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Seismic Design

• Explicitly consider strongly 
nonlinear seismic response 
modes using 2-DOF surrogate 
models for design:
• Bending to rocking
• Shear to sliding
• Flexure-yielding



Bending to Rocking
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Figure 3.8. Longitudinal elevation of the ETH MAST facility with an installed specimen. View from the East 
side. 

 
Figure 3.9. Lateral elevation of the ETH MAST facility with an installed specimen. View from the North side. 

3.4. TEST PREPARATION 

The test preparation, following the delivery of a specimen to the laboratory, included following steps: 
painting the wall surfaces with white paint, installing the specimen in the test facility, 3-D laser scanning 
of ball joint coordinates of the actuators and their post-processing, and instrumentation of the specimen. 
The preparations for each test took approximately three weeks, not including the construction and 
delivery of a specimen.  

3.4.1. Specimen Installation 

To attach the specimen to the crosshead of the MAST and to the laboratory strong floor, the specimen 
had to be moved to the reference position (the theoretical centre of the MAST facility). The test facility 
makes it impossible to directly move a specimen in the reference position using only laboratory cranes. 
Therefore, after the specimen was delivered to the laboratory, it was lifted onto a specially designed 
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In all specimens, the transverse reinforcement had a clear concrete cover of c0 = 2.5 cm. The dimensions 
and reinforcement details of the tested specimens are summarized in Table 3.2.  

Table 3.2. Dimensions and reinforcement of the tested specimens. 

Specimen lw 
[cm] 

tw 
[cm] 

Heff 
[cm] 

dbl 
[mm] 

ρl 
[%] 

ls 
[cm] 

dt 
[mm] 

ρt 
[%] 

Boundary 
element 

c0 
[cm] 

SW00 180 40 333 14 1 60 8 0.25 No 2.5 
SW01 180 40 333 14 1 60 8 0.25 No 2.5 
SW02 180 40 333 14 1 60 8 0.34 No 2.5 
SW03 180 40 333 14 1 90 8 0.25 No 2.5 
SW04 180 40 333 14 1 60 8 0.25 Yes 2.5 
SW05 180 40 333 14 1 60 8 0.25 No 2.5 

As they were used to fix a specimen to the strong floor and to the crosshead, the footing and 
the top beam were designed as stiff elements for the wall. It should be noted that the reinforcement 
layout of these elements is not included in Figure 3.2. 

 
Figure 3.2. Geometry and reinforcement layout of the reference specimen SW01: (a) Longitudinal Elevation, (b) 
Cross-section.  

3.2.2. Construction 

All specimens were constructed by Stüssi AG in Dällikon (ZH) between May 2021 and April 2022. 
Specimens were cast in three steps and the entire preparation and construction of specimens were done 
by experienced professionals with the goal to reflect the actual construction. The dates of each casting 

Lap splice length variation

Mr. Milan Kovarbašić



Bending to Rocking

62 
 

 
Figure 4.10. Specimen SW03: Hysteretic lateral load-deformation response with indicated key events. 

 The key events during the test are indicated with a set of markers in Figure 4.10. Cracking 
initiated at 0.073% drift, during the first force-controlled cycle, reaching about 2/3 of the theoretical 
base shear at first yield. First cracks developed at the height between about 200 mm and 400 mm from 
the wall base. Strain gauges measured initial yielding at the level of the construction joint, at 0.16% 
drift. During the displacement-controlled cycles to 0.24% target drift (μΔ = 1), shear-flexure cracks 
formed along the height of about 1.5 m from above the construction joint, as seen Figure 4.11(a). The 
crack spacing roughly corresponded to a distance between stirrups. Further increase in the target drift 
resulted in the formation of new cracks toward the top of the wall. As loading progressed, the crack 
along the wall-footing interface and cracks above the splice widened, while pre-existing cracks within 
the lap splice region reduced their width, and a few even disappeared, see Figure 4.11(b). During the 
first load cycle to 0.96% target drift (μΔ = 4), a vertical crack appeared in the North corner at 0.54% 
drift. Once the wall reached the target drift, the length of this crack was about 10 cm and the width was 
about 0.1 mm. Upon load reversal, a vertical crack formed in the South corner as well. By increasing 
the target drift to 1.20% (μΔ = 5), the width of the pre-existing vertical crack in the North corner 
increased to about 0.9 mm, and the crack could be visually observed. During the second cycle, spalling 
and crushing of concrete initiated at the North corner at 0.6% drift. Within the next few cycles, the wall 
exhibited extensive spalling of concrete at both corners, as well as a reduction in volume of the cross-
section concrete core. The first longitudinal bars showing signs of buckling became visible at the South 
corner during the first cycle to 1.68% target drift (μΔ = 7), and the first bar fractures could be heard at 
1.86% drift during the first cycle to 1.92% target drift (μΔ = 8). The crack pattern at the final damage 
state is illustrated in Figure 4.11(d). Additional insights into the specimen's condition are presented in 
Figures 4.12(a) and (b), capturing the states following the initiation of rocking motion and at the end of 
the test. 
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Figure 4.11. Specimen SW03: Crack patterns at selected load levels: (a) Nominal yielding (0.24% drift) – Loading 
North, (b) Peak strength (0.96% drift) – Loading South, (c) Concrete crushing/bar buckling (1.92% drift) – 
Loading North, (d) Final damage state. 

 

 
Figure 4.12. Specimen SW03 – Damage states: (a) Concrete crushing/bar buckling, (b) Final damage state. 
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 The lateral load-deformation response of specimen SW01 is depicted in Figure 4.4. Maximum 
horizontal forces, reaching 1405 kN in the North and 1421 kN in the South directions, were attained at 
a 0.96% drift (μΔ = 4). The specimen exhibited flexure-controlled behaviour until 0.96% drift (μΔ = 4). 
The specimen experienced a loss of lateral strength during the first cycle to 1.20% target drift (μΔ = 5) 
due to lap splice bond failure. The failure was followed by a rapid reduction in the specimen’s lateral 
strength to a residual level, and the transition to the rocking mode of behaviour. The initiation of rocking 
motion became evident at a 1.68% drift (μΔ = 7). Residual lateral forces measured at the first peaks, 
occurring at a 1.92% drift (μΔ = 8), amounted to 512 kN in the North direction and 586 kN in the South 
direction. The specimen displayed no signs of loss of the axial load-carrying capacity throughout the 
entire duration of the test. 

 
Figure 4.4. Specimen SW01: Hysteretic lateral load-deformation response with indicated key events. 

Figure 4.4 contains a set of markers indicating key events during the test. Cracking initiated at 0.08% 
drift, during the first force-controlled cycle to about 2/3 of the theoretical base shear at first yield. The 
first cracks manifested at the height of the second and third stirrups from the wall base. First yielding, 
measured by strain gauges, took place at the wall-footing interface at 0.17% drift. During the 
displacement-controlled cycles to 0.24% target drift (μΔ = 1), well-distributed shear-flexure cracks 
formed in the lower half of the wall height, with a spacing corresponding roughly to the spacing between 
stirrups, see Figure 4.5(a). As loading progressed, new cracks started to develop towards the top of the 
wall and some of pre-existing cracks grew longer and almost reached the opposite edge of the wall. 
From cycles to 0.72% target drift onwards, deformations began concentrating in the cracks at the wall 
base and above the lap splice region, while the pre-existing cracks within the splice zone reduced their 
width. When the specimen attained the peak strength at 0.96% drift, these two regions of the damage 
concentration could be clearly identified, see Figure 4.5(b). Note that presented crack patterns were 
obtained on the wall surface using the DIC system, and they do not capture the crack at the wall-footing 
interface. During the second load cycle to 0.96% target drift (μΔ = 4), a vertical splitting crack formed 
at 0.74% drift in the compressed South toe of the wall. By the time the specimen reached 0.96% target 
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Figure 4.2. Specimen SW00: Crack patterns at selected load levels: (a) Nominal yielding (0.24% drift) – Loading 
North, (b) Peak strength (0.72% drift) – Loading South, (c) Rocking (1.92% drift) – Loading North, (d) Final 
damage state. 

 
Figure 4.3. Specimen SW00 – Damage states: (a) Initiation of rocking motion, (b) Final damage state. 

4.1.2. Specimen SW01 – Reference Specimen 

Specimen SW01 was the reference specimen of the SW test matrix. It was designed to meet the 
minimum ACI code [2] requirements in terms of the transverse reinforcement ratio and lap splice length. 
The specimen was subjected to the QSC loading pattern.  

Rocking
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Shear to Sliding

Dataset: Cyclic Tests on Real-Scale Squat Reinforced Concrete
Shear Walls

This dataset contains the data from the test of four real-scale reinforced concrete squat shear walls
tested at the ETH MAST facility. The dataset includes the results of forces, displacements, digital
image correlation and videos of the experiments.

Specimens

The experimental campaign consisted of four specimens of identical geometry, depicted in Fig. 1. A
specimens consist of a foundation, a wall, and a top cap beam to facilitate the connections with the
experimental setup. The cross-section of the walls was 3000 x 200 mm and it has a height of 2550 mm.
Table 1 shows the test matrix.

Figure 1: Specimen geometry and reinforcement. Length dimensions are in mm

Material properties

Reinforcing bars made of B500B steel grade according to SIA262 [1] were specified, which is the
standard practice in Swiss construction. The requirements for this steel grade are: (1) yield strength
larger than 500 MPa, (2) ultimate/yield stress ratio larger than 1.08, and (3) strain at the ultimate
tensile strength larger than 5%. The steel used for every wall comes from the same batch, thus 3
reinforcing bars of each diameter were tested to get the stress-strain curves, which are shown in Fig. 2.
The yield strength was computed as the intersection between the strain-stress curve and a straight
line starting at 0.2% strain with a slope equal to the measured elastic modulus. The data of the
strain-stress curves is located in the compressed folder materials.zip.

1

Axial load variation
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Shear to Sliding

Fig. 7. State of the specimens at the end of the tests

of specimen SW03 dropped during the subsequent 0.42% drift cycles. These points were identified295

as the initiation of a sliding mechanism at the wall-foundation interface in these two specimens.296

The following cycles showed increasing and eventually considerable pinching of the force-drift297

hysteresis (Fig. 6), typical of sliding behavior.298

Specimens SW01 and SW03 exhibited a similar resistance plateau of about 750 kN at zero-299

displacement points during each post-peak-resistance test cycle (Fig. 6), when friction in the cold300

joint between the wall and foundation was the only source of resistance to the imposed lateral301

displacement. The specimens were able to develop more resistance at larger drifts, when increased302

horizontal resistance due to closing of the cold joint in the compression zone could equilibrate303

the horizontal component of the diagonal compression strut. The residual post-peak resistance of304

specimen SW01 stabilized at approximately 2000 kN, about 26% below the peak resistance. In305

contrast, the residual post-peak resistance of specimen SW03 decreased from 1880 kN, attained306

16 Pizarro, May 15, 2024
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the column can vary only by changing the flanges area A, and the yield displacement is independent of the

area A and depends only on the height h⇤1.
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Figure 2.7: Constant Yield Displacement (CYD) SDOF oscillator.

According to Tsiavos and Stojadinovic [92], the constant yield displacement (CYD) strength reduction factor

R
⇤ is:

R
⇤ =

Sa(T ⇤)

Sa,y
=

Fe

Fy
, (2.26)

where Sa(T ⇤) = Fe/m
⇤
1 is the spectral acceleration capacity required to remain elastic for the SDOF

oscillator that has yield displacement Sd,y, and Sa,y = Fy/m
⇤
1 is the spectral acceleration at yield of the

yielding SDOF oscillator (Figure 2.7).

The µ-R⇤-h⇤1/B relationships are available in Tsiavos and Stojadinovic [92]. Chapter 5 proposes a method

to transform constant period Ry-µ-Tn relationships into constant yield displacement ones R⇤-µ-Sd,y using

the concepts of the CYD oscillator introduced by Tsiavos and Stojadinovic [92].

Lastly, based on a constant yield displacement design framework, Vamvatsikos and Aschheim proposed

the Yield Frequency Spectra (YFS) [81], it is a seismic design tool that offers, in a single plot, numerous

design solutions (i.e., yield strength) for the mean annual frequency of exceeding a threshold ductility value

(Figure 2.8). The YFS is built with the integral of the CCDF of ductility given intensity measure G(µi|IM)

times the derivative of the hazard curve d�(IM); this is a simplified version of the PBEE risk integral

(Equation 2.20). The hazard curves are publicly available depending on the location, while G(µi|IM) is

can be obtained from special Ry-µ-Tn [86, 87]; they give the statistical parameters of the ductility-strength

relationship (median and dispersion). Therefore, each YFS is built based on a specific location, site type,

hysteresis shape, and yield displacement value Sd,y.

The YFS tool allows a multiple performance-based design that accounts for the entire risk spectrum. It uses

the information of the whole hazard curve to directly calculate the mean annual frequency of exceeding a

displacement threshold, while most of the design methods assess the hazard curve in specific return periods

and are not capable of integrating the whole risk spectrum in the preliminary design phase. Section 2.4.5

presents some new design approaches that, similar to the YFS, can integrate the whole risk spectrum during

the preliminary design phase.
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At the left and the right of the figure, the acceleration time histories of the point of interest (center of 
the foundation, where the reactor vessel would be located) are plotted, for the two cases respectively. 
Using those time histories, the In-Structure Response Spectra (5% of critical damping) of the two cases 
are generated and plotted at the top. A bit more than 20% reduction in the spectral accelerations is 
achieved at the frequency of interest (20 Hz) when the resonant metamaterials are used, which is an 
encouraging outcome, given the fact that the total resonating mass of the metamaterials is 4.3% of the 
reactor building’s mass. As shown in [4], to achieve a meaningful reduction in the lower frequency 
modes of a structure (i.e., ~ 2 Hz), the total metamaterial mass should be comparable to the mass of the 
structure. However, in the higher frequency modes that are studied here, the participation mass of the 
structure is dramatically reduced compared to the first modes, allowing for a smaller 
metamaterial−reactor mass ratio (i.e., 4.3%). This reduction, though, comes with the cost of an 
amplification of the response close to 16 Hz, where the masses are oscillating in-phase with the soil. 
This negative effect could be avoided only if metamaterials were designed as some sort of an active 
system, exclusively allowing vibrations to happen at the frequency of interest. It is also important to 
mention, that the case of empty boxes (i.e., the vibrating mass is absent) was also modelled showing no 
effect in the response of the point of interest; that means, the observed reduction at 20 Hz in the spectral 
accelerations is only caused by the out-of-phase vibration of the resonating masses. 

4.2.  Sinusoidal signal (20 Hz) 
To gain a deeper insight of the reduction mechanism observed previously at the frequency of interest 
(20 Hz), a 20 Hz-sinusoidal signal is used here. Firstly, Figure 6. shows the acceleration time histories 
of one of the vibrating masses and one point on the soil surface located nearby, proving that the vibrating 
mass (fm = 19 Hz) oscillates out-of-phase with the soil (180o phase difference), as expected.  

 

Figure 6. Acceleration time histories of one resonating mass (pink) and a nearby point located at the 
soil surface (blue). Notice their out of phase oscillation (180o phase difference). 

 
Secondly, to visually explain the reduction in the response, Figure 7b plots the displacement magnitude 
contours of a cross section and a top view of the two cases (i.e., ‘with’ and ‘without’). In general, a 
visible decrease in the displacements of the reactor building can be seen, with the maximum decrease 
happening right next to resonant metamaterials, at the point where the external containment wall meets 
the soil surface. Notice, also, the remarkable decrease of the displacement field in the very approximate 

 
 
 
 
 
 

3.3.  Unit cell resonant metamaterial 
The final verification step pertains to the dynamic analysis of a single unit cell in order to verify the 
response of the internal, horizontally vibrating mass. Since the frequency of interest for the resonant 
metamaterials is at 19 Hz, the base of the unit cell is excited with a 19Hz-sinusoidal signal to bring the 
oscillating mass to resonance. The damping ratio of the horizontal dashpots is set to 3%, so as to reach  
faster the steady-state response (as mentioned earlier, 0.1% damping ratio is used in the following 
Results section to maximize the out-of-phase forces produced by the horizontal oscillation of the 
masses). As shown in Figure 4, for excitation amplitude of 1 m/s2, the resulting acceleration amplitude 
of the vibrating mass during its steady-state response (16.64 m/s2) coincides with the acceleration 
response factor Ra, which is approximately equal to 1/(2ξ) = 16.67 at resonance. Obviously, this verifies 
the dynamic response of the vibrating mass at its resonance, which is of interest in the following section.  

 

Figure 3. The first seven eigenfrequencies of rock-soil system with the respective deformed shapes. 
 

 

Figure 4. Acceleration time history of the horizontally vibrating mass, excited by a 19 Hz-sinusoidal 
signal. Verification of the acceleration response factor, Ra, at resonance. 

Unit metamaterial resonator cell



Post-Earthquake 
Recovery of a Structure

• Recover from collapse:
• Re-build

• Recover from life-safety state:
• Repair the structural elements and 

systems
• Repair the non-structural elements

• Recover from immediate occupancy 
state:
• Repair the equipment
• Restore infrastructure services
• Recover functions

Rebuild

Repair

Restore

functions



Post-Earthquake 
Recovery of a Structure

Preparatory tasks:

• Rapid inspection
• Detailed inspection
• Cleanup
• Repair design
• Financing and contracting
• Permitting
• Contractor mobilization

 Actual repair 

Dr. Nikola Blagojević



Community Recovery and Resilience
A Framework for Probabilistic Resilience-based Assessment and Design of the Built Environment

Figure 8.3: The considered region is the North-East portion of San Francisco. Residential buildings
considered in the Case Study are marked green.

95

A Framework for Probabilistic Resilience-based Assessment and Design of the Built Environment

Figure 9.7: Median functional recovery curves for the five buildings. Solid lines represent the
"limited resources" modeling case, while dashed lines represent the "su�cient resources" modeling
case.

Building recovery Gantt charts

For a selected simulation outcome, Gantt charts provide a deeper insight into damaged buildings’
functional recovery processes by presenting the sequences and durations of all recovery activities.
The Gantt charts, illustrating the mobilization activities and the repair of building components
aggregated across all floors for all considered buildings for a single regional recovery simulation
outcome are presented in Figure 9.9 for the case of limited resources and in Figure 9.10 for the
case of su�cient resources. One simulation outcome is selected with the purpose of illustrating the
advanced features of F-RecN + iRe-CoDeS including: 1) the delay in starting the repair of building
components due to a delay in their preceding activities; 2) the extension of building component
repair times due to partial worker demand fulfillment; and 3) the inability to start repairs due to
unmet demand for repair resources. While this section focuses on demonstrating the F-RecN +
iRe-CoDeS features, it is to be noted that Gantt charts play a significant role in identifying the
recovery activities that dominate the recovery process, which is extremely useful for mitigating
and managing regional earthquake consequences.

Figures 9.9 and 9.10 show that the repair of each building starts once their mobilization
activities are finished. Mobilization activities for the 13-story and the 3-story buildings lasted
from a couple of days to a few weeks, while the 42-story building with a greater amount of damage
needed 110 days to overcome its recovery-impeding factors. The repair of building components
with the highest importance started immediately after mobilization activities were completed. In
contrast, the repair of the secondary building components was delayed, as their preceding activities
include the repair of components of the highest importance. An example is the 42-story building
(Figures Figures 9.9 and 9.10): the repair of shear walls and slab-column connections started
immediately after the mobilization activities and continued uninterrupted. However, the repairs
of partition walls started only once the structural components were repaired and continued with
interruptions caused by incomplete preceding activities on the same floor.
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Figure 9.13: Regional supply (SC

sys,CW
), demand (Dsys,CW ), and consumption (Csys,CW ) of Con-

crete Workers (CW) in a single regional recovery simulation.
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Recovery of Basel 4055 ZIP-Code Neighborhood
Following a M6.6 Hypothetical Earthquake
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Post-Earthquake 
Building Inspection

7.3 Model updating with post-earthquake data 117

7.3 Model updating with post-earthquake data

In the immediate aftermath of an earthquake, it is imperative to use the early-

arriving ground motion intensity and building damage data as soon as possible to

constrain the uncertainty of regional damage estimates and to organize recovery. The

following sections explain the inference steps that use the ground motion intensity

data measured by seismic networks, and the building damage and typological data

obtained by inspection. Figure 7.1 schematically illustrates the proposed risk model

informed GP (RMGP) framework. The first damage estimates are obtained using

a regional risk model, where estimates of ground motion IMs are constrained by

seismic recordings, analogous to the current shake map systems. Then, data from

the first inspected buildings is used to further constrain the shake map and, in

parallel, update the building vulnerability function parameters as well as the typological

attribution model. The Python implementation of the RMGP framework is available in

doi:10.5281/zenodo.7125172 and builds upon the software library GPFlow (Matthews

et al., 2017).

Reliability of information

Pre-earthquake preparedness Pre-earthquake preparedness
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Figure 7.1: Schematic overview of the post-earthquake implementation of regional risk models
and their GP dynamic updating using inspection data.

We use the subscripts R, I and T to denote index sets related to the seismic network

stations, the inspected buildings, and the target buildings for which we aim to predict

the damage category. In the immediate aftermath of an event, the model predicts the

• Use the first 
completed building 
inspection data to 
update the hazard, 
damage and risk 
predictions using 
machine learning
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Risk-Based Building Evaluation

Chapter 8. Seismic fatality risk assessment framework for existing buildings

decide whether more ground motions are required to minimize the dispersion of the demand model, with the

goal of reducing the decision variable dispersion conditioned on the intensity measure. Thanks to the plug &

play nature of the framework, SPO-based PSDMs can be employed when dynamic analyses are not feasible,

allowing for an efficient allocation of computational resources.

Figure 8.13 Route C3 with the corresponding interim probabilistic models (Quadrant I: PSDM of Figure 8.5,
Quadrant II: Figure 8.11, Quadrant III: Figure 8.12 for the YVR14 building

8.7 Solution strategies

The probabilistic models, including the decision variable conditioned on the intensity measure provided thus

far, necessitate a solution of the PEER PBEE total probability integral in order to derive the loss curve for

the decision variable of interest: Either via a closed-form solution derived by Mackie and Stojadinović

[95] (Equation 8.15), or via the numerical integration of the PEER PBEE equation (Equation 2.27) by

combining the interim models based on the total probability theorem. While the PSDM, PDM and PLM are

identical for both the closed-form and numerical solutions, the latter can provide the conditional dependence

of the decision variable through decision fragility surfaces, which serves to validate the closed-form solution.

Accordingly, the loss curves associated with the first four routes in Table 8.1 are generated in closed-form

using Equation 8.15, while the loss curves for the last four routes were created through the numerical

integration of the PEER PBEE equation (Equation 2.27). For the sake of completeness, the flowchart in

8.14 presents the routes to apply the framework.
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Figure 3.1 Unit seismic casualty risk curve (adapted from SIA 269/8 [146])

with the design code.

In existing structures, CDRs frequently fall between these boundaries, necessitating further cost/benefit

considerations, taking further aspects such as the remaining lifespan of the structure (hazard exposure time),

potential retrofit cost, and the number of occupants (collective risk) into account in addition to the individual

risk. This feasibility check is defined as the commensurability of the retrofit and quantified by an efficiency

ratio EFM (Equation 3.4), defining the necessity and extent of retrofit measures. Accordingly, a retrofit is said

to be commensurate if the annual casualty risk reduction reached with a potential retrofit (DRM) is greater

than its annualized cost (SCM) over the remaining lifespan of the structure.

EFM =
DRM

SCM
(3.4)

In order to assess the commensurability of retrofit measures, it is necessary to translate the unit casualty

risk, expressed in annual probabilities, into monetary terms. With this objective, SIA 269/8 sets the actuarial

equivalent value of the potentially saved life of an individual at 10 million Swiss francs, termed the life-

saving costs. For reference, risk monetization efforts in several disciplines specify life-saving costs between

5 and 10 million Swiss francs and are provided in various documentations by Swiss federal offices FEDRO

[57], FOEN [66], FOCP [51], FOT [52] and compiled in a report by the company Matrisk [26]. Retrofit

measures with an efficiency ratio (Equation 3.4) greater than 1.0 are considered commensurate, indicating

that reducing fatality risk justifies the associated costs. These retrofit measures are mandatory to mitigate the

risk of fatalities. Conversely, efficiency ratios below 1.0 indicate high retrofit costs without a significant risk

reduction: Thus, the as-is performance of the structure is accepted in accordance with SIA 269/8. In this

matter, SIA 269/8 approaches the assessment from a cost/benefit point of view and tolerates lower, reduced,

capacity for an existing structure without reducing the demand, as the denominator of Equation 3.1 refers to

the design-level hazard.
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4.2. EPFL2015 building

and Sudret, [100]). To this end, the lognormal distribution parameters µx and sx, the latter representing

the standard deviation of the lognormal variable, were employed to create a sample matrix. Geometric

uncertainty (e.g., wall thickness, story height, dimensions of openings, etc.) was deliberately not addressed,

as such a consideration would require each building realization to be processed one by one using the GUI of

Tremuri, making the desired automation via Matlab routines quite difficult.

Figure 4.2 3D model of the EPFL2015 building

Table 4.2 Distribution of material and modeling parameters for EPFL2015 building realizations

Parameter Distribution Mean µx CV sx
µx

Lower and upper bound Reference

fm
a [N/mm2] Lognormal 10 0.50 4.11�19.45 [22,78]

E [N/mm2] Lognormal 7525 0.50 3095�14639 [22,78]

G [N/mm2] Lognormal 2508 0.50 1031�4879 [22,145,178]

t0 [N/mm2] Lognormal 0.25 0.20 0.177�0.340 [22,176]

fv,lim [N/mm2] Lognormal 2.20 0.20 1.56�2.99 [121,164,178]

Gc
b [�] Lognormal 3.00 0.20 2.12�4.07 [121,164]

bso f t
b [�] Lognormal 0.20 0.50 0.08�0.39 [121,164]

k f loor [�] Lognormal 1.00 0.50 0.41�1.95 [155]

µ [�] Lognormal 0.40 0.20 0.28�0.54 [121,164,176]

aThe compressive strength of 7 N/mm2 given in [13,88] was interpreted as the characteristic value, corresponding to 70% of fm
employed in this study

bOnly required for nonlinear dynamic analysis

Careful consideration has to be paid to two aspects while random sampling: First, implausible parameter

pairs need to be avoided (e.g., low elasticity modulus with high shear modulus, or vice versa, yielding an
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