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Figure B2. FE model of the scaled facade.

1

In order to select the most appropriate material model and set of properties to

model the masonry material of facades subjected to settlement, a sensitivity

study is conducted on this aspect. Two material models are selected and

employed: the orthotropic Engineering Masonry Model (EMM) and the isotropic
Total Strain Rotating Crack Model (TSRCM). The former accounts for cracking,

crushing and shearing failure. In addition, the EMM differentiates the tensile

failure in the horizontal, vertical and diagonal direction. The TSRCM computes
the two failure mechanisms (i.e. tensile and compressive failures) in the

principal directions.

An important aspect that differs between the two models is the evaluation of

the head-joint (vertical) cracking. For this type of failure, the TSRCM only relies

on the assigned tensile strength. The head-joint failure of the EMM is defined by
friction instead. This means that in addition to the defined minimum head-joint

strength, also the shearing properties contribute to the strength. Such

properties are cohesion and friction angle. The shear resistance along the

head-joint failure is a function of the vertical loading acting above the

investigated masonry portion. All these factors play a role on the final head-

joint strength and to the vertical cracking. A picture that summarizes this

concept is depicted in Figure B3. Since the failure mechanism is mainly based

on vertical cracking produced by rotation (Figure B4), a sensitivity study on the

material properties that enhance this effect is conducted.

The base material properties for the masonry employed in the model are listed

in Table B1 and Table B2 for the Engineering Masonry Model and Total Strain

Rotating Crack Model respectively. These parameters are based on

experimental small scale tests conducted before the test of the facade. Such

values are also employed in the numerical model of Giardina. In addition, five

model variations of EMM and two of TSRCM are investigated. The calibration

against the experiment is validated by varying the tensile strengths, cohesion

Version 01 03/10/2022

0026

13



5
TU Delft Appendixes: supporting analyses for probability of indirect settlement damage

0026

14

and friction angle parameters. The summary of the material parameters of the

seven variations are reported in Table B3. Elastic material properties of timber

and steel material are shown in Table B4. The ones of the interface between

steel and masonry are reported in Table B5. All materials are based on the

ones employed by Giardina in her numerical models.
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Figure B3. Head-joint failure for the two selected masonry models.

TSRCM (left) and EMM (right).
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Figure B4. Failure mechanism of the experimental facade [6].

Table Bl. Engineering Masonry Model material properties employed in model (EMM1).

Young's modulus vertical direction E,

Young's modulus horizontal direction E, 1500

Shear modulus Gy MPa 1250

Bed joint tensile strength ft, MPa 0.10

Minimum head-joint strength ftx MPa 0.30

Fracture energy in tension G, N/mm 0.010

Angle between stepped crack and bed-joint a rad 0.5

Compressive strength f. MPa 114

Fracture energy in compression Gc N/mm 20

Factor to strain at compressive strength - 3

Unloading factor - Secant

Friction angle y rad 0.26
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Cohesion ¢ MPa 0.03

Fracture energy in shear Gs N/mm 0.1

Crack bandwidth specification - Rots

Mass Density Kg/m? 1900

Table B2. Masonry material properties employed in the model. Total Strain Rotating Crack

Model 1.

Young's modulus E MPa 3000

Poisson's ratio v = 0.2

Tensile strength f; MPa 0.10

Fracture energy in tension G, N/mm 0.01

Compressive strength f. MPa 11.4

Mass density Kg/m? 1900

Table B3. Masonry material variations of EMM and TSRCM.

EMM1 0.10 0.01 0.30 0.03 0.26

EMM2 0.10 0.01 0.30 0.15 0.60

EMM3 0.10 0.01 0.15 0.15 0.60

EMM4 0.10 0.01 0.15 0.03 0.26

EMM5 0.10 0.01 0.10 0.03 0.26

TSRCM1 0.10 0.01 - - -

TSRCM?2 0.15 0.022 - - -

Table B4. Timber and Steel elastic material properties employed in the model.

Young's modulus E MPa 11000 210000

Poisson's ratio uv - 0.15 0.3

Mass density Kg/m? 500 7500
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Table B5. Interface material properties employed in the connection masonry-steel in the

model. Discrete cracking model.

Normal stiffness ka N/mm? 0.7

Tangential stiffness k: N/mm? 0.0007

Tensile strength f: MPa 0

Mode-| tension softening criterion - Brittle

The calibration of the FE model against the experimental facade is carried out

by comparing horizontal and vertical displacement at two performance points,
failure mechanism, crack pattern and crack width evolution.

The results in terms of applied vertical displacement against vertical and

horizontal facade displacement are shown in Figure B5 and Figure B6

respectively. The result view is split according to the different employed
constitutive materials. The plots also show the numerical model of Giardina

(continuum and discrete). Both horizontal and vertical displacement of the

facade, when TSRCMs are employed, are slightly overestimated with respect to

the experimental results. The outcomes of vertical displacement are

independent from the tensile strength, while a difference is detected for the

horizontal displacement once the applied settlement exceeds 5 mm. The

overestimation is mainly provided by the different failure mechanism, which

involves two main overall vertical cracks that go from the top to the bottom,

splitting the facade in three parts. The experiment mainly involves a rigid
rotation of the left part of the facade, with a complete vertical crack that runs

top-bottom approximately above the mid support. Some additional horizontal

flexural cracks are reported at base and top of the masonry piers at the right
side of the facade. The cracking produced by the numerical models at 10 mm

of applied displacement is depicted in Figure B7.

Figure B5 (right) also shows the comparison of the EMM models against the

experiment. The difference between the model with experimental cohesion

(c=0.03 MPa) and the cohesion selected as recommendation for the EMM (1.5

times the bed-joint tensile strength, [15]). The latter option is the one closer to

the experiment, while the former slightly overestimates the vertical

displacement. Similar outcome is obtained for the horizontal displacement
results (Figure B6) where the models with higher cohesion better approximate
the experiment. Differently from the TSRCM, the EMM models show a bit more

flexural cracking at the base and at the top of the pier at the left side of the

building, especially when a higher cohesion is employed. Vertical cracking is

often shifted to the right side of the building in the variations that employ low

cohesion value and minimum head joint strength lower than 0.3 MPa. Above

this limit instead, the crack pattern results more in line with the experiment,

although the FE recorded displacements are a bit off. The models with high
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cohesion (EMM2 and EMM3) show vertical cracking concentrated to the right
side of the building in direction of the support (Figure B8).

When looking at evolution of crack width in the experiment and in the model

(Figure B9). The crack width of the TSRCMs, which is interpreted from the

largest vertical crack, is quite conservative with respect to the experimental
one. At a deflection ratio of 1.25 x 103, the crack width computed in the model

with tensile strength equal to 0.1 MPa is almost double respect to the

experimental one. The model with higher tensile strength is too conservative as

well. Using this model approach for facades that involve mainly vertical

cracking, would largely overestimate the crack width (and thus the damage

state) of a facade. Such a model is in fact unable to distinguish between head-

joint and bed-joint failure. When looking at the evolution of the crack width of

the facade modelled with EMM (Figure B9), the values of maximum crack width

are much closer to the experimental ones. From the model with cohesion equal
to 0.15 MPa, the one with minimum head-joint tensile strength equal to the

cohesion (EMM3, dashed green line) is the one that better approximates the

experimental curve, especially up to crack width of 3 mm. After this point

(reached at about 2.25 x 107), when very severe damage occurs, the crack

width results are a bit underestimated with respect to the experimental one.

For crack values between 0.5 and 1.6 mm, the model slightly overestimates the

maximum achieved crack. Although the model EMM1 (fumn=0.3 MPa and

¢=0.03 MPa) shows good agreement with respect to the overall crack pattern,
the maximum crack width appears to be on the non-conservative side when

cracking is between 0.5 and 2.5 mm.

In conclusion, the masonry facade modelled with the Engineering Masonry
Model with a cohesion value equal to the minimum head-joint tensile strength
and equal to 1.5 times the bed-joint tensile strength exhibit the closest results

to the experimental facade of Giardina [6] in terms of displacement, crack

pattern and crack width.
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Figure B5. Applied against facade vertical displacement. Experimental
vs Giardina’s FE model (continuum and discrete) vs TSRCMs (left)

and EMMs (right) [6].
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Figure B6. Applied vertical against facade horizontal displacement.

Experimental vs Giardina’s FE model (continuum and discrete) vs

TSRCMs (left) and EMMs (right) [6].
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Figure B7. Failure mechanism of the models employing the TSRCM and

the experimental facade [6]. Principal crack width is reported at

applied settlement of 10 mm.
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Figure B8. Failure mechanism of the models employing the EMM and

the experimental facade [6]. Principal crack width is reported at

applied settlement of 10 mm.
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Figure B9. Deflection ratio against max crack width. Experimental vs

Giardina’s FE model vs TSRCMs (left) and EMMs (right) [6].
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Appendix C: Foundation type

The North-East part of the Netherlands is characterized by relatively good soil

in respect to the west side of the country. In fact, sandy soil at shallow depth is

largely present in the Groningen area (Figure C1). Such type of soil allows for

the use of shallow foundations, especially for low-rise buildings. In the past this

method was also implemented on (sea) clay soil. In the Groningen area, a quite

high percentage of buildings is thus built on shallow foundations (or “fundering

op staal” in Dutch), about 85% (Figure C2).

The shallow foundations of masonry structures can be divided in different

typologies: a masonry foundation, a concrete foundation or a concrete strip
foundation (Figure C3). With the masonry foundation used in older structures

and the strip foundations in newer structures.

The minimum depth for these foundations is 60 cm in order to avoid problems
related to freezing. Two different foundation typologies are employed in the

numerical study of the main report, the masonry foundation and the strip
foundation depicted in Figure C3-d. The former is mainly employed for buildings
before 1945 while the latter is modelled underneath more recent facades.

$3225

Figure C1. Left - Soil type Netherlands [18].

Figure C2. Right - Percentage of structure founded on piles. Clearly shown: the high amount

of shallow foundations in the North of the country.
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Figure C3. Shallow foundation typologies. Masonry foundation (a), concrete foundation (b)

and strip foundations (c, d) [19].
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The modelling of the different foundations employed in the models is

schematized in Figure C4. The masonry shallow foundation is modelled as a

beam of 60x60 cm. Reinforced concrete strip foundations are modelled as T

beam. The base dimension differs according to the length of the facade. A

width of 57 or 159 cm is used. The former is mainly employed for longitudinal

facades, while the latter is mainly present underneath massive transversal

walls. The dimensions of the foundations are taken from original drawings. The

steel reinforcement is modelled with line reinforcement with an equivalent
thickness. The amount of bars and their diameter is also taken from original

drawings. The materials of the foundations are modelled as non-linear. Material

properties are defined in Appendix A.

60 cm

50 cm

60 cm

15cm 27cm 15cm

57 cm

35cm

50 cm

15cm

66 cm 27 cm 66 cm

159 cm

Figure C4. Schematization of different foundations employed in models. In orange, masonry

and in grey, concrete.
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Appendix D: FEM Results

The results of the FE analyses are here summarized and presented. The results

are subdivided for facade typology.

Facade 1

OOOO OO OO CO OO OO Od

Facade 1 - A Facade 1 -B Facade 1 -C

7.00 x 5.50 m 5.50 x 5.50 m 8.48 x 5.50 m

L/H = 1.27 L/H = 1.00 L/H= 1.54

Opening % = 23.5% Opening % = 23.5% Opening % = 23.5%

igigini

IR

Facade 1 -D Facade 1 -E Facade 1 -F

7.00 x 7.00 m 7.00 x 3.80 m 7.00 x 5.50 m

L/H = 1.00 L/H= 1.84 L/H = 1.27

Opening % = 23.5% Opening % = 23.5% Opening % = 31.7%

C1 Od 1 1

Facade 1 - |
Facade 1 -G Facade 1 - H

7.00 x 5.50 m
7.00 x 5.50 m 7.00 x 5.50 m

ll

LH = 1.27 LH = 1.27 Lite
Opening % = 41.6% Opening % = 14.5%

P

(Large)
Lt
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Facade 1 - J
7.00 x 5.50 m

LH = 1.27

Opening % = 41.6%

(Large)

Figure D1. Ten geometry variations of Facade 1.

Facade 1.

Table D1. Percentage of models that reach a specific damage level. Geometric variation of

Geometry | W=0.5 |W=1.0 | w=15 | w=2.0 [| ¥=2.5 [w=3.00

Table D2. Percentage of models that reach a specific damage level. Soil and interface

variations of Facade 1.

Interface | w=0.5 | w=1.0 | w=1.5 | w=2.0 | w=2.5 [¥=3.00

Soil W=0.5 | W=1.0 |W=15 | ¥=2.0 |¥=2.5 [W=3.00| Lowkn

Soil A Original kn

SoilB High kn

Table D3. Percentage of models that reach a specific damage level. Material variations of

Facade 1.

Material

Standard

Sl Strong

Table D4. Percentage of models that reach a specific damage level. Settlement variations of

Facade 1.

Settlement | W=0.5 | W=1.0 | ¥=15 | ¥=2.0 | ¥=2.5 |W=3.00

Asym L/3

Settlement | W=0.5 | ¥=1.0 |¥=1.5 | ¥=2.0 | ¥=25 |W=3.00| AsymL/5

Asymmetric SymlL/2

Symmetric SymL/4

Table D5. Percentage of models that reach a specific damage level. L/H variations. Facade 1.
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L/H W=0.5 | W=1.0 | W¥=15 | w=2.0 | w=25 |w=3.00

L/H=1.00

L/H=1.27

L/H=1.54

L/H=1.84

Table D6. Percentage of models that reach a specific damage level. Size effect variations.

Facade 1.

Size Effect | W=0.5 | W=1.0 | W=15 | ¥=2.0 | ¥=2.5 |W=3.00

Facade 1.

Opening%| W=0.5 | w=1.0 | w=15 | w=2.0 | w=25 [w=3.00

23.5%

31.7%

Table D8. Percentage of models that reach a specific damage level. Opening % and large

opening variations. Facade 1.

Large Open | ¥=0.5 | ¥=1.0 | ¥=1.5 | ¥=2.0 | ¥=25 ¥=3.00

31.7% -N

41.6% -N

31.7% -Y

Table D9. Percentage of models that reach a specific damage level. Facade 1.

al

Soil w=05 | w=1.0
Soil A 6185
Soil B 5576

Material | ¥=0.5 | ¥=1.0
Weak 5290

S| Weak 5834

Standard 6198

S| Strong 6246

Strong 5835

Table D13. Measured value of B. Settlement variations of Facade 1.
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Settlement | W=0.5 | ¥=1.0 | ¥=15 | W=2.0 | W=2.5 W¥=3.00

Asym L/3 5892 4069 3016

Settlement | W=0.5 | W=1.0 | W=1.5 | W=2.0 | ¥=25 |W=3.00| AsymL/5 5898 4053 2964

Asymmetric 5895 4061 2990 SymL/2 5709 4828 3703 2969

Symmetric 5866 4154 3161 SymL/4 5040 3491
|

Table D14. Measured value of f1. L/H ratio variations of Facade 1.

L/H=1.27

L/H=1.54

L/H=1.84

Table D15. Measured value of B. Size effect variations of Facade 1.

Size Effect | W=0.5 | ¥=1.0 | ¥=15 | ¥=2.0 | ¥=2.5 |¥=3.00

4125 2705 1950

5527 3794 2764

L=H=5.5

L=H=7.0

Table D16. Measured value of 1. Opening % variations of Facade 1.

Opening % w=1.0 | w=15 | w=2.0 | w=25 [w=3.00

6486 | 4462 | 3320

6361 | 4334 | 3143

31.7% 5598 | 3996 | 3052

41.6% 5313 | 3811 | 2933

Table D17. Measured value of B. Opening % and large opening variations of Facade 1.

Large Open | W=0.5 | W=1.0 [| w=15 |w=2.0 | w=25 [w=3.00

31.7% -N 5598 399 3052

41.6% -N 5313 3811 2933

31.7%-Y 5519 3958 3041

41.6% -Y 5098 3691 2833

Table D18. Measured value of B* of Facade 1.

Facade P=0.5 | ¥=1.0 | ¥=1.5 | ¥=2.0 | ¥=2.5 W¥=3.00

F1 5880 4107 3076

Table D19. Applied value of Bl. Geometry variations of Facade 1.

Geometry | W=0.5 | W=1.0 | W=1.5 | W=2.0 | W=2.5 |W=3.00

F1-A 940 421 228

F1-B 477

F1-C 701 413 74 |199
F1-D 765 348 |

185

F1-E 504 303 215

F1-F 538 324 228 | 189
F1-G 699 451 341 297 287

F1-H 765 302

FiI 615 415 314 262 231

F1-J 744 518 395 325 279

Table D20. Applied value of B. Soil and interface variations of Facade 1.

Interface | W=0.5 | w=1.0 | w=1.5 | w=2.0 | w=2.5 |w=3.00

Soil W=0.5 | W=10 |W=15 | W=2.0 | W=25 [Ww=3.00| Lowkn

Soil A 626 379 263 206 183 | Original kn| 729 384 241 175 148 | 139

Soil B 776 385 238 |168 High kn 647 443 339 | 298

Table D21. Applied value of B. Material variations of Facade 1.

Material W=15 | Y=2.0 | ¥=2.5 |¥=3.00

Weak 637 490 411 376

S| Weak 383 266 211 189

Standard 261

Sl Strong

Strong

Version 01 03/10/2022

26



2
TUDelft Appendixes: supporting analyses for probability of indirect settlement damage

35

21

Table D22. Applied value of B'. Settlement variations of Facade 1.

Settlement | W=0.5 | w=1.0 | w=15 | w=2.0 [ w=25 [w=3.00

Asym L/3 820 513 360 283 255

Settlement | W=0.5 | W=1.0 | W=1.5 | ¥=2.0 | W=2.5 |W=3.00( AsymL/5 | 724 332 193

Asymmetric 576 353 247 194 176 | symlL/2 741 454 321 255 228

Symmetric | 961 435 263 185 SymL/4 | 339

Table D23. Applied value of B1. L/H ratio variations of Facade 1.

L/H w=05 | Ww=1.0 |w=15 [| w=20 | w=25 [w=3.00

L/H=1.00 | 623 266 139 79

L/H=1.27 | 940
|

421 228 141

L/H=1.54 701 413 274

L/H=1.84 504 303 215

Table D24. Applied value of B. Size effect variations of Facade 1.

Size Effect | W=0.5 | W=1.0 | ¥=15 | ¥=2.0 | ¥=2.5 |¥=3.00

L=H=5.5 | 477 180 92 NSS
L=H=7.0 | 765 348 185 103

Table D25. Applied value of B. Opening % variations of Facade 1.

Opening% | W=0.5 | ¥=1.0 [ ¥=15 | ¥=2.0  W¥=25 |¥=3.00

14.5% 765 302 152 89

23.5%
40

421 228 141

31.7% 538 324 228

41.6% 699 451 341

Table D26. Applied value of B. Opening
Large Open

|W=
31.7% -N

|

228

41.6% -N 341

31.7%-Y |
1

314

41.6% - Y 395

Table D27. Applied
Facade Yy=1.0¥=0.5
F1 |1048| 505

Facade 1 - Soil Variation Facade 1 - Interface Variation
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Figure D2. Angular distortion (~-1) against damage of Facade 1. Soil variation (left) and

interface variation (right). Dashed lines refers to applied g.
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Facade 1 - Material Variation
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Figure D3. Angular distortion (~-1) against damage of Facade 1. Material variation. Dashed

lines refers to applied B.
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Figure D4. Angular distortion (~-1) against damage of Facade 1. Settlement variation. Dashed

lines refers to applied B.
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Figure D5. Angular distortion (~-1) against damage of Facade 1. L/H ratio variation. Dashed

lines refers to applied B.
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Figure D6. Angular distortion (~-1) against damage of Facade 1. Size effect variation. Dashed

lines refers to applied Bg.
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Figure D8. Angular distortion (~-1) against damage of Facade 1. Opening % and type of

openings variation. Dashed lines refers to applied B=.
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Figure D7. Angular distortion (~-1) against damage of Facade 1. Opening % variation. Dashed

lines refers to applied B.
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Figure D9. Angular distortion (~-1) against damage of Facade 4. Average results. Dashed lines

refers to applied B.
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Facade 2

Oc Oo od in

Facade 2 - A

12.0x24m+50x3.6m

LH = 5.00

Opening % = 9.0%

Figure D10. Geometry variation of Facade 2.

Table D28. Percentage of models that reach a specific damage level. Facade 2.

Facade
F2

Y=0.5 | W=1.0 | ¥=15 | ¥=2.0 | ¥=25 W=3.00

Table D29. Measured value of B. Soil and interface variations of Facade 2.

Interface

Soil Y=15 | ¥=2.0 | W=2.5 W=3.00

Soil A 3544 2957

Soil B 3295 2933

Standard

Sl Strong

4125 3448 |

Strong

¥Y=2.5 Ww=3.00

Table D31. Measured value of 1. Settlement variations of Facade 2.

Table D32. Measured value of B* of Facade 2.

Settlement | W=0.5 | ¥=1.0 | ¥=15 | W=2.0 | W=2.5 ¥=3.00

Asym L/3 3811 3279 2879

Settlement | W=0.5 | W=1.0 | W=1.5 | W=2.0 | W¥=25 |W=3.00| AsymL/5 3821 3287 2856

3283 2867 SymL/2 4176 3468 2926

3556 3023 SymlL/4 | 43 3645 3120

Facade ¥Y=0.5 | ¥=1.0 Y=1.5

F2 4255

¥=2.0  W¥=25 ¥=3.00

3543 3003

Table D33. Applied value of B. Soil and interface variations of Facade 2.

Interface

Soil ¥Y=05 | ¥=1.0 w=15 [ w=2.0 [| w=2.5 [w=3.00 Low kn

Soil A 2292 1937 1679

Soil B 1291 1113 1006

Original kn

W=05 | W=1.0 | ¥=1.5 | ¥=2.0

2483 2076 1770

Table D34. Applied value of Bl. Material variations of Facade 2

Material W=0.5 | w=1.0 | ¥=1.5 | w=2.0 | w=2.5 |w=3.00

Weak 3414 2970 2558 2182 1842

S| Weak

Standard | 3380 2798 2386 2055 1824 | 1635

Sl Strong

Strong 2941 2434 2076 1806
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Table D35. Applied value of B1. Settlement variations of Facade 2.

Settlement | ¥=0.5 | W=1.0 | ¥=1.5 | W=2.0 | ¥=2.5 W¥=3.00

AsymL/3 2241 1974 1783 1677 1591 1467

Settlement | W=0.5 | W=1.0  W=15 | ¥=2.0 | ¥=25 PY=3.00| AsymL/5 1171 1015
Asymmetric| 1706 1495 1348 1265 1209 1094 SymL/2 2649 2217 1911 1691 1575 1430

Symmetric 1877 1556 1337 1178 1084 SymL/4 1105

Table D36. Applied value of * of Facade 2.

Facade W=0.5 | ¥=1.0 | ¥=15 | ¥=2.0 | ¥=2.5 W¥W=3.00

F2 2306 1908 1636 1450 1317 1177

Facade 2 - Soil Variation Facade 2 - Interface Variation
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Figure D11. Angular distortion (~-1) against damage of Facade 2. Soil variation (left) and

interface variation (right). Dashed lines refers to applied pg.
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Figure D12. Angular distortion (~-1) against damage of Facade 2. Material variation. Dashed

lines refers to applied B.
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Figure D13. Angular distortion (~-1) against damage of Facade 2. Settlement variation.

Dashed lines refers to applied B=.
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Facade 2 - Average
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Figure D14. Angular distortion (~-1) against damage of Facade 2. Average results. Dashed

lines refers to applied B.
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Facade 3

C1] 1 C1]

Facade 3 - A Facade 3 -B Facade 3 -C

6.80 x 7.10 m 480x7.10m 8.80 x 7.10 m

L/H = 0.96 L/H = 0.68 L/H=1.24

Opening % = 21.4% Opening % = 21.4% Opening % = 21.4%

(Large) (Large) (Large)

TI

igigl

i
Facade 3-D Facade 3 - E

6.80 x 10.0 m 6.80 x 4.20 m fore
L/H = 0.68 L/H=1.62 UH S 0 961

Of 0,
1

0, — 0, ii
.

Opening 3, =.2.91; Gpenine 3 = 24% Opening % = 13.0%

Facade 3-G
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6.80 x 7.10 m

L/H = 0.96

Opening % = 30.4%

(Large)

Figure D15. Seven geometry variations of Facade 3.

Table D37. Percentage of models that reach a specific damage level. Geometric variation of

Facade 3.

Soil

Geometry | W=0.5 | W=1.0 | W=1.5 | ¥=2.0 | ¥=2.5 W¥=3.00

Table D38. Percentage of models that reach a specific damage level. Soil and interface

variations of Facade 3.

Soil B

| Interface

W=05 | W=1.0 | W=15 | W=2.0 | ¥=2.5 |W=3.00

SoilA

¥=0.5 | ¥=1.0 | ¥=1.5 | ¥=2.0 | ¥=2.5 W¥=3.00

Table D39. Percentage of models that reach a specific damage level. Material variations of

Material

Facade 3.

Y=0.5 | W=1.0 ( W=15 | ¥=2.0 | W=2.5 |W=3.00

Table D40. Percentage of models that reach a specific damage level. Settlement variations of

Facade 3.

Settlement | W=0.5 | ¥=1.0 | ¥=1.5

Asymmetric

Settlement | W=0.5 | W=1.0 | ¥=15 | ¥=2.0 | ¥=2.5 |W=3.00

Symmetric

Y=2.0  W=2.5 W¥=3.00

Asym L/3

Asym L/5

SymL/2

SymL/4

Table D41. Percentage of models that reach a specific damage level. L/H ratio variations of

Facade 3.

L/H=1.24

L/H=1.62

¥=0.5 | W=1.0 | W=15  W=2.0 | ¥=2.5 W=3.00

L/H=0.68

L/H=0.96

Table D42. Percentage of models that reach a specific damage level. Size effect variations of

Facade 3.

6.8 x 10.0

Version 01

Size Effect | ¥=0.5 | W=1.0 | W=15  W=2.0 | ¥=25 W=3.00

03/10/2022
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Table D43. Percentage of models that reach a specific damage level. Opening % variations of

Facade 3.

Opening%| W=0.5 | w=1.0 | w=15 |w=2.0 | w=25 |w=3.00

13.0%

21.4%

30.4%

Table D44. Percentage of virgin models that reach a specific damage level. Facade 3.

Table D45. Percentage

Y=0.5 | W=1.0 | W=15 | ¥=2.0 | W=2.5 |W=3.00

of pre-damaged models that reach a specific pre-damage level. Facade
3.

Facade W=0.5 | W=1.0 | W=15 | W=2.0  W=25 W=3.00

F3

Table D46. Measured value of B!. Geometry variations of Facade 3.

Geometry | W=0.5 | W=1.0 | ¥=1.5 | ¥=2.0 | ¥=25 |¥=3.00

F3-A 5249 3609 2752

F3-B 3973 | 2

F3-C 5694 4137 3276 2717

F3-D 9393 5961 4383 3435 2760

F3-E 8623 5616 4038 3113 [25140
F3-F 4926 2791

F3-G id 8878 5993 4480 3422 2561

Table D47. Measured value of B=. Soil and interface variations of Facade 3.

| Interface | W=0.5 | w=1.0 | w=1.5 [| w=2.0 | w=2.5 |Ww=3.00

Soil W=05 | W=1.0 | W=15 | w=2.0 | W=2.5 [W=3.00| Lowkn | 9532
|

6404 2871

Soil A 9385 | 5484 | 3618 | 2753 Original kn 6080 3952

Soil B 6572 | 3511 2633 High kn 8926 | 5580 3893

Table D48. Measured value of B. Material of Facade 3.

Material Y=0.5 | ¥=1.0 | ¥=15
Weak 4821

S| Weak 9035 5115 3899

Standard 8613 5275 3792

Sl Strong 8653 4939 3383

Strong 8608 4380 2911

Table D49. Measured value of B. Settlement variations of Facade 3.

Settlement | W=0.5 | ¥=1.0 | ¥=1.5 | ¥=2.0
AsymL/3 | 9211 5941 3593 2743

Asymmetric| 9613 6001

Settlement | W=0.5 | W=1.0 | ¥=1.5 | ¥=2.0 | ¥=2.5 W=3.00| AsymL/5 |10014| 6061 3762 2827

9653

Symmetric
3

6068

3677 2785 222; SymL/2 6377 3843 2953

3452 2600 SymL/4 5754 3054 2242

Table D50. Measured value of B. L/H ratio variations of Facade 3.

Table D51

Table D52

L/H w=15 | w=2.0 | w=2.5 [w=3.00

L/H=0.68

L/H=0.96

L/H=1.24

L/H=1.62 3113 | 2514

. Measured value of B. Size effect variations of Facade 3.

Size Effect | W=0.5 | Ww=1.0 | w=1.5 | w=2.0 | w=2.5 [w=3.00

48x71 | 3973 | 2414

6.8x10.0 | 9393 | 5961 | 4383 | 3435 | 2760 | 2330

. Measured value of f!. Opening % variations of Facade 3.
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Table D5

Opening% | W=0.5 | ¥=1.0 ( W=15 | W=2.0  W=25 |¥=3.00

13.0% 4926 2791

21.4% 5249 3609

30.4% 8878 5993

Table D53. Measured value

Facade Y=1.5w=0.5 | W=1.0

F3 ©
9966

|

6035 3564

Geometry

F3-A

F3-B

F3-C

F3-D

F3-E

F3-F

F3-G

4. Applied value of Bl. Geometry variations of Facade 3.

Table D55. Applied value of #1. Soil and interface variations of Facade 3.

Interface | W=0.5 | w=1.0 | w=1.5 | w=2.0

Soil W=0.5 | W=1.0 |W=15 | ¥=2.0 |W=2.5 |W=3.00| Lowkn 516

Soil A 1038 445 269 191 148 Original kn | 974 160
Soil B 1104 416 217 146 High kn 334

Table D56. Applied value of B. Material variations of Facade 3.

Material | Ww=0.5 | w=1.0 | w=15 | w=2.0 | w=25 [w=3.00

Weak
|

s12 559 425 367

Sl Weak | 1023 463 305 231 194 178

Standard | 793 387 247 182 |

SiStrong | 719 267

Strong 564

Table D57. Applied value of B. Settlement variations of Facade 3.

Settlement | W=0.5 | W=1.0 | W=1.5 [| w=2.0 [ W=2.5 [W=3.00

AsymL/3 702 412 29% 238 209

Settlement | W=05 [ W=1.0 [ W=15 [ W=2.0 [ W=2.5 [W=3.00| AsymL/5 | 884 333 i711

Asymmetric| 1280 518 291 202 159 139 | symL/2 | 1306 541 315 222

Symmetric | 865 343 194 135 symL/4 | 418 | 141

Table D58. Applied value of 1. L/H ratio variations of Facade 3.

L/H W=0.5 | W=1.0 |W=15 |w=2.0 | ¥=2.5 [Ww=3.00

L/H=0.68 | 699 374 232 158

L/H=0.96 | 845 319 184

L/H=1.24

Se
920 32_| 7 [SY

L/H=1.62 | 943 481 326 252 215 204

Table D59. Applied value of Bl. Size effect variations of Facade 3.

Size Effect | W=0.5 | W=1.0
48x71 | 514 287

6.8x10.0 | 99% 513

Table D60. Applied value of B*. Opening % variations of Facade 3.

Opening %| W=0.5 | w=1.0 | w=15 |w=2.0 | ¥=2.5 |¥=3.00

13.0% 712

21.4% 845 319 184 129

30.4% 1286 979 783 617 422

Table D61. Applied value of B* of Facade 3.
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Facade 3 - Soil Variation Facade 3 - Interface Variation

Facade Y=0.5  ¥=1.0 | Y=15 W¥=2.0 | ¥=25 Y¥=3.00

F3 1072 | 430 242 168 | 131 |
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Figure D16. Angular distortion (~-1) against damage of Facade 3. Soil variation (left) and

interface variation (right). Dashed lines refers to applied Bg.
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Figure D17. Angular distortion (~-1) against damage of Facade 3. Material variation. Dashed

lines refers to applied pg.
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Figure D18. Angular distortion (~-1) against damage of Facade 3. Settlement variation.

Dashed lines refers to applied B.
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Facade 3 - L/H Ratio
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Figure D19. Angular distortion (~-1) against damage of Facade 3. L/H ratio variation. Dashed

lines refers to applied B.
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Figure D20. Angular distortion against damage of Facade 3. Size effect variation. Dashed lines

refers to applied B.
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Figure D21. Angular distortion (~-1) against damage of Facade 3. Opening % variation.

Dashed lines refers to applied p=.
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Figure D22. Angular distortion (~-1) against damage of Facade 3. Average results. Dashed

lines refers to applied B.
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Facade 4

Lg J,

Facade 4 - A Facade 4 - B Facade 4 - C

12.00 x 3.00 m 6.00 x 3.00 m 9.00 x 3.00 m

L/H = 4.00 L/H = 2.00 L/H = 3.00

Opening % = 17.4% Opening % = 17.4% Opening % = 17.4%

(Large) (Large) (Large)

coooo||000000

00,
Yip, ©

Facade 4 -D Facade 4 - E Facade 4 - F

12.00 x 4.80 m 12.00 x 6.60 m 12.00 x 3.00 m

LH = 2.50 L/H=1.82 L/H = 4.00

Opening % = 17.4% Opening % = 17.4% Opening % = 10.0%

(Large) (Large) (Large)

[]

Facade 4 -G

12.00 x 3.00 m

L/H = 4.00

Opening % = 32.8%

(Large)

Figure D23. Seven geometry variations of Facade 4.

Table D62. Percentage of models that reach a specific damage level. Geometric variation of

Facade 4.

W=1.0 | W=15 | W=2.0 | ¥=2.5 |¥=3.00

Table D63. Percentage of models that reach a specific damage level. Soil and interface

variations of Facade 4.
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Interface | W=0.5 | W=1.0 |¥=1.5 | W=2.0 | W=2.5 W=3.00

Soil W=0.5 | W=1.0 | W=1.5 | ¥=2.0 | ¥=2.5 |W=3.00| Lowkn

Soil A Original kn

Soil B High kn

Table D64. Percentage of models that reach a specific damage level. Material variations of

Facade 4.

S| Weak

Standard

Sl Strong

Table D65. Percentage of models that reach a specific damage level. Settlement variations of

Facade 4.

Settlement | W=0.5 | W=1.0 | W=1.5 | ¥=2.0 | W=2.5 [W=3.00

Settlement | W=0.5 | W=1.0 | W=1.5 | W=2.0 | ¥=2.5 |W¥=3.00

SymL/2

SymlL/4

Table D66. Percentage of models that reach a specific damage level. L/H ratio variations of

Facade 4.

Ww=0.5 | w=1.0 | w=1.5 |w=2.0 | w=2.5 [w=3.00

L/H=2.00

L/H=2.50

Table D67. Percentage of models that reach a specific damage level. Opening % variations of

Facade 4.

W=0.5 | W=1.0 | w=15 | w=2.0 | w=2.5 [w=3.00

Table D69. Percentage of pre-damaged models that reach a specific pre-damage level. Facade
4.

w=0.5 | w=1.0 | w=15 | w=2.0 | w=2.5 |w=3.00

Table D70. Measured value of B'. Geometry variations of Facade 4.

Geometry | W=0.5 | W=1.0 | Ww=1.5 | w=2.0 | w=2.5 [w=3.00

F4-A * *
7040 | 5125 | 4203

F4-B 6622 | 5313 | 4471

F4-C 8280 | 5829 | 4427

F4-D 5609 | 4266

5030

7031 | 5708 | 4594

5864 | 4246

Table D71. Measured value of B. Soil and interface variations of Facade 4.
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Interface

W=2.0 | ¥=2.5 W¥=3.00Soil W=0.5 | ¥=1.0 | ¥=1.5
Soil A 7843 5862 4562

Soil B 7363 5551 4376

Low kn

¥=2.0 | ¥=25 W¥=3.00w=1.5

7203 5534 4422

7903 5910 4612

7688 5668 4370

Standard

Sl Strong

Strong

Settlement | ¥=0.5 | ¥=1.0 | ¥=1.5

Asymmetric 8046 | 6126

Symmetric 7148 5276

Table D7

32.8%

w=25 ¥=3.00

4594

Table D.76. Measured value of B* of Facade 4.

Facade Y=0.5 ¥=1.0 | ¥=15  W¥=20

7604 5708 4470

Y=25 W=3.00

7. Applied value of B. Geometry variations of Facade 4.

Geometry ¥=0.5 ¥Y=1.0 | ¥=1.5 | ¥=2.0 w=25 ¥=3.00

F4-A 1675 1425 1195 979

Table D78. Applied value of B. Soil and interface variations of Facade 4.

Interface

Soil W=0.5 | W=1.0 | W¥=15 | ¥=2.0 | W=2.5 |W=3.00| Lowkn

Soil A 2027 1451 1117 930 813 Original kn

Soil B 2089 1357 996 792 High kn

W=05 | W=1.0 | ¥=1.5 | ¥=2.0

2275 1500 1133 931

WY=25 W¥=3.00

815 734

2321 1739 1411 1207

Table D79. Applied value of B. Material variations of Facade 4.
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Material | W=0.5 | W=1.0 | W=15 | ¥=2.0 [| ¥=25 [w=3.00

Weak 2447 1853 1453 1188 1007

SI Weak 2700 1849 1341 1061 886

Standard | 2809 1817 1356 1099 947 842

SlStrong | 2181 1326 964
769

Strong 1821 1030

Table D80. Applied value of B. Settlement variations of Facade 4.

Settlement | W=0.5 | W=1.0 | ¥=15 [| ¥=2.0 | ¥=2.5 [w=3.00

AsymL/3 2724 1950 1489 1231 1062

Settlement| W=0.5 | W=1.0 | w=15 | w=2.0 |w=2.5 [W=3.00] AsymL/5 | 1589 1048 797

Asymmetric] 2844| 1901 1383 1077 905 791 SymL/2 2240 1632 1293 1097 978

Symmetric | 2424 1480 1061 830
:

SymL/4 | 1235

Table D81. Applied value of B. L/H ratio variations of Facade 4.

L/H | w=05| w=1.0 | w=1.5 [ w=2.0 | w=2.5 [w=3.00

L/H=1.82
|

1062 ;

1

L/H=2.00

L/H=2.50 1671 1092 832 776 772

L/H=3.00 | 2415 1438 1021 820 715 646

L/H=4.00
* *

1675 1425 1195 979

Table D82. Applied value of B. Opening % variations of Facade 4.

Opening %| W=0.5 | ¥=1.0 | ¥=1.5 |w=2.0 | ¥=2,5 [w=3.00

10.0% 2582 | 2157 1802 1503 1264 | 1069
17.4%

* ¥
1675 1425 1195

32.8% 2585 1831 1393 1126

Table D83. Applied value of B! of Facade 4.

Facade | W=0.5 | W=1.0 | W¥=15 | ¥=2.0 | ¥=2.5 |¥=3.00
F4 2638 1694 1225 956 803

Facade 4 - Soil Variation Facade 4 - Interface Variation
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Figure D24. Angular distortion (~-1) against damage of Facade 4. Soil variation (left) and

interface variation (right). Dashed lines refers to applied pg.
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Figure D25. Angular distortion (~-1) against damage of Facade 4. Material variation. Dashed

lines refers to applied Bp.

Damage
W

10000

Facade 4 - Settlement Variation

1000

pt

35

30

25

2 20
[7

Ed
£

15

©

1/500/ 0
44

—@— Asymmetric

0.5

fl Symmetric

100 10 10000

Facade 4 - Settlement Variation

PTT
1 Ni '

15

Fou
Ii 4 !

HA
/l

Pi
Fr 1/500

Re J; 4 —e— asym L/3
/ ER

Vols Wal pe —&— Asym L/S
fo ,

ot x’ —— Sym 1/2

—d— Sym L/4

1000 100 10

[ch

Figure D26. Angular distortion (~-1) against damage of Facade 4. Settlement variation.

Dashed lines refers to applied B.
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Figure D27. Angular distortion (~-1) against damage of Facade 4. L/H ratio variation. Dashed

lines refers to applied B.
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Figure D28. Angular distortion (~-1) against damage of Facade 4. Opening % variation.

Dashed lines refers to applied B=.
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Facade 4 - Average
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W
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Figure D29. Angular distortion (~-1) against damage of Facade 4. Average results. Dashed

lines refers to applied B.
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Facade 5

iy |

Facade 5 - A

6.75 x 5.40 m

L/H=1.25

Opening % = 39.0%

Figure D30. Geometry variation of Facade 5. Timber roof not depicted.

Table D84. Percentage of models that reach a specific damage level. Soil variations of Facade
5.

¥Y=0.5 | W=1.0 | ¥=1.5 | ¥=2.0 | ¥=25 | ¥=3.00

Facade 5.

Table D85. Percentage of models that reach a specific damage level. Material variations of

W=0.5 | W=1.0 | w=15 | w=2.0 | ¥=25 |¥=3.00

S| Weak

Standard

Sl Strong

Table D86. Percentage of models that reach a specific damage level. Settlement variations of

Facade 5.

Settlement | W=0.5 |¥=1.0 | W=15 | ¥=2.0 | ¥=2.5 |¥=3.00

AsymL/3
Settlement | W=0.5 | ¥=1.0 | W=1.5 | W=2.0 | ¥=2.5 |W=3.00| AsymL/5

Asymmetric

Symmetric

SymlL/2

SymL/4

Table D87. Percentage of models that reach a specific damage level. Facade 5.

W=0.5 | ¥=1.0 | ¥=15 | ¥=2.0 | ¥=2.5 W¥W=3.00

Table D88. Measured value of g. Soil variations of Facade 5.

Soil ¥Y=0.5 | ¥=1.0 | ¥=1.5 | ¥=2.0 | ¥=2.5 W¥=3.00

Soil A 4617 3349 2647

Soil B

2174

4608 3307 2578 2074

Table D89. Measured value of B. Material of Facade 5.

Material | w=0.5 | w=1.0 | w=1.5 | w=2.0 | w=25 [w=3.00

Weak 4502 3719 3109

S| Weak

Standard 3839 2903 2325

Sl Strong

Strong 3351
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Table D90. Measured value of B*. Settlement variations of Facade 5.

Settlement | ¥=0.5
|
W=

Settlement | ¥=0.5 | ¥=1.0  W¥=15 W=20 [ ¥=25 WY=3.00| AsymL/5

Asymmetric 3696 2848 863 SymlL/2

Symmetric 3919 2960 2377 | SymL/4

Table D91. Measured value of B* of Facade 5.

Facade | W=0.5 | w=1.0 | w=1.5 | w=2.0 | w=25 [w=3.00

F5 4612 3328 2613 2124

Table D92. Applied value of B'. Soil variations of Facade 5.

Soil W=0.5 |W=1.0 | w=15 | w=2.0 | w=2.5 [w=3.00

Soil A 516 382 304 219

Soil B 419 249 183

Table D93. Applied value of B. Material variations of Facade 5.

Material | W=0.5 | W=1.0 | w=15 | w=2.0 | w=25

Sl Strong

Strong

Table D94. Applied value of B. Settlement variations of Facade 5.

Settlement | ¥=0.5 | ¥=1.0 | ¥=1.5 | ¥=2.0 | ¥=2.5 W¥=3.00

AsymL/3 451 321 227 166

Settlement | W=0.5 | W=1.0 [ W=1.5 [ w=2.0 | W=2.5 [W=3.00| AsymL/5 | 432 229 153

Asymmetric 436 302 213 sh SymL/2 |561| 440 369 295

Symmetric | 575 330 264 223
147

SymL/4 143

Table D95. Applied value of g* of Facade 5.

Facade Y=0.5 | ¥=1.0 | ¥=15 | ¥=2.0 | ¥=25 W¥=3.00

F5 383 283 218

Facade 5 - Soil Variation
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Figure D31. Angular distortion (~-1) against damage of Facade 5. Soil variation. Dashed lines

refers to applied B.
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Facade 5 - Material Variation
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Figure D32. Angular distortion (~-1) against damage of Facade 5. Material variation. Dashed

lines refers to applied B.
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Figure D33. Angular distortion (~-1) against damage of Facade 5. Settlement variation.

Dashed lines refers to applied Bp.
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Figure D34. Angular distortion (~-1) against damage of Facade 5. Average results. Dashed

lines refers to applied f.
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Facade 6 - A

8.40 x8.30m

L/H=1.01

Opening % = 9.0%

Figure D35. Geometry variation of Facade 6.

6.

Y=

Table D96. Percentage of models that reach a specific damage level. Soil variations of Facade

Weak

0.5 ( W=1.0 (| W=1.5 | ¥=2.0  W=25 | ¥=3.0

Facade 6.

Table D97. Percentage of models that reach a specific damage level. Material variations of

Standard

Sl Strong

Y=0.5 | W=1.0 (| ¥=15 | W=2.0 | ¥=25  W¥=3.0

SI Weak

Table D98. Percentage of models that reach a specific damage level. Settlement variations of

Facade 6.

Settlement | W=0.5 |W=1.0 | ¥=1.5 | ¥=2.0 | W=2.5 | ¥=3.0

Asym L/3
Settlement | W=0.5  W=1.0 | W=15 | ¥=2.0 W=25 | ¥=3.0 | AsymL/5
Asymmetric SymlL/2

Symmetric SymL/4

Table D99. Percentage of models that reach a specific damage level. Facade 6.

Table D100. Measured value of B. Soil variations of Facade 6.

Soil W=0.5 | W=1.0 |W=15 |¥=2.0 | W=25 | ¥=3.0

SoilA | 20835 | 7751 [| 4740 | 3087

Soil B 20177 | 7457 | 4996 | 3184
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Table D101. Measured value of f'. Material of Facade 6.

Material | ¥=0.5 | ¥=1.0 | ¥=1.5 | ¥=2.0 ¥Y=25 | ¥=3.0
Weak 10150 5777 3562

S| Weak

Standard 9056 6870 4711 3063

Sl Strong

Strong 7385 5793 4115 2781

Table D102.

Settlement | W=0.5 | ¥=1.0 | ¥=1.5
AsymL/3 | 2 7605 4423

Settlement | W=0.5 | W=1.0 | w=15 | w=2.0 | w=25 | w=3.0 7508 4450

Asymmetric|
21191

|

7557 4436 2759 7905 5234

Symmetric 7652 5299 3512 7400 5364

Table D103. Measured value of 8 of Facade 6.

Facade | W=0.5 | w=1.0 | w=1.5 | w=2.0 | ¥=25 | ¥=3.0
F6 7604 | 4868 3135 LE eat

Table D104. Applied value of 2. Soil variations of Facade 6.

Soil W=0.5 | W=1.0 | w=1.5 | w=2.0 | W=25 | ¥=3.0

Soil A 1595 920 497

Soil B 3668 626 387

Table D105. Applied value of B'. Material variations of Facade 6.

Material | ¥=0.5 | W¥=1.0 | ¥=15
Weak 1962 1136

S| Weak

Standard 1181 858 533

Sl Strong

Strong 691 512 291

Table D106. Applied value of B. Settlement variations of Facade 6.

Settlement | W=0.5 | w=1.0 | w=15 | w=2.0
Asym L/3 1523 951 599

Settlement | W=0.5 | ¥=1.0 | ¥=15 | W=2.0 | W=2.5 | ¥=3.0 | AsymL/5 | 4471 840
33

Asymmetric]| 1181 697 416

Symmetric 1040 610
|

312
SymlL/2 1578 531

SymL/4 3507 502

Table D107. Applied value of B* of Facade 6.

Facade W=0.5 | ¥=1.0 | W=15  W=20 | ¥=25 | ¥=3.0
F6 _ 5265 | 1111 654 364

Facade 6 - Soil Variation

Damage
W

pg?

Figure D36. Angular distortion (~-1) against damage of Facade 6. Soil variation. Dashed lines

refers to applied p=.
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Facade 6 - Material Variation
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Figure D37. Angular distortion (~-1) against damage of Facade 6. Material variation. Dashed

lines refers to applied B.
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Figure D38. Angular distortion (~-1) against damage of Facade 6. Settlement variation.

Dashed lines refers to applied B*.
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Figure D39. Angular distortion (~-1) against damage of Facade 6. Average results. Dashed

lines refers to applied Bp.
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Facade 7

Facade 7 - A

3.76 X 5.51 m

L/H=1.04

Opening % = 44.5%

Figure D40. Geometry variation of Facade 7.

Table D108. Percentage of virgin models that reach a specific damage level. Facade 7.

Facade W=0.5 | W=1.0 | ¥=15 | ¥=2.0 | W=2.5 |W=3.00

F7 * * *

Table D109. Measured value of B=. Soil variations of Facade 7.

Soil W=0.5 | ¥=1.0 | W=1.5 | ¥=2.0 | ¥=2.5 [¥=3.00

Soil A
* * * 3

4251]
Soil B * * *

Table D110. Measured value of B1. Material of Facade 7.

Material | w=0.5 | w=1.0
Weak ¥ *

S| Weak

Standard
i ¥

Sl Strong

Strong
* *

Table D111. Measured value of g'. Settlement variations of Facade 7.

Settlement | W=0.5 [ w=1.0 | w=15 [| w=2.0 [| w=2.5 [w=3.00

Asym L/3
¥ * *

1931
Settlement | W=0.5 | W=1.0 | W=15 | ¥=2.0 [| ¥=2.5 [W=3.00| AsymL/5

* * * 1981

Asymmetric
* ¥ %

1956 SymL/2
* * * 613 216

Symmetric |
* z * 397 SsymL/4

* * * 181

Table D112. Measured value of 8 of Facade 7.

Facade | W=0.5 | W=1.0
F7 * *

Table D113. Applied value of B. Soil and interface variations of Facade 7.

Soil ¥=0.5 | ¥=1.0 | W=1.5 | ¥=2.0 | ¥=2.5 |W=3.00

Soil A
* d * 49 14

Soil B * * * 13

Table D114. Applied value of B'. Material variations of Facade 7.
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Material Y=0.5 | W=1.0 | ¥=15 | ¥=2.0 | ¥=25 |¥=3.00

Weak
* * *

55 16

S| Weak

Standard
x ¥ * 9%

Sl Strong

Strong * * *
20

Table D115. Applied value of B. Settlement variations of Facade 7.

Settlement | W=0.5 | W=1.0 | W=15 | ¥=2.0 | ¥=2.5 |W=3.00

AsymL/3
* * * 27

Settlement | W=0.5 | W=1.0 | W=1.5 | w=2.0 | w=2.5 [Ww=3.00| AsymL/5
* * x

11

Asymmetric
* * * 19 SymL/2

i * *

Symmetric
% ¥ ¥

48 El SymL/4
¥ ¥ i

Table D116. Applied value of B* of Facade 7.

Facade ¥Y=0.5  ¥W=1.0 | W=15 W=2.0 | ¥=25 W¥=3.00

F7
* * *

106 26

Facade 7 - Soil Variation
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Figure D41. Angular distortion (~-1) against damage of Facade 7. Soil variation. Dashed lines

refers to applied B.
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Figure D42. Angular distortion (~-1) against damage of Facade 7. Material variation. Dashed

lines refers to applied pg.
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Facade 7 - Settlement Variation Facade 7 - Settlement Variation
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Figure D43. Angular distortion (~-1) against damage of Facade 7. Settlement variation.

Dashed lines refers to applied B*.
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Figure D44. Angular distortion (~-1) against damage of Facade 7. Average results. Dashed

lines refers to applied p.
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Figure D45. Damage evolution of different variations of Facade 7.
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Facade 8

Facade 8 - A Facade 8 - B

522%X7.83 m 5.22X7.833 m

L/H = 0.67 L/H = 0.67

Opening % = 0.0% Opening % = 6.0%

Figure D46. Two geometry variations of Facade 8.

Table D117. Percentage of models that reach a specific damage level. Geometry variations of

Facade 8.

Geometry | W=0.5 | W=1.0 | W=15 | w=2.0 [|w=25 [w=3.00

Table D118. Percentage of models that reach a specific damage level. Soil variations of

Facade 8.

W=0.5 | W=1.0 | W=15 | ¥=2.0 | ¥=2.5 |W=3.00

Table D119. Percentage of models that reach a specific damage level. Material variations of

Facade 8.

Material | W=0.5 | W=1.0 | ¥=15 | w=2.0 | ¥=2.5 |¥=3.00

Standard

Sl Strong

Table D120. Percentage of models that reach a specific damage level. Settlement variations of

Facade 8.
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Settlement | W¥=0.5 | ¥=1.0 | ¥=1.5 | ¥=2.0 | ¥=2.5 W¥=3.00

AsymL/3
Settlement | W=0.5 | ¥=1.0 | W=15 | ¥=2.0 | W=2.5 |W=3.00| AsymL/5

Asymmetric SymlL/2

Symmetric

Table D121. Percentage of models that reach a specific damage level. Facade 8.

Facade ¥=0.5 | W=1.0 | ¥=1.5 | ¥=2.0 | ¥=2.5 |W=3.00
F8

Table D122. Measured (left) and applied (right) value of 7. Geometry variations of Facade 8.

Geometry | W=0.5 | ¥=1.0 | Y=1.5 | ¥=2.0 | ¥=25 W=3,00| Geometry

Soil w=0.5 [ w=1.0
i

W=15 | w=2.0 | W=2.5 [W=3.00

Soil A 3035 | SoilA | 93

Soil B 3008 753
| i

25

Table D124. Measured (left) and applied (right) value of B'. Material of Facade 8.

Material | W=0.5 | ¥=1.0 | ¥=15 | ¥=2,0 | W=2,5 |W=3,00| Material | ¥=0.5 | ¥=1.0 | ¥=1.5 | ¥=2.0 | ¥=2.5 W¥=3.00

Weak 3028 * * * Weak 171
* * *

S| Weak SI Weak

Standard
|

4526
|

2356 1459 1046 814 665 Standard 121 23 6

S| Strong Sl Strong

Strong 2496 907 824 803 799 798 Strong 10

Table D125. Measured value of f'. Settlement variations of Facade 8.

Settlement | W=0.5 | W=1.0 [ W=15 [ w=2.0 [ W=2.5 [W=3.00] Settlement | W=0.5 | W=1.0 [ W=15 | w=2.0 [ W=2.5 [W=3.00

Asymmetric 2773 1278

Symmetric 3270 2262

Settlement |W Y=2.0 | W=25 W¥=3.00

Asym L/3 1246

Asym L/5 1311

SymL/2 1998

SymL/4 252 |

Table D126. Measured value of B* of Facade 8.

Facade | W=0.5 | W=1.0 [ W=15 [ w=2.0 |w=25 [Ww=3.00 : 0 w=15[ w=20 | w=25 [w=3.00

F8 ort 3022 | 1770 | 616
)

Facade 8 - Soil Variation

Damage
W

10000 1000 100 10

gl

Figure D47. Angular distortion (~-1) against damage of Facade 8. Soil variation. Dashed lines

refers to applied B.
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Facade 8 - Material Variation
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Figure D48. Angular distortion (~-1) against damage of Facade 8. Material variation. Dashed

lines refers to applied p.
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Figure D49. Angular distortion (~-1) against damage of Facade 8. Settlement variation.

Dashed lines refers to applied B.
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Figure D50. Angular distortion (~-1) against damage of Facade 8. Average results. Dashed

lines refers to applied B.

It must be noted that the models with weak materials show a plateau in the

damage function (Figure D51). This results in less vulnerability with respect to

the standard material (Figure D52). For this reason, the expected damage

produced by Facade 8 with weak material is not computed.
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Beta against Psi
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Figure D51. Angular distortion (~-1) against damage of Facade 8-B, weak material,

asymmetric settlement, knick point=L/3. Extrapolation function.
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Figure D52. Angular distortion (©-1) against damage of Facade 8-B, standard material,

asymmetric settlement, knick point=L/3. Extrapolation function.
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Facade 9

59

1
L

Facade 9 - A Facade 9-B
9.00 x 3.00 m 10.00 x 5.80 m

L/H = 3.00 L/H=1.72

Opening % = 13.4% Opening % = 12.4%

Figure D53. Two geometry variations of Facade 9.

Facade 9.

F9-A

Table D127. Percentage of models that reach a specific damage level. Geometry variations of

Geometry | W=0.5 | W=1.0 | W=15 | ¥=2.0 | ¥=2.5 |w=3.00

F9-B

Table D128. Percentage of models that reach a specific damage level. Soil variations of

Facade 9.

¥=0.5 | ¥=1.0 | ¥=1.5 | W=2.0 | ¥=25 W¥=3.00

Table D129. Percentage of models that reach a specific damage level. Material variations of

Facade 9.

Material W=05 | W=1.0 | w=15 | w=2.0 | w=25 [w=3.00

Standard

Sl Strong

Table D130. Percentage of models that reach a specific damage level. Settlement variations of

Facade 9.

Settlement | W=0.5 |w=1.0 | w=15 | ¥=2.0 | w=2.5 [w=3.00
Asym L/3

Settlement | W=0.5 | ¥=1.0 | ¥=1.5 | ¥=2.0 |¥=2.5 |W=3.00| AsymL/5

Asymmetric

Symmetric

SymlL/2

SymL/4

Facade
F9

Table D131. Percentage of models that reach a specific damage level. Facade 9.

Y=0.5 | ¥=1.0 | ¥=1.5 | ¥=2.0 | ¥=2.5 W=3.00
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Table D132. Measured (left) and applied (right) value of B!. Geometry variations of Facade 9.

Geometry | W=05 | W=1.0
|

¥=1.5

F9-A
BC

F9-B 4639

Table D133. Measured (I

v=2.0 [ W=25 W=3.00| Geometry | ¥=0.5 |¥=1.0 | ¥=1.5 | ¥=2.0 | W=2.5 |¥=3.00

|

809 572 484 454 430

733 545 449 417 389

eft) and applied (right) value of B. Soil variations of Facade 9.

w=2.0 | w=2.5 [W=3.00 w=1.0 [| w=1.5 | w=2.0 | w=2.5 [w=3.00|
3397 | 2779 | ; 794 656 596 561

3220

Soil WY=0.5 | W=1.0 | ¥=15
Soil A 5985 4349

Soil B 5834 4188

Table D134. Measured (left) and applied (right) value of B. Material of Facade 9.

Material Y=0.5 | ¥=1.0 | ¥=1.5 | ¥=2.0 W=2.5 |¥=3.00| Material Y=0.5 | ¥=1.0 | ¥=15 | ¥=2.0 | ¥=2.5 ¥=3.00

Weak 5746 4628 3848 3267 Weak 967 879 805

S| Weak SI Weak

Standard 5793 | 4290 | 3372 Standard | 1069| 620 |430 | 360 | 358 | 357
S| Strong Sl Strong

Strong 4544 Strong 825

Settlement | W=0.5 | W=1.0 | ¥=15
Asymmetric 5475 4064

Symmetric 6344 4473

Settlement | W=0.5 | ¥=1.0 | ¥=15
AsymL/3 5776 4246

Asym L/5 5175 3882

SymL/2 | 6618| 4744 SymL/2 =

SymL/4 6069 | 4201 3161 SymL/4 |594|

Table D136. Measured value of 8 of Facade 9.

Facade ¥=0.5 | ¥=1.0 | ¥=15 | ¥=2.0  W=2.5 |¥=3.00 Facade W=0.5 | W=1.0 | ¥=1.5 | ¥=2.0 | W=2.5 W=3.00

F9 5910 4268 771 559 467 435 410

Facade 9 - Facade Variation
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Figure D54. Angular distortion (~-1) against damage of Facade 9. Geometry variation. Dashed

lines refers to applied B.
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Facade 9 - Soil Variation
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Figure D55. Angular distortion (~-1) against damage of Facade 9. Soil variation. Dashed lines

refers to applied Bp.

Facade 9 - Material Variation
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Figure D56. Angular distortion (~-1) against damage of Facade 9. Material variation. Dashed

lines refers to applied pg.
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Figure D57. Angular distortion (~-1) against damage of Facade 9. Settlement variation.

Dashed lines refers to applied Bp.
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Figure D58. Angular distortion (~-1) against damage of Facade 9. Average results. Dashed

lines refers to applied Bp.
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