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ABSTRACT 

In the scope of the transnational access activities within the 7th European Framework Program (FP7), 
SERIES (Seismic Engineering Research Infrastructures for European Synergies), Wienerberger AG 
and a group of European experts evaluated the seismic behaviour of full-scale prototypes of  modern 
unreinforced thermal insulation clay block masonry buildings tested on the 3-D Shaking Table at 
Laboratório Nacional de Engenharia Civil (LNEC) (see Jäger et. al. (2014), Lu et. al. (2012), Mendes 
et. al. (2014)). 
In the context of modern masonry, the available test results mainly concern cyclic shear behaviour of 
wallets performed to  assess the hysteretic behaviour of single structural members Magenes and Calvi 
(1997); Magenes (2006); Tomazevic and Klemenc (1986), Tomazevic and Lutman (1988) and 
Tomazevic (1999), but less information is available on the global structural behaviour. 
As a result, two full-scale 2-storey mock-ups with dimensions of 3.7x4.2m2 in the ground floor and a 
height of 5.4m were built on specially designed steel foundations. Mock-up A is regular in plan while 
Mock-up B includes significant irregularities. Four additional masses of 600kg each were placed on 
the first floor for considering a life load of 2 kN/m². 
A semi-artificial earthquake based on a central European record (Friuli 1976 – Tolmezzo Station) 
fitted to a specific EC8 elastic response spectrum was generated for seismic input. From this reference 
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signal (REF), with a PGA of 0.36g (N-S) and 0.32g (E-W), other signals with scaled intensities were 
generated (12.5% REF, 25% REF,...). The mock-ups were loaded in eight stages with consecutive 
uniaxial loading in both directions for the first stage, followed by dynamic characterization tests, 
succeeded by biaxial loading for the next stage, and so on. For each load level several shakes with 
increasing intensity were performed to reach the final intensity of each test stage, giving a total 
number of 62 shakes for Mock-up A and 54 shakes for Mock-up B.  
The most probable collapse mechanisms are identified and behaviour factors (q-values) and drift 
values are estimated using the measured maximum acceleration on the storeys that reached a near 
collapse situation. 
The tests on both models were stopped at the REF intensity level because heavy damage was observed 
and collapse was imminent.  
A total of 32 numerical nonlinear Push Over analyses are performed in order to compare with the test 
data. Finally conclusions of this test campaign are addressed. 

GEOMETRY AND EXPERIMENTAL SETUP 

Two full-scale mock-ups were designed for testing in the LNEC-3D Shaking Table. These mock-ups 
had 2 storeys, plan dimensions of 3.7x4.2 m2 at the ground floor and a height of 5.4m. They were built 
on specially designed steel foundations (see figure 1).  
Mock-up A is regular in plan while Mock-up B includes significant irregularities. A plan view of both 
mock-ups is presented in Figure 2 and an elevation view is shown in figure 3. The clear height of the 
walls is 2.5m and both RC slabs are were prefabricated and are 0.20m thick resulting in a total height 
of 5.4m. All door openings were conceived with a height of 1.90m and the window openings are 
1.15m tall. Above door and window openings, prefabricated lintels with a height of 6.5cm were used. 
The length of the individual shear walls ranges from only 0.80m to 2.10m. In addition, the walls are 
20cm thick, which is a relatively low value for this type of structural solutions. This wall thickness 
was chosen to simulate a more realistic vertical stress level, due to limited pay load of the shaking 
table, As a comparison, according to EN 1998-1 - Table 9.2, the minimum thickness of shear walls for 
unreinforced masonry is generally 24cm and this value can be reduced to 17cm only in low seismicity 
regions, which are defined as zones with γI × agR × S ≤ 0.10 g). 
The first floor slabs are rectangular with 3.70x4.20m2 in plan, whereas the ones used on the second 
floors are 4.40x4.90m2. 
On top of the last clay block course sanded bitumen sheeting was glued using thin-layer mortar. On 
top of this bitumen sheeting the height was levelled out using conventional mortar. This represents an 
approved construction detail which ensures proper transmission of shear forces (see e.g. Germany 
national annex DIN EN 1996-2/NA:2011-10 (2011)). 
For considering a live load of 2kN/m², four additional masses weighting 6kN each were fixed on top 
of the first floor slab. Their positions were chosen in order to have similar inertial properties of the 
corresponding distributed load (see Figure 1). The total mass including walls, ceilings, steel 
foundation, and additional masses amounts to about 31.7tonne for each mock-up. 
 

                     
Figure 1. General views: Mock-up A and B in the test lab before testing; Additional masses 
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Figure 2. Plan view of the mock-ups: Mock-up A – Symmetrical and Mock-up B – Asymmetrical 

  
Figure 3. Instrumentation setup: left: Mock-up A, Symmetric; right: Mock-up B, Asymmetric 

 

Premium clay blocks from Wienerberger (Porotherm 20-40 W.i. Plan) with excellent mechanical and 
thermal performance were used for building the mock-ups (see Figure 4). These special blocks are 
characterized by relatively large voids in which additional insulation material, either mineral wool or 
perlite, is placed. The mechanical and geometrical parameters of the blocks are given in Table 1. 
The bed joints of these blocks have a high accuracy which is achieved by grinding, which allows 
assembling with thin-layer mortar with a thickness of approximately 1mm compared to conventional 
mortar with 12mm thickness. Their mechanical parameters are listed in Table 2. 
The mechanical properties of the masonry were assessed according to the relevant testing standards 
and the obtained material parameters are given in Table 3. 
 

                 
Figure 4. Materials: High thermal insulation clay block, Wienerberger Porotherm 20-40 W.i. Plan and 

prefabricated lintel, Wienerberger Porotherm Sturz 9cm 
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Table 1. Clay block geometrical and mechanical characteristics (Wienerberger Porotherm 20-40 W.i. 
Plan). 

Material characteristic Value 
Mean compressive strength  (EN 772-1) [N/mm²] 10.7 

Normalized compressive strength fb (EN 772-1) [N/mm²] 13.4 
Voids ratio (EN 772-3) [%] 48 

Gross dry density (EN 772-3) [kg/m³] 755 
Dimensions L x H x W (EN 772-16) [mm] 400 x 249 x 200 

 
Table 2. Characteristics of thin layer mortar 

Material characteristic Value 

Bending strength (EN 1015-11) [N/mm²] 3.1 
Compressive strength (EN 1015-11) [N/mm²] 12.1 

Density (EN 1015-6) [g/cm³] 1.39 
 

Table 3. Masonry mechanical characteris 

Material characteristic Value 

Mean masonry strength fi (EN 1052-1) [N/mm²] 5.6 
Characteristic masonry strength fk (EN 1052-1) [N/mm²] 5.3 

Young modulus (EN 1052-1) [N/mm²] 4500 
Characteristic shear strength fvk0 (EN 1052-3) [N/mm²] 0.32 

SEISMIC INPUT  

The reference seismic signal was generated from the horizontal components of the Tolmezzo-Diga 
Ambiesta station records acquired during the Friuli earthquake that occurred in 1976 in the northeast 
of Italy. These records have 15s duration and were adapted to match the EC8 elastic response 
spectrum, 5% damping, type 1 and ground type C (S=1.15; TB=0.2s; TC=0.6s; TD=2.0s). 
The reference signals (REF) were obtained by scaling the N-S (E-W) component to a PGA of 0.36g 
(0.32g) and used in the Shaking Table transverse (longitudinal) direction (see Figure 2). These signals 
were scaled down to 12.5%, 25.0%, 37.5%, 50%, 62.5%, 75%, and 87.5%, resulting in a total of 8 
seismic stages with PGA values listed in Table 4. 

INSTRUMENTATION 

The adopted instrumentation setup comprised the shaking table displacements and accelerations, 4 
biaxial absolute displacements for the first and second storey slabs, 26 acceleration records (steel 
foundation, slabs and out-of-plane wall movements) and 18 relative displacements measured by 
LVDTs (rocking, sliding and diagonal relative displacements). A schematic representation of the 
sensor layout is presented in Figure 3. A high speed data acquisition system was used to register the 
tests and the data was stored in an appropriate data format. 

TESTING PROCEDURE 

Eight seismic stages were generated including the REF signals. To enhance the comparison with 
numerical results, it was decided to adopt alternating uniaxial and biaxial test stages. Consequently, 
the odd test stages were divided into two tests for each horizontal direction acting separately. For the 
other stages, both horizontal components were used at the same time. The test sequence is presented in 
Table 4. 
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It is a well-known fact that shaking tables reproduce the target signals with a certain approximation 
due to several aspects of control engineering that are beyond the scope of this paper, e.g. table-
specimen interaction, oil-column resonance. An adaptive technique is often used to minimize the 
differences between target and effective motions of the shaking table. This technique consists in 
progressively incrementing the input drive motions and by minimizing in each step the error time 
series using the information available from the dynamic properties of the global system (mock-up and 
shaking table). This adaptive technique led to an increase of the total number of shakes experienced by 
the mock-ups, which are also listed in Table 4. 
During the tests and as a safety measure in case of global collapse, both slabs were connected by 
cables to an overhead bridge crane. These cables were loose enough for typical testing displacements 
but would hold the slabs and part of the masonry walls if a collapse would have occurred. 
 

Table 4. Measured peak accelerations for load sequences applied to Mock-up A and Mock-up B 

Mock-up A (symmetric) Mock-up B (asymmetric) 

Stage North-South 
(Long.) 

East-West 
(Trans.) 

No. of 
shakes Stage North-South

(Long.) 
East-West 
(Trans.) 

No. of 
shakes 

 [m/s²] [m/s²] [-]  [m/s²] [m/s²] [-] 

01T 0.096 0.433 6 01T 0.092 0.428 5 
01L 0.491 0.110 5 01L 0.636 0.084 5 
02 1.013 0.913 5 02 1.000 0.949 6 

03T 0.280 1.388 5 03T 0.141 1.249 5 
03L 1.419 0.616 5 03L 1.505 0.620 4 
04 3.734 2.143 5 04 2.016 1.882 5 

05T 0.486 2.857 5 05T 0.664 2.616 4 
05L 2.526 0.844 6 05L 3.193 1.148 5 
06 3.099 2.684 6 06 3.918 2.105 6 

07T 0.646 3.068 7 07T 1.008 4.415 4 
07L 3.541 0.830 5 07L 3.639 1.141 3 
08 3.718 5.362 2 08 3.685 4.583 2 

Total No. of shakes 62 Total No. of shakes 54 

FAILURE MODES 

Regarding Mock-up A, the collapse occurred on the second floor and Figure 5 illustrates the failure 
mode, in which the façades with door openings are the most cracked. The observed failure 
mechanisms are a combination of shear failure, sliding and local crushing. 
The main damages observed on Mock-up B are concentrated in one of the façades with window 
openings. The main collapse mechanism identified is the shear failure of the central wall, although 
some localized crushing of units is also observed (see Figure 6). The total collapse of the mock-up was 
avoided thanks to the fact that the floor slab was initially supported on all four sides. Therefore, even 
after totally losing the load-bearing capacity of the front façade (south façade), the slab is still 
supported on three sides and the structure remains stable after the seismic tests. 
 

         
Figure 5. Observed collapse modes of symmetric Mock-up A 



6 
 

       
Figure 6. Observed collapse modes of asymmetric Mock-up B 

DYNAMIC IDENTIFICATION 

Dynamic identifications were performed before, in-between and after the seismic stages. These tests 
were carried out to estimate the frequency evolution of the main vibration modes by using impulse 
excitation with low amplitude square wave displacement time-histories (see Table 5). 
 

Table 5. Results from dynamic characterization tests  
Mock-up A Mock-up B 

Before Stage 
ST-IMP-1 

(Long.) [Hz] 
ST-IMP-2 

(Trans.) [Hz] Before Stage 
ST-IMP-1 

(Long.) [Hz] 
ST-IMP-2 

(Trans.) [Hz] 

Stage 1T - 6.9 Stage 1T 5.4 5.8 
Stage 1L 5.7 6.9 Stage 1L 5.4 5.7 
Stage 2 5.5 6.7 Stage 2 5.4 5.8 

Stage 3T 5.5 6.7 Stage 3T 5.3 5.8 
Stage 3L 5.2 6.3 Stage 3L 5.3 5.8 
Stage 4 5.2 6.1 Stage 4 5.2 5.8 

Stage 5T 5.2 5.9 Stage 5T 5.2 5.2 
Stage 5L 5.2 5.9 Stage 5L 5.2 5.2 
Stage 6 5.2 6.0 Stage 6 5.2 5.2 

Stage 7T 5.0 5.5 Stage 7T 5.1 4.3 
Stage 7L 5.1 5.2 Stage 7L 5.0 4.1 
Stage 8 4.8 5.3 Stage 8 4.9 4.1 

 
For symmetric Mock-up A, the frequency values gradually decreases with the acceleration level 
increase, which is associated with the test stages. In this case, the frequency drop is more pronounced 
along the transverse direction (W-E), showing that a higher degradation occurred on the façades with 
door openings, where finally the near collapse in the transverse façade occurred. 
A frequency decrease is also observed in both directions in Mock-up B, however in this case it is more 
significant in the transverse, which is expected because the collapse mechanism occurred along this 
direction. 

SEISMIC RESPONSE 

The main results duly processed so far concern the evolution of the maximum acceleration at the first 
and second floor level with respect to the measured maximum table acceleration (see Table 4) and the 
maximum measured inter-storey drift. 
The first analysis allows identifying the damaging effects. The mock-up behaviour can be considered 
as elastic as long as the increase of the table acceleration leads to a proportional increase of the 
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accelerations measured at the slabs levels. If this relation becomes non-proportional, this may be due 
to a loss of stiffness and, therefore, to lower natural frequencies and/or to an increase of the damping, 
leading hence to lower spectral accelerations. From the difference between accelerations for 
theoretically ideal elastic behaviour, extrapolated from low load intensities, and measured 
accelerations at failure, the behaviour factors q can be estimated (see, e.g. Degée et. al. (2007)), which 
is according to EN 1998-1 chapter 1.5.2 (1) a factor used for design purposes to reduce the forces 
obtained from a linear analysis, in order to account for the non-linear response of a structure, 
associated with the material, the structural system and the design procedures. 
In this work, only the graphs of the storey where failure occurred are presented in Figure 7 for Mock-
up A and in Figure 8 for Mock-up B.  
Analyzing the data for both mock-ups shows that the slope of the curves is progressively decreasing at 
higher load intensities, highlighting a medium ductile behaviour for this structural system. The start of 
the non-linear range fits well with the identified frequency decrease. For the Mock-up A case, the first 
damage in the transverse direction is visible after stage 02 (see figure 7). This fits again well to the 
small frequency drop visible at this stage in Table 5. On the other hand, for Mock-up B the first severe 
damage occurred at stage 04, indicated by a frequency drop (see Table 5) and by the beginning of the 
non-linear global response, as shown in Figure 8. 
According to Magenes (2006) and Tomazevic (1999), estimation of q-values in cyclic shear tests on 
single wallets are done in the shear resistance-displacement diagram, where the envelope of the 
hysteresis has dropped to a stage of at least 80% of shear resistance or more. Further, the wallet should 
still be able to carry the vertical loads.  
Also here a bilinearization of the envelope has been performed, in order carry out the analysis. Due to 
the fact that in stage 08, the south wall of Mock-up B was not able to carry the vertical loads, for this 
case, the estimation of q-value in the transversal direction is performed in between of stage 07T and 08 
which is also the intersection point of the bilinearization, whereas the evaluation for the longitudinal is 
done at stage 08. For Mock-up A, longitudinal analysis for q-value is estimated at stage 08. For 
transversal direction, one can see in Figure 9 that drift between stage 07T and 08 is very extended. 
Therefore from bilinearization analysis the intersection is found between stage 07T and 08. 
On the basis of the results related to the storey where the failure occurred (2nd for Mock-up A and  
1st for Mock-up B) in the transverse direction, q=2.9 is obtained for Mock-up A and q=2.1 for Mock-
up B. In the longitudinal direction, the q-values were determined as 2.5 for Mock-up A and 2.0 for 
Mock-up B. These observed values are similar or even higher than the ones recommended in  
EN 1998-1 (2005), which indicates q-values between 1.5 and 2.5 for unreinforced masonry. 
 

 
Figure 7. Maximum acceleration measured on Mock-up A (symmetric) on the second floor slab: a) and b) 

measured values of two accelerometers; c) and d) mean values and idealized elastic behaviour; left: transverse 
accelerations; right: longitudinal accelerations 
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Figure 8. Maximum acceleration measured on Mock-up B (asymmetric) on the second floor slab: a) and b) 

measured values of two accelerometers; c) and d) mean values and idealized elastic behaviour; left: transverse 
accelerations; right: longitudinal accelerations 

 
The second set of results consists in the acceleration-drift curves which are plotted in Figure 9 and in 
Figure 10 for Mock-up A and Mock-up B, respectively. For what concerns Mock-up A, the maximum 
drift values are higher in the second storey (see Figure 9), which complies with the qualitative 
observations made and with the collapse mechanism observed. The near-collapse state was considered 
to happen during stage 08 (the maximum drift of about 0.3% in stage 07 and about 0.8% in stage 08). 
With respect to the recommendations given by EN 1998-3 (2013), this corresponds to the range of 
maximum value suggested for walls failing due to shear (0.4%). 
Regarding Mock-up B, the collapse occurred at the first storey and the corresponding drift values are 
given in Figure 10. The most significant damage is observed during stage 05 and for the transverse 
direction, translating the loss of shear resistance of the middle wall of the North façade. At this stage, 
the maximum drift is about 0.4%, which is again in agreement with the values recommended by the 
standards. The overall limit state is reached during test stage 08, for which the maximum drift 
increases from 0.5% to 1.5%. It is also relevant to note that, if the relative drift is calculated with 
respect to the height of the middle wall instead of the storey height, it exceeds largely a value of 2%, 
corresponding to an advanced damage state. 

 

  
Figure 9. Maximum inter-storey drift (2nd Storey) of Mock-up A (symmetric) as function of the measured 

shaking table acceleration  
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Figure 10. Maximum inter-storey drift (1nd Storey) of Mock-up B (asymmetric) as function of the measured 

shaking table acceleration 

NUMERICAL NONLINEAR PUSH OVER ANALYSIS 

Nonlinear Push Over analysis has been performed in order to compare the numerical with 
experimental results. The software AmQuake from Cervenka Consult has been used. This software is 
based on the equivalent frame method, where walls are discretized by vertical beam elements and 
spandrels and lintels as well slabs by horizontal (see Figure 11 for equivalent frame model). 
A total of 16 Push Over analyses have been performed for each model, with variations on loading 
direction (positive and negative to X and Y axes respectively) as well positive and negative 
eccentricity as well uniform and triangular (mode shape) loading. A bilinear material model has been 
used for the analyses (Figure 12) in order to keep it simple. A more sophisticated material model is 
given in e.g. Lu and Heuer (2007). The 150% safety according to EN 1998-1 (2013), Equation 4.31 
has been neglected in this case (see Lu (2010)). 

                           
Figure 11. Numerical Model for Push Over Analysis for Mock-up B (asymmetric), equivalent frame model, right 

rendered model, with coordinate system 
 

           
Figure 12. Exemplarily: Push Over curves for Mock-up B, analysis in Y+, eccentricity positive with uniform 
loading, left: Push Over Curve (load-deformation diagram), right: single degree of freedom response spectra 

system versus load-deformation curve 
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Table 6. Results from Push Over analysis for Mock-up A (symmetric) 
Numerical Push Over Analysis Shaking Table Test 

load shape triangular uniform agR,max 
[m/s²] at stage 

transversal 
direction X+ X+ X- X- X+ X+ X- X-   

excentricity Positive Negative Positive Negative Positive Negative Positive Negative   

agR,max [m/s²] 1.93 1.72 1.77 1.71 2.02 2.62 2.57 2.20 4.22 07T-08 

longitudinal 
direction Y+ Y+ Y- Y- Y+ Y+ Y- Y-   

excentricity Positive Negative Positive Negative Positive Negative Positive Negative   

agR,max [m/s²] - 2.41 2.87 2.26 2.25 2.19 2.03 2.30 3.72 08 

 

Table 7. Results from Push Over analysis for Mock-up B (asymmetric) 

Numerical Push Over Analysis Shaking Table 
Test 

load shape triangular uniform agR,max 
[m/s²] at stage 

transversal 
direction X+ X+ X- X- X+ X+ X- X-   

excentricity Positive Negative Positive Negative Positive Negative Positive Negative   

agR,max [m/s²] 2.72 1.55 2.00 2.42 1.91 2.43 1.71 1.93 4.50 07T-08 

longitudinal 
direction Y+ Y+ Y- Y- Y+ Y+ Y- Y-   

excentricity Positive Negative Positive Negative Positive Negative Positive Negative   

agR,max [m/s²] 2.54 3.66 2.80 3.44 2.58 2.50 2.12 2.12 3.69 08 

 

Table 8. Cummulated deflections at each stage, measured with two sensors at rooftop during shaking 
table tests separated in transversal and longitudinal direction; left: Mock-up A (symmetric); right: 

Mock-up B (asymmetric) 

Mock-up A Mock-up B 
longitudinal transversal longitudinal transversal 

Pos Neg Pos Neg Pos Neg Pos Neg 
Stage 

[mm] [mm] 
Stage 

[mm] [mm] 
Stage 

[mm] [mm] 
Stage 

[mm] [mm] 
01L 2,629 -1,837 01T 1,721 -2,193 01L 2,233 -2,124 01T 2,193 -2,237 
02 3,765 -3,574 02 3,606 -3,687 02 3,957 -3,426 02 2,584 -3,135 

03L 4,607 -5,395 03T 2,645 -3,938 03L 5,181 -5,109 03T 3,222 -5,299 
04 6,799 -7,975 04 8,025 -7,487 04 6,456 -6,585 04 5,002 -5,538 

05L 5,312 -7,548 05T 3,635 -5,168 05L 6,831 -6,840 05T 8,134 -8,933 
06 10,296 -10,881 06 10,575 -8,002 06 7,406 -9,457 06 8,372 -8,539 

07L 12,223 -13,452 07T 6,759 -7,567 07L 8,238 -15,517 07T 19,415 -21,893 
   07T-08 9,581* -16,819*    07T-08 32,309* -20,216* 

08 16,309 -15,781 08 12,403 -26,071 08 13,293 -11,108 08 45,202 -18,539 
* interpolated values 
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Table 9. Deflections at DLS and ULS from Push Over numerical analysis at rooftop separated in 
transversal and longitudinal direction, already indicated the most conservative analysis; left: Mock-up 

A (symmetric); right: Mock-up B (asymmetric) 

Mock-up A Mock-up B 
longitudinal 
(Y-Diretion) 

transversal 
(X-Direction) 

longitudinal 
(Y-Diretion) 

transversal 
(X-Direction) 

DLS ULS DLS ULS DLS ULS DLS ULS 
Analysis [mm] [mm]  [mm] [mm]  [mm] [mm]  [mm] [mm] 
Y-, exc. 
pos, tri 1.875  X-, neg, 

uni 1.359  Y-, exc. 
neg, tri 1.218  X+, exc. 

pos, tri 1.341  

Y+, exc. 
pos, tri  8.366 X-, neg, 

uni  6.096 Y-, exc. 
neg, uni  4.079 X+, exz. 

pos, uni  5.473 

 

Table 6 and Table 7 compare the maximum achievable accelerations separated for each direction and 
Mock-Up. Table 8 indicates the measured maximum deflections in positive and negative direction at 
rooftop at every stage, as a result of the avereage of the two sensors (SE and NW).  

The first stage of cracking (system becoming nonlinear) is for Mock-up A at stage 02 for both 
longitudinal and transversal direction and for Mock-up B at stage 04 also in both directions. These 
absolute deflection values can be compared with the computed deflections at damage limit state (DLS) 
in Table 9. 

Furthermore, the near collapse- or ultimate limit state (ULS) can be also compared. For both Mock-
ups, ULS is in longitudinal direction at stage 08 and in transversal direction in between of 07T and 08. 

CONCLUSIONS 

This paper presents preliminary results of the seismic vulnerability assessment carried out on two  
2-storey full-scale mock-ups built with modern unreinforced masonry made of highly thermal 
insulating clay blocks. The mock-ups were tested in the LNEC’-3D Shaking Table and were loaded 
with a sequence of uniaxial and biaxial seismic excitation with increasing intensity. After each test, the 
natural frequencies were identified by dynamic characterization tests. The tests were continued until a 
near-collapse state was reached. During the tests all relevant displacement and accelerations were 
recorded by the test instrumentation. Based on these results the following conclusions can be drawn: 
 

• Type of failure: Both mock-ups reached a near-collapse state due to failure of the walls along 
the transverse direction. The highest frequency drop was also identified for the transverse 
direction. The observed failure mechanisms are a combination of shear failure, sliding and 
local crushing. 

• Behaviour factors: Both mock-ups show a significant amount of ductility. The behaviour 
factors (q-values) evaluated from the slab vs. shaking table accelerations ranged between 2.5 
and 2.9 for Mock-up A and between 2.0 and 2.1 for Mock-up B. These values are higher than 
the ones prescribed in EN 1998-1 (2005), for unreinforced masonry, which range between 1.5 
and 2.5. 

• Interstorey drift values: The observed drift values are equal or even higher than the ones 
defined in EN 1998-3 (2013). 

• Push Over Analysis based on methods proposed in EN 1998-1 (2005) and EN 1998-3 (2013) 
o The numerically analysed applicable accelerations are by far more conservative 

compared to the results out of the real shaking table tests. 
o The numerically analysed deflections underestimates the real capacity by a factor of 

much greater than 2 for both, ULS and DLS. 
• Geometry and general configuration: It could be observed, that a with masonry structure with 

very short wall lengths and small vertical stress levels (compared to real houses) even very 
significant accelerations can be withstand  
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