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Abstract

GREENERGY aims to assess the dynamic performance of old type deficient structures. This
deliverable concerns the recorded results and photos of damages of tested as-built structure within the
framework of workpackage of the experimental dynamic assessment of physical model structure
towards holistic renovation. The 3d structure is fully instrumented with internal strain gauges on the
steel bar surfaces and embedded smart aggregates with PZT sensors. Further, externally bonded PZT
patches, attached accelerometers, displacement wire-meters and externally bonded strain gauges are
utilized. Two types of tests have been performed, i.e. dynamic shake table tests and tests for
determination of dynamic characteristics of the as-built structure. The dynamic shake table tests
comprised of gradually increasing maximum input intensity level (peak acceleration of the excitation)
from 0,1g to 1,1g based on the adopted earthquake of Thessaloniki 1978. Minor concrete cracking and
infill wall partial debonding from the surrounding concrete frames is evidenced without infill wall
collapse, at SLS performance level. The PZTs reveal remarkable sensitivity to minor damages inside
concrete columns or at the brick infill wall — concrete frame interfaces. Finally, the report gathers the
results on material properties for concrete, steel, brick, binder for brick infill construction and for the
brick-binder interface (shear strength). Next deliverable D25 will conclude the assessment of the
performance of the as-built tested structure in order to receive the Vertical Forest renovation
construction.

Keywords: experiment, seismic table, reinforced concrete, brick wall infills, seismic excitation, Vertical
Forest, resilience, renovation, structural, structural health monitoring, PZT
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MEPIAHWH

To ¢€pyo GREENERGY otoxebel va Olepeuvroel Tnv OuvapLKN OLPTEPLPOPA  Kal
ETUTEAEOTIKOTNTA TAAALOD TUTIOU AVETIOPKWY KATAOKELWY. AuTO TO Tapadoteo apopd ota
KaTayeypappeva anoTeAECHATA KAL pwTOoYpaPieq BAABWY TNG LPLOTAPEVNG KATAOKEUNG, HECA OTA
TAaioLa ToL TAKETOU £pYACIAG TNG MELPAPATLKAG Suvaplkng afloAdynong TNG KATaokeung mpog tThv
OALOTIKN avakaivion. H kataockeuvn eival MANPWEG EVOPYAVWHEVN HE E0WTEPLKA €TULKOAANUEVA
TIAPAUOPPWOLOUETPA OTNV €EWTEPLKN ETULPAVELA OLAPAKWY OTALOPWY UTIOCTUAWUATWY Kal HE
€0WTEPLKA €Eumiva adpavr| Tov TepLEovy atodntnpeg PZT. ErunAgoy, nepthapBdvovtal eEwTtepKd
emikoAANuEva PZTs, emitayXuvolOUETPA, ETUPNKUVOLOPETPA EKTUALOOOUEVOL CUPHUATOG KABWE Kal
e€WTEPLKA eTUKOAANEVA TTapapopPpwaoldpeTpa. Ektehovvtal dvo €ibn melpapatikwy dokLpwy otn
OELOULKN Tpdmela: osloPLKEG Oleyepoelg Kal OOKIPEG yla Tov TPOodLoPLoPO Twv Suvaplkwy
XAPAKTNPLOTIKWY TIPLV Kal PETA amo auteg. Ol OELOULKEG dleyEPOELG TIEPIAAUBAVOLY LOTOPLKO
Baolopévo oTov OElopo TnNg Osocahovikng 1978 pe otadlakd avfavopevn €vtacn (UEyLoTn
emTayyxvvon tng 6iéyepong) amd 0,1g €wg 1,1g. Mapatnpeital emovclwdng pnypatwon Tou
OKUPOOEUATOG KAl HPEPLKN amoKOAANon TNG TolXomAnpwong amdé Tto meplBdllov TAaiclo
okupodePaTog, xwpig Katdppevon tNG ToLXomMARpwong, oe enineda emniteAeotikotntag OKA. Ta
PZTs eppavidouv afloonpeiwtn evaicbnoia otnv avixvevon emnouclwdwv BAaBwv peca oto
okupOdeya N otnv dlemupdvela ToOLXOTANPWONG — okupodepatog. TEANOG, n €kBeon auth
OUYKEVIPWVEL TA AMOTEAECUATA TWV PNXAVIKWY LOLOTATWY TWV LALKWY OKUPOodEPATOG, XAAuBa,
ToUBAOU, KOVIAPATOG XTLOiPATOC Twv TOURBAWY, KABWCE KAl TNG SLATUNTIKAG Kavotntag tng
dlemupdvelag TOUBAOU-KOVIAPATOG O XTLOPEVEG TPLUMAETEG. XTO emnopevo mapadoteo M25 Ba
napovotactel N anotipynon tTng ETUTEAECTIKOTNTAS TNG SUVAULKAG CUUTIEPLPOPAS TNG VPLOTAPEVNG
KATAOKEUNG, £TOL WOTE OTN CUVEXELA VA KATACKELACTEL N OALOTLKN avakaivion pe Kdabeta Adon.

AE€elc kAeldla: meipapa, oslopikn TpAneda, OTALOUEVO OKLPOdENA, TOLXOTIANPWOELS, TOURAQ,
oEloplkn Oléyepon, KdaBeta Adon, avBekTiKOTNTA, aAvavnmrikoTtnTa, avakdivion, OopLKOG,
dopootatikog, mapakohovOnon doutkng vyeiag SHM, PZT

XXi
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1) Earthquake excitation time history and instrumentation

The excitation executed by the shake table of DUTh is based on the severe Thessaloniki (Volvi)
earthquake of 1978.

The building is excited gradually to the damage initiation level of the regular as-built infill walls,
than steel yielding in longitudinal reinforcements of the columns. The concrete frames will suffer only
concrete cracking. As the brick wall infills that are excited in plane, cover only a part of the frame span
and they have low length compared to their height, higher lateral drifts are expected.

ay [m/s"2]
o

'I

Time [s]

Figure 1.1 Basis for the time history executed by the DUTh seismic table (ay component of
Thessaloniki (Volvi) 1978 earthquake excitation record)
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The instrumentation includes 12 uniaxial accelerometers (ACC) located at the 4 positions
indicated in Figure 1.2. Three accelerometers provide the three components of acceleration at each
point, thatis in- and out-of-plane accelerations at the center of the full infills, as well as the accelerations
of the top slab and of the bottom foundation beam. Four draw wire sensors (W) measure the horizontal
displacement of the foundation beams and of the top slab as depicted in Figure 1.3. Further, 2 draw
wire sensors measure the change of distance along the 2 diagonals of the two partial infills (in-plane
deformation) Figure 1.3 (total of 4 draw wire meters). Draw-wire displacement sensors measure linear
displacement using a highly flexible and relatively rigid under tension, steel wire. The cable drum is
attached to a sensor element which provides a displacement-proportional output signal. During
construction, 16 strain gauges (S) were glued on the longitudinal reinforcement of the columns (see
Figure 1.5-1.10. Two strain gauges were placed on the lower side of each column and two on the upper
side. Finally, 48 PZTs (P) were placed inside the concrete mass of the columns and of the top slab, as
well as on the infill walls (more details can be found in 2 and in 3.12.

Accelerometers

accé4 @ accé

accl0 %occla

accll

Figure 1.2 Position of accelerometers (specimen’s view perpendicular to the direction of the
seismic table movement)
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Draow wire sensors

w3 W4

Figure 1.3 Position of the draw wire sensors on the concrete structure slab and foundation beams
(specimen’s view parallel to the direction of the seismic table movement)

WS_‘ y] W6

Figure 1.4 Position of the diagonal draw wire sensors, along the diagonals of the partial infill
(specimen’s view parallel to the direction of the seismic table movement)
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Figure 1.5 Floor plan with strain gauges at the bottom of the columns (DE)
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Figure 1.6 Floor plan with strain gauges at the top of the columns (UE)
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Figure 1.9 View of the infill wall with strain gauges in frame 1-4
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Figure 1.10 View of the infill wall with strain gauges in frame 2-3
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structure

Ch Channel name | Type of instrument Measured quantity Position

No. (units)

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

2 ACC2 On the slab, on the left corner, dir. (y)

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

4 ACC4 5 0 On the slab, on the right corner, dir. (x)

5 ACCS5 g .g On the slab, on the right corner, dir. (y)

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

7 ACC7 § B On the infill, on the center, dir (x)

8 ACC8 < < 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
S _ diagonal

18 W6 § g along the partial masonry infill
2 g diagonal

19 W7 i %D along the partial masonry infill
s = diagonal

20 W8 a along the partial masonry infill

diagonal

21 S1

22 S2

23 S3

24 S4 In the Ilongitudinal reinforcement,

25 S5 on the underside

26 S6 £

27 s7 2 =

28 S8 o z

29 S9 £

30 510 g

31 S11 o .

32 12 In the longitudinal remfo.rcement,

3 SE on the upper side

34 S14

35 S15

36 S16
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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

40 520 On the centre of partial masonry 2
along direction z
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2) Development of a smart PZT monitoring system for the vertical forest
(VF) structure

The instrumentation includes a total of 48 PZT sensors inside and on the structure. Figures 2.1-
2.3 highlight the main positions of the PZT sensors from the columns to the top slab. More details with
characteristic figures and photos of the PZTs can be found in section 3.12.

2UP : 3UP
2MID : 7D 3MID
2DOWN : @ « 3DOWN
v 2BC|iBP :6BD
1Be [N 2] 3Be 4B SBo i |7 7B
B <]
5C 5D
2CP 4 4 2DP
SL1 SL2 SL3
B B & & B
4C 4D
1CP ¢ 11DP
- ®
e 3D
1ae | [G] 3Ae 4A & 5Ae [ ® TA
 2AC 1AP {6AD|
1UP P e 4P
1MID : 1D AMID
1IDOWN : 4ADOWN

Figure 2.1 Location of the PZT sensors inside the beams
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Figure 2.2 Location of the PZTs inside the columns
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3) APPLIED TESTING METHODOLOGY

For the purpose of the experimental investigations two types of tests have been performed, i.e.
dynamic shake table tests and tests for determination of dynamic characteristics similarly to earlier
seismic tests performed in INMASPOL by Rousakis et al. 2020. The dynamic shake table tests
comprised of gradually increasing maximum input intensity level (peak acceleration of the excitation)
from 0,1g to 1,1g based on the adopted earthquake Thessaloniki 1978. The 1,1g intensity was
necessary in order to achieve SLS level damages on the brick infill walls and minor cracking of the
concrete, while remaining below the yield strain of the internal longitudinal steel reinforcement of the
columns. Major indicator for the successive levels of the peak acceleration was the identified damages
and the lateral drift of the structure measured from the foundation to the top slab.

On the following Table, a complete list of performed dynamic and seismic tests is shown for the
first phase of testing presented in this report. ST1 refers to Seismic Test 1. WNbO,1g refers to White
Noise Test before the execution of Thessaloniki — based excitation with maximum acceleration of 0,1g.
WNDbO,1g has a maximum acceleration of 0,08g. EQO,1g refers to earthquake excitation with maximum
acceleration of 0,1g. Similarly, WNb0,2g has a maximum acceleration of 0,08g and is identical to
WNDbO,1g or WNb0,5g or WNb0,8g or WNb1,1g or WNa1,1g which stands for White Noise Test after the
last earthquake excitation of 1,1g. Finally, EQ0,2g or EQ0,5g or EQ0,8g or EQ1,1g refer to Earthquake
excitation based on Thessaloniki recording with maximum acceleration of 0,2g or 0,5g or 0,8g or 1,1g
accordingly. Therefore, before and after each earthquake excitation, the structure was excited through
the whole range of frequencies of the structure under low acceleration intensity in order to investigate
changes in eigen periods of the structure.

Table 3.1: List of all performed tests

Performed tests
Test No. Name Type of excitation Intensity (g)
Phase A
ST1 WNDO,1g White noise 0,08
ST2 EQO,1g Earthquake 0,10
ST3 WNbO0,2g White noise 0,08
ST4 EQO0,2g Earthquake 0,20
STS WNDO,5g White noise 0,08
ST6 EQO,5g Earthquake 0,50
ST7 WNDO0,8g White noise 0,08
ST8 EQO0,8g Earthquake 0,80
ST9 WNb1,1g White noise 0,08
ST10 EQ1,1g Earthquake 1,10
ST11 WNa1,1g White noise 0,08
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| 3.1) White noise before EQ0,1g

Accelerometers

Characteristic extracts from the time histories of accelerations of different accelerometers are
given below for white noise test before EQO,1g. The max acceleration at the slab level on the
accelerometer acc4 is 0,08g. The max acceleration at the foundation level on the accelerometer acc10
is 0,07g. Instrument Acc1 was not properly connected.
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Figure 3.1.1 Characteristic results for phase A (white noise before 0,1g earthquake): (a)
Accelerometer 1 (b) Accelerometer 4

14



©) HFRI Greece 2.0

Research & Innova(ioon NATIONAL RECOVERY AND RESILIENCE PLAN

Funded by the \
European Union E "
NextGenerationEU

0.5
0.4

Acc 7 - Max: 0.05
0,3 (€3]

0.2
0.1

0,0
100 120
-0.1

Acceleration (g)

S
o

Time (s)

-0.3
-0.4

-0.5
(a)

L
3

L
S

Acc 10 - Max: 0.07 (g)

L
D W

120

Acceleration (g)
S o o
— (e} Pt

Time (s)
-0.2

-0.3
-0.4
-0.5

(b)
Figure 3.1.2 Characteristic results for phase A (white noise before 0,1g earthquake): (a)
Accelerometer 7 (b) Accelerometer 10
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Figure 3.1.3 Characteristic results for phase A (white noise before 0,1g earthquake): (a)
Accelerometer 2 (b) Accelerometer 5
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Figure 3.1.4 Characteristic results for phase A (white noise before 0,1g earthquake): (a)
Accelerometer 9 (b) Accelerometer 8
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Figure 3.1.5 Characteristic results for phase A (white noise before 0,1g earthquake): (a)
Accelerometer 3 (b) Accelerometer 6
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Figure 3.1.6 Characteristic results for phase A (white noise before 0,1g earthquake): (a)
Accelerometer 11 (b) Accelerometer 12
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Figure 3.1.7 Characteristic results for phase A (white noise before 0,1g earthquake): (a) Draw wire
sensor W1 and (b) Draw wire sensor W2

Figure 3.1.7 shows draw wire sensors W1 and W2. More specifically, draw wire sensor W1 is
located on the slab, on the left side and draw wire sensor W2 is located on the slab, on the right side.
The maximum movement detected by draw wire sensor W1 is 0,12 mm while the minimum is -0,14 mm.
The maximum movement detected by draw wire sensor W2 is 0,13 mm while the minimum is -0,12 mm.

W1
Max: 0,172 mm
Min: -0,14 mm
W2
Max: 0,173 mm
Min: -0,172 mm
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Figure 3.1.8 Characteristic results for phase A (white noise before 0,1g earthquake): (a) Draw wire

sensor W3 and (b) Draw wire sensor W4

Figure 3.1.8 shows draw wire sensors W3 and W4. More specifically, draw wire sensor W3 is
located on the foundation, on the left side and draw wire sensor W4 is located on the foundation, on
the right side. The maximum movement detected by draw wire sensor W3 is 0,13 mm while the
minimum is -0,12 mm. The maximum movement detected by draw wire sensor W4 is 0,12 mm while
the minimum is -0,11 mm.

w3

Max: 0,173 mm
Min: -0,12 mm

w4

Max: 0,172 mm
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Figure 3.1.9 Characteristic results for phase A (white noise before 0,1g earthquake): (a) Draw wire
sensor W5 and (b) Draw wire sensor W6

Figure 3.1.9 shows draw wire sensors W5 and W6. More specifically, draw wire sensor W5 is
located along the partial masonry infill diagonal and draw wire sensor W6 is located along the partial
masonry infill diagonal. The maximum movement detected by draw wire sensor W5 is 0,09 mm while
the minimum is -0,09 mm. The maximum movement detected by draw wire sensor W6 is 0,07 mm while

the minimum is -0,07 mm.

W5
Max: 0,09 mm
Min: -0,09 mm
W6
Max: 0,07 mm
Min: -0,07 mm
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Figure 3.1.10 Characteristic results for phase A (white noise before 0,1g earthquake): (a) Draw wire
sensor W7 and (b) Draw wire sensor W8

Figure 3.1.10 shows draw wire sensors W7 and W8. More specifically, draw wire sensor W7 is
located along the partial masonry infill diagonal and draw wire sensor W8 is located along the partial
masonry infill diagonal. The maximum movement detected by draw wire sensor W7 is 0,09 mm while
the minimum is -0,08 mm. The maximum movement detected by draw wire sensor W8 is 0,07 mm while
the minimum is -0,07 mm.

w7
Max: 0,09 mm
Min: - 0,08 mm
w8
Max: 0,07 mm
Min: - 0,07 mm
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Figure 3.1.11 Characteristic results for phase A (white noise before 0,1g earthquake): (a) Diagram
of displacement Slab — Base

Figure 3.1.11 shows slab — base displacement. More specifically, the maximum drift detected is
0,07 % while the minimum is-0,07 %. The residual drift is -0,02 mm.

Maximum drift (%): 0,07 (0,086mm/1,225m = 0,07 %)
Minimum drift (%): -0,07
Residual drift: -0,02 mm
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Figure 3.1.12 Characteristic results for phase A (white noise before 0,1g earthquake) (a) strain
gauge SG1 and (b) strain gauge SG2

Strain gauges detect strain on the surface of the steel reinforcement. The strain gauges shown in
the figures 3.1.12,3.1.13,3.1.14 and 3.1.19 are located on the longitudinal reinforcement, at the bottom
of the column. More specifically, strain gauge SG1 has maximum strain 106,81 ystrain and minimum
strain -122,07 pstrain. The residual strain is 0 pstrain. Strain gauge SG2 has maximum strain 91,56
pstrain and minimum -91,56 pstrain. The residual strain is -30,52 pstrain. Strain gauge SG3 has 91,56
pstrain and -91,56 pstrain maximum and minimum strain respectively. The residual strain is -15,26
gstrain. Strain gauge SG4 as we can see in figure 3.1.13 has maximum 106,81 pstrain and minimum -
91,56 pstrain strain. The residual strain is -30,52 pstrain. Figure 3.1.19 shows strain gauges SG5 and
SG6. Strain gauge 5 has 279,14 pstrain and -221,24 pstrain maximum and minimum strain respectively.
Strain gauge SG5 presents 39,87 pstrain residual strain. Strain gauge SG6 has 65,29 pstrain maximum
strain, -83,23 pstrain minimum strain and -0,82 pstrain residual. Finally in figure 3.1.14 we see strain
gauge SG7 and SG8. Strain gauge SG7 and SG8 have the same maximum strain 91,56 pstrain. Starin
gauge SG7 has -106,81 pstrain minimum deformation and 8 has -91,56 pstrain. The residual strain for
strain gauge SG7 and SG8 is 15,26, 30,52 respectively.
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Figure 3.1.13 Characteristic results for phase A (white noise before 0,1g earthquake) (a) strain
gauge 3 and (b) strain gauge 4
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Min: -91,56 pstrain
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Max: 106,81 pstrain

Min: -91,56 pstrain
Residual: -30,52 pstrain
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Figure 3.1.14 Characteristic results for phase A (white noise before 0,1g earthquake) (a) strain
gauge 7 and (b) strain gauge 8
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Min: -106,81 pstrain
Residual: 15,26 pstrain

Sg8

Max: 91,56 pstrain

Min: -91,56 pstrain
Residual: 30,52 pstrain
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Figure 3.1.15 Characteristic results for phase A (white noise before 0,1g earthquake) (a) strain
gauge 11 and (b) strain gauge 12

The strain gauges shown in the figures 3.1.15, 3.1.16, 3.1.17 and 3.1.20 are located in the
longitudinal reinforcement, on the upper side. More specifically, strain gauge SG9 has 70,80 pstrain
maximum strain, -96,83 pstrain minimum strain and 22,79 residual. Strain gauge SG10 has 209,05
gstrain maximum strain, -187,74 pstrain minimum strain and 61,23 pstrain residual. Strain gauge SG11
and SG12 have the same maximum 91,56 pstrain and minimum -91,56 pstrain deformation. The
residual strain is 15,26 for strain gauge SG11. Strain gauge SG12 and 15 don’t present residual. Strain
gauge SG13 has maximum strain 91,56 pstrain, minimum -106,81 pstrain and -15,26 pstrain residual.
Strain gauge SG14 has maximum strain 91,56 pstrain and minimum strain -91,56 pstrain. The residual
value is 0 pstrain. Finally strain gauges SG15 has maximum strain 91,56 pstrain and minimum strain
91,56 pstrain. Strain gauge SG16 has maximum strain 91,56 pstrain, minimum strain -106,81 pstrain
and residual strain 15,26 pstrain.
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Figure 3.1.16 Characteristic results for phase A (white noise before 0,1g earthquake) (a) strain
gauge 13 and (b) strain gauge 14

Sg 14
Max: 91,56 pstrain
Min: -91,56 pstrain
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Figure 3.1.17 Characteristic results for phase A (white noise before 0,1g earthquake) (a) strain
gauge 15 and (b) strain gauge 16
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Figure 3.1.18 Characteristic results for phase A (white noise before 0,1g earthquake) (a) strain
gauge 17 and (b) strain gauge 18

Strain gauge SG17 is located on the centre of partial masonry 1 along direction x. Strain gauge
SG18 is located on the centre of partial masonry 1 along direction z. More specifically strain gauge 17
and strain gauge 18 have the same 91,56 pstrain maximum strain. Strain gauge 17 has minimum
deformation -91,56 pstrain and strain gauge 18 -106,81 ystrain. Finally strain gauge 17 presents 15,26
pstrain residual. Strain gauge 18 doesn'’t present residual.

Sg 17

Max: 91,56 pstrain

Min: -91,56 pstrain

Residual: 15,26 pstrain

Sg18

Max: 91,56 pstrain

Min: -106,81 pstrain

Residual: 0 pstrain
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Figure 3.1.19 Characteristic results for phase A (white noise before 0,1g earthquake) (a) strain
gauge 5 and (b) strain gauge 6

Sg5

Max: 279,14 pstrain
Min: -221,24 pstrain
Residual: 39,87 pstrain

Sg 6

Max: 65,29 pstrain

Min: -83,23 pustrain
Residual: -0,82 pstrain
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Figure 3.1.20 Characteristic results for phase A (white noise before 0,1g earthquake) (a) strain
gauge 9 and (b) strain gauge 10

Sg9

Max: 70,80 pstrain
Min: -96,83 ustrain
Residual: 22,79 pstrain

Sg 10

Max: 209,05 pstrain
Min: -187,74 pstrain
Residual: 61,23 pstrain
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Figure 3.1.21 Characteristic results for phase A (white noise before 0,1g earthquake) (a) strain
gauge 19 and (b) strain gauge 20

Strain gauge SG19 is located on the centre of partial masonry 2 along direction x. Strain gauges
20 is located on the centre of partial masonry 2 along direction x. More specifically strain gauge SG19
has maximum 0,81 n strain and minimum -3,24 . strain. Strain gauge 20 has maximum strain 5,69
strain and minimum -17,07 u strain. The residual strain for strain gauge SG20 is -9,76 u strain. Strain
gauge SG19 doesn’ t present residual.

Sg 19

Max: 51,94 pstrain

Min: -27,59 pstrain
Residual: 22,72 1 strain

Sg 20
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Max: 51,25 u strain
Min: -37,42 u strain
Residual: 21,97 pstrain
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| 3.2) Earthquake 0,1g

Accelerometers

Characteristic extracts from the time histories of accelerations of different accelerometers are
given below for EQO,1g. The max acceleration at the slab level on the accelerometer acc4 is 0,14g. The
max acceleration at the foundation level on the accelerometer acc10is 0,11g.
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Figure 3.2.1 Characteristic results for phase A (0,1g earthquake): (a) Accelerometer 1 (b)

Accelerometer 4
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Figure 3.2.2 Characteristic results for phase A (0,1g earthquake): (a) Accelerometer 7 (b)
Accelerometer 10
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Figure 3.2.3 Characteristic results for phase A (0,1g earthquake): (a) Accelerometer 2 (b)
Accelerometer 5

39



IFR]. Greece 2.0
@ R o o ion  NATIONAL RECOVERY AND RESILIENCE PLAN

Research & Innovation

Funded by the \
European Union E "
NextGenerationEU

N
L O

——Acc 8 - Max: 0.05 (g)

0.5 10 20 30 40 50 60
Time (s)
-1.5
-2,0
-2,5
-3.0
i 10

o wn o

Acceleration (g)
o O
O W

-
o

(a)

N
wn O

——Acc 11 - Max: 0.04 (g)

=D
o wn o

20 30 40 50 60
Time (5)

-0,5
-1.0
-1,5
-2,0
-2,5
-3.0

Acceleration (g)
o O
S W

(b)
Figure 3.2.4 Characteristic results for phase A (0,1g earthquake): (a) Accelerometer 8 (b)
Accelerometer 11
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Figure 3.2.5 Characteristic results for phase A (0,1g earthquake): (a) Accelerometer 3 (b)

Accelerometer 6
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Figure 3.2.6 Characteristic results for phase A (0,1g earthquake): (a) Accelerometer 9 (b)
Accelerometer 12
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Figure 3.2.7 Characteristic results for phase A (0,7g earthquake): (a) Draw wire sensor 1 and (b)
Draw wire sensor 2

Figure 3.2.7 shows draw wire sensors W1 and W2. More specifically, draw wire sensor W1 is
located on the slab, on the left side and draw wire sensor W2 is located on the slab, on the right side.
The maximum movement detected by draw wire sensor W1 is 3,45 mm while the minimum is -2,47 mm.
The maximum movement detected by draw wire sensor W2 is 3,55 mm while the minimum is -2,61 mm.

W1
Max: 3,45 mm
Min: -2,47 mm

w2

Max: 3,55 mm
Min: -2,61 mm
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Figure 3.2.8 Characteristic results for phase A (0,1g earthquake): (a) Draw wire sensor 3 and (b)
Draw wire sensor 4

Figure 3.2.8 shows draw wire sensors W3 and W4. More specifically, draw wire sensor W3 is
located on the foundation, on the left side and draw wire sensor W4 is located on the foundation, on
the right side. The maximum movement detected by draw wire sensor W3 is 1,98 mm while the
minimum is -1,71 mm. The maximum movement detected by draw wire sensor W4 is 2,13 mm while
the minimum is -1,85 mm.

W3
Max: 1,98 mm
Min: -1,71T mm
w4
Max: 2,173 mm
Min: -1,85 mm
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Figure 3.2.9 Characteristic results for phase A (0,1g earthquake): (a) Draw wire sensor 5 and (b)
Draw wire sensor 6

Figure 3.2.9 shows draw wire sensors W5 and W6. More specifically, draw wire sensor W5 is
located along the partial masonry infill diagonal and draw wire sensor W6 is located along the partial
masonry infill diagonal. The maximum movement detected by draw wire sensor W5 is 1,09 mm while
the minimum is -0,12 mm. The maximum movement detected by draw wire sensor W6 is 0,48 mm while
the minimum is -0,39 mm.

W5
Max: 1,09 mm
Min: -0,12 mm
wWé
Max: 0,48 mm
Min: -0,39 mm
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Figure 3.2.10 Characteristic results for phase A (0,1g earthquake): (a) Draw wire sensor 7 and (b)
Draw wire sensor 8

Figure 3.2.10 shows draw wire sensors W7 and W8. More specifically, draw wire sensor W7 is
located along the partial masonry infill diagonal and draw wire sensor W8 is located along the partial
masonry infill diagonal. The maximum movement detected by draw wire sensor W7 is 1,01 mm while
the minimum is -0,50 mm. The maximum movement detected by draw wire sensor W8 is 0,69 mm while
the minimum is -0,40 mm.

w7
Max: 1,01 mm

Min: -0,50 mm

w8
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Figure 3.2.11 Characteristic results for phase A (0,1g earthquake): (a) Diagram of displacement
Slab — Base

Figure 3.2.11 shows slab - base displacement. More specifically, the maximum drift detected is
1,20 % while the minimum is -0,84 %. The residual drift is -0,02 mm.

Maximum drift (%): 1,20 (1,47m /1.225m=1,20 %)

Minimum drift (%): -0,84
Residual drift: -0,02 mm
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Figure 3.2.12 Characteristic results for phase A (0,1g earthquake) (a) strain gauge 1 and (b) strain
gauge 2

Strain gauges detect strain. The strain gauges shown in the figures 3.2.12,3.2.13,3.2.14and 3.2.19
are located in the longitudinal reinforcement, on the underside. More specifically, strain gauge SG1 has
maximum strain 91,56pustrain and minimum strain -152,59ustrain. The residual strain is 15,26pstrain.
Strain gauge SG2 has maximum deformation 61,04pstrain and minimum -61,04pstrain. The residual
strain is 15,26pstrain. Strain gauge SG3 has 61,04pustrain and -76,30ustrain maximum and minimum
strain respectively. The residual strain is -15,26ustrain. Strain gauge SG4 as we can see in figure 3.2.13
has maximum 122,07ustrain and minimum -106,81pustrain deformation. The residual strain is -
15,26pstrain. Figure 3.2.19 shows strain gauges SG5 and SG6. Strain gauge 5 has 271,86ustrain and -
167,60ustrain maximum and minimum strain respectively. Strain gauge SG5 presents 11,39pustrain
residual strain. Strain gauge SG6 has 55,50ustrain maximum strain, -62,84pustrain minimum strain and
-26,12pstrain residual. Finally in figure 3.2.14 see strain gauge SG7 and SG8. Strain gauge SG7 has
maximum strain 61,94pustrain and SG8 has maximum strain 122,07ustrain. Starin gauge SG7 has -
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76,30ustrain minimum deformation and 8 has -152,59pstrain. The residual strain for strain gauge SG7
and SG8 is 30,52, -15,26 respectively.
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Figure 3.2.13 Characteristic results for phase A (0,1g earthquake) (a) strain gauge 3 and (b) strain
gauge 4
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Figure 3.2.14 Characteristic results for phase A (0,1g earthquake) (a) strain gauge 7 and (b) strain

gauge 8
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Max: 61,04 pstrain
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Figure 3.2.15 Characteristic results for phase A (0,1g earthquake) (a) strain gauge 11 and (b) strain
gauge 12

The strain gauges shown in the figures 3.2.15, 3.2.16, 3.1.17 and 3.2.20 are located in the
longitudinal reinforcement, on the upper side. More specifically, strain gauge SG9 has 38,26ustrain
maximum strain, -133,47pstrain minimum strain and -13,84pstrain residual. Strain gauge SG10 has
191,94pstrain maximum strain, -144,52ustrain minimum strain and 4,9pustrain residual. Strain gauge
SG11 has maximum strain 137,33 pstrain and minimum -106,81ustrain deformation. The residual strain
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is-15,2 for strain gauge SG11.Strain gauge SG12 has maximum strain 61,04pustrain and minimum strain
-76,30pstrain. The residual value is -30,52pstrain. Strain gauge SG13 has maximum strain 61,04pstrain
and minimum strain -61,04pstrain. The residual is 15,26pstrain. Strain gauge SG14 has maximum strain
106,81ustrain and minimum strain -122,07pstrain. The residual is 15,26ystrain. Finally strain gauges
SG15 has maximum strain 122,07pstrain and minimum strain -106,81pustrain. The residual is -
30,52pstrain. Strain gauge SG16 has maximum strain 106,81pstrain, minimum strain -106,81pstrain
and residual strain Opstrain.

Sg 11

Max: 137,33 ystrain

Min: -106,81 pstrain

Residual: -15,26

Sg12

Max: 61,04 pstrain

Min: -76,30 pstrain

Residual: -30,52 pstrain
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Figure 3.2.16 Characteristic results for phase A (0,1g earthquake) (a) strain gauge 13 and (b) strain
gauge 14

Sg 13

Max: 61,04 pstrain
Min: -61,04 ustrain
Residual: 15,26 pstrain

Sg 14

Max: 106,81 pstrain

Min: -122,07 pstrain
Residual: 15,26 pstrain
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Figure 3.2.17 Characteristic results for phase A (0,7g earthquake) (a) strain gauge 15 and (b) strain
gauge 16
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Figure 3.2.18 Characteristic results for phase A (0,1g earthquake) (a) strain gauge 17 and (b) strain
gauge 18

Strain gauge SG17 is located on the centre of partial masonry 1 along direction x. Strain gauges
SG18 is located on the centre of partial masonry 1 along direction z. More specifically strain gauge
SG17 and strain gauge 18 have the same 91,56 pstrain strain. Strain gauge SG17 has minimum
deformation -76,30 pstrain and strain gauge 18 -45,78 pstrain. Finally strain gauge SG17 presents
Opstrain residual. Strain gauge SG18 presents 30,52 pstrain residual.

Sg 17

Max: 91,56 pstrain
Min: -76,30 pstrain
Residual: 0 pstrain

Sg 18
Max: 91,56 pstrain
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Figure 3.2.19 Characteristic results for phase A (0,1g earthquake) (a) strain gauge 5 and (b) strain

Sg5

Max: 271,86 pstrain
Min: -167,60 pstrain
Residual: 11,39 pstrain

Sg 6

Max: 55,50 pstrain

gauge 6
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Figure 3.2.20 Characteristic results for phase A (0,1g earthquake) (a) strain gauge 9 and (b) strain
gauge 10

Sg9

Max: 38,26 pstrain

Min: -133,47 pstrain
Residual: -13,84 pstrain
Sg 10

Max: 191,94 pstrain
Min: -144,52 pstrain
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Figure 3.2.21 Characteristic results for phase A (0,1g earthquake) (a) strain gauge 19 and (b) strain
gauge 20

Strain gauge 19 is located on the centre of partial masonry 2 along direction x. Strain gauges 20 is
located on the centre of partial masonry 2 along direction x. More specifically strain gauge SG19 has
maximum 38,96 pstrain and minimum -30,03 pstrain. Strain gauge SG20 has maximum strain
94,39pstrain and minimum -51,25 pstrain. The residual strain for strain gauge SG19 is 7,31 pstrain and
residual for strain gauge SG20 is 6,51 pstrain.

Sg 19
Max: 38,96 pstrain
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Min: -30,03 pstrain
Residual: 7,31 pstrain

Sg 20

Max: 94,39 pstrain

Min: -51,25 pstrain
Residual: 6,51 pstrain
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| 3.3) White noise before EQ0,2g

Accelerometers

Characteristic extracts from the time histories of accelerations of different accelerometers are
given below for white noise before EQO0,2g. The max acceleration at the slab level on the accelerometer

acc 1and acc4 is 0,12g and 0,13g respectively. The max acceleration at the foundation level on the
accelerometer acc10is 0,11g.
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Figure 3.3.1 Characteristic results for phase A (white noise before 0,2g earthquake): (a)
Accelerometer 1 (b) Accelerometer 4
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Figure 3.3.2 Characteristic results for phase A (white noise before 0,2g earthquake): (a)
Accelerometer 7 (b) Accelerometer 10
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Figure 3.3.3 Characteristic results for phase A (white noise before 0,2g earthquake): (a)
Accelerometer 2 (b) Accelerometer 5

62



@ HFRI Greece 2.0

Acceleration (g)

Acceleration (g)
o
o

S
(39

Funded by the (
: { European Union
R o o ion  NATIONAL RECOVERY AND RESILIENCE PLAN NextGenerationEU

0,5
0.4

0.3 Acc9 - Max: 0.06 (g)

0,2

o
—

70 80

1
o
—

Time (s)

-0.3
-0.4

-0.5
(a)

e L
S

Acc 11 - Max: 0,08 (g)

S i
S = D W

70 80
-0.1

Time (s)

-0.2
-0.3
-0.4

-0.5
(b)

Figure 3.3.4 Characteristic results for phase A (white noise before 0,2g earthquake): (a)
Accelerometer 9 (b) Accelerometer 11
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Figure 3.3.5 Characteristic results for phase A (white noise before 0,2g earthquake): (a)
Accelerometer 3 (b) Accelerometer 8
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Figure 3.3.6 Characteristic results for phase A (white noise before 0,2g earthquake): (a)
Accelerometer 6 (b) Accelerometer 12
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(b)
Figure 3.3.7 Characteristic results for phase A (white noise before 0,2g earthquake): (a) Draw wire
sensor 1 and (b) Draw wire sensor 2

Figure 3.3.7 shows draw wire sensors W1 and W2. More specifically, draw wire sensor W1 is
located on the slab, on the left side and draw wire sensor W2 is located on the slab, on the right side.
The maximum movement detected by draw wire sensor W1 is 0,15 mm while the minimum is -0,17 mm.
The maximum movement detected by draw wire sensor W2 is 0,13 mm while the minimum is -0,12 mm.

W1
Max: 0,175 mm
Min: -0,17 mm

w2

Max: 0,173 mm
Min: -0,12 mm
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(b)
Figure 3.3.8 Characteristic results for phase A (white noise before 0,2g earthquake): (a) Draw wire
sensor 3 and (b) Draw wire sensor

Figure 3.3.8 shows draw wire sensors W3 and W4. More specifically, draw wire sensor W3 is
located on the foundation, on the left side and draw wire sensor W4 is located on the foundation, on
the right side. The maximum movement detected by draw wire sensor W3 is 0,15 mm while the
minimum is -0,16 mm. The maximum movement detected by draw wire sensor W2 is 0,18 mm while
the minimum is -0,16 mm.

W3
Max: 0,175 mm
Min: -0,16 mm
W4
Max: 0,18 mm
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(b)
Figure 3.3.9 Characteristic results for phase A (white noise before 0,2g earthquake): (a) Draw wire
sensor 5 and (b) Draw wire sensor 6

Figure 3.3.9 shows draw wire sensors W5 and W6. More specifically, draw wire sensor WW5 is
located along the partial masonry infill diagonal and draw wire sensor W6 is located along the partial
masonry infill diagonal. The maximum movement detected by draw wire sensor W5 is 0,09 mm while
the minimum is -0,08 mm. The maximum movement detected by draw wire sensor W6 is 0,07 mm while
the minimum is -0,07 mm.

W5
Max: 0,09 mm
Min: -0,08 mm
W6
Max: 0,07 mm
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(b)
Figure 3.3.10 Characteristic results for phase A (white noise before 0,2g earthquake) : (a) Draw wire
sensor 7 and (b) Draw wire sensor 8

Figure 3.3.10 shows draw wire sensors W7 and W8. More specifically, draw wire sensor W7 is
located along the partial masonry infill diagonal and draw wire sensor W8 is located along the partial
masonry infill diagonal. The maximum movement detected by draw wire sensor W7 is 0,07 mm while
the minimum is -0,08 mm. The maximum movement detected by draw wire sensor W8 is 0,07 mm while
the minimum is -0,06 mm.

W7
Max: 0,07 mm
Min: -0,08 mm

W8
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(a)
Figure 3.3.11 Characteristic results for phase A (white noise before 0,2g earthquake): (a) Diagram
of displacement Slab — Base

Figure 3.3.11 shows slab — base displacement. More specifically, the maximum drift detected is
0,08 % while the minimum is -0,09 %. The residual drift is -0,02 mm.

Maximum drift (%): 0,08 (0,098 m/1,225 m = 0,08 %)
Minimum drift (%): -0,09
Residual drift: -0,02 mm
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Figure 3.3.12 Characteristic results for phase A (white noise before 0,2g earthquake) (a) strain
gauge 1 and (b) strain gauge 2

Strain gauges detect strain. The strain gauges shown in the figures 3.3.12,3.3.13,3.3.14and 3.3.19
are located in the longitudinal reinforcement, on the underside. More specifically, strain gauge SG1 has
maximum strain 91,56pustrain and minimum strain -91,56ustrain. The residual strain is Oustrain. Strain
gauge SG2 has maximum deformation 76,30ustrain and minimum -91,56ustrain. The residual strain is
15,26pstrain. Strain gauge SG3 has 91,56pstrain and -91,56pstrain maximum and minimum strain
respectively. The residual strain is -30,52pstrain. Strain gauge SG4 as we can see in figure 3.2.13 has
maximum 122,07ustrain and minimum -106,81pstrain deformation. The residual strain is -30,52pstrain.
Figure 3.2.19 shows strain gauges SG5 and SG6. Strain gauge 5 has 170,78pstrain and -166,68ustrain
maximum and minimum strain respectively. Strain gauge SG5 presents 16,26pstrain residual strain.
Strain gauge 6 has 28,53pstrain maximum strain, -50,54pstrain minimum strain and -6,52pstrain
residual. Finally in figure 3.2.14 see strain gauge SG7 and SG8. Strain gauge SG7 has maximum strain
91,56pstrain and SG8 has maximum strain 91,56pstrain. Starin gauge SG7 has -91,56pustrain minimum
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deformation and SG8 has -91,56pstrain. The residual strain for strain gauge SG7 and SG8 is 0, -15,26
respectively.

Sg1

Max: 91,56 pstrain
Min: -91,56 pstrain
Residual: 0 pstrain

Sg2

Max: 76,30 ystrain

Min: -91,56 pstrain
Residual: 15,26 pstrain
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Figure 3.3.13 Characteristic results for phase A (white noise before 0,2g earthquake) (a) strain
gauge 3 and (b) strain gauge 4
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Figure 3.3.14 Characteristic results for phase A (white noise before 0,2g earthquake) (a) strain
gauge 7 and (b) strain gauge 8

Sg7
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Figure 3.3.15 Characteristic results for phase A (white noise before 0,2g earthquake) (a) strain
gauge 11 and (b) strain gauge 12

The strain gauges shown in the figures 3.3.15, 3.3.16, 3.3.17 and 3.3.20 are located in the
longitudinal reinforcement, on the upper side. More specifically, strain gauge SG9 has 18,71pstrain
maximum strain, -43,9Tustrain minimum strain and 9,76ustrain residual. Strain gauge SG10 has
131,46pstrain maximum strain, -122,44pstrain minimum strain and 14,70pstrain residual. Strain gauge
SG11 has maximum strain 91,56pustrain and minimum -91,56ustrain deformation. The residual strain is
Oupstrain for strain gauge SG11.Strain gauge SG12 has maximum strain 91,56pstrain and minimum
strain -101,86pstrain. The residual value is -30,52pstrain. Strain gauge SG13 has maximum strain

74



@ HFRI Greece 2

Hellenic Fi dati fi
Retomch & loa0ontion  NATIONAL RECOVERY AND RESILIENCE PLAN

Funded by the |
European Union & "
NextGenerationEU

91,56pustrain and minimum strain -91,56pstrain. The residual is Opstrain. Strain gauge SG14 has
maximum strain 91,56ustrain and minimum strain -91,56ustrain. The residual is Opstrain. Finally strain
gauges SG15 has maximum strain 91,56pustrain and minimum strain -91,56pustrain. The residual is
15,26pstrain. Strain gauge SG16 has maximum strain 91,56ustrain, minimum strain -91,56pstrain and
residual strain -15,26pstrain.

Sg 11

Max: 91,56 pstrain
Min: -91,56 pstrain
Residual: 0 pstrain

Sg 12

Max: 91,56 pstrain

Min:-101,86 pstrain
Residual: -30,52 pstrain
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Figure 3.3.16 Characteristic results for phase A (white noise before 0,2g earthquake) (a) strain
gauge 13 and (b) strain gauge 14

Sg13

Max: 91,56 pstrain
Min: -91,56 pstrain
Residual: 0 pstrain

Sg 14

Max: 91,56 ystrain

Min: -91,56 pstrain
Residual: 0 pstrain
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Figure 3.3.17 Characteristic results for phase A (white noise before 0,2g earthquake) (a) strain
gauge 15 and (b) strain gauge 16
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Min: -91,56 pstrain
Residual: 15,26 pstrain

Sg 16
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Figure 3.3.18 Characteristic results for phase A (white noise before 0,2g earthquake) (a) strain
gauge 17 and (b) strain gauge 18

Strain gauge SG17 is located on the centre of partial masonry 1 along direction x. Strain gauges
SG18 is located on the centre of partial masonry 1 along direction z. More specifically strain gauge
SG17 has 91,56pustrain maximum strain. Strain gauge SG17 has minimum deformation -91,56pstrain
and strain gauge 18 -45,78pstrain. Strain gauge SG18 has maximum strain 106,81pustrain. Finally strain
gauge SG17 presents Opstrain residual. Strain gauge SG18 presents -30,52pstrain residual.

Sg 17

Max: 91,56 pstrain
Min: -91,56 pstrain
Residual: 0 pstrain

Sg 18
Max: 106,81 pstrain
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Figure 3.3.19 Characteristic results for phase A (white noise before 0,2g earthquake) (a) strain

Sg5

Max: 170,78ustrain
Min: -166,66pstrain
Residual: 16,26pstrain
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gauge 5 and (b) strain gauge 6
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Figure 3.3.20 Characteristic results for phase A (white noise before 0,2g earthquake) (a) strain
gauge 9 and (b) strain gauge 10

Sg9

Max: 18,71ustrain
Min: -43,91pstrain
Residual: 9,76pstrain
Sg 10

Max: 131,46pustrain
Min: -122,44pstrain
Residual: 14,70pstrain
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Figure 3.3.21 Characteristic results for phase A (white noise before 0,2g earthquake) (a) strain
gauge 19 and (b) strain gauge 20

Strain gauge 19 is located on the centre of partial masonry 2 along direction x. Strain gauges 20 is
located on the centre of partial masonry 2 along direction x. More specifically strain gauge SG19 has
maximum 0,8Tpstrain and minimum -3,24pstrain. Strain gauge SG20 has maximum strain 5,69pustrain
and minimum -17,07ustrain. The residual strain for strain gauge SG19 is Opystrain and residual for strain
gauge SG20 is -9,76pstrain.

Sg 19

Max: 0,81pstrain
Min: -3,24pstrain
Residual: Oustrain
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Sg 20

Max: 5,69pstrain

Min: -17,07pstrain
Residual: -9,76pstrain
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Characteristic extracts from the time histories of accelerations of different accelerometers are
given below for EQ0,2g. The max acceleration at the slab level on the accelerometer acc1 and acc4 is
0,25 and 0,23g respectively. The max acceleration at the foundation level on the accelerometer acc10

is 0,19g.

Acceleration (g)
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Figure 3.4.1 Characteristic results for phase A (0,2g earthquake): (a) Accelerometer 1 (b)

Accelerometer 4
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Figure 3.4.2 Characteristic results for phase A (0,2g earthquake): (a) Accelerometer 7 (b)
Accelerometer 10
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Figure 3.4.3 Characteristic results for phase A (0,2g earthquake): (a) Accelerometer 2 (b)

Accelerometer 5
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Figure 3.4.4 Characteristic results for phase A (0,2g earthquake): (a) Accelerometer 8 (b)

Accelerometer 11
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Figure 3.4.5 Characteristic results for phase A (0,2g earthquake): (a) Accelerometer 3 (b)
Accelerometer 6
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Figure 3.4.6 Characteristic results for phase A (0,2g earthquake): (a) Accelerometer 9 (b)

Accelerometer 12
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Figure 3.4.7 Characteristic results for phase A (0,2g earthquake): (a) Draw wire sensor 1 and (b)
Draw wire sensor 2

Figure 3.4.7 shows draw wire sensors W1 and W2. More specifically, draw wire sensor W1 is
located on the slab, on the left side and draw wire sensor W2 is located on the slab, on the right side.
The maximum movement detected by draw wire sensor W1 is 6,72 mm while the minimum is -5,64 mm.
The maximum movement detected by draw wire sensor W2 is 6,81 mm while the minimum is -5,50 mm.

W1
Max: 6,72 mm
Min: -5,64 mm

W2

Max: 6,81 mm
Min: -5,50 mm
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Figure 3.4.8 Characteristic results for phase A (0,2g earthquake): (a) Draw wire sensor 3 and (b)
Draw wire sensor 4

Figure 3.4.8 shows draw wire sensors W3 and W4. More specifically, draw wire sensor W3 is
located on the foundation, on the left side and draw wire sensor WW4 is located on the foundation, on
the right side. The maximum movement detected by draw wire sensor W3 is 4,16 mm while the
minimum is -3,84 mm. The maximum movement detected by draw wire sensor W2 is 4,52 mm while
the minimum is -3,82 mm.

w3

Max: 4,16 mm

Min: -3,84 mm

W4

Max: 4,52 mm

Min: -3,82 mm
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Figure 3.4.9 Characteristic results for phase A (0,2g earthquake): (a) Draw wire sensor 5 and (b)
Draw wire sensor 6

Figure 3.4.9 shows draw wire sensors W5 and W6. More specifically, draw wire sensor W5 is
located along the partial masonry infill diagonal and draw wire sensor W6 is located along the partial
masonry infill diagonal. The maximum movement detected by draw wire sensor W5 is 0,92 mm while
the minimum is -0,71 mm. The maximum movement detected by draw wire sensor W6 is 0,70 mm while
the minimum is -0,52 mm.

W5
Max: 0,92 mm
Min: -0,71T mm

W6
Max: 0,70 mm
Min: -0,52 mm
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Figure 3.4.10 Characteristic results for phase A (0,2g earthquake) : (a) Draw wire sensor 7 and (b)
Draw wire sensor 8

Figure 3.4.10 shows draw wire sensors W7 and W8. More specifically, draw wire sensor WW7 is
located along the partial masonry infill diagonal and draw wire sensor 8 is located along the partial
masonry infill diagonal. The maximum movement detected by draw wire sensor W7 is 0,50 mm while
the minimum is -0,68 mm. The maximum movement detected by draw wire sensor W8 is 0,44 mm while
the minimum is -0,68 mm.

w7
Max: 0,50 mm
Min: -0,68 mm

w8
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Figure 3.4.11 Characteristic results for phase A (0,2g earthquake): (a) Diagram of displacement
Slab — Base

Figure 3.4.11 shows slab — base displacement. More specifically, the maximum drift detected is
1,99 % while the minimum is -1,75 %. The residual drift is -0,04 mm.

Maximum drift (%): 1,99 (2,43775m/1,225 m =1,99 %)
Minimum drift (%): -1,75
Residual drift: -0,04 mm
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Figure 3.4.12 Characteristic results for phase A (0,2g earthquake) (a) strain gauge 1 and (b) strain
gauge 2

Strain gauges detect strain. The strain gauges shown in the figures 3.4.12,3.4.13,3.4.14and 3.4.19
are located in the longitudinal reinforcement, on the underside. More specifically, strain gauge SG1 has
maximum strain 152,29ustrain and minimum strain -183,11pstrain. The residual strain is -15,26ustrain.
Strain gauge SG2 has maximum deformation 76,30 pstrain and minimum -61,04pustrain. The residual
strain is -15,26pstrain. Strain gauge SG3 has 76,30pstrain and -45,78ustrain maximum and minimum
strain respectively. The residual strain is -15,26ustrain. Strain gauge SG4 as we can see in figure 3.4.13
has maximum 198,37ustrain and minimum -137,33pustrain deformation. The residual strain is -
30,52pstrain. Figure 3.4.19 shows strain gauges SG5 and SG6. Strain gauge SG5 has 315,62pstrain and
-357,67pstrain maximum and minimum strain respectively. Strain gauge SG5 presents -2,44pstrain
residual strain. Strain gauge 6 has 48,92ustrain maximum strain, -76,63ustrain minimum strain and
1,63pstrain residual. Finally in figure 3.4.14 see strain gauge SG7 and SG8. Strain gauge SG7 has
maximum strain 61,04pstrain and SG8 has maximum strain 228,89ustrain. Starin gauge SG7 has -
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61,04pustrain minimum deformation and 8 has -183,11pstrain. The residual strain for strain gauge SG7

and SG8 i
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Figure 3.4.13 Characteristic results for phase A (0,2g earthquake) (a) strain gauge 3 and (b) strain

Sg3

gauge 4
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Figure 3.4.14 Characteristic results for phase A (0,2g earthquake) (a) strain gauge 7 and (b) strain
gauge 8
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Max: 61,04 pstrain
Min: -61,04 ustrain
Residual: 0 pstrain
Sg8
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Figure 3.4.15 Characteristic results for phase A (0,2g earthquake) (a) strain gauge 117 and (b) strain
gauge 12

The strain gauges shown in the figures 3.4.15, 3.4.16, 3.4.17 and 3.4.20 are located in the
longitudinal reinforcement, on the upper side. More specifically, strain gauge SG9 has 9,76pstrain
maximum strain, -76,63ustrain minimum strain and 3,25ustrain residual. Strain gauge SG10 has
207,43pstrain maximum strain, -255,48pstrain minimum strain and 2,45pstrain residual. Strain gauge
SG11 has maximum strain 213,63pstrain and minimum -106,81pustrain deformation. The residual strain
is 30,52pustrain for strain gauge SG11.Strain gauge SG12 has maximum strain 91,56pustrain and
minimum strain -45,78 pstrain. The residual value is -Opstrain. Strain gauge SG13 has maximum strain
133,33pstrain and minimum strain -76,30pstrain. The residual is -15,26pustrain. Strain gauge SG14 has
maximum strain 152,59ustrain and minimum strain -152,59pstrain. The residual is-15,26pstrain. Finally
strain gauges SG15 has maximum strain 213,63ustrain and minimum strain -122,07ustrain. The
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residual is 15,26pustrain. Strain gauge SG16 has maximum strain 137,33pstrain, minimum strain -
106,81 pstrain and residual strain -30,52pstrain.

Sg 11

Max: 213,63 pstrain

Min: -106,81 pstrain

Residual: 30,52 pstrain

Sg 12

Max: 91,56 pstrain

Min: -45,78 pstrain
Residual: 0 pstrain
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Figure 3.4.16 Characteristic results for phase A (0,2g earthquake) (a) strain gauge 13 and (b) strain

Sg 13

Max: 133,33 pstrain
Min: -76,30 pstrain
Residual: -15,26 pstrain

Sg 14

Max: 152,59 pstrain

Min: -152,59 pstrain
Residual: -15,26 pstrain

gauge 14
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Figure 3.4.17 Characteristic results for phase A (0,2g earthquake) (a) strain gauge 15 and (b) strain
gauge 16
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Max: 213,63 pstrain
Min: -122,07 pstrain
Residual: 15,26 pstrain

Sg 16

Max: 137,33 pstrain

Min: -106,81 pstrain
Residual: -30,52 pstrain
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Figure 3.4.18 Characteristic results for phase A (0,2g earthquake) (a) strain gauge 17 and (b) strain
gauge 18

Strain gauge SG17 is located on the centre of partial masonry 1 along direction x. Strain gauges SG18 is
located on the centre of partial masonry 1 along direction z. More specifically strain gauge SG17 has 45,78
ustrain maximum strain. Strain gauge SG17 has minimum deformation -91,56 ustrain and strain gauge
SG18 -76,30 ustrain. Strain gauge SG18 has maximum strain 45,78 ustrain. Finally strain gauge SG17
presents Oustrain residual. Strain gauge SG18 presents -15,26 ustrain residual.

Sg 17

Max: 45,78 pstrain
Min: -91,56 pstrain
Residual: 0 pstrain
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Max: 45,78 pstrain

Min: -76,30 pstrain
Residual: -15,26 pstrain
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Figure 3.4.19 Characteristic results for phase A (0,2g earthquake) (a) strain gauge 5 and (b) strain
gauge 6

Sg5

Max: 315,62 pstrain

Min: -357,67 pstrain

Residual: -2,44 pstrain

Sg 6

Max: 48,92 pstrain

Min: -76,63 pstrain
Residual: 1,63 pstrain
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Figure 3.4.20 Characteristic results for phase A (0,2g earthquake) (a) strain gauge 9 and (b) strain

Sg9

Max: 9,76pstrain
Min: -76,63ustrain
Residual: 3,25pstrain

Sg 10

Max: 207,43 pstrain

Min: -255,48pstrain
Residual: 2,45pstrain

gauge 10
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Figure 3.4.21 Characteristic results for phase A (0,2g earthquake) (a) strain gauge 19 and (b) strain
gauge 20

Strain gauge SG19 is located on the centre of partial masonry 2 along direction x. Strain gauges
20 is located on the centre of partial masonry 2 along direction x. More specifically strain gauge SG19
has maximum 2,43pstrain and minimum -1,62ustrain. Strain gauge SG20 has maximum strain
22,77 ustrain and minimum -13,82pstrain. The residual strain for strain gauge SG19 is -0,81pustrain and
residual for strain gauge SG20 is -3,25pustrain.

Sg 19

Max: 2,43 pstrain
Min: -1,62 pstrain
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Residual: -0,81 pstrain

Sg 20

Max: 22,77 ystrain
Min: -13,82 pstrain
Residual: -3,25 pstrain
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| 3.5) White noise test before EQO,5g

Accelerometers

Characteristic extracts from the time histories of accelerations of different accelerometers are
given below for white noise test before EQO0,5g. The max acceleration at the slab level on the
accelerometer acc1 and acc4 is 0,05g and 0,02g respectively. The max acceleration at the foundation
level on the accelerometer acc10 is 0,03g.
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0.3 Acc1-Max: 0.05 (g)

0.2
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= 0.1

0.0 : L 1 L L :
100 15 200 250
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-0,4
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(a)

Acc4 -Max: 0.02 (g)
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50 100 150 200 250
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— [e>] —
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-0.4
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Figure 3.5.1 Characteristic results for phase A (white noise before 0,5g earthquake): (a)
Accelerometer 1 (b) Accelerometer 4
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Figure 3.5.2 Characteristic results for phase A (white noise before 0,5g earthquake): (a)
Accelerometer 7 (b) Accelerometer 10
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Figure 3.5.3 Characteristic results for phase A (white noise before 0,5g earthquake): (a)
Accelerometer 2 (b) Accelerometer 5
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Figure 3.5.4 Characteristic results for phase A (white noise before 0,5g earthquake): (a)
Accelerometer 8 (b) Accelerometer 11
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Figure 3.5.5 Characteristic results for phase A (white noise before 0,5g earthquake): (a)
Accelerometer 3 (b) Accelerometer 6
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Figure 3.5.6 Characteristic results for phase A (white noise before 0,5g earthquake): (a)
Accelerometer 9 (b) Accelerometer 12
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Figure 3.5.7 Characteristic results for phase A (white noise before 0,5g earthquake): (a) Draw wire
sensor 1 and (b) Draw wire sensor 2

Figure 3.5.7 shows draw wire sensors W1 and W2. More specifically, draw wire sensor W1 is
located on the slab, on the left side and draw wire sensor W2 is located on the slab, on the right side.
The maximum movement detected by draw wire sensor W1 is 0,32 mm while the minimum is -0,33 mm.
The maximum movement detected by draw wire sensor W2 is 0,179 mm while the minimum is -0,20 mm.

W1
Max: 0,32 mm
Min: -0,33 mm
W2
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Figure 3.5.8 Characteristic results for phase A (white noise before 0,5g earthquake): (a) Draw wire
sensor 3 and (b) Draw wire sensor 4

Figure 3.5.8 shows draw wire sensors W3 and W4. More specifically, draw wire sensor WW3 is

located on the foundation, on the left side and draw wire sensor W4 is located on the foundation, on
the right side. The maximum movement detected by draw wire sensor3 is 0,27 mm while the minimum
is -0,29 mm. The maximum movement detected by draw wire sensor 2 is 0,29 mm while the minimum

is-0,29 mm.
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Figure 3.5.9 Characteristic results for phase A (white noise before 0,5g earthquake): (a) Draw wire
sensor 5 and (b) Draw wire sensor 6

Figure 3.5.9 shows draw wire sensors 5 and 6. More specifically, draw wire sensor 5 is located
along the partial masonry infill diagonal and draw wire sensor 6 is located along the partial masonry
infill diagonal. The maximum movement detected by draw wire sensor 5is 0,11 mm while the minimum
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is -0,09 mm. The maximum movement detected by draw wire sensor 6 is 0,08 mm while the minimum
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Figure 3.5.10 Characteristic results for phase A (white noise before 0,5g earthquake) : (a) Draw wire
sensor 7 and (b) Draw wire sensor 8
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Figure 3.5.10 shows draw wire sensors 7 and 8. More specifically, draw wire sensor 7 is located
along the partial masonry infill diagonal and draw wire sensor 8 is located along the partial masonry
infill diagonal. The maximum movement detected by draw wire sensor 7 is 0,08 mm while the minimum
is -0,08 mm. The maximum movement detected by draw wire sensor 8 is 0,07 mm while the minimum
is-0,08 mm.

w7
Max: 0,08 mm
Min: -0,08 mm
w8
Max: 0,07 mm
Min: -0,08 mm
15
[ Slab-Base
10 T
= I
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=
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2 : Time (s)
|-
-10 +
-15

(a)
Figure 3.5.11 Characteristic results for phase A (white noise before 0,5g earthquake): (a) Diagram
of displacement Slab — Base

Figure 3.5.11 shows slab — base displacement. More specifically, the maximum drift detected is
0,15 % while the minimum is -0,15%. The residual drift is 0,02 mm.

Maximum drift (%): 0,15 (0,18375 m /1,225 m =0,15 %)
Minimum drift (%): -0,15
Residual drift: 0,02 mm
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Figure 3.5.12 Characteristic results for phase A (white noise before 0,5g earthquake) (a) strain
gauge 1 and (b) strain gauge 2

Strain gauges detect strain. The strain gauges shown in the figures 3.5.12, 3.5.13, 3.5.14 are
located in the longitudinal reinforcement, on the underside. More specifically, strain gauge SG1 has
maximum strain 91,56pstrain and minimum strain -106,81ustrain. The residual strain is Oustrain. Strain
gauge SG2 has maximum deformation 106,81 pstrain and minimum -91,56ustrain. The residual strain
is 15,26pstrain. Strain gauge SG3 has 122,07ustrain and -106,81ustrain maximum and minimum strain
respectively. The residual strain is Opstrain. Strain gauge SG4 as we can see in figure 3.2.13 has
maximum 91,56pustrain and minimum -91,56ustrain deformation. The residual strain is -30,52pstrain.
Finally in figure 3.5.14 see strain gauge SG7 and SG8. Strain gauge SG7 has maximum strain
106,81ustrain and SG8 has maximum strain 106,81pustrain. Starin gauge SG7 has -106,81pstrain
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minimum deformation and SG8 has -106,81pstrain. The residual strain for strain gauge SG7 and SG8
is 30,52, 15,26 respectively.

Sg 1

Max: 91,56 ystrain

Min: -106,81 pstrain

Residual: 0 pstrain

Sg2

Max: 106,81 pstrain

Min: -91,56 pstrain
Residual: 15,26 pstrain
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Figure 3.5.13 Characteristic results for phase A (white noise before 0,5g earthquake) (a) strain
gauge 3 and (b) strain gauge 4
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Figure 3.5.14 Characteristic results for phase A (white noise before 0,5g earthquake) (a) strain
gauge 7 and (b) strain gauge 8

119



@ HFRI Greece 2.0

Hellenic Fi dati fi
Retomch & loa0ontion  NATIONAL RECOVERY AND RESILIENCE PLAN

Funded by the \
European Union E "
NextGenerationEU

Sg7

Max: 106,81 pystrain
Min: -106,81 pstrain
Residual: -30,52 pstrain

Sg8

Max: 106,81 pstrain

Min: -106,81 pstrain
Residual: 15,26 pstrain

2800.0
2400.0
2000.0
1600.0
1200.0
800.0
400.0
0.0
-400.0 10 20 30 40 50 op
-800.0 Time (s)
-1200.0
-1600.0
-2000.0
-2400.0
-2800.0

Strain (¥106)

Strain Gauges - Columns (Upper)

(a)

2800.0
2400.0
2000.0
1600.0
1200.0
800.0
400.0
0.0
-400.0 10 20 30 40 50 oo
-800.0 Time (s)
-1200.0
-1600.0
-2000.0
-2400.0
-2800.0

Strain (¥106)

Strain Gauges - Columns (Upper)

(b)
Figure 3.5.15 Characteristic results for phase A (white noise before 0,5g earthquake) (a) strain
gauge 11 and (b) strain gauge 12

120



Funded by the |
European Union % * @ "
NextGenerationEU

The strain gauges shown in the figures 3.5.15, 3.5.16 and 3.5.17 are located in the longitudinal
reinforcement, on the upper side. More specifically, strain gauge SG11 has maximum strain
106,81 ustrain and minimum -106,81ustrain deformation. The residual strain is 30,52ustrain for strain
gauge SG11.Strain gauge SG12 has maximum strain 91,56ustrain and minimum strain -106,81ustrain.
The residual value is Opstrain. Strain gauge SG13 has maximum strain 106,81pstrain and minimum
strain -106,81ustrain. The residual is -45,78ustrain. Strain gauge SG14 has maximum strain
122,07ustrain and minimum strain -91,56pstrain. The residual is 15,26pustrain. Finally strain gauges
SG15 has maximum strain 91,56pustrain and minimum strain -106,81ustrain. The residual is -
45,78pstrain. Strain gauge SG16 has maximum strain 106,81pstrain, minimum strain -106,81pustrain
and residual strain -15,26pstrain.
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Sg 11

Max: 106,81 pstrain
Min: -106,81 pstrain
Residual: 30,52 pstrain

Sg 12

Max: 91,56 pstrain

Min: -106,81 pstrain
Residual: 0 pstrain
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Figure 3.5.16 Characteristic results for phase A (white noise before 0,5g earthquake) (a) strain
gauge 13 and (b) strain gauge 14

Sg 13
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Min: -106,81 pstrain
Residual: -45,78 pstrain

Sg 14

Max: 122,07 pstrain

Min: -91,56 pstrain

Residual: 15,26 pstrain
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Figure 3.5.17 Characteristic results for phase A (white noise before 0,5g earthquake) (a) strain
gauge 15 and (b) strain gauge 16
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Figure 3.5.18 Characteristic results for phase A (white noise before 0,5g earthquake) (a) strain
gauge 17 and (b) strain gauge 18

Strain gauge SG17 is located on the centre of partial masonry 1 along direction x. Strain gauges
SG18 is located on the centre of partial masonry 1 along direction z. More specifically strain gauge
SG17 has 122,07ustrain maximum strain. Strain gauge SG17 has minimum deformation -122,07pstrain
and strain gauge 18 -91,56pstrain. Strain gauge SG18 has maximum strain 106,81pstrain. Finally strain
gauge SG17 presents Oustrain residual. Strain gauge SG18 presents 30,52pstrain residual.

Sg 17

Max: 122,07 ustrain

Min: -122,07 pstrain
Residual: 0
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Sg18

Max: 106,81 pstrain

Min: -91,56 pstrain
Residual: 30,52 pstrain
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| 3.6) Earthquake EQO,5¢g

Accelerometers

Characteristic extracts from the time histories of accelerations of different accelerometers are
given below for EQ0,5g. The max acceleration at the slab level on the accelerometer acc1 and acc4 is
0,64g and 0,744 respectively. The max acceleration at the foundation level on the accelerometer acc10
is 0,52g.
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Figure 3.6.1 Characteristic results for phase A (0,5g earthquake): (a) Accelerometer 1 (b)
Accelerometer 4
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Figure 3.6.2 Characteristic results for phase A (0,59 earthquake): (a) Accelerometer 7 (b)
Accelerometer 10
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Figure 3.6.3 Characteristic results for phase A (0,59 earthquake): (a) Accelerometer 2 (b)
Accelerometer 5
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Figure3.6.4 Characteristic results for phase A (0,5g earthquake): (a) Accelerometer 8 (b)
Accelerometer 11
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Figure 3.6.5 Characteristic results for phase A (0,59 earthquake): (a) Accelerometer 3 (b)
Accelerometer 6
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Figure 3.6.6 Characteristic results for phase A (0,5g earthquake): (a) Accelerometer 9 (b)
Accelerometer 12
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Figure 3.6.7 Characteristic results for phase A (0,5g earthquake): (a) Draw wire sensor 1 and (b)
Draw wire sensor 2

Figure 3.6.7 shows draw wire sensors W1 and W2. More specifically, draw wire sensor W1 is
located on the slab, on the left side and draw wire sensor W2 is located on the slab, on the right side.
The maximum movement detected by draw wire sensor W1 is 16,75 mm while the minimum is -14,60
mm. The maximum movement detected by draw wire sensor W2 is 16,33 mm while the minimum is -
14,60 mm.

W1
Max: 16,75 mm
Min: -14,60 mm
W2
Max: 16,33 mm
Min: -14,60 mm
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Figure 3.6.8 Characteristic results for phase A (0,5g earthquake): (a) Draw wire sensor 3 and (b)
Draw wire sensor 4

Figure 3.6.8 shows draw wire sensors W3 and W4. More specifically, draw wire sensor 3 is located
on the foundation, on the left side and draw wire sensor W4 is located on the foundation, on the right
side. The maximum movement detected by draw wire sensor W3 is 10,40 mm while the minimum is -

9,76 mm. The maximum movement detected by draw wire sensor W2 is 10,58 mm while the minimum
is-9,82 mm.

W3
Max: 10,40 mm
Min: -9,76 mm

W4
Max: 10,58 mm
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Figure 3.6.9 Characteristic results for phase A (0,5g earthquake): (a) Draw wire sensor 5 and (b)
Draw wire sensor 6

Figure 3.6.9 shows draw wire sensors W5 and W6. More specifically, draw wire sensor W5 is
located along the partial masonry infill diagonal and draw wire sensor W6 is located along the partial
masonry infill diagonal. The maximum movement detected by draw wire sensor W5 is 2,24 mm while
the minimum is -1,78 mm. The maximum movement detected by draw wire sensor W6 is 1,98 mm while
the minimum is -1,18 mm.

W5

Max: 2,24 mm
Min: -1,78 mm
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(b)
Figure 3.6.10 Characteristic results for phase A (0,5g earthquake): (a) Draw wire sensor 7 and (b)
Draw wire sensor 8

Figure 3.6.10 shows draw wire sensors W7 and W8. More specifically, draw wire sensor W7 is
located along the partial masonry infill diagonal and draw wire sensor W8 is located along the partial
masonry infill diagonal. The maximum movement detected by draw wire sensor W7 is 2,01 mm while
the minimum is -1,41 mm. The maximum movement detected by draw wire sensor W8 is 1,71 mm while
the minimum is -1,39 mm.

w7
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Figure 3.6.11 Characteristic results for phase A (0,59 earthquake): (a) Diagram of displacement
Slab — Base

Figure 3.6.11 shows slab — base displacement. More specifically, the maximum drift detected is
5,06 % while the minimum is -5,14 %. The residual drift is 0,01 mm.

Maximum drift (%): 5,06 (6,1985 m/1.225 m = 5,06 %)
Minimum drift (%): -5,14
Residual drift: 0,01 mm
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Figure 3.6.12 Characteristic results for phase A (0,5g earthquake) (a) strain gauge 1 and (b) strain
gauge 2

Strain gauges detect strain. The strain gauges shown in the figures 3.6.12, 3.6.13 and 3.6.14 are
located in the longitudinal reinforcement, on the underside. More specifically, strain gauge SG1 has
maximum strain 457,78ustrain and minimum strain -320,44pstrain. The residual strain is -45,78pustrain.
Strain gauge SG2 has maximum deformation 183,11ustrain and minimum -61,04pustrain. The residual
strain is -15,26pstrain. Strain gauge SG3 has 152,59pstrain and -76,30ustrain maximum and minimum
strain respectively. The residual strain is Oystrain. Strain gauge SG4 as we can see in figure 3.6.13 has
maximum 534,07 pustrain and minimum -228,89ustrain deformation. The residual strain is 15,26pstrain.
Finally in figure 3.6.14 see strain gauge SG7 and SG8. Strain gauge SG7 has maximum strain
198,37ustrain and SG8 has maximum strain 610,37pstrain. Starin gauge SG7 has -45,78pstrain
minimum deformation and SG8 has -305,19ustrain. The residual strain for strain gauge SG7 and SG8
is-15,26.

Sg1

Max: 457,78 ustrain

Min: -320,44 pstrain
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Residual: -45,78 pstrain

Sg2

Max: 183,11 pstrain

Min: -61,04 pstrain
Residual: -15,26 pstrain
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Figure 3.6.13 Characteristic results for phase A (0,5g earthquake) (a) strain gauge 3 and (b) strain
gauge 4

Sg3

Max: 152,59 pstrain

Min: -76,30 pstrain
Residual: 0 pstrain

Sg 4

Max: 534,07 ystrain

Min: -228,89 pstrain
Residual: 15,26 pstrain
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Figure 3.6.14 Characteristic results for phase A (0,5g earthquake) (a) strain gauge 7 and (b) strain

Sg7
Max: 198,37 pstrain
Min: -45,78 pstrain
Residual: -15,26 pstrain

Sg8

Max: 610,37 pstrain

Min: -305,19 pstrain
Residual: -15,26 pstrain

gauge 8
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Figure 3.6.15 Characteristic results for phase A (0,5g earthquake) (a) strain gauge 11 and (b) strain
gauge 12

Sg 11
Max: 503,56 pstrain
Min: -167,85 pstrain
Residual: 0 pstrain

Sg 12

Max: 213,63 pstrain

Min: -106,81 pstrain
Residual: -61,04 pstrain
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Figure 3.6.16 Characteristic results for phase A (0,5g earthquake) (a) strain gauge 13 and (b) strain
gauge 14

Sg13

Max: 381,48 pstrain

Min: -45,78 pstrain
Residual: 30,52 pstrain

Sg 14

Max: 412,00 pstrain

Min: -213,63 pstrain
Residual: 0 pstrain
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Figure 3.6.17 Characteristic results for phase A (0,5g earthquake) (a) strain gauge 15 and (b) strain
gauge 16

Sg 15

Max: 30,52 pstrain

Min: -213,63 pstrain
Residual: -15,26 pstrain

Sg 16

Max: 366,22 pstrain
Min: -122,07 pstrain
Residual: 0 pstrain
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Figure 3.6.18 Characteristic results for phase A (0,5g earthquake) (a) strain gauge 17 and (b) strain
gauge 18

Strain gauge SG17 is located on the centre of partial masonry 1 along direction x. Strain gauges
SG18 is located on the centre of partial masonry 1 along direction z. More specifically strain gauge
SG17 has 30,52pstrain maximum strain. Strain gauge SG17 has minimum deformation -91,56pstrain
and strain gauge 18 -76,30pstrain. Strain gauge SG18 has maximum strain 45,78pstrain. Finally strain
gauge SG17 presents Opstrain residual. Strain gauge SG18 presents -30,52pustrain residual.

Sg 17
Max: 30,52 pstrain
Min: -91,56 pstrain
Residual: 0 pstrain

Sg18

Max: 45,78 pstrain
Min: -76,30 pstrain
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Residual: -30,52 pstrain
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| 3.7) White noise test before EQ0,8g

Accelerometers

Characteristic extracts from the time histories of accelerations of different accelerometers are
given below for white noise before EQ0,8g. The max acceleration at the slab level on the accelerometer

acc 1 and acc4 is 0,27g for both. The max acceleration at the foundation level on the accelerometer
acc10is 0,08g.
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Figure 3.7.1 Characteristic results for phase A (white noise before 0,8g earthquake): (a)
Accelerometer 1 (b) Accelerometer 4
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Figure 3.7.2 Characteristic results for phase A (white noise before 0,8g earthquake): (a)
Accelerometer 7 (b) Accelerometer 10
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Figure 3.7.3 Characteristic results for phase A (white noise before 0,8g earthquake): (a)
Accelerometer 2 (b) Accelerometer 5
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Figure 3.7.4 Characteristic results for phase A (white noise before 0,8g earthquake): (a)
Accelerometer 8 (b) Accelerometer 11

149



©) HFRI Greece 2.0

Research & lnnova(ioon NATIONAL RECOVERY AND RESILIENCE PLAN

Funded by the (
European Union E "
NextGenerationEU

e L
B W

——Acc 3 - Max: 0.08 (g)

oL
D W

50 60

Acceleration (g)
S o o
Pt o Pt

Time (s)

-0.2
-0.3
-0.4

-0.5
(a)

o
PN

Acc 6 - Max: 0.06 (g)

e e
- N W

o
(=}

50 60

1
L
—

Acceleration (g)

Time (s)

-0.2
-0,3
-0.4

-0.5
(b)

Figure 3.7.5 Characteristic results for phase A (white noise before 0,8g earthquake): (a)
Accelerometer 3 (b) Accelerometer 6
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Figure 3.7.6 Characteristic results for phase A (white noise before 0,8g earthquake): (a)
Accelerometer 9 (b) Accelerometer 12
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(b)
Figure 3.7.7 Characteristic results for phase A (white noise before 0,8g earthquake): (a) Draw wire
sensor 1 and (b) Draw wire sensor 2

Figure 3.7.7 shows draw wire sensors W1 and W2. More specifically, draw wire sensor W1 is
located on the slab, on the left side and draw wire sensor W2 is located on the slab, on the right side.
The maximum movement detected by draw wire sensor W1 is 14,22 mm while the minimum is -13,54
mm. The maximum movement detected by draw wire sensor W2 is 14,30 mm while the minimum is -
13,72 mm.

W1
Max: 14,22 mm
Min: -13,54 mm
W2
Max: 14,30 mm
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Figure 3.7.8 Characteristic results for phase A (white noise before 0,8g earthquake): (a) Draw wire
sensor 3 and (b) Draw wire sensor 4
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Figure 3.7.8 shows draw wire sensors W3 and W4. More specifically, draw wire sensor W3 is
located on the foundation, on the left side and draw wire sensor W4 is located on the foundation, on
the right side. The maximum movement detected by draw wire sensor W3 is 14,22 mm while the
minimum is -13,54 mm. The maximum movement detected by draw wire sensor W4 is 14,30 mm while
the minimum is -13,72 mm.

W3

Max: 14,22 mm
Min: -13,54 mm
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Figure 3.7.9 Characteristic results for phase A (white noise before 0,8g earthquake) : (a) Draw wire
sensor 5 and (b) Draw wire sensor 6

Figure 3.7.9 shows draw wire sensors W5 and W6. More specifically, draw wire sensor W5 is
located along the partial masonry infill diagonal and draw wire sensor W6 is located along the partial
masonry infill diagonal. The maximum movement detected by draw wire sensor 5 is 1,10 mm while the
minimum is -0,77 mm. The maximum movement detected by draw wire sensor W6 is 0,72 mm while
the minimum is -0,61 mm.

W5
Max: 1,70 mm
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(b)
Figure 3.7.10 Characteristic results for phase A (white noise before 0,8g earthquake): (a) Draw wire
sensor 7 and (b) Draw wire sensor 8

Figure 3.7.10 shows draw wire sensors WW7 and 8. More specifically, draw wire sensor W7 is
located along the partial masonry infill diagonal and draw wire sensor W8 is located along the partial
masonry infill diagonal. The maximum movement detected by draw wire senso W7 is 0,83 mm while
the minimum is -0,75 mm. The maximum movement detected by draw wire sensor W8 is 0,74 mm while
the minimum is -0,71 mm.

w7
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(a)
Figure 3.7.11 Characteristic results for phase A (white noise before 0,8g earthquake): (a) Diagram
of displacement Slab — Base

Figure 3.7.11 shows slab — base displacement. More specifically, the maximum drift detected is
2,29 % while the minimum is -2,32 %. The residual drift is -0,06 mm.

Maximum drift (%): 2,29 (2,80525m/1,225m=2,29%)
Minimum drift (%): -2,32
Residual drift: -0,06 mm
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Figure 3.7.12 Characteristic results for phase A (white noise before 0,8g earthquake) (a) strain
gauge 1 and (b) strain gauge 2

Strain gauges detect strain. The strain gauges shown in the figures 3.7.12,3.7.13,3.7.14and 3.7.19
are located in the longitudinal reinforcement, on the underside. More specifically, strain gauge SG1 has
maximum strain 244,15pustrain and minimum strain -183,11ustrain. The residual strain is Opstrain.
Strain gauge SG2 has maximum deformation 61,04pstrain and minimum -91,56pstrain. The residual
strain is -30,52 pstrain. Strain gauge SG3 has 106,81pustrain and -30,52ustrain maximum and minimum
strain respectively. The residual strain is 45,78pstrain. Strain gauge SG4 as we can see in figure 3.7.13
has maximum 228,89 pstrain and minimum -45,78pustrain deformation. The residual strain is -
0,15pstrain. Figure 3.7.19 shows strain gauges SG5 and SG6. Strain gauge 5 has 380,05 pstrain and -
467,52ustrain maximum and minimum strain respectively. Strain gauge SG5 presents 1,63 pstrain
residual strain. Strain gauge SG6 has 56,11pustrain maximum strain, -96,13pustrain minimum strain and
Opstrain residual. Finally in figure 3.7.14 see strain gauge SG7 and SG8. Strain gauge SG7 has maximum
strain 106,8Tustrain and SG8 has maximum strain 305,19ustrain. Starin gauge SG7 has -45,78ustrain
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minimum deformation and SG8 has -183,11ustrain. The residual strain for strain gauge SG7 and SG8
is 15,26, 0,46 respectively.
Sg 1
Max: 244,15 pstrain
Min: -183,11 pstrain
Residual: 0 pstrain
Sg2
Max: 61,04 pstrain
Min: -91,56 pstrain
Residual: -30,52 pstrain
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Figure 3.7.13 Characteristic results for phase A (white noise before 0,8g earthquake) (a) strain
gauge 3 and (b) strain gauge 4

Sg3
Max: 106,81 pstrain
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Figure 3.7.14 Characteristic results for phase A (white noise before 0,8g earthquake) (a) strain
gauge 7 and (b) strain gauge 8
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Max: 106,81 pstrain

Min: -45,78 pstrain
Residual: 15,26 pstrain
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Max: 305,19 pstrain
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Figure 3.7.15 Characteristic results for phase A (white noise before 0,8g earthquake) (a) strain
gauge 11 and (b) strain gauge 12

The strain gauges shown in the figures 3.7.15, 3.7.16 and 3.7.17 are located in the longitudinal
reinforcement, on the upper side. More specifically, strain gauge SG11 has maximum strain
213,63pstrain and minimum -137,33pstrain deformation. The residual strain is Opstrain for strain gauge
SG11.Strain gauge SG12 has maximum strain 106,8Tpstrain and minimum strain -91,56pustrain. The
residual value is -30,52pstrain. Strain gauge SG13 has maximum strain 137,33pstrain and minimum
strain -61,04pstrain. The residual is 30,52pustrain. Strain gauge SG14 has maximum strain 198,37 ustrain
and minimum strain -137,33pstrain. The residual is 0,15pstrain. Finally strain gauges SG15 has
maximum strain 213,63pustrain and minimum strain -167,85ustrain. The residual is -15,26ustrain. Strain
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gauge SG16 has maximum strain 244,15pustrain, minimum strain -61,04pstrain and residual strain
30,52pstrain.

Sg 11

Max: 213,63 pstrain

Min: -137,33 pstrain
Residual: 0 pstrain
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Residual: -30,52 pstrain
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Figure 3.7.16 Characteristic results for phase A (white noise before 0,8g earthquake) (a) strain
gauge 13 and (b) strain gauge 14

Sg 13
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Figure 3.7.17 Characteristic results for phase A (white noise before 0,89 earthquake) (a) strain
gauge 15 and (b) strain gauge 16

Sg 15
Max: 213,63 pstrain
Min: -167,85 pstrain
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Figure 3.7.18 Characteristic results for phase A (white noise before 0,8g earthquake) (a) strain
gauge 17 and (b) strain gauge 18

Strain gauge SG17 is located on the centre of partial masonry 1 along direction x. Strain gauges
SG18 is located on the centre of partial masonry 1 along direction z. More specifically strain gauge
SG17 has 45,78pstrain maximum strain. Strain gauge SG17 has minimum deformation -76,30ustrain
and strain gauge 18 -45,78pstrain. Strain gauge SG18 has maximum strain 91,56pstrain. Finally strain
gauge SG17 presents -0,15ustrain residual. Strain gauge SG18 presents 15,26ustrain residual.
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Sg 17

Max: 45,78 pstrain

Min: -76,30 pstrain
Residual: -0,15 pstrain

Sg 18

Max: 91,56 pstrain

Min: -45,78 pstrain
Residual: 15,26 pstrain
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Figure 3.7.19 Characteristic results for phase A (white noise before 0,8g earthquake) (a) strain
gauge 5 and (b) strain gauge 6

Sg5

Max: 380,05 pstrain

Min: -467,52 pstrain
Residual: 1,63 pstrain

Sg 6

Max: 56,22 pstrain

Min: -96,13 pustrain
Residual: 0 pstrain
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Figure 3.7.20 Characteristic results for phase A (white noise before 0,8g earthquake) (a) strain
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Max: 6,51 u strain

Min: -216,24 u strain
Residual: 0 p strain

Sg 10

Max: 218,17 u strain

Min: -351,97 u strain
Residual: 0,82 1 strain

gauge 9 and (b) strain gauge 10
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Figure 3.7.21 Characteristic results for phase A (white noise before 0,8g earthquake) (a) strain
gauge 19 and (b) strain gauge 20

Strain gauge 19 is located on the centre of partial masonry 2 along direction x. Strain gauges 20 is
located on the centre of partial masonry 2 along direction x. More specifically strain gauge SG19 has
maximum 2,43 x strain and minimum -1,62 x strain. Strain gauge SG20 has maximum strain 20,33 1.
strain and minimum -5,69 . strain. The residual strain for strain gauge SG19 is -0,81 u strain and
residual for strain gauge SG20 is -0,81 . strain.

Sg 19
Max: 2,43 p strain
Min: -1,62 u strain
Residual: -0,81 u strain

Sg 20
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Max: 20,33 u strain
Min: -5,69 u strain
Residual: -0,81 p strain
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| 3.8) Earthquake EQO,8g

Accelerometers

Characteristic extracts from the time histories of accelerations of different accelerometers are
given below for EQ0,8g. The max acceleration at the slab level on the accelerometer acc1 and acc4 is
1,23g and 1,419 respectively. The max acceleration at the foundation level on the accelerometer acc10
is 0,76g.
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Figure 3.8.1 Characteristic results for phase A (0,8g earthquake): (a) Accelerometer 1 (b)
Accelerometer 4
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Figure 3.8.2 Characteristic results for phase A (0,8g earthquake): (a) Accelerometer 7 (b)
Accelerometer 10
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Figure 3.8.3 Characteristic results for phase A (0,8g earthquake): (a) Accelerometer 2 (b)
Accelerometer 5
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Figure 3.8.4 Characteristic results for phase A (0,89 earthquake): (a) Accelerometer 8 (b)
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Figure 3.8.6 Characteristic results for phase A (0,8g earthquake): (a) Accelerometer 9 (b)

Accelerometer 12

174



Funded by the .
European Union E "
NextGenerationEU

: HFRI Greece 2.0
@ R o o ion  NATIONAL RECOVERY AND RESILIENCE PLAN

o
Research & Innovation

()
o
!

—
@)
L

o

® 10 20 30 50 60 7P
E Time (s)

Displacement (mm)
S

)
o
!

(a)

3
@)

N WA
© O ©O
! ! !
T T T

[
@)
L
T

o

10 20 30 60
Time (s)

7

Displacement (mm)
S

V]
@)

(b)
Figure 3.8.7 Characteristic results for phase A (0,8g earthquake): (a) Draw wire sensor W1 and (b)
Draw wire sensor W2

Figure 3.8.7 shows draw wire sensors W1 and W2. More specifically, draw wire sensor W1 is
located on the slab, on the left side and draw wire sensor W2 is located on the slab, on the right side.
The maximum movement detected by draw wire sensor W1 is 26,29 mm while the minimum is -25,16
mm. The maximum movement detected by draw wire sensor 2 is 25,94 mm while the minimum is -
25,25 mm.

W1

Max: 26,29 mm
Min: -25,16 mm
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Figure 3.8.8 Characteristic results for phase A (0,8g earthquake): (a) Draw wire sensor W3 and (b)
Draw wire sensor W4

Figure 3.8.8 shows draw wire sensors W3 and W4. More specifically, draw wire sensor W3 is
located on the foundation, on the left side and draw wire sensor 4 is located on the foundation, on the
right side. The maximum movement detected by draw wire sensor W3 is 16,39 mm while the minimum
is -15,84 mm. The maximum movement detected by draw wire sensor W4 is 16,65 mm while the
minimum is -15,80 mm.

W3

Max: 16,39 mm

Min: -15,84 mm
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Figure 3.8.9 Characteristic results for phase A (0,8g earthquake): (a) Draw wire sensor 5 and (b)
Draw wire sensor 6

Figure 3.8.9 shows draw wire sensors W5 and W6. More specifically, draw wire sensorW 5 is
located along the partial masonry infill diagonal and draw wire sensor W6 is located along the partial
masonry infill diagonal. The maximum movement detected by draw wire sensor W5 is 4,11 mm while

the minimum is -2,62 mm. The maximum movement detected by draw wire sensor W6 is 3,10 mm while
the minimum is -1,99 mm.

177



@ HFRI Greece 2.0

Hellenic Fi dati fi
Retomch & loa0ontion  NATIONAL RECOVERY AND RESILIENCE PLAN

Funded by the
European Union E "
NextGenerationEU

W5
Max: 4,11 mm
Min: -2,62 mm
W6
Max: 3,170 mm
Min: -1,99 mm

15

—
o
1
T

A
1
T

60 7
Time (s)

Displacement (mm)
O )

AR
o
!
T

-15

(a)

v
!
T

® 10 20 30 50 60 7P
s Time (s)

Displacement (mm)
O o

-
o
!
1

-15

(b)
Figure 3.8.10 Characteristic results for phase A (0,8g earthquake): (a) Draw wire sensor 7 and (b)
Draw wire sensor 8

Figure 3.8.10 shows draw wire sensors W7 and W8. More specifically, draw wire sensor W7 is
located along the partial masonry infill diagonal and draw wire sensor W8 is located along the partial
masonry infill diagonal. The maximum movement detected by draw wire sensor W7 is 3,68 mm while
the minimum is -2,26 mm. The maximum movement detected by draw wire sensor W8 is 2,92 mm while
the minimum is -1,86 mm.
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Figure 3.8.11 Characteristic results for phase A (0,8g earthquake): (a) Diagram of displacement
Slab - Base

Figure 3.8.11 shows slab - base displacement. More specifically, the maximum drift detected is
8,04 % while the minimum is -8,22 %. The residual drift is -0,03 mm.

Maximum drift (%): 8,04 (9,849 m /1,225 m = 8,04 %)
Minimum drift (%): -8,22
Residual drift: -0,03 mm
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Figure 3.8.12 Characteristic results for phase A (0,8g earthquake) (a) strain gauge 1 and (b) strain
gauge 2

Strain gauges detect strain. The strain gauges shown in the figures 3.8.12,3.8.13,3.8.14and 3.8.19
are located in the longitudinal reinforcement, on the underside. More specifically, strain gauge SG1 has
maximum strain 839,26ustrain and minimum strain -320,44pstrain. The residual strain is -15,26ustrain.
Strain gauge SG2 has maximum deformation 488,30pustrain and minimum -45,78ystrain. The residual
strain is 15,26pstrain. Strain gauge SG3 has 381,48pstrain and -91,56pstrain maximum and minimum
strain respectively. The residual strain is -15,26ustrain. Strain gauge SG4 as we can see in figure 3.8.13
has maximum 839,26pustrain and minimum -274,67ustrain deformation. The residual strain is Opstrain.
Figure 3.8.19 shows strain gauges SG5 and SG6. Strain gauge 5 has 680,56pstrain and -2015,62ustrain
maximum and minimum strain respectively. Strain gauge SG5 presents 11,39pstrain residual strain.
Strain gauge 6 has 61,11ustrain maximum strain, -1003,52ustrain minimum strain and 4,89pstrain
residual. Finally in figure 3.8.14 see strain gauge SG7 and SG8. Strain gauge SG7 has maximum strain
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412pstrain and SG8 has maximum strain 946,07pstrain. Starin gauge SG7 has -76,30ustrain minimum
deformation and SG8 has -320,44pstrain. The residual strain for strain gauge SG7 and SG8 is 15,26, 0
respectively.
Sg1
Max: 839,26 pstrain
Min: -320,44 pstrain
Residual: -15,26 pstrain
Sg2
Max: 488,30 pstrain
Min: -45,78 pstrain
Residual: 15,26 pstrain
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Figure 3.8.13 Characteristic results for phase A (0,8g earthquake) (a) strain gauge 3 and (b) strain
gauge 4
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Figure 3.8.14 Characteristic results for phase A (0,8g earthquake) (a) strain gauge 7 and (b) strain
gauge 8
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Figure 3.8.15 Characteristic results for phase A (0,8g earthquake) (a) strain gauge 11 and (b) strain
gauge 12

The strain gauges shown in the figures 3.8.15, 3.8.16, 3.8.17 and 3.8.20 are located in the
longitudinal reinforcement, on the upper side. More specifically, strain gauge SG9 has 15,46pstrain
maximum strain, -1322,93pustrain minimum strain and 12,21pustrain residual. Strain gauge SG10 has

183



HFRI Greece 2

Hellenic Fi dati fi
Retomch & loa0ontion  NATIONAL RECOVERY AND RESILIENCE PLAN

Funded by the |
European Union % * @ "
NextGenerationEU

250,05pstrain maximum strain, -1521,18ustrain minimum strain and 3,27pstrain residual. Strain gauge
SG11 has maximum strain 824 pstrain and minimum -183,11pstrain deformation. The residual strain is
15,26pstrain for strain gauge SG11.Strain gauge SG12 has maximum strain 549,33pustrain and
minimum strain -61,04pstrain. The residual value is 0,15pstrain. Strain gauge SG13 has maximum strain
701,93pstrain and minimum strain -45,78pstrain. The residual is 15,26pstrain. Strain gauge SG14 has
maximum strain 747,70ustrain and minimum strain -213,63pstrain. The residual is 15,26pstrain. Finally
strain gauges SG15 has maximum strain 900,30ustrain and minimum strain -228,89pustrain. The
residual is -15,26pstrain. Strain gauge SG16 has maximum strain 610,37pstrain, minimum strain -
152,59ustrain and residual strain -30,52pstrain.

Sg 11

Max: 824,00 ystrain
Min: -183,11 pstrain
Residual: 15,26 pstrain
Sg 12

Max: 549,33 ustrain
Min: -61,04 ustrain
Residual: 0,15 pstrain
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Figure 3.8.16 Characteristic results for phase A (0,8g earthquake) (a) strain gauge 13 and (b) strain

gauge 14

Sg 13

Max: 701,93 pstrain
Min: -45,78 pstrain
Residual: 15,26 pstrain
Sg 14

Max: 747,70 pstrain
Min: -213,63 pstrain
Residual: 15,26 pstrain
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Figure 3.8.17 Characteristic results for phase A (0,8g earthquake) (a) strain gauge 15 and (b) strain
gauge 16

Sg 15

Max: 900,30 pstrain
Min: -228,89 pstrain
Residual: -15,26 pstrain
Sg 16

Max: 610,37 pstrain
Min: -152,59 pstrain
Residual: -30,52 pstrain
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Figure 3.8.18 Characteristic results for phase A (0,8g earthquake) (a) strain gauge 17 and (b) strain
gauge 18

Strain gauge SG17 is located on the centre of partial masonry 1 along direction x. Strain gauges
SG18 is located on the centre of partial masonry 1 along direction z. More specifically strain gauge
SG17 has 61,04pstrain maximum strain. Strain gauge SG17 has minimum deformation -76,30pstrain
and strain gauge 18 -76,30pstrain. Strain gauge SG18 has maximum strain 91,56pstrain. Finally strain
gauge SG17 presents 15,26pstrain residual. Strain gauge SG18 presents 45,78pstrain residual.

Sg 17

Max: 61,04 pstrain

Min: -76,30 pstrain

Residual: 15,26 pstrain

Sg18

Max: 91,56 pstrain

Min: -76,30 pstrain
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Figure 3.8.19 Characteristic results for phase A (0,89 earthquake) (a) strain gauge 5 and (b) strain
gauge 6

Sg5

Max: 680,56 pstrain
Min: -2015,62 pstrain
Residual: -11,39 pstrain
Sg 6

Max: 61,11 pstrain
Min: -1003,52 ystrain
Residual: 4,89 pstrain
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Figure 3.8.20 Characteristic results for phase A (0,8g earthquake) (a) strain gauge 9 and (b) strain
gauge 10

Sg9

Max: 15,46 pstrain
Min: -1322,93 ystrain
Residual: 12,21 pstrain
Sg 10

Max: 250,05 pstrain
Min: -1521,18 pstrain
Residual: 3,27 pstrain
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Figure 3.8.21 Characteristic results for phase A (0,8g earthquake) (a) strain gauge 19 and (b) strain
gauge 20

Strain gauge 19 is located on the centre of partial masonry 2 along direction x. Strain gauges 20 is
located on the centre of partial masonry 2 along direction x. More specifically strain gauge SG19 has
maximum 2,43pstrain and minimum -2,43 pstrain. Strain gauge SG20 has maximum strain 78,89ustrain
and minimum -9,76ustrain. The residual strain for strain gauge SG19 is -5,69 pstrain and residual for
strain gauge SG20 is Opstrain.

Sg 19

Max: 2,43 pstrain

Min: -2,43 pstrain

Residual: -5,69 pstrain

Sg 20

Max: 78,89 pstrain
Min: -9,76 u strain
Residual: 0 p strain
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3.9) White noise test before earthquake EQ1,1g

Accelerometers

Characteristic extracts from the time histories of accelerations of different accelerometers are
given below for white noise before EQ1,1g. The max acceleration at the slab level on the accelerometer
acc1 and acc4 is 0,13g for both. The max acceleration at the foundation level on the accelerometer
acc10is 0,07g.
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Figure 3.9.1 Characteristic results for phase A (white noise before 1,1g earthquake): (a)
Accelerometer 1 (b) Accelerometer 4
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Figure 3.9.2 Characteristic results for phase A (white noise before 1,1g earthquake): (a)
Accelerometer 7 (b) Accelerometer 10

193



@ HFRI Greece 2.0

Hellenic Fi dati fi
Retomch & loa0ontion  NATIONAL RECOVERY AND RESILIENCE PLAN

Funded by the (
European Union E "
NextGenerationEU

e e
o

——Acc 2 - Max: 0.05 (g)

S o o o o
—_— O = N W

Acceleration (g)

S
)

-0.3
-0.4

-0,5

(a)

0,5
0.4

Acc 5 - Max: 0.05 (g)

0,3
0,2

®

= 0.1

0,0
50 60
-0.1

Acceleratio

Time (s)

-0,2
-0.3
-0.4

-0.5
(b)

Figure 3.9.3 Characteristic results for phase A (white noise before 1,1g earthquake): (a)
Accelerometer 2 (b) Accelerometer 5
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Figure 3.9.4 Characteristic results for phase A (white noise before 1,1g earthquake): (a)
Accelerometer 8 (b) Accelerometer 11
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Figure 3.9.5 Characteristic results for phase A (white noise before 1,1g earthquake): (a)
Accelerometer 3 (b) Accelerometer 6
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Figure 3.9.6 Characteristic results for phase A (white noise before 1,1g earthquake): (a)
Accelerometer91 (b) Accelerometer 12
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Figure 3.9.7 Characteristic results for phase A (white noise before 1,1g earthquake): (a) draw wire
sensor 1 and (b) draw wire sensor 2

Figure 3.9.7 shows draw wire sensors W1 and W2. More specifically, draw wire sensor W1 is
located on the slab, on the left side and draw wire sensor W2 is located on the slab, on the right side.
The maximum movement detected by draw wire sensor W1 is 14,63 mm while the minimum is -13,02
mm. The maximum movement detected by draw wire sensor 2 is 14,76 mm while the minimum is -
12,97 mm.

W1
Max: 14,63 mm
Min: -13,02 mm
W2
Max: 14,76 mm
Min:-12,97 mm
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Figure 3.9.8 Characteristic results for phase A (white noise before 1,1g earthquake) : (a) Draw wire
sensor 3 and (b) Draw wire sensor 4

Figure 3.9.8 shows draw wire sensors W3 and W4. More specifically, draw wire sensor W3 is
located on the foundation, on the left side and draw wire sensor W4 is located on the foundation, on
the right side. The maximum movement detected by draw wire sensor W3 is 14,23 mm while the
minimum is -13,06 mm. The maximum movement detected by draw wire sensor W4 is 14,60 mm while
the minimum is -13,06 mm.

W3

Max: 14,23 mm

Min: -13,06 mm

w4

Max: 14,60 mm
Min: -13,06 mm
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Figure 3.9.9 Characteristic results for phase A (white noise before 1,1g earthquake) : (a) Draw wire
sensor 5 and (b) Draw wire sensor 6

Figure 3.9.9 shows draw wire sensors 5 and 6. More specifically, draw wire sensor 5 is located
along the partial masonry infill diagonal and draw wire sensor 6 is located along the partial masonry
infill diagonal. The maximum movement detected by draw wire sensor 5is 1,11 mm while the minimum
is -0,70 mm. The maximum movement detected by draw wire sensor 6 is 0,51 mm while the minimum
is-0,43 mm.

W5

Max: 1,11 mm

Min: -0,70 mm

w6

Max: 0,51 mm
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Figure 3.9.10 Characteristic results for phase A (white noise before 1,1g earthquake) : (a) Draw
wire sensor 7 and (b) Draw wire sensor 8

Figure 3.9.10 shows draw wire sensors 7 and 8. More specifically, draw wire sensor 7 is located
along the partial masonry infill diagonal and draw wire sensor 8 is located along the partial masonry
infill diagonal. The maximum movement detected by draw wire sensor 7 is 0,72 mm while the minimum
is -0,85 mm. The maximum movement detected by draw wire sensor 8 is 0,15 mm while the minimum
is-0,82 mm.

w7
Max: 0,72 mm
Min: -0,85 mm
w8
Max: 0,175 mm
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Figure 3.9.11 Characteristic results for phase A (white noise before 1,1g earthquake): (a) Diagram
of displacement Slab — Base

Figure 3.9.11 shows slab — base displacement. More specifically, the maximum drift detected is
1,32 % while the minimum is -1,29 %. The residual drift is -0,03 mm.

Maximum drift (%): 1,32 (1,617 m/1,225 m=1,32 %)
Minimum drift (%): -1,29
Residual: -0,03 mm
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Figure 3.9.12 Characteristic results for phase A (white noise before 1,1g earthquake): (a) Strain
gauge 1 and (b) Strain gauge 2

Strain gauges detect strain. The strain gauges shown in the figures 3.9.12,3.9.13,3.9.14and 3.9.19
are located in the longitudinal reinforcement, on the underside. More specifically, strain gauge SG1 has
maximum strain 1,37pstrain and minimum strain -1,35ustrain. The residual strain is Opstrain. Strain
gauge SG2 has maximum deformation 0,76pustrain and minimum -0,61pstrain. The residual strain is
Opstrain. Strain gauge SG3 has 0,76pustrain and -0,61ustrain maximum and minimum strain
respectively. The residual strain is Opstrain. Strain gauge SG4 as we can see in figure 3.2.13 has
maximum 1,53pstrain and minimum -0,92pstrain deformation. The residual strain is 15,26pstrain.
Figure 3.9.19 shows strain gauges SG5 and SG6. Strain gauge 5 has 235,79pstrain and -241,36pstrain
maximum and minimum strain respectively. Strain gauge SG5 presents 11,38ustrain residual strain.
Strain gauge SG6 has 39,78ustrain maximum strain, -55,19pustrain minimum strain and -8,12pstrain
residual. Finally in figure 3.9.14 see strain gauge SG7 and SG8. Strain gauge SG7 has maximum strain
0,31Tpstrain and SG8 has maximum strain 1,37ystrain. Starin gauge SG7 has -0,92pustrain minimum
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deformation and SG8 has -1,53pstrain. The residual strain for strain gauge SG7 and SG8 is -30,52, 0
respectively.

: HFRI Greece 2.0
@ R o o ion  NATIONAL RECOVERY AND RESILIENCE PLAN

o
Research & Innovation

Sg1

Max: 1,37 pstrain
Min: -1,35 pstrain
Residual: 0 pstrain

Sg2

Max: 0,76 pstrain
Min: -0,61 pstrain
Residual: 0 pstrain

2800.0
2400.,0 -
2000.0 A
1600.0
1200,0
800,0 A
400.0
0.0
-400.0
-800.0
-1200.0
-1600.0 -
-2000.,0 -
-2400,0 -
-2800.0

SG3

10 20 30 40 50 o0
Time (s)

Strain (X10°)

1
LA E RN RN RN R RN E RN~ AN N R NN RN E RN R R RN EEEEEEEEEEE

Strain Gauges - Columns (Base)

(a)

2800.0
2400.0 -
2000.0 -
1600.0 -
1200.0 -
800.0 -
4000 4

0.0 —
‘= -400.0 10 20 30 40 50 54
-800.0 Time ()
-1200.0
-1600.0
-2000.0
-2400.0
-2800.0

—— SG4

Strain (X10°)

Strain Gauges - Columns (Base)

(b)
Figure 3.9.13 Characteristic results for phase A (white noise before 1,1g earthquake): (a) Strain
gauge 3 and (b) Strain gauge 4
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Figure 3.9.14 Characteristic results for phase A (white noise before 1,1g earthquake) : (a) Strain
gauge 7 and (b) Strain gauge 8
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Figure 3.9.15 Characteristic results for phase A (white noise before 1,1g earthquake): (a) Strain
gauge 11 and (b) Strain gauge 12
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The strain gauges shown in the figures 3.9.15, 3.9.16, 3.9.17 and 3.9.20 are located in the
longitudinal reinforcement, on the upper side. More specifically, strain gauge SG9 has 11,39pstrain
maximum strain, -62,61pstrain minimum strain and Opstrain residual. Strain gauge SG10 has
158,38ustrain maximum strain, -165,67ustrain minimum strain and 13,88pstrain residual. Strain gauge
SG11 has maximum strain 1,22pstrain and minimum -1,22 pstrain deformation. The residual strain is -
30,52 pstrain for strain gauge SG11.Strain gauge SG12 has maximum strain 0,76 pstrain and minimum
strain -0,76 pstrain. The residual value is -15,26pstrain. Strain gauge SG13 has maximum strain 0,61
pstrain and minimum strain -0,61 pstrain. The residual is -30,52pustrain. Strain gauge SG14 has
maximum strain 1,22 pstrain and minimum strain -1,22 pstrain. The residual is Opstrain. Finally strain
gauges SG15 has maximum strain 1,37 pstrain and minimum strain -1,07 pstrain. The residual is 15,26
pstrain. Strain gauge SG16 has maximum strain 1,22pstrain, minimum strain -0,76pstrain and residual
strain Opstrain.
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Sg11

Max: 1,22 pstrain

Min: -1,22 pstrain
Residual: -30,52 pstrain

Sg12

Max: 0,76 pstrain

Min: -0,76 pstrain
Residual: -15,26 pstrain
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Figure 3.9.16 Characteristic results for phase A (white noise before 1,1g earthquake) : (a) Strain
gauge 13 and (b) Strain gauge 14
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Figure 3.9.17 Characteristic results for phase A (white noise before 1,1g earthquake) : (a) Strain
gauge 13 and (b) Strain gauge 14
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Figure 3.9.18 Characteristic results for phase A (white noise before 1,1g earthquake) : (a) Strain

gauge 13 and (b) Strain gauge 14

Strain gauge SG17 is located on the centre of partial masonry 1 along direction x. Strain gauges
SG18 is located on the centre of partial masonry 1 along direction z. More specifically strain gauge
SG17 has 0,61pustrain maximum strain. Strain gauge SG17 has minimum deformation -0,76pustrain and
strain gauge SG18 -0,76pstrain. Strain gauge SG18 has maximum strain 0,61pustrain. Finally strain
gauge SG17 presents -15,26pstrain residual. Strain gauge SG18 presents -15,26pstrain residual.

Sg17

Max: 0,61 pstrain
Min: -0,76 pstrain
Residual: -15,26 pstrain

Sg18

Max: 0,61 pstrain
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Min: -0,76 pstrain
Residual: -15,26 pstrain
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Figure 3.9.19 Characteristic results for phase A (white noise before 1,1g earthquake) : (a) Strain
gauge 6 and (b) Strain gauge 9

Sg6

Max: 39,78 pstrain
Min: -55,19 pstrain
Residual: -8,12 pstrain
Sg9

Max: 11,39 pstrain
Min: -62,61 pstrain
Residual: 0 pstrain
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Figure 3.9.20 Characteristic results for phase A (white noise before 1,7g earthquake) : (a) Strain
gauge 19 and (b) Strain gauge 20

Strain gauge 19 is located on the centre of partial masonry 2 along direction x. Strain gauges 20 is
located on the centre of partial masonry 2 along direction x. More specifically strain gauge SG19 has
maximum 3,24pustrain and minimum -2,43pustrain. Strain gauge SG20 has maximum strain 4,88pstrain
and minimum -2,44pstrain. The residual strain for strain gauge SG19 is 0,81ustrain and residual for
strain gauge SG20 is 0,81pstrain.

Sg19

Max: 3,24 pstrain

Min: -2,43 pstrain

Residual: 0,81 pstrain
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Figure 3.9.21 Characteristic results for phase A (white noise before 1,1g earthquake) (a) strain
gauge 5 and (b) strain gauge 10

Sg5

Max: 235,79 ystrain
Min: -241,36 pstrain
Residual: 11,38 pstrain

Sg10
Max: 158,38 ystrain
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Min: -165,67 pstrain
Residual: 13,88 u strain
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3.10) Earthquake EQ1,1g

Accelerometers

Characteristic extracts from the time histories of accelerations of different accelerometers are given
below for EQ1,1g. The max acceleration at the slab level on the accelerometer acc1 and acc4 is 1,79
and 1,75g respectively. The max acceleration at the foundation level on the accelerometer acc10 is
1,08g.
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Figure 3.10.7 Characteristic results for phase A (1,1g earthquake): (a) Accelerometer 1 (b)
Accelerometer 4
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Figure 3.10.5 Characteristic results for phase A (1,1g earthquake): (a) Accelerometer 3 (b)
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Figure 3.10.7 Characteristic results for phase A (1,1g earthquake): (a) Draw wire sensor W1 (b)
Draw wire sensor W2

Figure 3.10.7 shows draw wire sensors W1 and W2. More specifically, draw wire sensor W1 is
located on the slab, on the left side and draw wire sensor W2 is located on the slab, on the right side.
The maximum movement detected by draw wire sensor W1 is 36,69 mm while the minimum is -34,67
mm. The maximum movement detected by draw wire sensor W2 is 36,31 mm while the minimum is -
34,33 mm.

W1
Max: 36,69 mm
Min: -34,67 mm
W2
Max: 36,31 mm
Min: -34,33 mm
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Figure 3.10.8 Characteristic results for phase A (1,1g earthquake): (a) Draw wire sensor W3 (b)
Draw wire sensor W4

Figure 3.10.8 shows draw wire sensors W3 and W4. More specifically, draw wire sensor W3 is
located on the foundation, on the left side and draw wire sensor W4 is located on the foundation, on
the right side. The maximum movement detected by draw wire sensor W3 is 22,90 mm while the
minimum is -21,67 mm. The maximum movement detected by draw wire sensor W4 is 22,97 mm while
the minimum is -21,71 mm.

w3
Max: 22,90 mm
Min: -21,67 mm

w4
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Figure 3.10.9 Characteristic results for phase A (1,1g earthquake): (a) Draw wire sensor W5 (b)
Draw wire sensor W6

Figure 3.10.9 shows draw wire sensors 5 and 6. More specifically, draw wire sensor 5 is located
along the partial masonry infill diagonal and draw wire sensor 6 is located along the partial masonry
infill diagonal. The maximum movement detected by draw wire sensor 5 is 5,17 mm while the minimum
is -3,69 mm. The maximum movement detected by draw wire sensor 6 is 4,44 mm while the minimum
is-2,83 mm.

W5
Max: 5,17 mm
Min: -3,69 mm
W6
Max: 4,44 mm

224



@ HFRI Greece 2.0

Hellenic Fi dati fi
Retomch & loa0ontion  NATIONAL RECOVERY AND RESILIENCE PLAN

Funded by the \
European Union E "
NextGenerationEU

Min: -2,83 mm

15

10 A

v
1

40 J0
Time (s)

o

Displacement (mm)
V) =)

i
S
L

|
[
]

(a)

15

10 A

]
1

TIrTrrrrrrirrrr

40 30
Time (s)

o
L

Displacement (mm)
v

A
o
1

TTIT T T I T T T oT

-15

(b)
Figure 3.10.10 Characteristic results for phase A (1,1g earthquake): (a) Draw wire sensor W7 (b)
Draw wire sensor W8

Figure 3.10.10 shows draw wire sensors 7 and 8. More specifically, draw wire sensor 7 is located
along the partial masonry infill diagonal and draw wire sensor 8 is located along the partial masonry
infill diagonal. The maximum movement detected by draw wire sensor 7 is 4,55 mm while the minimum
is -3,32 mm. The maximum movement detected by draw wire sensor 8 is 4,43 mm while the minimum
is-2,39 mm.

W7

Max: 4,55 mm
Min: -3,32 mm
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Figure 3.10.11 Characteristic results for phase A (1,1g earthquake): (a) Diagram of displacement
Slab — Base

Figure 3.1.11 shows slab — base displacement. More specifically, the maximum drift detected is
11,37 % while the minimum is -10,97 %. The residual drift is 0,25 mm.

Maximum drift (%): 11,37 (13,92825m /1,225 m = 11,37 %)

Minimum drift (%): -10,97
Residual: 0,25 mm
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Figure 3.10.12 Characteristic results for phase A (1,1g earthquake) (a) strain gauge 1 and (b) strain
gauge 2

Strain gauges detect strain. The strain gauges shown in the figures 3.10.12, 3.10.13, 3.10.14 and
3.10.19 are located in the longitudinal reinforcement, on the underside. More specifically, strain gauge
SG1 has maximum strain 1190,22pstrain and minimum strain -335,70ustrain. The residual strain is -
15,26pstrain. Strain gauge SG2 has maximum deformation 808,74pstrain and minimum -91,56ustrain.
The residual strain is -15,26pstrain. Strain gauge SG3 has 701,93pstrain and -91,56ustrain maximum
and minimum strain respectively. The residual strain is 30,52pstrain. Strain gauge SG4 as we can see
in figure 3.10.13 has maximum 1205,48pstrain and minimum -427,26ustrain deformation. The residual
strain is -76,30pstrain. Figure 3.10.19 shows strain gauges SG5 and SG6. Strain gauge SG5 has
1136,19pstrain and -2234,67ustrain maximum and minimum strain respectively. Strain gauge SG5
presents 411,52ustrain residual strain. Strain gauge SG6 has 73,87ustrain maximum strain, -
1763,86pstrain minimum strain and 49,52pstrain residual. Finally in figure 3.2.14 see strain gauge SG7
and SG8. Strain gauge SG7 has maximum strain 701,93pstrain and SG8 has maximum strain
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1129,18ustrain. Starin gauge SG7 has -45,78ustrain minimum deformation and SG8 has -442,52pstrain.
The residual strain for strain gauge SG7 and SG8 is -83,15, -91,56 respectively.

Sg1

Max: 1190,22 pstrain
Min: -335,70 pstrain
Residual: -15,26 pstrain
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Figure 3.10.13 Characteristic results for phase A (1,1g earthquake) (a) strain gauge 3 and (b) strain

gauge 4
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Figure 3.10.14 Characteristic results for phase A (1,1g earthquake) (a) strain gauge 7 and (b) strain
gauge 8
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Sg7
Max: 701,93 u strain
Min: -45,78 u strain
Residual: -83,15 u strain

Sg8

Max: 1129,18 n strain
Min: -442,52 . strain
Residual: -91,56 . strain
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Figure 3.10.15 Characteristic results for phase A (1,1g earthquake) (a) strain gauge 11 and (b)
strain gauge 12

The strain gauges shown in the figures 3.10.15, 3.10.16, 3.10.17 and 3.10.20 are located in the
longitudinal reinforcement, on the upper side. More specifically, strain gauge SG9 has 56,12pstrain
maximum strain, -1979,40ustrain minimum strain and 46,36ustrain residual. Strain gauge SG10 has
269,46pstrain maximum strain, -1961,66ustrain minimum strain and 53,88pstrain residual. Strain
gauge SG11 has maximum strain 1068,15ustrain and minimum -198,37pustrain deformation. The
residual strain is -30,52pstrain for strain gauge SG11.Strain gauge SG12 has maximum strain
854,52pstrain and minimum strain -76,30pustrain. The residual value is -0,46ustrain. Strain gauge SG13
has maximum strain 1007,11ustrain and minimum strain -91,56pustrain. The residual is Opstrain. Strain
gauge SG14 has maximum strain 1083pstrain and minimum strain -198,37ustrain. The residual is -
0,15pstrain. Finally strain gauges SG15 has maximum strain 1174,96pstrain and minimum strain -
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259,41pustrain. The residual is Opstrain. Strain gauge SG16 has maximum strain 839,26ustrain,
minimum strain -137,33pstrain and residual strain 0,15ustrain.

Sg11
Max: 1068,15 pstrain
Min: -198,37 pstrain
Residual: -30,52 pstrain

Sg12

Max: 854,52 ystrain
Min: -76,30 pstrain
Residual: -0,46 pstrain
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Figure 3.10.16 Characteristic results for phase A (1,1g earthquake) (a) strain gauge 13 and (b)
strain gauge 14

Sg13
Max: 1007,11 pstrain
Min: -91,56 pstrain
Residual: 0 pstrain

Sg14

Max: 1083,41 pstrain
Min: -198,37 pstrain
Residual: -0,15 pstrain
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Figure 3.10.17 Characteristic results for phase A (1,1g earthquake) (a) strain gauge 11 and (b)
strain gauge 12

Sg15
Max: 1174,96 pstrain
Min: -259,41 pstrain
Residual: 0 pstrain

Sg16

Max: 839,26 pystrain
Min: -137,33 pstrain
Residual: 0,15 pstrai
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Figure 3.10.18 Characteristic results for phase A (1,1g earthquake) (a) strain gauge 11 and (b)
strain gauge 12

Strain gauge SG17 is located on the centre of partial masonry 1 along direction x. Strain gauges
SG18 is located on the centre of partial masonry 1 along direction z. More specifically strain gauge
SG17 has 76,30ustrain maximum strain. Strain gauge SG17 has minimum deformation -61,04pstrain
and strain gauge SG18 -91,56pstrain. Strain gauge SG18 has maximum strain 61,04ustrain. Finally
strain gauge SG17 presents Opstrain residual. Strain gauge SG18 presents 23,27ustrain residual.

Sg17
Max: 76,30 pstrain
Min: -61,04 pstrain
Residual: 0 pstrain

Sg18

Max: 61,04 pstrain
Min: -91,56 pstrain
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Figure 3.10.19 Characteristic results for phase A (1,1g earthquake) (a) strain gauge 5 and (b) strain
gauge 10

Sg5
Max: 1136,19 pstrain
Min: -2334,67 pstrain
Residual: 411,52 pstrain

Sg10
Max: 269,46 ustrain
Min: -1961,66 pstrain
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Figure 3.10.20 Characteristic results for phase A (1,1g earthquake) (a) strain gauge 6 and (b) strain
gauge 9

Sg6
Max: 73,87 u strain
Min:-1763,86 u strain
Residual: 49,52 1 strain
Sg9
Max: 56,12 u strain
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Figure 3.10.21 Characteristic results for phase A (1,1g earthquake) (a) strain gauge 6 and (b) strain
gauge 9\

Strain gauge 19 is located on the centre of partial masonry 2 along direction x. Strain gauges 20 is
located on the centre of partial masonry 2 along direction x. More specifically strain gauge SG19 has
maximum 3,24pstrain and minimum -4,87ustrain. Strain gauge SG20 has maximum strain 71,52pstrain
and minimum -16,25pstrain. The residual strain for strain gauge SG19 is -1,62ustrain and residual for
strain gauge SG20 is -12,19ustrain.

Sg19
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Max: 3,24 pstrain
Min: -4,87 pstrain
Residual: -1,62 pstrain

Sg20
Max: 71,52 pstrain
Min: -16,25 pstrain
Residual: -12,19 pstrain
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| 3.11) White noise test after EQ1,1g

Accelerometers

Characteristic extracts from the time histories of accelerations of different accelerometers are
given below for white noise after EQ1,1g. The max acceleration at the slab level on the accelerometer

acc1 and acc4 is 0,2g for both. The max acceleration at the foundation level on the accelerometer acc10
is 0,09g.
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-0.4
-0,5

(b)
Figure 3.11.1 Characteristic results for phase A (white noise after 1,1g earthquake): (a)
Accelerometer 1 (b) Accelerometer 4
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Figure 3.11.2 Characteristic results for phase A (white noise after 1,1g earthquake): (a)
Accelerometer 7 (b) Accelerometer 10
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Figure 3.11.3 Characteristic results for phase A (white noise after 1,1g earthquake): (a)
Accelerometer 2 (b) Accelerometer 5

242



@ HFRI Greece 2.0

Hellenic Fi dati fi
Retomch & loa0ontion  NATIONAL RECOVERY AND RESILIENCE PLAN

Funded by the \
European Union E "
NextGenerationEU

S o
S

o
w

Acc 8 - Max: 0.09 (g)

e L
Ll S ]

o
(=}

60

1
=
—

Acceleration (g)

Time (5)

S
(39

-0.3
-0.4
-0.5
(a)

S 2
S

o
w

Acc 11 - Max: 0,04 (g)

e e
Ll S ]

o
(=}

50 60
-0,1

Acceleration (g)

Time (5)

S
(39

-0.3
-0.4
-0.5
(b)

Figure 3.11.4 Characteristic results for phase A (white noise after 1,1g earthquake): (a)
Accelerometer 8 (b) Accelerometer 11
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Figure 3.11.5 Characteristic results for phase A (white noise after 1,1g earthquake): (a) Accelerometer 3
(b) Accelerometer 6
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Figure 3.11.6 Characteristic results for phase A (white noise after 1,1g earthquake): (a)
Accelerometer 9 (b) Accelerometer 12
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Figure 3.11.7 Characteristic results for phase A (white noise after 1,1g earthquake) : (a) Draw wire
sensor W1 and (b) Draw wire sensor W2

Figure 3.11.7 shows draw wire sensors W1 and 2. More specifically, draw wire sensor 1 is located
on the slab, on the left side and draw wire sensor 2 is located on the slab, on the right side. The
maximum movement detected by draw wire sensor 1 is 14,32 mm while the minimum is -13,26 mm.
The maximum movement detected by draw wire sensor 2 is 14,56 mm while the minimum is -13,35
mm.

W1
Max: 14,32 mm
Min:-13,26 mm
W2
Max: 14,56 mm
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Figure 3.11.8 Characteristic results for phase A (white noise after 1,1g earthquake) : (a) Draw wire
sensor 3 and (b) Draw wire sensor 4

Figure 3.11.8 shows draw wire sensors 3 and 4. More specifically, draw wire sensor 3 is located
on the foundation, on the left side and draw wire sensor 4 is located on the foundation, on the right side.
The maximum movement detected by draw wire sensor 3 is 14,21 mm while the minimum is -13,32
mm. The maximum movement detected by draw wire sensor 2 is 14,41 mm while the minimum is -
13,31 mm.

W3
Max: 14,21 mm
Min: -13,32 mm
w4
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(b)
Figure 3.11.9 Characteristic results for phase A (white noise after 1,1g earthquake) : (a) Draw wire
sensor 5 and (b) Draw wire sensor 6

Figure 3.11.9 shows draw wire sensors 5 and 6. More specifically, draw wire sensor 5 is located
along the partial masonry infill diagonal and draw wire sensor 6 is located along the partial masonry
infill diagonal. The maximum movement detected by draw wire sensor 5 is 0,95 mm while the minimum
is -0,95 mm. The maximum movement detected by draw wire sensor 6 is 0,79 mm while the minimum
is-0,83 mm.

W5

Max: 0,95 mm

Min: -0,95 mm

W6

Max: 0,79 mm
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(b)
Figure 3.11.10 Characteristic results for phase A (white noise after 1,1g earthquake) : (a) Draw wire
sensor 7 and (b) Draw wire sensor 8

Figure 3.11.10 shows draw wire sensors 7 and 8. More specifically, draw wire sensor 7 is located
along the partial masonry infill diagonal and draw wire sensor 8 is located along the partial masonry
infill diagonal. The maximum movement detected by draw wire sensor 7 is 0,76 mm while the minimum
is -0,66 mm. The maximum movement detected by draw wire sensor 8 is 0,79 mm while the minimum
is-0,68 mm.

W7
Max: 0,76 mm
Min: -0,66 mm
w8
Max: 0,79 mm

249



@ HFRI Greece 2.0

Hellenic Fi dati fi
Retomch & loa0ontion  NATIONAL RECOVERY AND RESILIENCE PLAN

Funded by the
European Union & M
NextGenerationEU

Min: -0,68 mm

Slab-Base

A
1

o
-

10 20 3 40 50 (¢ o]
Time (s)

1

A

l .
TTT T I TTI T oo

Displacement (mm)

AN
o
!

-15
(a)
Figure 3.11.11 Characteristic results for phase A (white noise after 1,1g earthquake) : (a) Diagram
of displacement Slab — Base

Figure 3.11.11 shows slab — base displacement. More specifically, the maximum drift detected is
2,30 % while the minimum is -2,31 %. The residual drift is 0,04 mm.

Maximum drift (%): 2,30 (2,8175m /1,225 m =2,30 %)
Minimum drift (%): -2,31
Residual: 0,04 mm
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Figure 3.11.12 Characteristic results for phase A (white noise after 1,1g earthquake) (a) strain
gauge 1 and (b) strain gauge 2

Strain gauges detect strain. The strain gauges shown in the figures 3.11.12, 3.11.13, 3.11.14 and
3.11.19 are located in the longitudinal reinforcement, on the underside. More specifically, strain gauge
SG1 has maximum strain 213,63ustrain and minimum strain -198,37pstrain. The residual strain is -
30,52pstrain. Strain gauge SG2 has maximum deformation 45,78ustrain and minimum -91,56pstrain.
The residual strain is 15,26pstrain. Strain gauge SG3 has 91,56pustrain and -45,78pstrain maximum and
minimum strain respectively. The residual strain is 15,26pustrain. Strain gauge SG4 as we can see in
figure 3.11.13 has maximum 183,11pstrain and minimum -198,36pstrain deformation. The residual
strain is -15,26pstrain. Figure 3.11.19 shows strain gauges SG5 and SG6. Strain gauge SG5 has
344,35pustrain and -432,74pstrain maximum and minimum strain respectively. Strain gauge SG5
presents -1,63ustrain residual strain. Strain gauge SG6 has 28,42ustrain maximum strain, -80,38strain
minimum strain and -2,44pstrain residual. Finally in figure 3.2.14 see strain gauge SG7 and SG8. Strain
gauge SG7 has maximum strain 76,30ustrain and SG8 has maximum strain 183,11pustrain. Starin gauge

251



@ HFRI Greece 2.0

Hellenic Fi dati fi
Retomch & loa0ontion  NATIONAL RECOVERY AND RESILIENCE PLAN

Funded by the
European Union E "
NextGenerationEU

SG7 has -76,30pstrain minimum deformation and SG8 has -198,37ustrain. The residual strain for strain
gauge SG7 and SG8 is 0, -45,78 respectively.
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Figure 3.11.13 Characteristic results for phase A (white noise after 1,1g earthquake) (a) strain
gauge 3 and (b) strain gauge 4
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Figure 3.11.14 Characteristic results for phase A (white noise after 1,1g earthquake) (a) strain
gauge 7 and (b) strain gauge 8
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Figure 3.11.15 Characteristic results for phase A (white noise after 1,1g earthquake) (a) strain
gauge 11 and (b) strain gauge 12

The strain gauges shown in the figures 3.11.15, 3.11.16, 3.11.17 and 3.11.20 are located in the
longitudinal reinforcement, on the upper side. More specifically, strain gauge SG9 has 7,32 u strain
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maximum strain, -258,59 . strain minimum strain and -717,39 u strain residual. Strain gauge SG10 has
172,32 u strain maximum strain, -314,26 u strain minimum strain and -2,44 u strain residual. Strain
gauge SG11 has maximum strain 152,59 u strain and minimum -152,59 ;1 strain deformation. The
residual strain is -30,52 . strain for strain gauge SG11.Strain gauge SG12 has maximum strain 106,81
w strain and minimum strain -76,30 x strain. The residual value is -15,26 1 strain. Strain gauge SG13
has maximum strain 122,07 u strain and minimum strain -76,30 u strain. The residual is -15,26 1 strain.
Strain gauge SG14 has maximum strain 183,11 x strain and minimum strain -152,59 ;. strain. The
residual is 30,52 u strain. Finally strain gauges SG15 has maximum strain 183,11 x strain and minimum
strain -152,59 1 strain. The residual is -15,26 u strain. Strain gauge SG16 has maximum strain 213,63 1.
strain, minimum strain -76,30 1. strain and residual strain 15,26 . strain.
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Sg 11

Max: 152,59 ystrain
Min: -152,59 pstrain
Residual: -30,52 pstrain

Sg 12

Max: 106,81 ustrain
Min: -76,30 pstrain
Residual: -15,26 pstrain
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Figure 3.11.16 Characteristic results for phase A (white noise after 1,1g earthquake) (a) strain
gauge 13 and (b) strain gauge 14

Sg13

Max: 122,07 pstrain
Min: -76,30 pstrain
Residual: -15,26 pstrain

Sg 14

Max: 183,11 pstrain
Min: -152,59 pstrain
Residual: 30,52 pstrain
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Figure 3.11.17 Characteristic results for phase A (white noise after 1,1g earthquake) (a) strain
gauge 15 and (b) strain gauge 16

Sg 15

Max: 183,11 pstrain
Min: -152,59 pstrain
Residual: -15,26 pstrain

Sg 16

Max: 213,63 pstrain
Min: -76,30 pstrain
Residual: 15,26 pstrain
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Figure 3.11.18 Characteristic results for phase A (white noise after 1,1g earthquake) (a) strain
gauge 17 and (b) strain gauge 18

Strain gauge SG17 is located on the centre of partial masonry 1 along direction x. Strain gauges SG18
is located on the centre of partial masonry 1 along direction z. More specifically strain gauge SG17 has
30,52 1 strain maximum strain. Strain gauge SG17 has minimum deformation -106,81 1 strain and
strain gauge SG18 -61,04 u strain. Strain gauge SG18 has maximum strain 76,30 x strain. Finally strain
gauge SG17 presents -61,04 . strain residual. Strain gauge SG18 presents 45,78 u strain residual.

Sg 17

Max: 30,52 u strain
Min:-106,81 u strain
Residual: -61,04 u strain
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Sg 18

Max: 76,30 u strain
Min:-61,04 . strain
Residual: 45,78 u strain
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Figure 3.11.19 Characteristic results for phase A (white noise after 1,1g earthquake) (a) strain
gauge 5 and (b) strain gauge 6

Sg5

Max: 344,35 n strain
Min: -432,74 u strain
Residual: -1,63 u strain
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Sg 6

Max: 28,42 u strain
Min: -80,38 . strain
Residual: -2,44 1 strain
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Figure 3.11.20 Characteristic results for phase A (white noise after 1,1g earthquake) (a) strain
gauge 9 and (b) strain gauge 10

Sg9

Max: 7,32 ystrain

Min: -258,59 pstrain
Residual: -717,39 pstrain

Sg 10

Max: 172,32 ystrain
Min: -314,26 pstrain
Residual: -2,44 pstrain
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Figure 3.11.21 Characteristic results for phase A (white noise after 1,1g earthquake) (a) strain
gauge 19 and (b) strain gauge 20

Strain gauge 19 is located on the centre of partial masonry 2 along direction x. Strain gauges 20 is
located on the centre of partial masonry 2 along direction x. More specifically strain gauge SG19 has
maximum 1,62 p strain and minimum -3,24 x strain. Strain gauge SG20 has maximum strain 0,81 u
strain and minimum -4,06 » strain. The residual strain for strain gauge SG19 is -2,45 u strain and
residual for strain gauge SG20 is -2,44 . strain.

Sg 19

Max: 1,62 p strain
Min: -3,24 u strain
Residual: -2,45 u strain

Sg 20
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Max: 0,81 u strain
Min: -4,06 . strain
Residual: -2,44 1 strain
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Recorded results of tested as-built structure, PZT measurements

Prompt damage diagnosis of seismically deficient VF buildings necessitates, in addition to the
other standard testing measurements, the monitoring and evaluation in a real-time system based on
piezoelectric sensors or PZTs (Na and Baek 2018, Sam-Daliri et al. 2016, Sam-Daliri et al. 2021).
Structural health monitoring (SHM) for real-time condition and damage assessment plays a crucial role
in the testing of VF RC structure (Chalioris et. al. 2015, 2016, 2020, Voutetaki et. al. 2016). This
innovative Structural Health Monitoring utilizes an advanced Electro-Mechanical Impedance (EMI)
system that integrates PZTs sensors as an embedded-in smart aggregate (SAs) featuring smart
properties or piezoelectric patches implementing a network of monitoring the condition of the RC VF
structure (Naoum et al. 2023, Voutetaki et al. 2022).

The proposed methodology for real-time damage assessment in RC structures with piezoelectric
sensors (PZTs) shows promising potential for incipient damage identification and provides warnings
of critical failure before any visible signs appear. This approach can effectively detect damage and
assess the structural integrity of VF RC structures subjected to seismic loads.

As mentioned, the EMI method utilizes piezoelectric materials, specifically PZTs, which have the
unique ability to generate electric charges on their surface when subjected to mechanical stress.
Additionally, they deform mechanically in response to an electric field. Therefore, any changes observed
in the electrical impedance of an attached PZT sensor result from variations in the mechanical
impedance of the area being tested. Different configurations of PZT patches were evaluated,
considering their bonding conditions, locations, and polarization directions, to assess the efficiency of
each combination (Naoum et al. 2024).

The PZTs were installed in the tested RC structure in two ways: (a) as embedded PZTs within the
mass of the members and (b) as externally bonded PZT patches adhered to the surface of the masonry.
A total of 48 piezoelectric sensors were incorporated into the RC structure. Of these, 37 PZTs were
placed as SAs inside the mold of the specimens, before casting, while 11 were externally bonded to the
surface of the masonries. The Table below provides detailed information on the location and quantity
of PZT enabled. Characteristics and locations of all the installed PZT sensors are presented in the
following Figure.
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Table 3.12.1: Location and amount of PZTs

Location Amount of PZTs and way of installation
Beams 12 (a)
Columns 12 (a)
Joints 4 (a)
Slab 3(a)
Cantilever 6 (a)
Masonries 11 (b)
Total 48
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Figure 3.12.1: Location of the masonries.

A group of multiple measurements for each PZT sensor was applied in healthy (initial) conditions
to determine the baseline frequency response.

Each SHM device captures the EMI response of a PZT sensor in a predefined frequency range,
which was set to 10-250 kHz with a resolution of 1 kHz. As mentioned above, the EMI measured
identifies degradation of the mechanical impedance of the monitoring area through the alterations they
cause in the EMI response of an installed PZT sensor. Hence, the EMI response of each PZT sensor in
the healthy (initial) condition of the specimens was captured and used as a baseline frequency
response. For real-time condition and damage assessment in the tested VF RC, the installed PZT
patches' EMI response was captured after each loading sequence’s end.

The following subsection presents typical PZT sensor voltage signal measurement responses
from all PZT groups, as shown in Table 3.12.1.
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Beams

Three PZT sensors, referred to as SAs, are installed on each beam, resulting in a total of 12 SAs
across four beams of the structure.

The typical voltage signal measurements of the PZT sensors across a range of frequencies,
following the loading sequence, are illustrated in the above figures. These figures highlight the
frequency response of the PZT sensors for the healthy condition and two final loading sequences that
were examined. Some notable observations can be drawn from the displayed voltage signal responses
for all SAs. The next figures present the design and code names of the SAs on beams and
representative results from the frequency response of the PZTs 3B, 3D, and 3A.
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2DOWN : © | «3DOWN
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Figure 3.12.2: Design and code names of the SAs on beams (highlighted).
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Figure 3.12.3: Voltage frequency response of the PZT sensors 3A, 3B and 3D
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Columns

The next three figures present the design and code names of the SAs on columns and
representative results from the frequency response of the PZTs, which are located in the middle of

columns Y1M, Y2M, and Y3M, Y4M.
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Figure 3.12.4: Design and code names of the SAs on columns (highlighted).
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Figure 3.12.5: Voltage frequency responses of the PZT sensors Y1M and Y2M
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Figure 3.12.6: Voltage frequency responses of the PZT sensors Y3M and Y4M
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The design and code names of the SAs on joints and results for two of the joints between a beam

and a column in the located SAs are shown in the above two figures, 2AC and 2BC.
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Figure 3.12.7: Design and code names of the SAs on Joints (highlighted).
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Slab

The design and code names of the SAs on the slab and the result for one SA located inside the
slab are shown in the above figures, SL1.
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Figure 3.12.9: Design and code names of the SAs on the Slab (highlighted) and voltage frequency
response of the PZT sensor SL1
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Figure 3.12.10 Voltage frequency responses of the SA sensor SL1
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Masonry

In the full-filled masonry, five externally bonded PZTs are located as patches, as depicted in the
following figure. The next figure demonstrates the design and code names of the PZTs on masonry.
The frequency response of the MOUL PZT sensor (left upper corner of the masonry). and MOUR PZT
sensor (right upper corner of the masonry) respectively demonstrated in next two figures.
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Figure 3.12.11: Design and code names of the PZTs on Masonry, MOUR and MOUL (highlighted)
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Figure 3.12.12: Voltage frequency responses of the PZT sensor MOUL
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Figure 3.12.13: Voltage frequency responses of the PZT sensor MOUR
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Cantilevers

The results for the SAs 1AP and 1CP, located inside the cantilever's or outer edge of the beam, are
shown in the above figures.
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Figure 3.12.14: Design and code names of the SAs on Cantilevers, TAP and 1CP (highlighted)

PZT_1AP PZT_1CP
2500 + Healthy 2500 — Healthy
—— 4th Loading Sequence —— 4th Loading Sequence
2000\ e 5th Loading Sequence 2000+ e 5th Loading Sequence
S
1500 1500 +
g
[5)
1000 & 1000 +
°
>
500 500
v 0 i +— ¥ —
0 50 100 150 200 250 0 50 100 150 200 250
Frequency (kHz) Frequency (kHz)
PZT 1AP Healthy PZT 1CP Healthy
- - —— 4th Loading Sequence 30D - — 4th Loading Sequence
------- sth Loading Sequence === 5th Loading Sequence
200
100
| . . . | 0+ t + + E |
100 120 140 160 150 200 100 120 140 160 180 200

Figure 3.12.15: Voltage frequency responses of the PZT sensors 1AP and 1CP
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| 3.13) Characteristic photos

Indeed, the structure presented debonding of the full Infill wall between columns 1-2 and 3-4 from
the top slab and the adjacent columns’ surfaces (Figures 3.13.1-3). The bottom infill-tie beam interface
seems intact in most cases. Histories of recorded accelerations on infill 3-4 as well as PZT
measurements coincide with photographic validation and observations.

Further, concrete columns 3 and 4 suffered minor cracking at the edge of the section at the bottom
and at the top respectively. Again, the PZT measurements agree well with the observed minor cracks.

The columns developed maximum steel strain as high as 2000-2350 y strain, well bellow the yield
strain of the B500C steel (2890 v strain, see section 4.1).

Therefore, the first phase of the seismic testing is completed successfully, based on the SLS level
damages of the as-built structure after the execution of 11 dynamic tests, including 5 levels of
earthquake excitations.

In particular, the results from the PZTs demonstrate the ability of the PZT-enabled SHM system to
detect changes in the health condition at different locations after each loading sequence.

Figure 3.13.1 View of masonry 3-4 (a) transverse to the direction of movement of the seismic table
and (b) of masonry 4-1 parallel to the direction of movement of the seismic table
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Figure 3.13.2 View of masonry 2-3 parallel to the direction of movement of the seismic table (a)
with PZTs and (b) wall infill-column and slab debonding
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Figure 3.13.3 Interior side of masonry 3-4, transverse to the direction of movement of the seismic
table
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4) Mechanical properties of materials

4.1 Concrete and steel

The 3d structure was cast in four phases; the tie beams, the columns, the slab and the top half-
columns. During concrete pouring, cylindrical specimens with dimensions of @150 x 300 mm were cast
to assess the mechanical properties of the concrete. These cylinders were cured under the same
conditions as the tested 3d structure. To determine the compressive strength, at least three cylinders
were tested per casting batch, while an additional three specimens were used for the split tensile
strength evaluation. The cylinders were tested in accordance with EN 12390-3:2019 and EN 12390-
6:2023 standards to determine compressive strength and splitting tensile strength, respectively. The
tests were conducted during the testing of the 3d as-buitl structure. Figures 4.1 and 4.2 illustrate the
experimental setup for the compressive and splitting tensile tests, respectively, along with the typical
failure modes of the cylinders. The mean compressive strength and standard deviation of the concrete
were 36.7 MPa and 0.9 MPa for the tie beam, 25.5 MPa and 1.4 MPa for the columns, and 31.6 MPa
and 0.9 MPa for the slab. The average tensile strength and standard deviation were 2.37 MPa and 0.16
MPa for the tie beam, 2.26 MPa and 0.11 MPa for the columns, and 2.64 MPa and 0.14 MPa for the
slab. The detailed results of the compressive and splitting tensile tests are presented in Tables 4.1 and
4.2, respectively.

(a) )

Figure 4.1 Concrete compressive strength test: (a) standard test setup (b) typical failure mode
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(@) (b)

Figure 4.2 Split tensile test: (a) standard test setup (b) typical failure mode

Table 4.1: Summary of compressive strength test results.

Cylinder Maximum Load (kN) Loading Maximum Compressive Strength (MPa)
Number | Cylinder | Average | St. Dev. | Area (mm? | Cylinder Average ‘ St. Dev.
Tie Beam
1 637.22 36.1
2 643.96 649.66 16.07 17,671 36.4 36.7 0.9
3 667.80 37.8
Column
1 433.22 24.5
2 444 .06 25.1
3 488,63 451.29 25.32 17,671 277 25.5 1.4
4 439.19 24.9
Slab
1 567.86 32.1
2 542.20 30.7
3 580.79 559.03 16.16 17,671 329 31.6 0.9
4 544.58 30.8
5 559.72 31.7
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Table 4.2: Summary of split tensile test results.

Cylinder Maximum Load (kN) Loading Maximum Tensile Split Strength (MPa)
Number | Cylinder | Average | St. Dev. | Area (mm?) Cylinder Average ‘ St. Deyv.
Tie Beam
1 175.14 2.478
2 173.99 168.04 11.32 70,686 2.461 2.37 0.16
3 154.99 2.193
Column
1 152.60 2.159
2 168.03 159.77 7.77 70,686 2.377 2.26 0.11
3 158.70 2.247
Slab
1 183.55 2.597
2 179.03 186.88 9.94 70,686 2.533 2.64 0.14
3 198.05 2.802

The longitudinal steel bars used in columns, tie-beams and slab was of B500C quality. The
experimentally derived mechanical properties under direct tension were measured with 2 strain gauges
and 1 laser meter (Figure 4.3). The average values were as follows: yield stress fsu = 564 MPa,
maximum stress fsmax = 663 MPa and ultimate stress fsu = 652 MPa. Yield strain esy = 0,00289, strain
at initiation of hardening esp = 0,027 and strain at ultimate esu = 0.143. Modulus of elasticity of the
steel was Es = 195 GPa.

Figure 4.3 Instrumentation of steel bar under direct tension
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4.2 Hollow clay bricks, binding mortar and brick wall interface of
triplets

Uniaxial compression test of hollow clay bricks parallel to the holes.

Seven hollow clay brick units for infill with dimensions 60/90/190 mm (width/height/length),
weight of about 1.2 kg brick, and vertical holes covering the 55% of the total brick volume, were tested
in uniaxial compression until failure (Figure 4.4, EN772-1). The test results are presented in Table 4.3.
In the first column is the code of the bricks, with the letter B from the initial letter of the name “Brick”
and “V” from the word “Vertical”. In the second column is the value of the failure load P. In the third
column is the loading area taking into account the holes, called the gross loading area, and in the fourth,
the net loading area subtracting the holes’ area. In the two last columns, the clay bricks’ compressive
strength of gross loading area and of net loading area are presented, respectively. The nominal average
axial compressive strength of bricks with vertical holes appears to be approximately 9.8 MPa and 21.7
MPa if we remove the percentage of holes.

P

Figure 4.4: Brick compression test setup parallel to the holes.
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Table 4.1: Compressive strength of clay bricks with loading direction parallel to the holes.

Load Gross Net Compressive | Compressive
Loading Loading strength strength
Area Area (gross (net loading
Brick loading area)
code area)
P A 0.45*A c c
N) (mm?) (mm?) (MPa) (MPa)

BV_1 53690 9.9 221

BV_2 51220 9.5 21.1

BV_3 53360 9.9 22.0

BV_4 51740 5400 2430 9.6 21.3

BV_5 51090 9.5 21.0

BV_6 55100 10.2 22.7

BV_7 53690 9.9 221
Average 52841 9.8 21.7

(@) (b)

Figure 4.5: Clay brick compression test setup perpendicular to the holes.

Seven bricks with vertical holes were tested in compressive stress until failure. The test results
are presented in Table 4.4. In the first column, the code of the bricks is listed, with the letter B from the
initial letter of the name “Brick” and “L" from the word “Lateral”. In the second column is the value of
the failure load P. In the third column, the area of the loading surface is listed, while in the fourth column,
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the compressive strength of the bricks is calculated. The nominal average axial compressive strength
of bricks, with the loading direction perpendicular to the holes, appears to be approximately 2.1 MPa
for the gross loading area.

Table 4.2: Compressive strength of bricks for infill masonry with the loading direction perpendicular to

the holes.
Load Gross Compressive
Loading strength
Area (gross
Brick loading
code area)
P A c
™) (mm?) (MPa)
BL_1 22670 2.0
BL_2 21620 1.9
BL_3 20110 1.8
BL_4 26780 11400 2.4
BL_5 24550 2.2
BL_6 25400 2.2
BL_7 23860 2.1
Average 23146 2.1

Experimental determination of lime-cement mortar strength.

The flexural tensile strength of the lime-cement binder is determined with three-point flexural tests
on prismatic specimens and their compressive strength is estimated by 28-day compression tests of
the binder mortar obtained by testing 40 x 40 x 160 mm3 mortar prisms according to EN 1015-11 (1999)
(see also earlier tests on smart mortars and novel bricks by Thomoglou et al. 2023, 2024). A lime-
cement mortar was used for the construction of all brick infill walls, with a nominal mortar thickness
between the bricks of 10 mm. The lime-cement mortar was studied by taking 9 prisms, which
immediately after construction, the prisms remained in ambient conditions.
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a) Results of three-point bending tests of lime mortar prisms

To investigate the tensile strength the prisms were subjected to three-point bending (Figure 4.6).
Specifically, nine mortar prisms were tested (Table 4.3). The tensile strength of the mortar is 2.7 MPa.

G NTROLS

Figure 4.6: Experimental setup for three-point bending of a lime-cement mortar prism and failure
mode after the test.

Table 4.3: Experimental results of three-point bending test of lime-cement mortar prisms.

Load Flexural strength
Mortar code
P(N) o (MPa)
MO_1 1210 2.8
MO_2 1230 2.9
MO_3 1090 2.6
MO_4 1430 34
MO_5 1200 2.8
MO_6 980 2.3
MO_7 1220 2.9
MO_8 930 2.2
MO_9 1080 2.5
Average 1152 2.7
Stdev 151 0.4
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Figure 4.7: Experimental results of three-point bending tests of lime-cement mortar prisms.

Figure 4.8: Failure modes of three-point bending tests of lime-cement mortar prisms.
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The failure mode of the lime-cement mortar prisms from three-point bending is presented in
Figures 4.8. The typical behavior of the prisms in the three-point bending test is shown by the opening
of a wide crack.

b) Results of compression tests of lime-cement mortar prisms

Figure 4.9 shows the test setup, Table 4.4 the list of the results and figure 4.10 the typical mode of
failure. The compressive strength of the mortar is 11.6 MPa.

Figure 4.70: Failure mode of compression tests of lime-cement mortar prism piece.
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Table 4.4: Experimental results of compression test of lime-cement mortar prisms’ pieces.

Load Loading Compressive
Area strength
Mortar code
A (g
P (mm?) (MPa)
MO_T1a 17960 11.2
MO_1b 19340 12.1
MO_2a 19960 12.5
MO_2b 18110 11.3
MO_3a 17680 11.1
MO_3b 18350 11.5
MO_4a 18820 11.8
MO_4b 18640 11.5
MO_5a 17760 11.1
MO_5b 16180 1600 10.1
MO_6a 17340 10.8
MO_6b 17320 10.8
MO_7a 17360 10.9
MO_7b 16980 10.6
MO_8a 17810 11.1
MO_8b 16300 10.2
MO_9a 16190 10.1
MO_9b 18497 11.6
Average 18603 11.6
Stdev 1043 0.7

Mortar compressive strength

20.0

15.0

10.0

5.0

Mortar compressive strength , sc (MPa)
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Figure 4.11: Experimental results of compression tests of lime-cement mortar.
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Direct shear test on a triplet of clay bricks with an intermediate connecting joint of 10 mm.

Masonry triplets are adopted in this project to evaluate the shear strength along masonry joints
between clay bricks and mortar. The brick triplet test, defined by EN 1052-3, contributes to the
determination of the shear strength (f,) of the joint, i.e the bond of the interface between the brick and
the binder. For this test, at least six specimens were constructed, each consisting of three bricks and
two mortar joints. The nominal dimensions of the specimens are 290mm (length) x 60mm (width) x
190mm (height). The joints are made of binding lime-cement mortar of 10 mm thickness.

The experimental loading setup of the triplet of bricks with holes is illustrated in Figure 4.12. The
shear strength is equal to the ratio of the reaction of the support equal to force P/2 divided by the area
of the joint. Based on the roller supports the lateral force is zero.

P

9cm 1cm

19 cm

v

<
<

29 cm

Figure 4.12: Triplet of clay bricks for the direct shear test with an intermediate connecting lime-
cement mortar joint of 10 mm.
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Figure 4.13: Experimental direct shear test setup of clay bricks triplet.

The experimental results of the direct shear test of triplet clay bricks are summarized in Table
4.11. The first column indicates the specimen code, where tr is the initials of the words "triplet", the
second the maximum shear sliding load, the third the area of the joint surface A, while the fourth,
calculates the shear strength of each specimen resulting from the ratio of P/2 to the area of the triplet
joint. The fifth column calculates the value of the average initial shear strength (f.c) with an average of
0.25 MPa. The sixth column shows the value of the characteristic initial shear strength (f.ok) of the
triplet specimen 0.2 multiplied by the correction factor 0.8, while the last column shows the failure
mode of each triplet specimen.

289



Hellenic Foundation for

@ HFRI Greece 2

Research & Innovation NATIONAL RECOVERY AND RESILIENCE PLAN

Table 4.5: Experimental results of the direct shear test of clay bricks triplet.
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Load Area Shear Average Characteristic
Triplet strength initial shear | initial shear Failure
Code strength strength Mode
Fimax Ai fvoi=Fimax/2A; fvo fuok= 0.8 fyoi
(N) (mm?) (MPa) (MPa) (MPa)
tr_1 5280 0.23 A2
r_2 5290 0.23 A2
w3 2900 11400 076 0.25 0.20 27
tr_4 6680 0.29 A2

Shear failure modes of clay brick triplets

Four different failure modes (A, B, C, D) may be identified according to the EN 1052-3 specifications
without lateral compression for the shear tests, as illustrated in Figure 4.14. Specifically, in the first two
failure modes (A1 and A2), failure occurs by the separation of the mortar from the brick, due to the
weakness of the interface between the two materials. For each specimen, its failure mode is listed in
detail, which is type A2 as shown in Table 4.5.

Figure 4.14: Types of failure modes of brick triplets subjected to shear test. Shear failure at the
brick/mortar interface (A1) at one or (A2) between two interfaces.
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(e) )
Figure 4.15: Failure modes of brick triplets subjected to shear testing. Shear failure at the
brick/mortar interface (A1) at one or (A2) between two interfaces (a)-(f).

Four specimens failed when the mortar failed and separated in the two brick surfaces and two
specimens failed by delamination of the interface with brittle failure as shown in Figure 4.15 (see also

earlier tests on novel bricks by Thomoglou et al. 2024)
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