view perpendicular to the direction of the seismic table movement)
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Figure 1.3 Floor plan with strain gauges at the bottom of the columns
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Figure 1.4 Floor plan with strain gauges at the top of the columns
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Figure 1.6 View of the structure with strain gauges in frame of columns 1-4
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Figure 1.7 View of the infill wall with strain gauges in frame 1-4
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Table 1.1: List of accelerometers, draw wire meters and strain gauges placed inside and on the structure

Ch Channel name | Type of instrument Measured Position

No. quantity (units)

1 ACC 1 On the slab, on the left corner, dir. (x)

2 ACC 2 On the slab, on the left corner, dir. (y)

3 ACC 3 On the slab, on the left corner, dir. (z)

4 ACC4 5 c On the slab, on the right corner, dir. (x)

5 ACC5 E 5 On the slab, on the right corner, dir. (y)

6 ACC6 g © On the slab, on the right corner, dir. (z)

7 ACC7 I < On the infill, on the center, dir (x)

8 ACC 8 2 § On the infill, on the center, dir (y)

9 ACC9 On the infill, on the center, dir (x)

10 ACC 10 On the foundation, on the center, dir (x)

11 ACC 11 On the foundation, on the center, dir (y)

12 ACC 12 On the foundation, on the center, dir (z)

13 W1 On the slab, on the left side

14 W2 On the slab, on the right side

15 W3 On the foundation, on the left side

16 W4 On the foundation, on the right

side

17 W5 %) along the partial masonry infill
g < diagonal

18 W6 3 3 along the partial masonry infill
.% £ diagonal

19 W7 z § along the partial masonry infill
g diagonal

20 W8 along the partial masonry infill

diagonal

21 ST

22 S2

23 S3

24 S4 a In the longitudinal reinforcement,

25 S5 % < on the underside

26 S6 2 %

27 S7 g

28 S8 @

29 S9 In the longitudinal reinforcement,

30 S10 on the upper side

31 S11

32 S12
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33 S13
34 S14
35 S15
36 S16
37 S17 On the centre of partial masonry 1
along direction x
38 S18 On the centre of partial masonry 1
along direction z
39 S19 On the centre of partial masonry 2
along direction x
40 S20 2 On the centre of partial masonry 2
=4 c along direction z
41 S21 % g On the polyurethane (PM) at the
‘© @ joint between column 1 and the partial
& masonry, 5cm under the slab along
direction x
42 S22 On the polyurethane (PM) at the
joint between column 2 and the partial
masonry, 5 cm under the slab along
direction x
43 S23 On the rope, column 3
44 S24 On the rope, column 4
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Figure 1.9 Cross section of the structure with strain gauge SG21 in frame of columns 4-1
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Figure 1.10 Cross section of the structure with strain gauge SG22 in frame of columns 2-3
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Figure 1.11 Cross section of the structure with strain gauges SG23, DG24 in frame of columns 3-4
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| 2 Position of smart PZT sensors for the vertical forest (VF) structure

The PZT instrumentation for the renovated structure is presented in deliverables D22, D24 and
D25.
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3 Assessment of the performance of tested renovated structure.

GREFPMERSY

Below are the excitations applied to the seismic table, as shown in table 3.1. (for more details see

D2.4)
Table 3.1: List of all performed tests
Performed tests
Test No. Name | Type of excitation Intensity (g)
Phase B
ST1 WNDb0,07g (without) White noise 0,059
ST2 WNbO0,07g White noise 0,059
ST3 EQO0,07¢g Earthquake 0,079
ST4 EQO,1g Earthquake 0,1g
ST5 WNbO0,14g White noise 0.08¢g
ST6 EQO0,14g Earthquake 0,14g
ST7 EQO0,2g Earthquake 0.2g
ST8 WNbO0,34g White noise 0,08g
ST9 EQO0,34g Earthquake 0,34g
ST10 WNDO,5g White noise 0,08g
ST11 EQO0,5¢g Earthquake 0,59
ST12 WNbO0,55¢ White noise 0,08g
ST13 EQO,55¢g Earthquake 0,559
ST14 WNbO0,74g White noise 0,08g
ST15 EQO,74g Earthquake 0,749
ST16 WNbO0,8g White noise 0,08g
ST17 EQO0,8g Earthquake 1,1g
ST18 WNb1,1g White noise 0,08g
ST19 EQ1,1g Earthquake 1,39
ST20 WNb1,3g White noise 0,08g
ST21 EQ1,3g Earthquake 1,3g
ST22 WNb1,3g(2) White noise 0,08g
ST23 EQ1,39(2) Earthquake 1,39
ST24 WNb1,4g White noise 0,08g
ST25 EQ1,49g Earthquake 1,49
ST26 WNDO0,2g White noise 0,08
ST27 EQO0,2g Earthquake 0,29
ST28 WNa0,2g White noise 0,089
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3.1 Assessment of the recordings of tested renovated 3d VF structure.

Figure 3.1.1-3.1.7 displays the acceleration time histories for the one-storey rc building at twelve
different levels of earthquake intensity. That is the dynamic shake table tests comprised of gradually
increasing maximum input intensity level (peak acceleration of the excitation of the seismic table) from
0,07g to 1,49 (0,079, 0,1g, 0,14g, 0,29, 0,349, 0,5g, 0,55¢, 0,74g, 0,8g, 1,19, 1,39, 1,39, 1,49, 0,2g) based
on the adopted earthquake Thessaloniki 1978. Before and after each earthquake excitation, the
structure was excited through the whole range of frequencies of the structure (white noise excitation,
Figure 3.1.8 — 3.1.14) under low acceleration intensity in order to investigate changes in eigen periods
of the structure. The peak acceleration of each one of the fourteen white noise excitations of the
seismic table was 0,05g and 0,08g. The direction of excitation was parallel to partial infills (W-L, W-R in
plane) and vertical to full infills plane (W-B, W-F out of plane).

14
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Figure 3.1.1 Bottom and slab acceleration time-histories for the two levels of earthquake intensity
(a) 0.07g, (b) 0.1g
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Figure 3.1.2 Bottom and slab acceleration time-histories for the two levels of earthquake intensity

(a) 0.14g, (b) 0.20g

16



@ HFRI Greece 2.0

Hellenic Fe i fi
R oo ion NATIONAL RECOVERY AND RESILIENCE PLAN

Funded by the
European Union E "
NextGenerationEU

w

——(Acc1+Acc4)/2 - Max: 0,53 (g)
——Acc10 - Max: 0.36 (g)

- N
- N ;g

o

g O o
;

20 25 30 35

'

©
o
(6]

Acceleration (g)
IS,

Ny
)

'
w

Time (s)

(a)

w

—— (Acc1+Acc4)/2 - Max: 0.77 (g)

N
w»

——Acc10 - Max: 0.58 (g)

o —
o vl = o N

40 50

Acceleration (g)
po,2 O
aN O = O,

'
w

Time (s)

(b)
Figure 3.1.3 Bottom and slab acceleration time-histories for the two levels of earthquake intensity
(a) 0.34g, (b) 0.50g
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Regarding excitation EQ0.07g, the peak acceleration at the bottom (PGA) level was 0.07g and the peak
acceleration at the top (PFA) level was 0.12g. At 0.1g excitation, the top slab acceleration is 2 times
the ground acceleration. Peak top acceleration of 0.18g occurred 0.656 sec after peak shake table
acceleration. During excitation EQ0.14g the peak acceleration at the ground (PGA) level was 0.12g and
the peak acceleration at the slab (PFA) level was 0.22g. During EQ0.2g, the peak top acceleration of
0.34g occurred 0.044 sec after peak shake table acceleration of 0.21g. For EQO0.2g, the slab
acceleration is 1.62 times the bottom acceleration. At excitation with intensity EQ0.34g the peak
acceleration at the bottom (PGA) level was 0.36g and the peak acceleration at the floor (PFA) level was
0.53g. At 0.34q, the floor acceleration is 1.47 times the ground acceleration. The peak top acceleration
of 0.53g occurred 0.13 sec after peak shake table acceleration. Regarding excitation EQ0.5g, the peak
acceleration at the ground (PGA) level was 0.58g and the peak acceleration at the floor (PFA) level was
0.779g. Regarding excitation EQ0.55g, the peak acceleration at the ground (PGA) level was 0.63g and
the peak acceleration at the floor (PFA) level was 0.91g. At EQ0.74g excitation, the floor acceleration
is 1.71 times the ground acceleration. Peak top acceleration of 1.23 g occurred 0.624 sec before peak
shake table acceleration. Regarding excitation 0.8g, the peak acceleration at the ground (PGA) level
was 0.88g and the peak acceleration at the top (PFA) level was 1.31g. At EQ1.1g excitation, the floor
acceleration is 1.25 as much as the ground acceleration. Peak top acceleration of 1.66 g occurred 4.39
sec before peak shake table acceleration. Regarding excitation EQ1.3g (2), the peak acceleration at
the bottom (PGA) level was 1.87g and the peak acceleration at the top (PFA) level was 1.8g. At 1.4g
excitation, the top slab acceleration is 0.7 times the ground acceleration. Peak top acceleration of
1.89g occurred 2.884 sec before peak shake table acceleration. At excitation with intensity 0.2g the
peak acceleration at the ground (PGA) level was 0.19g and the peak acceleration at the floor (PFA)
level was 0.37g.

Below are the comparative acceleration-time diagrams at the top and bottom of the structure, for the
six white noise excitations.
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Figure 3.1.8 Bottom and slab acceleration time-histories for the two levels of white noise before
intensity (a) 0.07g (without bottom fixing of the vertical living walls), (b) 0.07g
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Figure 3.1.9 Bottom and slab acceleration time-histories for the two levels of white noise before
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Figure 3.1.11 Bottom and slab acceleration time-histories for the two levels of white noise before
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Figure 3.1.13 Bottom and slab acceleration time-histories for the two levels of white noise before
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Regarding excitation white noise before EQ0.07g (without bottom fixing of the vertical living walls),
that is WNb0.07g, the peak acceleration at the bottom (PGA) level was 0.04g and the top acceleration
at the floor (PFA) level was 0.07g. Peak top acceleration of 0.07g occurred 15.854 sec after peak shake
table acceleration. At excitation white noise before EQ0.07g with intensity 0.05g the peak acceleration
at the bottom (PGA) level was 0.04g and the peak acceleration at the floor (PFA) level was 0.09g. Peak
top acceleration of 0.09g occurred 1.819 sec after peak shake table acceleration. At WNb0.14g
excitation, the floor acceleration is 3.33 times the ground acceleration. At excitation white noise before
EQO0.34g the peak acceleration at the ground (PGA) level was 0.07g and the peak acceleration at the
floor (PFA) level was 0.18g. At WNbO0.5g, the floor acceleration is 2.43 times the ground acceleration.
Peak top acceleration of 0.17 g occurred 0.036 sec after peak shake table acceleration. Regarding
excitation white noise before EQ0.55g, the peak acceleration at the ground (PGA) level was 0.07g and
the peak acceleration at the floor (PFA) level was 0.18g. At WNb0.74g, the floor acceleration is 2.71
times the ground acceleration. Peak top acceleration of 0.19g occurred 8.082 sec after peak shake
table acceleration. Regarding excitation white noise before WNb0.8g, the peak acceleration at the
bottom (PGA) level was 0.07g and the peak acceleration at the top (PFA) level was 0.15g. At WNb1.1g
excitation, the floor acceleration is 2.63 times the ground acceleration. Peak top acceleration of 0.21g
occurred 0.806 sec after peak shake table acceleration. Regarding excitation white noise after 1.3g,
the peak acceleration at the ground (PGA) level was 0.07g and the peak acceleration at the floor (PFA)
level was 0.18g. At WNb1.4g excitation, the floor acceleration is 3.17 times the ground acceleration.
Peak top acceleration of 0.19g occurred 1.294 sec after peak shake table acceleration. At WNb0.2g
excitation, the floor acceleration is 3.80 times the ground acceleration. Peak top acceleration of 0.19¢g
occurred 7.486 sec after peak shake table acceleration. Regarding excitation white noise after 0.2g,
the peak acceleration at the ground (PGA) level was 0.05g and the peak acceleration at the floor (PFA)
level was 0.2g. At WNa0.2g excitation, the floor acceleration is 4 times the ground acceleration. Peak
top acceleration of 0.2g occurred 6.95 sec after peak shake table acceleration.

Below are the tables with the summary of results for accelerometers, draw wires and strain
gauges.
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Table 3.1.17a Summary of results

max Accl (g) | min Accl (g) | max Acc2 (g) | min Acc2(g) | max Acc3 (g) | min Acc3 (g)
ST1 Wnb0,07g (without) 0.07 -0.06 0.05 -0.06 0.02 -0.02
ST2 Wnb0,07g 0.08 -0.07 0.06 -0.06 0.04 -0.05
ST3 EQO,07g 0.09 -0.1 0.05 -0.06 0.06 -0.06
ST4 EQO,1g 0.1 -0.17 0.06 -0.07 0.02 -0.04
ST5 Wnb0,14g 0.19 -0.18 0.09 -0.1 0.09 -0.18
ST6 EQO0,14g 0.17 -0.21 0.08 -0.08 0.15 -0.08
ST7 EQO,2g 0.21 -0.32 0.12 -0.12 0.28 -0.86
ST8 Wnb0,34g 0.17 -0.19 0.1 -0.14 0.15 -0.16
ST9 EQO,34g 0.55 -0.54 0.17 -0.26 0.51 -0.52
ST10 Wnb0,5g 0.17 -0.18 0.09 -0.1 0.31 -0.59
ST11 EQO,58 0.65 -0.75 0.25 -0.29 0.85 -0.87
ST12 Wnb0,55g 0.18 -0.18 0.07 -0.08 0.16 -0.23
ST13 EQO,55g 0.85 -0.89 0.21 -0.22 0.96 -0.91
ST14 Wnb0,74g 0.18 -0.18 0.08 -0.09 0.19 -0.11
ST15 EQO,74g 1.37 -1.21 0.41 -0.51 1 -1.21
ST16 Wnb0,8g 0.17 -0.13 0.07 -0.11 0.36 -0.44
ST17 EQO,8g 1.23 -1.3 0.45 -1.17 1.11 -1.86
ST18 Whnb1,1g 0.21 -0.2 0.06 -0.05 0.12 -0.09
ST19 EQ1,1g 1.39 -1.75 0.71 -0.76 0.69 -1.22
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ST20 Wnb1,3g 0.17 -0.17 0.06 -0.07 0.09 -0.11
sT21 EQ1,3g 0 0 0 0 0 0

ST22 Wnb1,3g(2) 0 0 0 0 0 0

ST23 EQ1,3g(2) 1.91 -1.8 0.49 -0.67 1.37 -1.96
SsT24 Wnb 1,4g 0.18 -0.16 0.06 -0.07 0.12 -0.12
ST25 EQl,4g 2.05 -1.81 0.49 -0.69 1.42 -2.47
ST26 Wnbo0,2g (2) 0.16 -0.19 0.06 -0.06 0.11 -0.07
ST27 £QO,2g (2) 0.36 -0.36 0.12 -0.09 0.29 -0.17
ST28 Wna0,2g 0.19 -0.19 0.06 -0.07 0.14 -0.13
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max Acc4 (g) min Acc4 (g) max Acc5 (g) | min Acc5 (g) | max Accéb (g) min Accb6 (g)
Wnb0,07g

ST1 (without) 0.08 -0.09 0.05 -0.05 0.01 -0.01
ST2 Wnb0,07g 0.09 -0.11 0.06 -0.06 0.03 -0.05
ST3 EQO,07g 0.1 -0.13 0.05 -0.05 -0.04 0.04
ST4 EQO,1g 0.12 -0.19 0.06 -0.06 0.03 -0.02
ST5 WnbO,14g 0.18 -0.21 0.09 -0.1 0.17 -0.25
ST6 EQO,14g 0.18 -0.23 0.09 -0.08 0.2 -0.25
ST7 EQO,2g 0.24 -0.35 0.15 -0.12 0.51 -1.21
ST8 Wnb0,34g 0.18 -0.19 0.1 -0.13 0.18 -0.14
ST9 EQO,34g 0.5 -0.53 0.18 -0.24 0.7 -0.77
ST10 WnbO0,5g 0.17 -0.17 0.08 -0.1 0.33 -0.61
ST11 EQO,5g 0.7 -0.8 0.25 -0.49 1.58 -1.12
ST12 Wnb0,55g 0.18 -0.18 0.06 -0.07 0.14 -0.29
ST13 EQO,55g 0.89 -0.93 0.2 -0.2 0.61 -1.95
ST14 Wnb0,74g 0.18 -0.2 0.08 -0.08 0.21 -0.27
ST15 EQO,74g 1.37 -1.24 0.4 -0.49 1.17 -0.89
ST16 WnbO,8g 0.15 -0.17 0.07 -0.1 0.4 -0.45
ST17 EQO,8g 1.44 -1.33 0.71 -0.52 0.76 -0.09
ST18 Wnb1,1g 0.22 -0.21 0.06 -0.05 0.06 -0.09
ST19 EQ1,1g 1.55 -1.66 0.69 -0.73 0.99 -0.91
ST20 Wnb1,3g 0.19 -0.18 0.06 -0.07 0.12 -0.1
ST21 EQ1,3g 0 0 0 0 0 0

ST22 Wnb1,3g(2) 0 0 0 0 0 0
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ST23 EQ1,3g(2) 1.82 -1.82 1.04 -0.67 0.84 -1.23
ST24 Wnb 1,4g 0.19 -0.15 0.07 -0.07 0.1 -0.1
ST25 EQ1,4g 1.78 -1.86 0.64 -0.69 1.13 -3.51
ST26 Wnb0,2g (2) 0.17 -0.2 0.06 -0.06 0.15 -0.09
ST27 EQO,2g (2) 0.37 -0.34 0.13 -0.1 0.19 -0.56
ST28 Wna0,2g 0.18 -0.21 0.06 -0.06 0.31 -0.16
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Table 3.1.7c Summary of results (continued)

GREFNERSGY

max Acc7 (g) min Acc7 (g) max Acc8 (g) min Acc8 (g) max Acc9 (g) min Acc9 (g)

ST1 Wnb0,07g (without) 0.05 -0.04 0.02 -0.02 0.01 -0.01
ST2 Wnb0,07g 0.09 -0.1 0.03 -0.02 0.02 -0.02
ST3 EQO,07g 0.09 -0.15 0.03 -0.02 0.02 -0.02
ST4 EQO,1g 0.09 -0.1 0.03 -0.03 0.01 -0.02
ST5 WnbO,14g 0.1 -0.1 0.05 -0.03 0.05 -0.06
ST6 EQO,14g 0.14 -0.12 0.04 -0.03 0.05 -0.07
ST7 EQO,2g 0.19 -0.2 0.08 -0.08 0.12 -0.19
ST8 Wnb0,34g 0.11 -0.12 0.05 -0.04 0.05 -0.05
ST9 EQO,34g 0.45 -0.36 0.13 -0.17 0.14 -0.13
ST10 WnbO0,5g 0.11 -0.11 0.01 -0.03 0.07 -0.09
ST11 EQO,5g 0.55 -0.64 0.15 -0.16 0.24 -0.27
ST12 Wnb0,55g 0.11 -0.12 0.04 -0.04 0.03 -0.04
ST13 EQO,55g 0.72 -0.65 0.12 -0.18 0.21 -0.19
ST14 Wnb0,74g 0.11 -0.11 0.04 -0.04 0.04 -0.04
ST15 EQO,74g 1.19 -1.01 0.25 -0.22 0.26 -0.28
ST16 WnbO,8g 0.1 -0.11 0.04 -0.06 0.06 -0.05
ST17 EQO,8g 1.21 -1.05 0.32 -0.31 0.26 -0.24
ST18 Wnb1,1g 0.11 -0.11 0.03 -0.03 0.04 -0.04
ST19 EQ1,1g 1.5 -1.75 0.32 -0.38 0.28 -0.32
ST20 Wnb1,3g 0.12 -0.1 0.03 -0.04 0.03 -0.03
ST21 EQ1,3g

ST22 Wnb1,3g(2)
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ST23 EQ1,3g(2) 2.08 -2.17 0.57 -0.53 0.32 -0.42
ST24 Wnb 1,4g 0.15 -0.11 0.03 -0.03 0.05 -0.04
ST25 EQ1,4g 2.31 -2 0.68 -0.77 0.81 -1.03
ST26 Wnb0,2g (2) 0.11 -0.11 0.03 -0.03 0.04 -0.04
ST27 EQO,2g (2) 0.27 -0.26 0.11 -0.06 0.09 -0.08
ST28 Wna0,2g 0.16 -0.15 0.03 -0.09 0.05 -0.05
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Table 3.1.1d Summary of results (continued)

max Accl0 (g) min Accl10 (g) max Accll (g) min Accll (g) max Accl2 (g) min Accl2 (g) FAF
ST1 | Wnb0,07g (without) 0.04 -0.04 0.02 -0.02 0.02 0 1.75
ST2 Wnb0,07g 0.04 -0.04 0.02 -0.03 0.01 -0.01 2.25
ST3 EQO,07g 0.07 -0.06 0.03 -0.02 0.02 -0.02 1.71
ST4 EQO,1g 0.09 -0.06 0.03 -0.03 0.01 -0.01 2.00
ST5 Wnb0,14g 0.06 -0.06 0.03 -0.04 0.03 -0.02 3.33
ST6 EQO,14g 0.14 -0.12 0.04 -0.03 0.02 -0.02 1.57
ST7 EQO,2g 0.19 -0.21 0.05 -0.05 0.02 -0.11 1.79
ST8 Wnb0,34g 0.08 -0.07 0.04 -0.05 0.03 -0.04 2.25
ST9 EQO,34g 0.36 -0.32 0.14 -0.11 0.1 -0.09 1.47
ST10 Wnb0,5g 0.08 -0.06 0.06 -0.05 0.05 -0.04 2.13
ST11 EQO,5g 0.49 -0.58 0.14 -0.12 0.24 -0.19 1.57
ST12 Wnb0,55g 0.07 -0.07 0.05 -0.04 0.03 -0.03 2.57
ST13 EQO,55g 0.49 -0.63 0.12 -0.09 0.13 -0.22 1.86
ST14 Wnb0,74g 0.07 -0.07 0.05 -0.04 0.03 -0.03 2.71
ST15 EQO,74g 0.66 -0.72 0.39 -0.33 0.18 -0.16 1.86
ST16 Wnb0,8g 0.06 -0.07 0.05 -0.04 0.03 -0.04 2.50
ST17 EQO,8g 0.8 -0.88 0.47 -0.38 0.23 -0.21 1.64
ST18 Whnb1,1g 0.08 -0.05 0.04 -0.03 0.03 -0.03 2.50
ST19 EQ1,1g 1.25 -1.33 0.64 -0.65 0.21 -0.19 1.33
ST20 Wnb1,3g 0.07 -0.05 0.04 -0.03 0.02 -0.03 2.43
ST21 EQ1,3g
ST22 Wnb1,3g(2)
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ST23 EQ1,3g(2) 1.87 -1.67 0.68 -0.71 0.85 -0.99 0.96
ST24 Whnb 1,4g 0.06 -0.04 0.02 -0.02 0.02 -0.03 2.67
ST25 EQ1,4g 2.07 -2.56 0.7 -0.87 1.17 -0.89 0.85
ST26 Wnb0,2g (2) 0.05 -0.04 0.03 -0.02 0.02 -0.03 3.80
ST27 EQO,2g (2) 0.19 -0.15 0.05 -0.05 0.06 -0.05 1.74
ST28 Wna0,2g 0.05 -0.05 0.02 -0.02 0.03 -0.03 4.00
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Table 3.1.17e Summary of results (continued)

Intensity (g) | max W1 (mm) | min W1 (mm) | max W2 (mm) min W2 (mm)
ST1 Wnb0,07g (without) 0.05 13.41 -10.79 13.7 -10.67
ST2 Wnb0,07g 0.05 13.53 -10.65 13.76 -10.59
ST3 EQO,07g 0.07 2.06 -1.89 2.38 -1.81
ST4 EQO,1g 0.1 3.28 -2.82 3.58 -2.78
ST5 Wnb0,14g 0.08 20.91 -16.33 21.18 -16.32
ST6 EQO,14g 0.14 4.05 -4.38 4.5 -4.46
ST7 EQO,2g 0.2 6.38 -5.88 6.88 -5.88
ST8 Wnb0,34g 0.08 20.95 -16.36 21.18 -16.45
ST9 EQO,34g 0.34 10.66 -11.39 10.95 -11.07
ST10 Wnb0,5g 0.08 21.03 -16.31 21.24 -16.42
ST11 EQO,58 0.5 20.99 -16.35 21.2 -16.48
ST12 Wnb0,55g 0.08 15.68 -16.01 15.99 -15.8
ST13 EQO,55g 0.55 17.28 -15.13 17.96 -15.68
ST14 Wnb0,74g 0.08 21.02 -16.39 21.24 -16.43
ST15 EQO,74g 0.74 21.66 -20.24 23.21 -20.3
ST16 Wnb0,8g 0.08 21.09 -16.35 21.31 -16.52
ST17 EQO,8g 0.8 23.65 -22.18 24.54 -23.54
ST18 Whnb1,1g 0.08 21.19 -16.3 21.28 -16.47
ST19 EQ1,1g 1.1 32.92 -31.36 34.41 -31.04
ST20 Whnb1,3g 0.08 21.28 -16.41 21.32 -16.59
ST21 EQ1,3g 1.3 41.66 -38.62 44,14 -36.64
ST22 Wnb1,3g(2) 0.08 21.57 -16.66 21.74 -16.86
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sT23 EQ1,3g(2) 1.3 43.47 -46.53 42.95 -46.48
ST24 Wnb 1,4g 0.08 22.38 -16.91 22.52 -16.85
ST25 EQl,4g 1.4 55.95 -58.84 55.35 -59.73
ST26 Wnbo0,2g (2) 0.08 23.43 -21.52 23.74 21.2
ST27 EQO,2g (2) 0.2 12.44 -11.22 12.09 -10.94
ST28 Wna0,2g 0.08 23.55 -22.26 23.84 -22.02
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Table 3.1.1f Summary of results (continued)

Intensity (g) | max W3 (mm) | min W3 (mm) max W4 (mm) min W4 (mm)
ST1 Wnb0,07g (without) 0.05 13.56 -10.61 13.84 -10.73
ST2 Wnb0,07g 0.05 13.58 -10.55 13.95 -10.64
ST3 EQO0,07g 0.07 1.48 -1.42 1.72 -1.46
ST4 EQO,1g 0.1 2.18 -2.11 2.37 -2.15
ST5 Wnb0,14g 0.08 21.14 -16.33 4.68 -16.28
ST6 EQO,14g 0.14 2.96 -2.91 3.23 -3.09
ST7 EQO,2g 0.2 4.3 -4.13 4.68 -4.39
ST8 Wnb0,34g 0.08 21.16 -16.35 21.21 -16.32
ST9 EQO,34g 0.34 7.45 -7.22 7.78 -7.48
ST10 Wnb0,5g 0.08 21.05 -16.33 21.16 -16.28
ST11 EQO,58 0.5 21.24 -16.3 21.34 -16.26
ST12 Wnb0,55g 0.08 11.15 -10.49 11.49 -10.73
ST13 EQO,55g 0.55 12.39 -11.32 12.71 -11.63
ST14 Wnb0,74g 0.08 21.13 -16.27 21.29 -16.24
ST15 EQO,74g 0.74 16.69 -15.4 17.97 -14.62
ST16 Wnb0,8g 0.08 21.11 -16.28 21.13 -16.3
ST17 EQO,8g 0.8 18.04 -16.45 18.51 -16.4
ST18 Whnb1,1g 0.08 21.07 -16.33 21.16 -16.39
ST19 EQ1,1g 1.1 24.51 -22.82 25.66 -22.16
ST20 Wnb1,3g 0.08 21.13 -16.25 21.19 -16.32
ST21 EQ1,3g 1.3 29.76 -27.24 31.92 -24.75
ST22 Wnb1,3g(2) 0.08 20.97 -16.28 21.18 -16.42
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sT23 EQ1,3g(2) 1.3 28.79 -28.11 27.7 -29.52
ST24 Wnb 1,4g 0.08 21.91 -15.4 21.19 -16.32
ST25 EQl,4g 1.4 34.28 -33.79 34.58 -37.61
ST26 Wnb0,2g (2) 0.08 21.07 -16.46 21.11 -16.43
ST27 EQO,2g (2) 0.2 4.34 -4.05 4.54 -4.21
ST28 Wna0,2g 0.08 21 -16.44 21.07 -16.48
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max (W1+W2)/2 max (W3+W4)/2 min (W3+W4)/2
Intensity (g) | (mm) min (W1+W2)/2 (mm) | (mm) (mm)

ST1 Wnb0,07g (without) 0.05 13.55 -10.73 13.7 -10.67
ST2 Wnb0,07g 0.05 13.65 -10.62 13.76 -10.6
ST3 EQO,07g 0.07 2.22 -1.85 1.6 -1.44
ST4 EQO,1g 0.1 3.43 -2.8 2.28 -2.13
ST5 Wnb0,14g 0.08 21.04 -16.32 21.16 -16.3
ST6 EQO,14g 0.14 4.27 -4.42 3.09 -3

ST7 EQO,2g 0.2 6.63 -5.88 4.49 -4.26
ST8 Wnb0,34g 0.08 21.06 -16.4 21.18 -16.34
ST9 EQO,34g 0.34 10.79 -11.22 7.62 -7.35
ST10 Wnb0,5g 0.08 21.14 -16.36 21.1 -16.3
ST11 EQO,5g 0.5 15.83 -15.9 11.32 -10.61
ST12 Wnb0,55g 0.08 21.09 -16.42 21.29 -16.27
ST13 EQO,55g 0.55 17.61 -15.41 12.55 -11.47
ST14 Wnb0,74g 0.08 21.13 -16.4 21.21 -16.25
ST15 EQO,74g 0.74 20.41 -20.27 17.32 -15.01
ST16 Wnb0,8g 0.08 21.2 -16.43 21.12 -16.29
ST17 EQO,8g 0.8 24.08 -22.84 18.27 -16.42
ST18 Whnb1,1g 0.08 21.23 -16.38 21.11 -16.36
ST19 EQ1,1g 1.1 33.63 -31.2 25.08 -22.49
ST20 Whnb1,3g 0.08 21.2 -16.5 21.16 -16.28
ST21 EQ1,3g 1.3 42.86 -37.63 30.58 -25.99
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ST22 Wnb1,3g(2) 0.08 21.66 -16.76 21.08 -16.34
ST23 EQ1,3g(2) 13 43.19 -46.5 28.24 -28.77
ST24 Wnb 1,4g 0.08 22.45 -16.88 21.54 -15.82
ST25 EQ1,4g 1.4 55.62 -59.12 34.42 -35.7
ST26 Wnb0,2g (2) 0.08 23.58 -21.36 21.09 -16.44
ST27 EQO,2g (2) 0.2 12.25 -11.08 4.44 -4.13
ST28 Whnao0,2g 0.08 23.7 -22.14 21.03 -16.46
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Table 3.1.1h Summary of results (continued)

max(mean (W1,W2) - mean (W3,W4))
Intensity (g) (mm) min(mean (W1,W2) - mean (W3,W4)) (mm)
ST1 Wnb0,07g (without) 0.05 0.62 -0.75
ST2 Wnb0,07g 0.05 0.8 -0.84
ST3 EQO0,07g 0.07 0.81 -0.96
ST4 EQO,1g 0.1 1.53 -1.21
ST5 Wnb0,14g 0.08 1.69 -1.77
ST6 EQO,14g 0.14 1.85 -1.73
ST7 EQO,2g 0.2 2.83 -2.08
ST8 Wnb0,34g 0.08 1.63 -1.72
ST9 EQO,34g 0.34 4.46 -5.63
ST10 Wnb0,5g 0.08 1.67 -1.71
ST11 EQO,5g 0.5 6.83 -6.48
ST12 WnbO0,55g 0.08 1.59 -1.74
ST13 EQO,558 0.55 7.61 -8.43
ST14 Wnb0,74g 0.08 1.73 -1.92
ST15 EQO,74g 0.74 10.27 -10.48
ST16 WnbO,8g 0.08 1.61 -1.71
ST17 EQO,8g 0.8 11.23 -10.98
ST18 Whnbl1,1g 0.08 2.39 -2.57
ST19 EQ1,1g 1.1 14.08 -13.92
ST20 Whnb1,3g 0.08 2.35 -2.44
ST21 EQ1,3g 1.3 19.76 -20.18
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ST22 Wnb1,3g(2) 0.08 3.56 -3.94
sT23 EQ1,3g(2) 1.3 21.34 -24.64
ST24 Wnb 1,4g 0.08 4.66 -6.56
ST25 EQ1,4g 1.4 26.56 -32.1
ST26 Wnb0,2g (2) 0.08 9.52 -8.25
ST27 £QO,2g (2) 0.2 12.5 -12.01
ST28 Wna0,2g 0.08 9.64 -8.71
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Table 3.1.1i Summary of results (continued)

Intensity (g) max drift (%0) min drift (%o0) Residual drift (mm) Residual drift (%0)
ST1 Wnb0,07g (without) 0.05 0.51 -0.61 -0.02 -0.02
ST2 Wnb0,07g 0.05 0.65 -0.69 0.00 0.00
ST3 EQO0,07g 0.07 0.66 -0.78 0.03 0.02
ST4 EQO,1g 0.1 1.25 -0.99 0.01 0.01
ST5 Wnbo,14g 0.08 1.38 -1.44 -0.01 -0.01
ST6 EQO,14g 0.14 1.51 -1.41 0.01 0.01
ST7 EQO,2g 0.2 2.31 -1.70 0.02 0.02
ST8 WnbO,34g 0.08 1.33 -1.40 -0.02 -0.02
ST9 EQO,34g 0.34 3.64 -4.60 -0.05 -0.04
ST10 WnbO,5g 0.08 1.36 -1.40 -0.02 -0.02
ST11 EQO,5g 0.5 5.58 -5.29 -0.01 -0.01
ST12 WnbO0,55g 0.08 1.30 -1.42 0.02 0.02
ST13 EQO,55g 0.55 6.21 -6.88 -0.08 -0.07
ST14 Wnb0,74g 0.08 1.41 -1.57 -0.01 -0.01
ST15 EQO,74g 0.74 8.38 -8.56 -0.18 -0.15
ST16 WnbO,8g 0.08 1.31 -1.40 0.02 0.02
ST17 EQO,8g 0.8 9.17 -8.96 -0.06 -0.05
ST18 Wnb1,1g 0.08 1.95 -2.10 -0.03 -0.02
ST19 EQ1,1g 1.1 11.49 -11.36 -0.02 -0.02
ST20 Wnb1,3g 0.08 1.92 -1.99 0.02 0.02
ST21 EQ1,3g 1.3 16.13 -16.47 0.25 0.20
ST22 Wnb1,3g(2) 0.08 2.91 3.22 -0.15 -0.12
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ST23 EQ1,3g(2) 1.3 17.42 -20.11 -1.10 -0.90
sT24 Wnb 1,4g 0.08 3.80 -5.36 -0.80 -0.65
ST25 EQ1,4g 1.4 21.68 -26.20 -2.37 -1.93
ST26 Wnb0,2g (2) 0.08 7.77 6.73 0.00 0.00
ST27 £QO,2g (2) 0.2 10.20 -9.80 -0.16 -0.13
sT28 Wna0,2g 0.08 7.87 7.11 -0.02 -0.02
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Table 3.1.1j Summary of results (continued)

max SG1 min SG1 max SG2 min SG2
Intensity (g) (ustrain) (ustrain) Residual SG1 (ustrain) (ustrain) Residual SG2
ST1 Wnb0,07g (without) 0.05 58 -48 2 19 -30 -5
ST2 Wnb0,07g 0.05 57 -57 0 21 -15 3
ST3 EQO0,07g 0.07 64 -53 5 16 -26 -5
ST4 EQO,1g 0.1 81 -90 4 19 -24 -6
ST5 WnbO,14g 0.08 118 -94 -1 26 -25 -2
ST6 EQO,14g 0.14 116 -105 -1 27 -26 -1
ST7 EQO,2g 0.2 140 -146 1 32 -20 -3
ST8 Wnb0,34g 0.08 116 -91 0 27 -23 -3
ST9 EQO,34g 0.34 391 -195 -2 72 -23 -5
ST10 WnbO,5g 0.08 108 -103 -7 31 -29 1
ST11 EQO,5g 0.5 473 -197 3 206 -24 -7
ST12 Wnb0,55g 0.08 110 -105 -6 32 -26 3
ST13 EQO,55g 0.55 648 -207 8 263 -22 -2
ST14 Wnb0,74g 0.08 116 -106 -6 35 -27 -4
ST15 EQO,74g 0.74 866 -249 -7 431 -31 -5
ST16 WnbO0,8g 0.08 114 -91 1 30 -20 2
ST17 EQO,8g 0.8 962 -242 1 510 -21 0
ST18 Wnb1,1g 0.08 167 -131 1 41 -21 4
ST19 EQ1,1g 1.1 1218 -287 15 781 -43 -6
ST20 Wnb1,3g 0.08 178 -144 2 37 -27 -4
ST21 EQ1,3g 1.3 1280 -749 -254 1242 -40 44
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ST22 Wnb1,3g(2) 0.08 214 -193 -7 88 -15 1
ST23 EQ1,3g(2) 1.3 1466 615 -43 1334 -22 24
sT24 Wnb 1,4g 0.08 255 -205 -8 161 -32 3
ST25 EQl,4g 1.4 1739 -640 436 1336 -142 2
ST26 Wnb0,2g (2) 0.08 105 -166 22 265 -113 3
ST27 EQO,2g (2) 0.2 202 -150 54 430 -149 2
ST28 Wna0,2g 0.08 152 -150 12 276 -137 1
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Table 3.1.1k Summary of results (continued)

max SG3 min SG3 max SG4 min SG4
Intensity (g) | (ustrain) (ustrain) Residual SG3 (ustrain) (ustrain) Residual SG4
ST1 Wnb0,07g (without) 0.05 28 -18 5 48 -48 3
ST2 Wnb0,07g 0.05 25 -19 1 66 -59 0
ST3 EQO0,07g 0.07 29 -19 -2 71 -56 -5
ST4 EQO,1g 0.1 18 -22 2 127 -66 6
ST5 WnbO,14g 0.08 23 -23 0 128 -108 -7
ST6 EQO,14g 0.14 30 -19 0 142 -96 -1
ST7 EQO,2g 0.2 37 -24 -2 223 -121 2
ST8 Wnb0,34g 0.08 35 -20 -3 123 -95 2
ST9 EQO,34g 0.34 63 -29 -7 365 -238 -4
ST10 WnbO,5g 0.08 21 -22 -4 133 -94 3
ST11 EQO,5g 0.5 109 -32 -2 532 -247 -3
ST12 Wnb0,55g 0.08 24 -24 -1 125 -89 3
ST13 EQO,55g 0.55 178 -20 2 575 -286 -9
ST14 Wnb0,74g 0.08 30 -18 2 130 -97 2
ST15 EQO,74g 0.74 301 -54 -11 819 -321 -5
ST16 WnbO0,8g 0.08 34 -30 2 94 -99 -10
ST17 EQO,8g 0.8 378 -54 -11 880 -321 -3
ST18 Wnb1,1g 0.08 23 -26 0 162 -125 3
ST19 EQ1,1g 1.1 554 -46 5 1217 -399 -37
ST20 Wnb1,3g 0.08 22 -24 -4 144 -108 -9
ST21 EQ1,3g 1.3 1140 -54 42 1399 -553 -37
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ST22 Wnb1,3g(2) 0.08 84 -17 4 177 -133
sT23 EQ1,3g(2) 1.3 1567 -53 156 1592 -454
ST24 Wnb 1,4g 0.08 198 -82 3 196 -183
ST25 EQl,4g 1.4 1532 373 14 1908 -408
ST26 Wnb0,2g (2) 0.08 253 237 4 342 -249
ST27 EQO,2g (2) 0.2 374 -300 -4 482 -297
ST28 Wna0,2g 0.08 274 -178 5 309 226
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Table 3.1.1/ Summary of results (continued)

max SG5 min SG5 max SG6 min SG6
Intensity (g) | (ustrain) (ustrain) Residual SG5 (ustrain) (ustrain) Residual SG6

ST1 Wnb0,07g (without) 0.05 120 -119 2 55 -45 2
ST2 Wnb0,07g 0.05 128 -121 2 42 -38 1
ST3 EQO0,07g 0.07 103 -134 -1 42 -49 0
ST4 EQO,1g 0.1 165 -205 -1 56 -70 1
ST5 WnbO,14g 0.08 254 -229 5 86 -72 2
ST6 EQO,14g 0.14 248 -257 -2 79 -76 0
ST7 EQO,2g 0.2 318 -343 -6 95 -77 1
ST8 Wnb0,34g 0.08 235 -215 1 81 -74 0
ST9 EQO,34g 0.34 857 -481 3 263 -77 34
ST10 WnbO,5g 0.08 242 -223 1 76 -68 -2
ST11 EQO,5g 0.5 1026 -503 1 545 -68 24
ST12 Wnb0,55g 0.08 232 -213 0 75 -57 1
ST13 EQO,55g 0.55 1507 -556 10 716 -77 -16
ST14 Wnb0,74g 0.08 267 -242 1 80 -59 0
ST15 EQO,74g 0.74 1773 -639 24 991 -69 7
ST16 WnbO0,8g 0.08 249 -235 -1 71 -53 1
ST17 EQO,8g 0.8 1997 -675 6 1120 -66 8
ST18 Wnb1,1g 0.08 395 -327 1 90 -61 -2
ST19 EQ1,1g 1.1 2656 -735 -29 13832 -48 8637
ST20 Wnb1,3g 0.08 343 -287 -1 68 -32 -4
ST21 EQ1,3g 1.3 2693 -1539 -534 523 -11803 -8535
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ST22 Wnb1,3g(2) 0.08 393 -249 2 150 -28 22
ST23 EQ1,3g(2) 1.3 3511 -1222 58 10919 -8657 -7139
ST24 Wnb 1,4g 0.08 564 -481 2 301 -40 -6
ST25 EQ1,4g 14 3887 -1302 195 11843 -7802 -4448
ST26 Wnb0,2g (2) 0.08 764 -775 3 588 -200 6
ST27 EQO,2g (2) 0.2 1074 -926 -14 743 -259 -29
ST28 Whnao0,2g 0.08 753 -709 2 586 -214 -7
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Table 3.1.7m Summary of results (continued)

max SG7 min SG7 max SG8 min SG8
Intensity (g) | (ustrain) (ustrain) Residual SG7 (ustrain) (ustrain) Residual SG8
ST1 Wnb0,07g (without) 0.05 23 -27 -3 64 -55 -2
ST2 Wnb0,07g 0.05 23 -23 -2 58 -79 -3
ST3 EQO0,07g 0.07 25 -29 1 64 -58 1
ST4 EQO,1g 0.1 26 -21 -1 117 -73 2
ST5 WnbO,14g 0.08 25 -25 -4 128 -118 -3
ST6 EQO,14g 0.14 30 -25 -3 147 -111 -5
ST7 EQO,2g 0.2 32 -24 -1 211 -139 -3
ST8 Wnb0,34g 0.08 27 -22 2 120 -113 0
ST9 EQO,34g 0.34 65 -37 -12 370 -265 -10
ST10 WnbO,5g 0.08 31 -21 -1 125 -111 0
ST11 EQO,5g 0.5 139 -28 -10 542 -256 0
ST12 Wnb0,55g 0.08 27 -20 0 112 -102 6
ST13 EQO,55g 0.55 253 -31 -5 618 -267 -6
ST14 Wnb0,74g 0.08 32 -25 -6 121 -109 -10
ST15 EQO,74g 0.74 346 -50 -4 841 -304 -21
ST16 WnbO0,8g 0.08 33 -17 1 116 -101 5
ST17 EQO,8g 0.8 404 -46 0 938 -298 -12
ST18 Wnb1,1g 0.08 24 -20 -2 161 -140 -3
ST19 EQ1,1g 1.1 601 -45 -12 1159 -292 4
ST20 Wnb1,3g 0.08 34 -23 3 164 -130 6
ST21 EQ1,3g 1.3 1230 -33 66 1393 -504 -117
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ST22 Wnb1,3g(2) 0.08 114 -43 -10 181 -185 7
ST23 EQ1,3g(2) 1.3 1430 -111 124 1458 -390 -17
ST24 Wnb 1,4g 0.08 132 -135 -11 182 -193 -6
ST25 EQ1,4g 14 1260 -500 -240 1454 -430 31
ST26 Wnb0,2g (2) 0.08 132 -198 -21 304 -228 0
ST27 EQO,2g (2) 0.2 268 -190 36 444 -305 -6
ST28 Whnao0,2g 0.08 158 -196 5 306 -282 -1
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Table 3.1.1n Summary of results (continued)

max SG9 min SG9 max SG11 min SG11
Intensity (g) | (ustrain) (ustrain) Residual SG9 (ustrain) (ustrain) Residual SG11
ST1 Wnb0,07g (without) 0.05 86 -47 0 48 -45 7
ST2 Wnb0,07g 0.05 42 -26 -3 52 -51 2
ST3 EQO0,07g 0.07 52 -25 -2 51 -52 1
ST4 EQO,1g 0.1 135 -26 -2 88 -67 -6
ST5 Wnb0,14g 0.08 150 -32 -4 101 -97 -6
ST6 EQO,14g 0.14 182 -30 -3 106 -94 2
ST7 EQO,2g 0.2 307 -35 -4 170 -105 -4
ST8 Wnb0,34g 0.08 132 -26 1 87 -92 -3
ST9 EQO,34g 0.34 552 -44 -13 300 -163 -2
ST10 Wnb0,5g 0.08 139 -20 0 84 -85 9
ST11 EQO,5g 0.5 884 -56 -15 434 -160 -2
ST12 Wnb0,55g 0.08 133 -18 1 76 -86 0
ST13 EQO,55g 0.55 1073 -33 -10 516 -161 -6
ST14 Wnb0,74g 0.08 160 -20 0 91 -89 5
ST15 EQO,74g 0.74 1333 -75 -62 711 -157 -10
ST16 WnbO0,8g 0.08 119 -6 1 73 -93 -5
ST17 EQO,8g 0.8 1513 -20 -13 789 -153 0
ST18 Wnb1,1g 0.08 195 -7 0 107 -113 -5
ST19 EQ1,1g 1.1 1906 -78 -22 995 -157 20
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ST20 Wnb1,3g 0.08 214 -36 0 113 -118 3
sT21 EQ1,3g 1.3 2251 -742 -164 1203 -453 -153
ST22 Wnb1,3g(2) 0.08 245 -189 0 217 -202 1
ST23 EQ1,3g(2) 1.3 2673 -350 4 1341 292 32
ST24 Wnb 1,4g 0.08 338 232 2 214 227 1
ST25 EQl,4g 1.4 3042 -483 98 1275 -463 -53
ST26 Wnb0,2g (2) 0.08 624 -383 1 317 -289 4
ST27 EQO,2g (2) 0.2 752 -419 -18 486 -408 3
ST28 Wna0,2g 0.08 560 -403 3 367 -354 2
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Table 3.1.170 Summary of results (continued)

max SG12 min SG12 max SG13 min SG13
Intensity (g) | (ustrain) (ustrain) Residual SG12 (ustrain) (ustrain) Residual SG13
ST1 Wnb0,07g (without) 0.05 19 -34 -11 23 -18 1
ST2 Wnb0,07g 0.05 29 -24 -1 29 -19 2
ST3 EQO0,07g 0.07 29 -28 -5 35 -22 -2
ST4 EQO,1g 0.1 44 -30 -3 69 -21 -3
ST5 WnbO,14g 0.08 48 -28 1 81 -23 -1
ST6 EQO,14g 0.14 43 -34 -7 87 -23 -3
ST7 EQO,2g 0.2 67 -34 1 153 -28 0
ST8 Wnb0,34g 0.08 47 -31 -3 82 -19 0
ST9 EQO,34g 0.34 122 -31 -3 282 -35 -1
ST10 WnbO,5g 0.08 46 -24 -3 74 -17 6
ST11 EQO,5g 0.5 187 -36 -6 448 -44 -3
ST12 Wnb0,55g 0.08 44 -24 1 75 -19 2
ST13 EQO,55g 0.55 310 -28 -4 502 -34 -3
ST14 Wnb0,74g 0.08 52 -29 0 77 -22 1
ST15 EQO,74g 0.74 409 -27 -9 717 -45 0
ST16 WnbO0,8g 0.08 43 -19 -1 61 -21 4
ST17 EQO,8g 0.8 486 -29 3 799 -37 7
ST18 Wnb1,1g 0.08 58 -18 -1 105 -22 -5
ST19 EQ1,1g 1.1 100 -37 -19 1107 -50 -14
ST20 Wnb1,3g 0.08 60 -20 2 87 -20 0
ST21 EQ1,3g 1.3 1267 -38 73 1313 -334 -42
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ST22 Wnb1,3g(2) 0.08 136 -32 1 147 -133 7
sT23 EQ1,3g(2) 1.3 1290 -269 72 1331 -252 -16
ST24 Wnb 1,4g 0.08 177 -132 6 156 -137 3
ST25 EQl,4g 1.4 1330 -445 0 1229 294 -50
ST26 Wnb0,2g (2) 0.08 234 201 3 240 -142 3
ST27 EQO,2g (2) 0.2 413 -334 0 384 -266 1
ST28 Wna0,2g 0.08 284 -255 7 280 -206 0
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Table 3.1.1p Summary of results (continued)

max SG14 min SG14 max SG15 min SG15
Intensity (g) | (ustrain) (ustrain) Residual SG14 (ustrain) (ustrain) Residual SG15

ST1 Wnb0,07g (without) 0.05 45 -47 -6 46 -43 1
ST2 Wnb0,07g 0.05 54 -53 -12 61 -48 5
ST3 EQO0,07g 0.07 65 -45 -7 61 -56 -1
ST4 EQO,1g 0.1 67 -56 -3 107 -69 1
ST5 WnbO,14g 0.08 101 -70 -6 119 -108 -5
ST6 EQO,14g 0.14 100 -63 3 119 -92 3
ST7 EQO,2g 0.2 119 -71 -3 192 -113 -6
ST8 Wnb0,34g 0.08 95 -74 -2 108 -90 -1
ST9 EQO,34g 0.34 342 -92 -6 329 -201 1
ST10 WnbO,5g 0.08 101 -69 -1 100 -96 -3
ST11 EQO,5g 0.5 419 -85 9 500 -199 -3
ST12 Wnb0,55g 0.08 106 -69 1 91 -94 -4
ST13 EQO,55g 0.55 570 -92 0 538 -210 -7
ST14 Wnb0,74g 0.08 109 -82 -4 100 -96 -1
ST15 EQO,74g 0.74 773 -110 -3 788 -255 -10
ST16 WnbO0,8g 0.08 106 -60 8 90 -78 3
ST17 EQO,8g 0.8 859 -104 1 879 -244 0
ST18 Wnb1,1g 0.08 141 -100 -7 135 -105 3
ST19 EQ1,1g 1.1 1072 -126 20 1501 -237 340
ST20 Wnb1,3g 0.08 137 -101 2 109 -123 1
ST21 EQ1,3g 1.3 1374 -300 -81 3230 -296 1083
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ST22 Wnb1,3g(2) 0.08 180 -143 6 128 -147 6

sT23 EQ1,3g(2) 1.3 1398 -471 12 1406 -361 174
ST24 Wnb 1,4g 0.08 220 -194 2 137 -204 -17
ST25 EQl,4g 1.4 1299 767 -14 1279 -283 105
ST26 Wnb0,2g (2) 0.08 292 -288 2 164 -226 21
ST27 EQO,2g (2) 0.2 420 -460 5 206 -257 -30
ST28 Wna0,2g 0.08 301 -356 2 164 216 -15
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Table 3.1.1q Summary of results (continued)

max SG16 min SG16 max SG17 min SG17
Intensity (g) | (ustrain) (ustrain) Residual SG16 (ustrain) (ustrain) Residual SG17
ST1 Wnb0,07g (without) 0.05 28 -17 5 23 -21 1
ST2 Wnb0,07g 0.05 22 -21 5 25 -20 3
ST3 EQO0,07g 0.07 22 -25 -3 22 -19 -2
ST4 EQO,1g 0.1 28 -23 -4 20 -22 3
ST5 WnbO,14g 0.08 45 -21 4 20 -25 -8
ST6 EQO,14g 0.14 46 -18 4 20 -19 4
ST7 EQO,2g 0.2 48 -23 -2 18 -27 -2
ST8 Wnb0,34g 0.08 40 -22 -1 17 -20 -3
ST9 EQO,34g 0.34 241 -28 -3 15 -23 -5
ST10 WnbO,5g 0.08 48 -26 -5 23 -21 2
ST11 EQO,5g 0.5 280 -58 -4 19 -21 2
ST12 Wnb0,55g 0.08 48 -23 -3 22 -16 3
ST13 EQO,55g 0.55 352 -51 -9 23 -27 4
ST14 Wnb0,74g 0.08 54 -26 1 20 -17 -4
ST15 EQO,74g 0.74 493 -48 -1 23 -29 0
ST16 WnbO0,8g 0.08 47 -29 -1 16 -26 -4
ST17 EQO,8g 0.8 557 -47 0 24 -29 -3
ST18 Wnb1,1g 0.08 78 -27 -2 16 -24 -6
ST19 EQ1,1g 1.1 687 -48 22 33 -35 0
ST20 Wnb1,3g 0.08 105 -39 -5 33 -22 0
ST21 EQ1,3g 1.3 1317 -77 112 21 -33 -1
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ST22 Wnb1,3g(2) 0.08 151 -121 9 28 -25 0
sT23 EQ1,3g(2) 1.3 1498 -306 19 38 21 6
ST24 Wnb 1,4g 0.08 210 211 1 18 -26 6
ST25 EQl,4g 1.4 2605 -500 1415 28 -17 6
ST26 Wnb0,2g (2) 0.08 196 -182 5 21 -37 2
ST27 EQO,2g (2) 0.2 280 213 0 24 -19 -4
ST28 Wna0,2g 0.08 213 -156 13 21 -20 1
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Table 3.1.17r Summary of results (continued)

max SG18 min SG18 Residual max SG20 min SG20
Intensity (g) | (ustrain) (ustrain) SG18 (ustrain) (ustrain) Residual SG20
ST1 Wnb0,07g (without) 0.05 19 -19 0 31 -35 2
ST2 Wnb0,07g 0.05 22 -15 2 20 -17 1
ST3 EQO0,07g 0.07 16 -23 -4 20 -20 0
ST4 EQO,1g 0.1 25 -20 2 36 -30 1
ST5 WnbO,14g 0.08 21 -22 -4 40 -44 1
ST6 EQO,14g 0.14 22 -17 0 44 -43 1
ST7 EQO,2g 0.2 16 -28 -2 60 -55 2
ST8 Wnb0,34g 0.08 22 -21 2 37 -40 0
ST9 EQO,34g 0.34 24 -34 -2 81 -121 6
ST10 WnbO,5g 0.08 23 -28 0 36 -37 0
ST11 EQO,5g 0.5 27 -41 -2 76 -128 2
ST12 Wnb0,55g 0.08 20 -23 1 34 -33 0
ST13 EQO,55g 0.55 29 -53 1 78 -149 12
ST14 Wnb0,74g 0.08 20 -23 -2 30 -31 0
ST15 EQO,74g 0.74 28 -57 5 62 -125 29
ST16 WnbO0,8g 0.08 21 -24 -3 9 -11 0
ST17 EQO,8g 0.8 28 -56 6 35 -62 5
ST18 Wnb1,1g 0.08 24 -18 2 9 -14 1
ST19 EQ1,1g 1.1 32 -55 8 28 -75 26
ST20 Wnb1,3g 0.08 24 -17 5 2 -6 0
ST21 EQ1,3g 1.3 21 -68 3 37 -73 33
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ST22 Wnb1,3g(2) 0.08 17 -19 1 0
sT23 EQ1,3g(2) 1.3 18 -58 -4 0
ST24 Wnb 1,4g 0.08 16 -24 -1 0
ST25 EQl,4g 1.4 27 62 1 5
ST26 Wnb0,2g (2) 0.08 23 -23 6 1
ST27 EQO,2g (2) 0.2 30 -15 6 1
ST28 Wna0,2g 0.08 24 22 7 0
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Table 3.1.17s Summary of results (continued)

max SG21 min SG21 Residual max SG22 min SG22 Residual
Intensity (g) | (ustrain) (ustrain) SG21 (ustrain) (ustrain) SG22
Wnb0,07g

ST1 (without) 0.05 49 -39 12 56 -48 0
ST2 Wnb0,07g 0.05 24 -18 0 36 -38 0
ST3 EQO,07g 0.07 29 -27 -1 45 -51 1
ST4 EQO,1g 0.1 40 -69 0 80 -63 1
ST5 WnbO,14g 0.08 66 -84 2 89 -97 0
ST6 EQO,14g 0.14 64 -97 -2 101 -96 -1
ST7 EQO,2g 0.2 77 -151 -2 147 -121 -2
ST8 WnbO,34g 0.08 60 -82 -1 81 -90 0
ST9 EQO,34g 0.34 133 -227 -18 245 -276 -5
ST10 Wnb0,5g 0.08 58 -65 -2 84 -86 0
ST11 EQO,5g 0.5 122 -255 -3 318 -301 -4
ST12 Wnb0,55g 0.08 52 -48 0 83 -84 1
ST13 EQO,55g 0.55 201 -265 -10 355 -375 0
ST14 Wnb0,74g 0.08 55 -50 -1 92 -92 -1
ST15 EQO,74g 0.74 212 -336 -22 447 -384 -1
ST16 WnbO,8g 0.08 39 -42 -2 73 -83 0
ST17 EQO,8g 0.8 296 -261 18 461 388 -2
ST18 Wnb1,1g 0.08 55 -52 -1 105 -119 1
ST19 EQ1,1g 1.1 304 -358 9 563 -414 7
ST20 Wnb1,3g 0.08 60 -73 0 101 -86 0
ST21 EQ1,3g 1.3 677 -444 -2 735 -218 -10
ST22 Wnb1,3g(2) 0.08 116 -103 -1 117 -89 2
ST23 EQ1,35(2) 1.3 868 -339 22 670 -175 -53
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ST24 Wnb 1,4g 0.08 158 -148 1 81 -117 2
ST25 EQ1,4g 1.4 1173 -485 36 803 -126 49
ST26 Wnb0,2g (2) 0.08 246 -219 0 19 -90 3
ST27 £QO,2g (2) 0.2 348 292 2 23 71 -14
ST28 Wna0,2g 0.08 239 216 2 20 -67 2
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max SG23 min SG23 Residual max SG24 min SG24 Residual
Intensity (g) | (ustrain) (ustrain) SG23 (ustrain) (ustrain) SG24
Wnb0,07g

ST1 (without) 0.05
ST2 Wnb0,07g 0.05
ST3 EQO,07g 0.07
ST4 EQO,1g 0.1
ST5 WnbO,14g 0.08
ST6 EQO,14g 0.14
ST7 EQO,2g 0.2
ST8 WnbO,34g 0.08
ST9 EQO,34g 0.34
ST10 Wnb0,5g 0.08
ST11 EQO,5g 0.5 23 -23 -5 24 -16 1
ST12 Wnb0,55g 0.08 24 -28 -2 13 -18 -3
ST13 EQO,55g 0.55 32 -15 1 17 -29 -7
ST14 Wnb0,74g 0.08 13 -24 -5 17 -17 -2
ST15 EQO,74g 0.74 33 -20 -6 30 -27 7
ST16 WnbO,8g 0.08 26 -16 3 15 -15 -1
ST17 EQO,8g 0.8 34 -23 2 37 -24 11
ST18 Wnb1,1g 0.08 23 -14 7 20 -11 9
ST19 EQ1,1g 1.1 46 -21 -5 31 -40 -3
ST20 Wnb1,3g 0.08 11 -25 -5 19 -13 0
ST21 EQ1,3g 1.3 57 -18 -5 39 -32 2
ST22 Wnb1,3g(2) 0.08 16 -22 -1 19 -13 5
ST23 EQ1,3g(2) 1.3 54 -19 -1 44 -24 15
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ST24 Wnb 1,4g 0.08 17 -23 5
ST25 EQ1,4g 1.4 58 -20 -1
ST26 Wnb0,2g (2) 0.08 7 -33 -4
ST27 £QO,2g (2) 0.2 10 -26 -1
ST28 Wna0,2g 0.08 21 -15 4
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Table 3.1.7u Summary of results (continued)

max((Accl+Accd)/2- min((Accl1+Acc4)/2- At (14-10)
max(Accl+Acc4)/2 | min(Accl+Accd)/2 | Accl0) (g) Accl0) (g) (sec)
Intensity (g)
Wnb0,07g

ST1 (without) 0.05 0.07 -0.07 0.07 -0.08 15.85
ST2 Wnb0,07g 0.05 0.09 -0.08 0.08 -0.08 1.82
ST3 EQO,07g 0.07 0.12 -0.09 0.1 -0.09 0.15
ST4 EQO,1g 0.1 0.18 -0.11 0.15 -0.11 0.66
ST5 WnbO,14g 0.08 0.2 -0.19 0.19 -0.18 -0.08
ST6 EQO,14g 0.14 0.22 -0.17 0.18 -0.2 -3.64
ST7 EQO,2g 0.2 0.34 -0.22 0.3 -0.27 0.04
ST8 Wnb0,34g 0.08 0.18 -0.17 0.17 -0.71 -0.08
ST9 EQO,34g 0.34 0.53 -0.52 0.51 -0.64 0.13
ST10 Wnb0,5g 0.08 0.17 -0.17 0.17 -0.17 0.04
ST11 EQO,5g 0.5 0.77 -0.68 0.8 -0.72 0.05
ST12 Wnb0,55g 0.08 0.18 -0.18 0.15 -0.21 2.38
ST13 EQO,55g 0.55 0.91 -0.87 0.91 -0.87 -0.86
ST14 WnbO,74g 0.08 0.19 -0.18 0.18 -0.2 8.08
ST15 EQO,74g 0.74 1.23 -1.33 1.21 -1.2 -0.62
ST16 WnbO,8g 0.08 0.15 -0.15 0.16 -0.19 2.96
ST17 EQO,8g 0.8 1.31 -1.2 1.29 -1.29 -0.86
ST18 Wnb1,1g 0.08 0.2 -0.21 0.2 -0.22 0.81
ST19 EQ1,1g 1.1 1.66 -14 2.12 -1.71 -4.39
ST20 Wnb1,3g 0.08 0.17 -0.18 0.15 -0.17 0.56
ST21 EQ1,3g 1.3
ST22 Wnb1,3g(2) 0.08
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ST23 EQ1,3g(2) 1.3 1.8 -1.8 2.65 -3.25 0.66
sT24 Wnb 1,4g 0.08 0.16 -0.19 0.17 0.2 1.29
ST25 EQ1,4g 1.4 1.75 -1.8 3.74 -3.79 -2.88
ST26 Wnb0,2g (2) 0.08 0.19 -0.16 0.2 -0.18 7.49
ST27 £QO,2g (2) 0.2 0.33 -0.37 0.43 -0.42 0.91
ST28 Wna0,2g 0.08 0.2 -0.18 0.2 -0.19 6.95
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Table 3.1.17v Summary of results (continued)

Intensity (g) Planters
ST1 m:’:")ﬂ)g 0.05 Slight rocking of planter 5.
ST2 Wnb0,07g 0.05 Slight rocking of planter 5.
ST3 EQO,07g 0.07 Slight rocking of planter 5.
ST4 EQO,1g 0.1 Slight rocking of planter 5.
ST5 WnbO,14g 0.08 Slight rocking of planter 5.
ST6 EQO,14g 0.14 Slight rocking of planter 2 and 5.
ST7 EQO,2g 0.2 Slight rocking of planter 2 and 5.
ST8 Wnb0,34g 0.08 Slight rocking of planter 2 and 5.
Planter 2 basalt rope loosening were observed, then it was tightened. Rocking of
ST9 EQO,34g 0.34 planter 2, 3,4 and 5.
ST10 Wnb0,5g 0.08 Slight rocking of planter 2 and 5.
ST11 EQO,5g 0.5 Rocking of planter 2, 3, 4 and 5. Micro-displacement of planter 4.
ST12 Wnb0,55g 0.08 Slight rocking of planter 2, 5 and 4.
Planter 3 displacement of prestressing device was noticed and it was tightened
ST13 EQO,55g 0.55 again. Rocking of planter 2, 3, 4 and 5. Micro-displacement of planter 4.
ST14 Wnb0,74g 0.08 Slight rocking of planter 2, 5 and 4.
Fracture of the basalt rope of planter 3. Basalt rope loosening of planters 2,5 and
tightened again. Intense rocking of planter 2, 3, 4 and 5. Micro-displacement of
ST15 EQO,74g 0.74 planter 4.
ST16 WnbO,8g 0.08 Slight rocking of planter 2,4, 5.
Rocking of planter 4 leading to micro displacement of the PM pads and of the
planter itself. Planter 3 basalt rope was loosening. Intense rocking of planter 2, 3,
ST17 EQO,8g 0.8 4 and 5.
ST18 Wnb1,1g 0.08 Rocking of planter 5, 4, 3 ,2.
Rocking of planter 4 leading to micro displacement of the PM pads and of the
ST19 EQ1,1g 1.1 planter itself. Fracture of the one basalt rope of planter 3. Displacement of
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prestressing devices of planter 2 and 5 and loosening of basalt ropes. Intense
rocking of planter 2, 3, 4, 5 and rocking of planter 1.
ST20 Wnb1,3g 0.08 Rocking of planter 5,4,3,2.
Rocking of planter 4 leading to displacement (+-3 cm) of the PM pads and of the
planter itself. Planter 1 showed bottom micro displacements because of slight
loosening of the steel rod. Fracture of the one basalt rope of planter 2. Planters
ST21 EQ1,3g 1.3 2,3 and 5 showed bottom displacements. Intense rocking of all planters.
ST22 Wnb1,3g(2) 0.08 Rocking of planter 4 and 5.
Rocking of planter 4 leading to displacement (+-3 cm) of the PM pads and of the
planter itself. Fracture of basalt rope of planter 3. Fracture of both basalt ropes of
planter 5. Displacement of prestressing device of planter 2. Intense rocking of all
ST23 EQ1,3g(2) 1.3 planters.
ST24 Wnb 1,4g 0.08 Rocking of planter 4,5,2,3.
Rocking of planter 4 leading to displacement (+-4 cm) of the PM pads and of the
planter itself. Planter 1 showed bottom micro displacements because of slight
loosening of the steel rod. Fracture of the one basalt rope of planter 3. Planter 5
ST25 EQ1,4g 1.4 and 2 showed bottom micro displacements. Intense rocking of all planters.
ST26 Wnb0,2g (2) 0.08 Rocking of all planters.
ST27 EQO,2g (2) 0.2 Rocking of all planters.
ST28 Whnao0,2g 0.08 Rocking of all planters.
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Table 3.1.7w Summary of results (continued)

Intensity (g) Vertical living walls
ST1 Wnb0,07g (without) 0.05
ST2 Wnb0,07g 0.05
ST3 EQO,07g 0.07
ST4 EQO,1g 0.1
ST5 Wnb0,14g 0.08
ST6 EQO,14g 0.14
ST7 EQO,2g 0.2
ST8 Wnb0,34g 0.08
Initiation of loosening of basalt rope of LW1-4L and LW3-2L. Initiation of micro loosening of LW1-
ST9 EQO,34g 0.34 4R, LW3-2R, LW1-2L and LW1-2R.
ST10 Wnb0,5g 0.08 no change
ST11 EQO,5g 0.5 no change
ST12 WnbO0,55g 0.08 no change
ST13 EQO,55g 0.55 no change
ST14 WnbO,74g 0.08 no change
ST15 EQO,74g 0.74 no change
ST16 WnbO,8g 0.08 no change
ST17 EQO,8g 0.8 no change
ST18 Wnb1,1g 0.08 no change
Left living wall LW1-4L, showed basalt rope loosening without detachment of PU pads allowing
micromovements for high direct horizontal loads (severe wind) but no living wall collapse was

observed.

ST19 EQ1,1g 1.1 Left vertical living wall LW3-2L showed basalt rope loosening without detachment of PU pads
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allowing micromovements for high direct horizontal loads (severe wind) but no living wall
collapse was observed.

ST20

Wnb1,3g

0.08

no change

ST21

EQ1,3g

1.3

Left living wall LW1-4L, showed basalt rope loosening without detachment of PU pads allowing
micromovements for low direct horizontal loads (frequent wind) but no living wall collapse was
observed.

Left vertical living wall LW3-2L showed basalt rope loosening without detachment of PU pads
allowing micromovements for low direct horizontal loads (frequent wind) but no living wall
collapse was observed.

ST22

Wnb1,3g(2)

0.08

no change

ST23

EQ1,3g(2)

13

Left living wall LW1-4L, showed basalt rope loosening leading to detachment of PU pads allowing
micromovements for low direct horizontal loads (frequent wind) but no living wall collapse was
observed.

Left vertical living wall LW3-2L showed basalt rope loosening leading to detachment of PU pads
allowing micromovements for low direct horizontal loads (frequent wind) but no living wall
collapse was observed. Steel rod (hemlock) slight loosening at the top of living wall LW3-4R
allowing micromovements for low direct horizontal loads (frequent wind) but no living wall
collapse was observed.

ST24

Wnb 1,4g

0.08

no change

ST25

EQ1,4g

14

Steel rod or basalt rope loosening (in some cases) at very high accelerations of the structure, no
living wall collapse was observed. Left living wall LW4-3L showed the best performance
maintaining full capacity, in plane and out of plane (resistant to severe wind). Left living wall
LW1-4L, showed basalt rope loosening leading to detachment of PU pads allowing
micromovements for low direct horizontal loads (frequent wind) but no living wall collapse was
observed. Living walls LW1-2L, LW2-3R, LW1-4R showed slight basalt rope loosening allowing
micromovements for high direct horizontal loads (severe wind), but no living wall collapse was
observed. Living wall LW1-2R showed basalt rope loosening allowing micromovements for
medium direct horizontal loads (intense wind), but no living wall collapse was observed.
Left vertical living wall LW2-3L showed basalt rope loosening leading to detachment of PU pads
allowing micromovements for low direct horizontal loads (frequent wind) but no living wall
collapse was observed.

Steel rod (hemlock) slight loosening at the top of living wall LW4-3R allowing micromovements
for low direct horizontal loads (frequent wind) but no living wall collapse was observed.
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ST26 Wnb0,2g (2) 0.08 no change
ST27 EQO,2g (2) 0.2 no change
ST28 Wnao0,2g 0.08 no change
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Table 3.1.1x Summary of results (continued)

Intensity (g) Renovated Structure
Wnb0,07g
ST1 (without) 0.05
ST2 Wnb0,07g 0.05
ST3 EQO,07g 0.07
ST4 EQO,1g 0.1
ST5 Wnb0,14g 0.08
ST6 EQO,14g 0.14
ST7 EQO,2g 0.2
ST8 Wnb0,34g 0.08
ST9 EQO,34g 0.34
ST10 Wnb0,5g 0.08
Already formed horizontal cracks opening and closing in brick wall 3-4 without
ST11 EQO,5g 0.5 brick wall stiffness reduction.
ST12 Wnb0,55g 0.08 no change
ST13 EQO,55g 0.55 no change
ST14 Wnb0,74g 0.08 no change
ST15 EQO,74g 0.74 no change
ST16 WnbO,8g 0.08 no change
ST17 EQO,8g 0.8 no change
ST18 Wnb1,1g 0.08 no change
ST19 EQ1,1g 1.1 no change
ST20 Wnb1,3g 0.08 no change
The columns entered yielding strain of their longitudinal steel reinforcements at
the bottom. Damage with crushing of bottom brick at partial infill wall 2-3 and
ST21 EQ1,3g 1.3 initiation of damage at the bottom brick at partial infill wall 3-4.
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ST22 Wnb1,3g(2) 0.08 no change
Damage with crushing of bottom brick at both partial infill walls occurred. The
columns entered yielding strain of their longitudinal steel reinforcements at the
bottom and at the top critical regions (columns 1, 2, 3, 4). PUFJ between concrete
columns and brick infills maintained their integrity without fracture or debonding.
FRPU jackets maintained their bonding on the PUFJs, on the concrete and on the
ST23 EQ1,3g(2) 1.3 bricks. No failure of brick infills 1 — 2 and 4 — 3 (out of plane) was observed.
ST24 Wnb 1,4g 0.08 no change
Damage with crushing of bottom brick at both partial infill walls occurred at very
high displacement drift levels (2,62%). Local fracture of the FRPU jacket at the
boundary between the crushed brick and the bottom foundation beam. Additional
cracks at some mortar joints between bricks of the partial infill walls at their
internal face (side with no FRPU jacket). Columns entered strain hardening of their
ST25 EQ1,4g 1.4 longitudinal steel reinforcements.
ST26 Wnb0,2g (2) 0.08 no change
ST27 EQO,2g (2) 0.2 no change
ST28 Whnao0,2g 0.08 no change
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3.2 Concluding assessment remarks

In table 3.1.1a — 3.1.1.d the maximum accelerations for each excitation are cited. Accelerometer Acc1
is located at the left corner of the slab along the direction x (direction of excitation). Accelerometer
Acc4 is located at the right corner of the slab along direction x. Accelerometer Acc? is located at the
center of full infill along x direction. Acc10 is located at the center of foundation along x direction. The
ratio between peak top slab and peak foundation acceleration fluctuates 1.75 at white noise before
0.07g (without bottom fixing of the vertical living walls), to 4 at white noise after 0.2g. The ratio between
peak top slab and peak foundation seismic acceleration fluctuates 0.85 during ST25 that is EQ1.4g to
2 during ST4, that is EQ0.1g (table 3.1.1d). During ST15 excitation of EQQ.74g, infill wall 3-4 starts to
significantly accelerate (1.19g). During ST25 excitation of EQ1.4g, infill wall 3-4 presents the highest
out of plane acceleration (2.31g) at its center point. During this excitation EQ1.4g, all accelerometers
acct, acc4, acc7 and acc10 show the maximum values 2.05g, 1.86g, 2.31g and 2.569 respectively.

Table 3.1.1e — 3.1.1f provides the values from Draw wire displacement sensors (W1, W2, W3, W4). The
max drift occurs during 1,4g excitation, with value 26.20%0. The minimum peak drift is 0.51%0 at white
noise before Wnb0.07g (without bottom fixing of the vertical living walls). The max residual drift is -
2.37 mm (-1.93%0) at EQ1.4g excitation (Table 3.1.11).

During excitation EQ0.5g, opening and closing of already formed (from the first phase) horizontal cracks
in brick wall 3-4 was observed. However, no brick wall disintegration or stiffness reduction was noticed.
During EQ1.3g, strain gauges SG5 (2693 ustrain), SG6 (-11803 ustrain) and SG15 (3230 ustrain) showed
the highest values of variation. During EQ1.3g the columns entered yielding strain of their longitudinal
steel reinforcements at the bottom. Also, damage with crushing of bottom brick at partial infill wall 2-3
and initiation of damage at the bottom brick at partial infill wall 3-4, was noticed.

During excitation EQ1.3g(2) , strain gauges SG5, SG6 and SG9 showed 10919 ustrain,-8657 ustrain and
2673 ustrain variation respectively. The columns entered yielding strain of their longitudinal steel
reinforcements at the top critical regions as well (columns 1, 2, 3, 4). PUFJs between concrete columns
and brick infills maintained their integrity without fracture or debonding while the maximum recorded
horizontal top strain was 1173 ustrain, during excitation EQ1.4g. FRPU jackets at partial brick infills
maintained their bonding on the PUFJs, on the concrete and on the bricks because of the protection of
PUFJs. Therefore, strain gauges SG17-SG20 on the center of the partial brick infill face developed low
values (maximum of 149 ustrain at excitation EQ0.55g). No failure of full brick infills 1 — 2 and 4 - 3
(out of plane) was observed. Basalt ropes wrapped around columns 3 and 4 developed extremely low
strain values (max tensile strain of 58 ustrain SG23, SG24).

The Vertical Forest renovations resulted in a significant increase of the top slab mass. Yet, the
innovative full green basalt rope wrapping of bottom and top critical regions of rc columns, the
innovative construction of PURJs between the wrapped concrete columns and the brick infills as well
as of the one-sided FRPU jacketing of the brick infills resulted in increased stiffness and strength of the
structure when compared to the as-built tested structure. The planters and vertical living walls are
discussed in detail in the next section.

Table 3.1.1u shows the values of time (t14), at which (Acc1+Acc4)/2 receive maximum. Therefore, the
time difference of the accelerometers between the peak top slab and the peak foundation Acc10, is
given as At(t14-t10). The time difference for seismic excitations vary from -4.39 sec to 0.91 sec and
for white noise from -0.08 sec to 15.85 sec. At white noise before WNb0.07g (without), the maximum
difference At was observed.
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3.3 Damage assessment

This section gathers the damage assessment of the planters, the vertical living walls and renovated
reinforced concrete structure (table 3.1.1v - 3.1.1x).

Planters

The 5 planters with the trees (P) presented a remarkably resilient performance up to very severe seismic
excitations. All different cases of Planters’ anchoring with basalt ropes or steel rod on the top slab,
sustained high displacement drifts and top slab accelerations. Despite, steel rod or basalt rope
loosening or basalt rope fracture (in some cases) at very high accelerations of the structure, no planter
collapse (or overturning) was observed. During certain excitations, the basalt rope anchors of the
planters were cut or the prestressing devices were displaced. Then, the basalt rope anchors were easily
replaced, and the prestressing devices corrected. In cases of rope loosening, it was easily tightened
again. Most planters (except for planter 1) presented extreme rocking behavior with bottom micro or
large displacement. During low seismic excitation, the rocking of planter 4 (without any anchoring but
with PM pads) was negligible. However, for severe seismic excitations, extreme planter 4 rocking
resulted in PM pads displacement and of the planter itself (no collapse or overturning). Planter 1
showed the best performance with bottom micro displacements because of slight loosening of the
steel rod. Planter 5 (with double basalt rope and both ropes post-tensioned but without pads) showed
excellent performance at low or severe seismic excitations with bottom micro displacements in most
excitations.

During excitations Wnb0.07g (without), Wnb0.07g, EQ0.07g, EQ0.1g and Wnb0.14g, slight rocking of
planter 5 was observed. During excitations EQ0.14, EQ0.2g, Wnb0.34g, Wnb0.5g, Wnb0.55g and
Wnb0.74g, slight rocking of planter 2 and 5 was noticed. During EQ0.34g, rocking of planter 2, 3, 4 and
5 was observed. After excitation 0.34g, planter 2 basalt rope loosening was noted and the rope was
tightened (post-tensioned again). After EQQ.5g, rocking of planter 2, 3, 4 and 5 as well as micro-
displacement of planter 4 was noticed. After EQ0.55g, planter 3 displacement of prestressing device
was noticed and it was tightened again. Rocking of planter 2, 3, 4 and 5 was observed. Planter 4 showed
micro displacements. At excitation 0.74g, fracture of the basalt rope of planter 3 occured. Basalt rope
loosening of planters 2,5 was evidenced and the rope was tightened again. Micro-displacement of
planter 4 was noticed. After excitation EQ0.8g, rocking of planter 4 was evidenced, leading to micro
displacement of the PM pads and of the planter itself. In planter 3 basalt rope was loose. After
excitation EQ1.1g, rocking of planter 4 resulted in micro displacement of the PM pads and of the planter
itself. The one basalt rope of planter 3 fractured. Displacement of prestressing devices of planter 2 and
5 and loosening of basalt ropes was noticed. After EQ1.3g, rocking of planter 4 leading to displacement
(+-3 cm) of the PM pads and of the planter itself was observed. Planter 1 showed bottom micro
displacements because of slight loosening of the steel rod. The one basalt rope of planter 2 was
fractured. Planters 2, 3 and 5 showed bottom displacements. After excitation EQ1.3g(2), rocking of
planter 4 leading to displacement (+-3 cm) of the PM pads and of the planter itself, was noticed. The
basalt rope of planter 3 was fractured. Both basalt ropes of planter 5 were fractured. The prestressing
device of planter 2 was displaced. All damages were restored easily. At excitation EQ1.4g, rocking of
planter 4 leading to displacement (+-4 cm) of the PM pads and of the planter itself was noticed. Planter
1 showed bottom micro displacements because of slight loosening of the steel rod. The one basalt
rope of planter 3 was fractured. Planter 5 and 2 showed bottom micro displacements. Finally, after all
excitations, planter 1 showed the best performance with bottom micro displacements because of slight
loosening of the steel rod. Planter 5 showed excellent performance with bottom micro displacements.
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Figure 3.3.1 Observed damage after Wnb0.07g(without), Wnb0.07g, EQ0.07g, EQ0.71g, Wnb0.74g
tests:. Slight rocking of planter 5.
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Figure 3.3.2 Observed damage after EQ0.14g, EQ0.2g, Wnb0.34g, Wnb0.5g, Wnb0.55g tests:.. Slight
rocking of planter 2 and 5.
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Figure 3.3.3 Observed damage after EQ0.34 test: Planter 2 basalt rope loosening was observed,
then it was tightened. Rocking of planter 2, 3, 4 and 5.
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Figure 3.3.4 Observed damage after EQO.5g test: Rocking of planter 2, 3, 4 and 5. Micro-
displacement of planter 4.
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Figure 3.3.5 Observed damage after Wnb0.55g, WNbO0.74g, Wnb0.8g tests: Rocking of planter 2, 3, 4
and 5. Micro-displacement of planter 4.
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Figure 3.3.6 Observed damage after EQQ.55 test: Planter 3 displacement of prestressing device was

noticed and it was tightened again. Rocking of planter 2, 3, 4 and 5. Micro-displacement of planter 4.
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Figure 3.3.7 Observed damage after EQ0.74q test: Fracture of the basalt rope of planter 3. Basalt
rope loosening of planters 2,5 and tightened again. Intense rocking of planter 2, 3, 4 and 5. Micro-
displacement of planter 4.
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Figure 3.3.8 Observed damage after EQ0.80g test: Intense rocking of planter 4 leading to micro
displacement of the PM pads and of the planter itself. Planter 3 basalt rope was loosening. Intense
rocking of planter 2, 3 and 5.
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Figure 3.3.9 Observed damage after Wnb1.1g, Wnb1.3g, Wnb1.4 test: Rocking of planter 5, 4, 3,2.
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Figure 3.3.10 Observed damage after EQ1.1g test: intense rocking of planter 4 leading to micro
displacement of the PM pads and of the planter itself. Fracture of the one basalt rope of planter 3.
Displacement of prestressing devices of planter 2 and 5 and loosening of basalt ropes. Intense rocking
of planter 2, 3, 5 and rocking of planter 1.
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Figure 3.3.17 Observed damage after EQ1.3g test: Intense rocking of planter 4 leading to
displacement (+-3 cm) of the PM pads and of the planter itself. Planter 1 showed bottom

microdisplacements because of slight loosening of the steel rod. Fracture of the one basalt rope of
planter 2. Planters 2,3 and 5 showed bottom displacements. Intense rocking of all planters.
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Figure 3.3.12 Observed damage after Wnb1.3g (2) test: Rocking of planter 4 and 5.
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Figure 3.3.13 Observed damage after EQ1.3g(2) test: Intense rocking of planter 4 leading to
displacement (+-3 cm) of the PM pads and of the planter itself. Fracture of basalt rope of planter 3.
Fracture of both basalt ropes of planter 5. Displacement of prestressing device of planter 2. Intense
rocking of all planters.
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Figure 3.3.14 Observed damage after EQ1.3g(2) test : Intense rocking of planter 4 leading to
displacement (+-4 cm) of the PM pads and of the planter itself. Planter 1 showed bottom micro
displacements because of slight loosening of the steel rod. Fracture of the one basalt rope of planter 3.
Planter 5 and 2 showed bottom micro displacements. Intense rocking of all planters.
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Figure 3.3.15 Observed damage after Wnb0.2g, EQ0.2g, Wna0.2g tests: Rocking of all planters.
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Vertical living walls

The 8 vertical living walls (LW) presented a remarkably resilient performance up to very severe
seismic excitations. All different cases of vertical Living Wall attachment on the concrete elements with
basalt ropes and PU pads, sustained high displacement drifts and top slab accelerations respectively.
Despite, steel rod or basalt rope loosening (in some cases) at very high accelerations of the structure,
no living wall collapse was observed. It is important to mention that LW4-3L, LW1-2L and LW1-2R
showed better performance than LW4-3R at very high displacement drifts. Similar high performance
showed LW1-4L and LW2-3R.

Initiation of loosening of basalt rope of LW1-4L and LW3-2L was observed. Also, initiation of micro
loosening of LW1-4R, LW3-2R, LW1-2L and LW1-2R, was observed. No severe loosening of vertical living
walls, before EQQ0.74g was observed. More specifically, after EQ0.8g left living wall LW1-4L, showed
basalt rope loosening without detachment of PU pads allowing micromovements for high direct
horizontal loads (severe wind) but no living wall collapse was observed. Left vertical living wall LW3-2L
showed basalt rope loosening without detachment of PU pads allowing micromovements for high
direct horizontal loads (severe wind) but no living wall collapse was observed. After excitation EQ1.1g,
left living wall LW1-4L, showed basalt rope loosening without detachment of PU pads allowing
micromovements for high direct horizontal loads (severe wind) but no living wall collapse was
observed. Also, left vertical living wall LW3-2L showed basalt rope loosening without detachment of PU
pads allowing micromovements for high direct horizontal loads (severe wind) but no living wall collapse
was observed. After excitation EQ1.3g, left living wall LW1-4L, showed basalt rope loosening without
detachment of PU pads allowing micromovements for low direct horizontal loads (frequent wind) but
no living wall collapse was observed. Left vertical living wall LW3-2L showed basalt rope loosening
without detachment of PU pads allowing micromovements for low direct horizontal loads (frequent
wind) but no living wall collapse was observed. After excitation EQ1.3g(2), left living wall LW1-4L,
showed basalt rope loosening leading to detachment of PU pads allowing micromovements for low
direct horizontal loads (frequent wind) but no living wall collapse was observed. Left vertical living wall
LW3-2L showed basalt rope loosening leading to detachment of PU pads allowing micromovements
for low direct horizontal loads (frequent wind) but no living wall collapse was observed. Steel rod
(hemlock) slight loosening at the top of living wall LW3-4R allowing micromovements for low direct
horizontal loads (frequent wind) but no living wall collapse was observed. Finally, after the maximum
intensity excitation EQ1.4g, steel rod or basalt rope loosening (in some cases) at very high accelerations
of the structure, no living wall collapse was observed. Left living wall LW3-4L showed the best
performance maintaining full capacity, in plane and out of plane (resistant to severe wind). Left living
wall LW1-4L, showed basalt rope loosening leading to detachment of PU pads allowing
micromovements for low direct horizontal loads (frequent wind) but no living wall collapse was
observed. Living walls LW1-2L, LW2-3R, LW1-4R showed slight basalt rope loosening allowing
micromovements for high direct horizontal loads (severe wind), but no living wall collapse was
observed. Living wall LW1-2R showed basalt rope loosening allowing micromovements for medium
direct horizontal loads (intense wind), but no living wall collapse was observed. Left vertical living wall
LW3-2L showed basalt rope loosening leading to detachment of PU pads allowing micromovements
for low direct horizontal loads (frequent wind) but no living wall collapse was observed. Steel rod
(hemlock) slight loosening at the top of living wall LW3-4R allowing micromovements for low direct
horizontal loads (frequent wind) but no living wall collapse was observed.
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Figure 3.3.16 Observed damage after 1.1g test: Left living wall LW1-4L, showed basalt rope
loosening without detachment of PU pads allowing micromovements for high direct horizontal loads
(severe wind) but no living wall collapse was observed.

98



@ HFRI Greece 2.0

Hellenic Fi dati fi
Research & Tnnovation  NATIONALRECOVERY AND RESILIENCE PLAN

Funded by the ‘
European Union {E N
NextGenerationEU

2.7m
0.6m 1.5m 0.6m
0.13m 1.24m 0.13m
£
n
o
Column 3 € €8S Column 2
| €
— » o
Pl o
— e = = )
no detachment of PU pads A / c
| &
| L £
I
[
I
£
e}
o (1} T 1]
o
0.4m 0.2m 1.2m 0.2m 0.4m
2.4m

Figure 3.3.17 Observed damage after 1.1g test: Left vertical living wall LW3-2L showed basalt rope
loosening without detachment of PU pads allowing micromovements for high direct horizontal loads
(severe wind) but no living wall collapse was observed.
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Figure 3.3.18 Observed damage after 1.3g test: Left living wall LW1-4L, showed basalt rope
loosening without detachment of PU pads allowing micromovements for low direct horizontal loads
(frequent wind) but no living wall collapse was observed.

100



© HERI Greece 2.0 = SREPMEFRSY

{lenic Fi i f
R oo on  NATIONAL RECOVERY AND RESILIENCE PLAN

2.7m
0.6m 1.5m 0.6m
0.13m 1.24m 0.13m
&
o
Column 3 . ves Column 2
| £
o | S
L/ o
—~4 — i =%§--1
no detachment of PU pads / c
. }
= £
|
Il
&
o []] 1 )
o
0.4m 0.2m 1.2m 0.2m 0.4m
2.4m

Figure 3.3.19 Observed damage after 1.3g test: Left vertical living wall LW3-2L showed basalt rope
loosening without detachment of PU pads allowing micromovements for low direct horizontal loads
(frequent wind) but no living wall collapse was observed.
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Figure 3.3.20 Observed damage after 1.3g(2) test: Left living wall LW1-4L, showed basalt rope
loosening leading to detachment of PU pads allowing micromovements for low direct horizontal loads
(frequent wind) but no living wall collapse was observed.
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Figure 3.3.27 Anchoring details and PU pads dimensions (under the top slab), left living wall LW1-
4L: detachment of PU pads after EQ1.3g (2)
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Figure 3.3.22 Observed damage after 1.3g(2) test: Left vertical living wall LW3-2L showed basalt
rope loosening leading to detachment of PU pads allowing micromovements for low direct horizontal
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Figure 3.3.23 Anchoring details and PU pads dimensions (under the top slab), left living wall LW3-
2L: detachment of PU pads after EQ1.3g (2)
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Figure 3.3.24 Observed damage after 1.3g(2) test: Steel rod (hemlock) slight loosening at the top of
living wall LW3-4R allowing micromovements for low direct horizontal loads (frequent wind) but no
living wall collapse was observed.
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Figure 3.3.25 Observed damage after 1.4g test: Left living wall LW1-4L, showed basalt rope
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loosening leading to detachment of PU pads allowing micromovements for low direct horizontal loads
(frequent wind) but no living wall collapse was observed. LW1-4R showed slight basalt rope loosening
allowing
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Figure 3.3.26 Anchoring details and PU pads dimensions (under the top slab), left living wall LW1-
4L: detachment of PU pads after EQ1.4g

108



Funded by the ‘
European Union {‘E‘ N
NextGenerationEU

Hellenic Fi dati
Research & Tnnovation  NATIONALRECOVERY AND RESILIENCE PLAN

@© HFRI. Greece 2.0

0.6m . 15m . 0.6m
0.13m 1.24m 0.13m
no detachmept of PU pads £
) 17}
[ oS
Column 3 ep. res //‘ Column 2
/ el
- X v}
A /7 ] ’ o.
7 — e — _ﬁ_ 7 S
detachment of PU pads
£
[ I
a
' 5
I
|
Il

0.25m

0.4m  02m Lem 0.2m 0.4m

2.4m

Figure 3.3.27 Observed damage after 1.4g test: Living walls LW2-3R showed slight basalt rope
loosening allowing micromovements for high direct horizontal loads (severe wind), but no living wall
collapse was observed. Left vertical living wall LW2-3L showed basalt rope loosening leading to
detachment of PU pads allowing micromovements for low direct horizontal loads (frequent wind) but no
living wall collapse was observed.
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Figure 3.3.28 Anchoring details and PU pads dimensions (under the top slab), left living wall LW3-
2L: detachment of PU pads after EQ1.4g
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Figure 3.3.29 Observed damage after 1.4g test: Living walls LW1-2Lshowed slight basalt rope
loosening allowing micromovements for high direct horizontal loads (severe wind), but no living wall
collapse was observed. Living wall LW1-2R showed basalt rope loosening allowing micromovements

for medium direct horizontal loads (intense wind), but no living wall collapse was observed.
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Figure 3.3.30 Observed damage after 1.4g test: Steel rod (hemlock) slight loosening at the top of
living wall LW4-3R allowing micromovements for low direct horizontal loads (frequent wind) but no living
wall collapse was observed.

Renovated Structure

After all seismic tests the partial brick infill 1- 4 suffered crushing of the bottom brick and local fracture
of the FRPU jacket at the boundary between the crushed brick and the bottom foundation beam. The
same is valid for partial brick infill 2 — 3. PUFJ between concrete columns and brick infills maintained
their integrity without fracture or debonding. FRPU jackets maintained their bonding on the PUFJs, on
the concrete and on the bricks. No failure of brick infills T — 2 and 4 — 3 (out of plane) was observed.
The columns entered yielding strain of their longitudinal steel reinforcements at the bottom and at the
top critical regions (columns 1, 2, 4). Damage with crushing of bottom brick at both partial infill walls
occurred at very high displacement drift levels (2,62%), characteristic for rc structures at ULS, and for
EQ1,4g. Therefore, the second phase of the seismic testing of the VF renovated structure is completed
successfully, after the execution of 28 dynamic tests. The innovative renovations avoided partial or
global collapse of the structure while at the end of all tests the structure showed extremely low stiffness
around zero displacement drift. However, it reveals a recovery potential with negligible residual drift.
The PZTs reveal remarkable sensitivity to the damage accumulation inside concrete core or at the brick
- mortar joints, feeling also the rocking behavior of planters. PZT recordings coincide with
photographic validation and observations and demonstrate the ability of the PZT-enabled SHM system
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to detect changes in the health condition at different locations after each loading sequence. The PZTs
reveal remarkable sensitivity to the damage accumulation inside concrete core or at the brick — mortar
joints, feeling also the rocking behavior of planters. PZT recordings coincide with photographic
validation and observations and demonstrate the ability of the PZT-enabled SHM system to detect
changes in the health condition at different locations after each loading sequence.

No severe damages before EQ1.1g was observed. After EQ1.1g cracks with debonding between bricks
was noticed. After EQ1.3g, values of strain gauges showed that the columns entered yielding strain of
their longitudinal steel reinforcements at the bottom. Crushing of bottom brick at partial infill wall 2-3
was observed. After EQ1.3g(2), damage with crushing of bottom brick at both partial infill walls
occurred. The columns entered yielding strain of their longitudinal steel reinforcements at the bottom
and at the top critical regions (columns 1, 2, 3, 4), according to strain gauges. PUFJ between concrete
columns and brick infills maintained their integrity without fracture or debonding. FRPU jackets
maintained their bonding on the PUFJs, on the concrete and on the bricks. No failure of brick infills 1 -
2 and 4 - 3 (out of plane) was observed. Finally, after EQ1.4g, damage with crushing of bottom brick at
both partial infill walls occurred at very high displacement drift levels (2,62%). Local fracture of the
FRPU jacket at the boundary between the crushed brick and the bottom foundation beam was noticed.
Additional cracks at some mortar joints between bricks of the partial infill walls at their internal face
(side with no FRPU jacket).
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Figure 3.3.37 Observed damage after EQ1.3g test: The columns entered yielding strain of their
longitudinal steel reinforcements at the bottom. Damage with crushing of bottom brick at partial infill
wall 2-3
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Figure 3.3.32 Observed damage after EQ1.3g(2) test: Damage with crushing of bottom brick at
partial infill wall occurred. The columns entered yielding strain of their longitudinal steel reinforcements
at the bottom and at the top critical regions (columns 1, 4).
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Figure 3.3.33 Observed damage after EQ1.3g(2) test: Damage with crushing of bottom brick at
partial infill wall occurred. The columns entered yielding strain of their longitudinal steel reinforcements
at the bottom and at the top critical regions (columns 2, 3).
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Figure 3.3.34 Observed damage after EQ1.4g test: Damage with crushing of bottom brick at both
partial infill walls occurred at very high displacement drift levels (2,62%). Local fracture of the FRPU
jacket at the boundary between the crushed brick and the bottom foundation beam. Additional cracks at
some mortar joints between bricks of the partial infill walls at their internal face (side with no FRPU
jacket). The columns entered yielding strain of their longitudinal steel reinforcements at the bottom and

at the top critical regions (columns 1, 2, 3, 4).
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Figure 3.3.35 Observed damage after EQ1.4g test: Observed damage after 1.4g test: Damage with
crushing of bottom brick at both partial infill walls occurred at very high displacement drift levels
(2,62%). Local fracture of the FRPU jacket at the boundary between the crushed brick and the bottom
foundation beam. Additional cracks at some mortar joints between bricks of the partial infill walls at
their internal face (side with no FRPU jacket). The columns entered yielding strain of their longitudinal

steel reinforcements at the bottom and at the top critical regions (columns 1, 2, 3, 4).
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Figure 3.3.36 Observed damage after EQ1.4g test: Observed damage after 1.4g test: Damage with
crushing of bottom brick at both partial infill walls occurred at very high displacement drift levels
(2,62%). Local fracture of the FRPU jacket at the boundary between the crushed brick and the bottom
foundation beam. Additional cracks at some mortar joints between bricks of the partial infill walls at
their internal face (side with no FRPU jacket). The columns entered yielding strain of their longitudinal
steel reinforcements at the bottom and at the top critical regions (columns 1, 2, 3, 4).
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Figure 3.3.37 Observed damage after EQ1.4g test: Observed damage after 1.4g test: Damage with
crushing of bottom brick at both partial infill walls occurred at very high displacement drift levels
(2,62%). Local fracture of the FRPU jacket at the boundary between the crushed brick and the bottom
foundation beam. Additional cracks at some mortar joints between bricks of the partial infill walls at
their internal face (side with no FRPU jacket). The columns entered yielding strain of their longitudinal
steel reinforcements at the bottom and at the top critical regions (columns 1, 2, 3, 4).
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(b)

(d)
Figure 3.3.38 Characteristic observed damage after all seismic tests: (a) interior side of wall infill 1-
4 parallel to the direction of movement of seismic table (b) wall infill 2-3 parallel to the direction of
movement of seismic table (c) Interior top side of wall infill 1-4, parallel to the direction of movement of
the seismic table (d) detachment of PU pads
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3.4 Assessment of the performance of the tested as-built VF renovated structure
using PZT sensors

The proposed methodology for real-time damage assessment in reinforced concrete (RC)
structures using piezoelectric (PZT) sensors offers significant potential for early detection of damage
and the provision of critical failure warnings before visible signs appear. The system utilizes a total of
48 PZT sensors, installed both internally and externally on the structure prior to renovation. Extra PZTs
are installed as patches at specific locations to monitor the health of the retrofits and the connection
(anchoring) of the structures created by the presence of the vertical forest. More specifically, 13 extra
PZTs were placed on the strengthened structure, for a total of 61 PZT sensors used to evaluate the
structural performance of the renovated frame structure.

Measurements obtained via the EMI method reflect the electromechanical response of PZT
patches. Analyzing these signals using statistical methods helps convert changes between healthy and
potentially damaged states into damage index metrics, aiding in structural health assessment.
Integrating advanced monitoring technologies into retrofitting applications provides valuable insights
into the performance and durability of the retrofit system (Naoum et al. 2024, Papadopoulos at al. 2023,
2024, Zapris et al. 2023).

By applying statistical methods, variations in EMI signatures can be translated into numerical
indices. One of the most widely used indices in the literature is the Root Mean Square Deviation (RMSD).
This damage index is considered one of the most effective and reliable metrics across various fields
of Structural Health Monitoring (SHM) (Voutetaki et al. 2016, Chalioris et al. 2020, Chalioris et al. 2021,
Na and Baek, 2018). The damage index of RMSD was applied for the statistical analysis of the EMI
responses:

= (Il - 1%0l,)

RMSD = .
(AN

Where |Vp(fr)|0is the absolute value of the voltage output signal as extracted from the PZT at the
healthy pristine state of the specimen,|Vp(fT)|D is the absolute value of the corresponding voltage

output signal as measured from the same PZT at any damage level, and M is the number of
measurements in the frequency band. Each SHM device records the EMI response of a PZT sensor
within a specified frequency range of 10 to 240 kHz, using a resolution of 1 kHz.

In assessing the structural condition of the Vertical Forest (VF) structure, the well-established
statistical index, Root Mean Square Deviation (RMSD), is used. The healthy state recorded is the
baseline measurement for each PZT sensor, used in the RMSD statistical analysis. Here in the healthy
pristine state of the specimen is considered the PZT recording after the completion of all renovations
with basalt rope wrapping, PUFJ, FRPU jacketing, vertical living wall or planter attachment and before
any seismic table excitations of the second phase. Changes in the frequency response signals caused
by damage are assessed through the RMSD index, with different values indicating structural damage.

Higher RMSD values suggest the presence of damage. It was observed that elevated RMSD values
were not present in the PZTs situated in regions where no cracking was detected.

RMSD values are calculated from the absolute voltage output responses and utilized to assess the
effectiveness of the SHM method in damage detection and evaluation. For this purpose, Figures 3.4.1
T0 3.4.16 illustrate the range of RMSD values calculated based on the PZT voltage output signals from
most of the PZT sensors inside and on the renovated structure.
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No significant values were observed in the RMSD indices for the PZT cases installed on the beams,
where no structural damage was detected. However, there is a trend of increasing RMSD values that
could trigger further actions to assess internal micro damages in the beams. The same is valid for the
slab sensors. The PZT installed in the middle of the slab, shows increased RMSD values, indicating that
damage has developed in this vicinity. The PZTs reveal remarkable sensitivity to the damage
accumulation inside the concrete core feeling the rocking behavior of planters. Lower values were
observed in the RMSD for the PZT cases installed on the edge of the slab.
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Figure 3.4.1: Voltage frequency responses of the PZT sensors inside beam B14
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Figure 3.4.2: Voltage frequency responses of the PZT sensors inside beam B12
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Figure 3.4.3: Voltage frequency responses of the PZT sensors inside the slab

All columns show increased RMSD values at all areas (down, mid, up), indicating that increasing
additional damage has developed within concrete core (added to the damage of phase A). After 1.3g,
all columns exhibited higher RMSD values compared to excitations 0.1g and 0.5g. Following the 1.3g
excitation, the PZT sensors recorded higher RMSD values compared to the 0.1g and 0.5g excitations.
Notably, the RMSD values show an increasing trend in the response from the 1.3g excitation onward,
continuing through the subsequent 1.3g and 0.2g excitations (especially in column 3). Relatively lower
RMSD values in columns 1 and 2 compared with the ones in columns 3 and 4 may denote that basalt
rope wrapping together with PUFJ and FRPU jacketed infills in two directions (full and partial infill in
columns 1 and 2) could restrict better additional concrete core disintegration within the critical regions
of columns (than in columns 3 and 4 with only full infill).
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Figure 3.4.4: Voltage frequency responses of the PZT sensors inside column 1 (Top, Middle,
Bottom)
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Figure 3.4.5: Voltage frequency responses of the PZT sensors inside column 2 (Top, Middle)
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Figure 3.4.6: Voltage frequency responses of the PZT sensors inside column 3 (Top, Middle, )
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Figure 3.4.7: Voltage frequency responses of the PZT sensors inside column 4 (Top, Middle,
Bottom)

Slight differences were observed in the RMSD of PZTs installed on the surface of the partial infill
walls and full infill wall within the polyurethane. After EQ1.3g, the RMSD values are higher regarding the
excitations EQ0.1g and EQQ.5g.
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Figure 3.4.8: Voltage frequency responses of the PZT sensors on partially infilled walls (Upper,
Middle, Bottom)
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Figure 3.4.9: Voltage frequency responses of the PZT sensors on full Infill wall between columns 1-2

PZT patches are installed at the surface of RC column 1, MORJPuUT at the infill wall and MITJPuT
at the partial infill wall. Elevated RMSD values were recorded at the PZTs after more intense excitations,
which were externally attached to the surface of Column Y1 at the top, particularly for the partial infill
wall (in-plane).
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Figure 3.4.10: Voltage frequency responses of the PZT sensors placed on top of column 1 :
MORJPUT at the infill wall and MI1JPuT at the partial infill wall

PZT patches were externally attached to the basalt ropes at the top of the living wall, anchored to
the roof using resin on basalt ropes. They showed no significant changes in voltage frequency response
and exhibited relatively low RMSD values while capturing the increasing trend with increasing seismic
intensity. The recordings align with the observation that no collapse of the living walls LW2-3R (VFANBF,
close to column 2) and LW1-4R (VFANBS, close to column 4) occurred (fig. 3.4.11) while the basalt
ropes suffered higher tension for higher seismic intensity. PZT patches installed on the anchoring metal
structure of planter 1 (VFZnS) exhibited elevated RMSD values after 1.3g excitation which agrees with
the slight loosening of the steel rod (anchoring of the planter, figure 3.4.11 and figure 3.3.11).
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Figure 3.4.11: Voltage frequency responses of the PZT sensors (column 2: VFAnBF, LW2-3R,
column 4: VFAnBS, LW1-4R anchoring metal structure for living wall as well as anchoring metal
structures for planter 1, VFZnS)
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PZT patches installed on basalt rope wrap of columns 3 and 4 exhibit different voltage frequency
responses compared to usual. While the efficacy of the EMI method for SHM in reinforced concrete
(RC) structural elements has been thoroughly examined in the literature, a notable research gap exists
concerning its investigation for materials such as basalt. The PZT recordings capture the increasing
trend of basalt tightening despite the extremely low strain values measured in table 3.1.1t.

Basalt Fiber Rope

15

Y1ERB Y4ERB

Figure 3.4.12: Voltage frequency responses of the PZT sensors externally attached (Y4ERB and
Y1ERB - columns 3 and 4 bottom) on the basalt rope
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Figures 3.4.13 to 3.4.16 illustrate the range of RMSD values calculated based on the PZT voltage
output signals from the PZT sensors inside the columns at all loading states compared to the healthy
state. The RMSD values exhibit an increasing trend from excitation 0.1g to the subsequent seven

ations.
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Figure 3.4.13: Voltage frequency responses of the PZT sensors inside column 1 (Top, Middle) at all
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Figure 3.4.14: Voltage frequency responses of the PZT sensors inside column 2 (Top, Middle) at all

excitations
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Figure 3.4.15: Voltage frequency responses of the PZT sensors inside column 3 (Top, Middle) at all
excitations
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Figure 3.4.16: Voltage frequency responses of the PZT sensors inside column 4 (Top, Middle) at all
excitations

These results support the effectiveness and reliability of the implemented instrumentation and the
adopted EMI-based monitoring method for structural health assessment.
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4 Conclusions

The report cites all critical results from the different accelerometers, relative top and bottom
accelerations and displacement drifts of the structure during each testing. Further, numerous strain
gauges glued at different positions of longitudinal steel bars within critical regions of columns, allow
for straight foreword assessment of their axial strain level.

The detailed assessment of the renovated structure after the second phase of testing concludes
that the partial infill walls suffer bed joint cracking. Damage with crushing of bottom brick at both partial
infill walls occurred. No further disintegration of brick infills 1 — 2 and 4 — 3 (out of plane) was observed.
No collapse of brick infills was observed for severe seismic excitations, higher than 2g. The columns
entered yielding strain of their longitudinal steel reinforcements at the bottom and at the top critical
regions (columns 1, 2, 3, 4), leading to a ductile behavior, without disintegration of the concrete core
under compression. Basalt rope wrapping of the columns, together with PUFJs and FRPU jacketing of
the brick infills resulted in a resilient renovation allowing for interesting damage redistribution and
damage barrier mechanisms (through elastic materials). No damage of the retrofit was observed, other
than the local fracture of the glass grid of the FRPU near the crushed brick of the partial infill. The
structure sustained extremely severe earthquake excitations and developed 2.62% relative
displacement drift without accumulation of severe local structural damages or collapse. The tests were
terminated as after the successive severe seismic excitations and the crushing of two bottom bricks,
the structure exhibited very low stiffness (development of horizontal displacement for very low
horizontal loads) but with recovery capacity (because of the elastic PUFJ and FRPU jacketing and VF
renovations) and relatively low residual drift. The crushing of two bottom bricks did not pose any threat
to human life at advanced ULS performance levels for brick infills or RC structure.

The 5 different simulated planters with the trees (P) presented a remarkably resilient performance
up to very severe seismic excitations, avoiding planter overturning or damage. The different anchoring
detailing provided a holistic insight on the design of common steel or green, natural recyclable,
replaceable, non-corrosive, lightweight and fire-resistant anchoring through basalt ropes. PM pads
offered a very resilient alternative foundation of planter 4 up to significant seismic excitations. The 8
different simulated vertical living walls (LW) presented a remarkably resilient performance up to very
severe seismic excitations offering several alternatives for top elastic support through basalt ropes and
flexible PM pads against the concrete slab to avoid local damage and non-desirable interaction or slip.
No serious damage accumulation for different LWs was observed up to severe seismic excitations.

PZTs provide a reliable framework for assessing the health condition of renovated RC structures
at various locations. They also show potential for evaluating additional materials incorporated into the
VF structure. This assessment is based on RMSD values obtained from PZT measurements, which
enable a detailed correlation between sensor data and the location and extent of damage observed in
situ. For all PZTs, including those attached to VF materials, the RMSD values demonstrate a consistent
increasing trend from the initial 0.1g excitation through subsequent excitations.

The VF renovated showed lower displacement drifts for equivalent acceleration top mass levels
(accounting for the additional top mass because of the planters and living wall structures) because of
the innovative lightweight, non-corrosive, flexible retrofits. That is an interesting increase of stiffness.
For EQ1.1g the drift of the renovated structure was similar to the one during the first phase despite the
significantly increased top mass of the VF renovated structure. The second phase of the seismic testing
is completed successfully, based on the advanced ULS level damages of the VF renovated structure
after the execution of 28 dynamic tests, including 13 levels of earthquake excitations. The large number
of severe excitations reveal a high potential for energy absorption by the VF renovated structure.
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