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Shake table testing for seismic response evaluation of cold-

formed steel-framed nonstructural architectural 

components 
 

 

Luigi Fiorino1, Bianca Bucciero2, Tatiana Pali3, Ornella Iuorio4, Raffaele 

Landolfo5 

Abstract 

The seismic response evaluation of cold-formed steel-framed nonstructural 

architectural components was investigated in an experimental campaign carried 

out within of the research study agreement between Knauf Gips KG and the 

Department of Structures for Engineering and Architecture of the University of 

Naples “Federico II”. The main objective of this research was to investigate the 
seismic performance of drywall nonstructural systems, i.e. cold-formed steel-

framed indoor partition walls, outdoor façade walls and suspended ceilings. The 

present paper deals with the dynamic shake table tests. The tests were carried out 

on two different typologies of prototypes (Type 1 and Type 2) for a total number 

of five specimens. The influence on seismic response of basic and enhanced anti-

seismic solutions, corresponding to the use of fixed or sliding connections at the 

walls and ceilings perimeter, was investigated. The seismic response evaluation 

of the systems under investigation has been performed according to ICBO-AC156 

code with different levels of increasing intensity. Test results have been analysed 

in terms of dynamic identification, dynamic amplification, and fragility curves. 

Test results highlight that enhanced solutions have a better seismic response than 
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basic solutions and indoor partition walls have a higher seismic “fragility” than 
outdoor façade walls. 

Introduction 

Recent earthquakes highlighted that a large number of buildings in which the 

structure is undamaged, have often reported substantial non-structural damages, 

resulting in temporary function loss (Taghavi and Miranda, 2003). Therefore, a 

careful assessment of the actual effects that non-structural components have on 

the building performance under seismic actions is essential to ensure proper 

design of non-structural components (FEMA, 2011). Hence, a specific research 

project aiming to expand and improve the knowledge of seismic response of 

architectural non-structural lightweight steel drywall components, was performed 

at the Department of Structures for Engineering and Architecture of the University 

of Naples “Federico II”. The main objective of the research activity was to 

investigate the seismic performance of drywall components, i.e. lightweight steel 

indoor partition walls, outdoor façade walls and suspended ceilings. The research 

activity covered different topics: tests on materials and components (Fiorino et 

al., 2014; Fiorino et al. 2017a; Fiorino et al. 2017b) in-plane (Macillo et al. 2017; 

Fiorino et al., 2018; Pali et al., 2018) and out-of-plane (Fiorino et al., 2015) tests 

on partition walls, dynamic shake table tests on prototypes made of partition 

walls, façade walls and suspended continuous ceilings and on a whole building 

(Fiorino et al. 2017c). Specifically, this work deals with the dynamic shake table 

tests on prototypes composed by partition walls, façade walls and ceilings. 

Information about the specimen typologies, experimental program, test set-up, 

instrumentation, seismic input and test results are provided in following Sections. 

Experimental program 

Tested non-structural components 

The tested non-structural components were indoor partition walls, outdoor façade 

walls and suspended continuous ceilings. These components are made of 

lightweight steel frames sheathed with different panel types: standard gypsum 

board (GWB), impact resistant gypsum board (RGWB), outdoor cement board 

(CP) and sound shield gypsum board (SSB). The partitions were made of a single 

steel frame and double layer of sheathing panels applied on each side of the frame. 

The steel frame was made of stud members having lipped channel sections 

(75×50×7.5×0.6 mm), spaced at 600 mm on the centre. Studs were fixed at their 

ends to track members having unlipped channel sections (75×40×0.6 mm). The 

steel frame was sheathed with two layers of 12.5 mm thick GWB panels for each 

face. The total partition thickness was equal to 125 mm. The façades were made 

of a double steel frame, namely an interior and an exterior frame. In particular, 



the interior frame was made of stud members having lipped channel sections 

(50×50×7.5×0.6 mm) spaced at 600 mm on centre and track members having 

unlipped channel sections (50×40×0.6 mm). The interior frame was sheathed only 

on the outer face of the frame with two layers of panels. In particular, the internal 

and external panel layers were 12.5 mm thick GWB and 12.5 mm thick RGWB 

panels, respectively. The exterior frame was made of stud members having lipped 

channel sections (75×50×7.5×0.8 mm) spaced at 600 mm on the centre and track 

members having unlipped channel sections (75×40×0.8 mm). The exterior frame 

was sheathed with 12.5 mm thick RGWB and CP panels installed on inner and 

outer face, respectively. The gap between the two frames was equal to 17 mm. 

The total façade thickness was equal to 200 mm. The ceilings were made of a 

double level steel profile grids made of carrying (upper profiles) and furring 

(lower profiles) profiles. Both carrying and furring profiles had 50×27×7.5×0.6 

mm lipped channel sections. The carrying profiles were spaced at 1000 mm on 

the centre and were suspended from the floor at a distance of about 500 mm by 

means of vernier hangers (variable height adjustable suspenders) spaced at 1000 

mm on the centre. Furring profiles were placed orthogonally to the carrying 

profiles and had spacing of 500 mm on centre. The fixings between carrying and 

furring profiles were made of metallic clips. The ends of carrying and furring 

profiles were supported by track profiles having 27×30×0.6 mm unlipped channel 

sections, which were connected to the walls with self-piercing screws. The steel 

frame was sheathed with a single layer of SSB panels fixed at bottom face of 

furring profiles with self-piercing screws spaced at 250 mm on centre. All frame 

members were cold-formed steel profiles fabricated with DX51D+Z steel grade 

with nominal minimum values of 140 MPa for yield strength and 270 MPa for 

ultimate tensile strength according to EN 1993 Part 1-3 (CEN 2006) and with a 

nominal ultimate tensile strength ranging between 270 and 500 MPa according to 

EN 10346 (CEN 2009). Two different typologies of details were used for 

connecting non-structural components (i.e. partitions, façades and ceilings) to the 

surrounding elements (connections to constructional components), and they were 

referred as: basic connections and enhanced anti-earthquake connections, 

respectively. In basic connections, the in-plane displacements between the non-

structural component and surrounding element were restrained, whereas in the 

enhanced anti-seismic connections, the non-structural component was free to slide 

respect to the surrounding element for in-plane displacements. In addition, in case 

of enhanced connections for partitions and façades a gap of 20 mm between 

sheathing panels and surrounding element was obtained, whereas no gap was 

adopted in the case of enhanced connections for ceilings.  

Test set-up 

The set-up was representative of a reinforced concrete bare structure (BS) made 

of two beam grids connected one each other by four columns. The bottom beam 



grid was made of 180×180×10 mm (length × width × thickness) square hollow 

section steel profiles, directly connected to the shaking-table, whereas the top 

beam grid was made of HEB 200 steel profiles. In order to obtain the desired mass 

of the system, a concrete block with mass of 3400 kg was placed on the top grid. 

The bottom and top beam grids were connected by means of four steel columns 

having 200×200×16 mm square hollow sections. The joints between columns and 

beam grids were uniaxial hinges with axes of rotation parallel to Y direction 

(direction perpendicular to the shaking direction). The lateral structural resistant 

system of the bare structure in X direction (shaking direction) was an eccentric 

bracing system, in which diagonal members were pretensioned truss element 

having a 85.8-degree slope. The cross-section of each diagonal member was made 

of eight steel plates having 26×3.0 mm (width × thickness) cross-section forming 

a resulting 24×26 mm rectangular cross section. The mass of the concrete block 

placed on the top grid, cross-section and slope of diagonal members were selected 

in such a way to obtain a fundamental frequency in X direction of 3.0 Hz. In Y 

direction the bare structure was braced by means of X-bracings made of 10 mm 

diameter steel cables. In order to simulate the interface with a reinforced concrete 

building structure, 50 or 70 mm thick concrete blocks were fixed on the faces of 

steel profile to be connected with partition and façade walls. All frame elements 

were made of S355 steel grade (yielding and ultimate strength equal to 355 and 

510 MPa, respectively), with exception of the diagonal truss members, which 

were made of ultra-high strength steel (steel grade REAX 450, yielding and 

ultimate strength equal to 1250 and 1450 MPa, respectively). 

Prototypes 

Shake table tests were performed on one of the two shaking tables available at the 

Test Laboratory of the Department of Structure for Engineering and Architecture 

at the University of Naples “Federico II”. Shake-table tests were performed on 

bare structure (BS) and two different configurations of prototypes: Type 1 and 

Type 2 (Fig. 1). In Type 1 prototypes, the bare structure was finished with four 

partitions that closed its perimeter and filled up the four outer frames (Fig. 1b). 

The partitions dimensions were 2400×2700 mm (length × height) in X direction 

(shacking direction) and 2200×2700 mm in Y direction. A door opening with 

dimensions of 900×2100 mm (width × height) was placed in one partition parallel 

to the Y direction. Type 2 prototypes were representative of a system consisting 

of façades, partitions and ceilings (Fig. 1c). In particular, in Type 2 prototypes the 

bare structure was finished with two façades of dimensions 2400×2700 mm, that 

filled up the two outer frames parallel to the X direction. In addition, two partitions 

of dimensions 2300×2700 mm were placed in Y direction and were connected to 

the façades. Also for Type 2 prototype a door opening with dimensions of 

900×2100 mm was placed in one partition parallel to the Y direction. Type 2 



prototypes were completed with a ceiling having length of 1675 and 2300 mm in 

X and Y direction, respectively. Type 1 and Type 2 prototypes were tested in two 

different solutions: Basic solutions (B) and Enhanced anti-earthquake solutions 

(E). The basic solutions (Prototypes 1B and 2B) were obtained by using fixed 

connections on all perimeter of non-structural components, whereas the Enhanced 

anti-earthquake solutions (Prototypes 1E and 2E) had sliding connections at the 

top and on the lateral sides of the partition and façade walls, as well as at two 

perpendicular sides of the ceiling, i.e. between ceiling and walls. A total number 

of five prototypes were tested (Table 1). Note that only for Type 1 prototype-

Basic solutions (Prototype 1B) two nominally identical specimens were tested 

(Specimens 1BI and 1BII). 

a) b) c) 

Fig. 1. Bare Structure (a) and Type 1 (b) and 2 (c) prototypes 

Table 1. Test matrix 

Prototype(1) 
Wall component type(2) 

Ceiling(3) Connection type(4) Number of tests 
X direction Y direction 

1BI, 1BII IPW IPW w/o B 2 

1E IPW IPW w/o E 1 

2B OFW IPW w/ B 1 

2E OFW IPW w/ E 1 
(1) 1: Type 1 prototype; 2: Type 2 prototype; B: Basic solution; E: Enhanced solution. 
(2) IPW: Indoor Partition Wall; OFW: Outdoor Façade wall. 
(3) w/o prototype without ceiling; w/: prototype with ceiling. 
(4) B: Basic (fixed) connections; S: Enhanced (sliding) connections. 

Testing protocol and instrumentation 

The seismic performance evaluation of the systems under investigation was 

performed according to ICBO-AC156 code (International Conference of Building 

Officials, 2000), which establishes requirements for the seismic certification, by 

shake table testing, of non-structural components that have fundamental 

frequencies greater than or equal to 1.3 Hz. The used seismic input was an 

artificial time history defined in order to match the Required Response Spectrum 

(RRS) provided by code, obtained by considering a spectral acceleration at short 

periods (SDS), set equal to 1.0 g in this research. The input was scaled by factors 

between 5% and 120%. In addition, in order to evaluate the dynamic properties 

(fundamental vibration frequency and damping ratio), dynamic identification tests 

were carried out before and after each ICBO-AC156 input by applying a white 



noise signal. The instrumentation used in the tests was made of twelve triaxial 

accelerometers and nine laser sensors for displacements measurement, as shown 

in Fig. 2.  

 a)  b)  c) 

 d)  e)  
Fig. 2. Instrumentation: Bare structure (a); Type 1 prototype (b, c); Type 2 

prototype (d, e). 

Test results 

Dynamic Identification 

The results of dynamic identification tests were used to define the dynamic 

properties, namely fundamental frequency (f) and damping ratio (ξ). The data of 

the accelerometer AB2 (Fig. 2) installed on the top mass and the recording of 

shake-table were used. The fundamental frequencies were calculated as the first 

peak of the frequency response function (or transfer function) in the frequency 

domain. The frequency response functions (magnitude vs. frequency curves) were 

obtained as the ratio between the Fourier transformation of the input signal and 

the response signals corresponding to the data of accelerometers installed on the 

top mass. The results of dynamic identification tests in terms of fundamental 

frequency (f) and damping ratio (ζ) are given in Fig. 3a and Fig. 3b, respectively, 

where f and ζ are plotted as function of scaling factor (SF). It can be noticed that 

the bare structure showed a constant value of fundamental frequency (2.9 Hz) and 

small variation of damping ratio (from 2.6% to 5.0%). As far as the influence of 

non-structural components on the fundamental frequency is concerned, the 

presence of the non-structural components increased the value of the fundamental 

frequency due to the increase of lateral stiffness. In addition, the decreasing of 

fundamental frequencies was less sudden in the case of enhanced solutions 

(Prototypes 1E and 2E) respect to basic solutions (Prototypes 1BI, 1BII and 2B), 

by showing a better seismic behaviour for the sliding connections than fixed 
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connections. The presence of non-structural components altered the response also 

in terms of damping ratio, which increased its value respect to that recorded for 

the bare structure. In general, in a first phase, the damping increased when the 

input intensity increased, i.e. the increasing interaction between structural and 

non-structural components with limited damages produced an increasing of 

damping. In a second phase, corresponding to a significant level of damages, the 

damping decreased when the input intensity increased, i.e. the contribution of 

non-structural components became negligible for significant level of damages. 

However, in case of enhanced connections the damping ratio had higher variation 

and reached higher values (Prototypes 1E and 2E had a damping ratio in the range 

from 5% to 20%) than the case of basic connections (Prototypes 1BI, 1BII and 2B 

had a damping ratio in the range from 5% to 14%). 

a) b) 

Fig. 3. Dynamic identification: a) fundamental frequency; b) damping ratio. 

Floor acceleration vs inter-storey drift and observed damages 

The typical seismic response of a generic prototypes is shown in Fig. 4 in terms 

of floor acceleration (FA) vs inter-storey drift ratio (IDR) curves. Fig. 5 shows the 

peak floor acceleration (PFA) plotted as a function of inter-storey drift ratio 

(IDR). From the analysis of Fig. 5, it can be observed that the non-structural 

components can affect significantly the lateral behaviour. In particular, through 

the comparison between prototypes with partitions and those with façades (1B vs. 

2B and 1E vs. 2E) it can be observed that the increasing of stiffness and strength 

due to façades (2B and 2E) was higher than that caused by partitions (1B and 1E). 

Obviously, a stiffer and stronger behaviour exhibited by façades was due to their 

stiffer and stronger structure, characterised by two steel frames sheathed by panels 

on three faces. The comparison between prototypes with different connections 

(1B and 2B vs. 1E and 2E) shows that basic connections (1B and 2B) affected 

significantly the lateral behaviour starting from the initial phase of the response, 

by providing additional stiffness and strength to the system. On contrary, for 

enhanced connections (1E and 2E) the non-structural components did not affect 

significantly the lateral response for small drift ratios, due to the presence of 

sliding connections, whereas the increasing of stiffness due to non-structural 



components became evident when the contact between panels and columns 

occurred. 

After each ICBO-AC156 input the prototype was subjected to a visual inspection 

mainly devoted to examine the damage caused by shake-table test. During the 

tests were observed damages in ceilings and both partitions and façades parallel 

to the X direction (shacking direction), i.e. representative of in-plane seismic 

response, whereas partitions parallel to the Y direction, i.e. representative of out-

of-plane seismic response, did not exhibited damage. As results, the different 

damage phenomena observed during visual inspections have been classified for 

partitions and façades in eight different typologies and for ceilings in three 

typologies, as shown in Fig. 6 and in Fig. 7, respectively. 

a) b) 

Fig. 4. FA vs IDR curve Fig. 5. PFA vs IDR curves  

   
1.a Drop of gypsum dust 1.b Drop of plaster dust 2. Detachment of joint tape 

   
3. Detachment between walls 

and structural elements 
4. Crack in panel 5. Corner crushing of panels 

  
 

6. Collapse of 

panel-to-frame fixings 
7. Rupture of panel portions 

8. Out-of-plane collapse of 

panel 

Fig. 6. Damage typologies for partitions and façades parallel to X direction. 
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3. Detachment between walls and 

structural elements 

6. Collapse of panel-to-

frame fixings 
7. Rupture of panel portions 

Fig. 7. Damage typologies observed for ceilings. 

Dynamic amplification of non-structural components 

The dynamic amplification of non-structural components can be evaluated by 

means of the acceleration amplification factor, αC, defined as the ratio between 

the peak component acceleration (PCA) and peak bare structure acceleration 

(PBA). Note that the PBA has been evaluated as follows: 𝑃𝐵𝐴 = 𝑃𝐼𝐴 + (𝑃𝐹𝐴 − 𝑃𝐼𝐴) ∙ 𝑧/𝐻𝐹 (1) 

in which PIA is the maximum acceleration measured by accelerometers installed 

on the shacking table (peak input acceleration) and z is the vertical level of the 

accelerometer used to define the PCA. Fig. 8 shows the values of PCA expressed 

as a function of PBA, together the lines representing different values of the 

acceleration amplification factor (αC = 1, 1.5, 2, 3, 4). Since the tests were 

unidirectional with acceleration imposed along the shaking direction, due to the 

orientation of the non-structural components, the obtained results are 

representative of out-of-plane (Fig. 8a) and in-plane (Fig. 8b) response of 

partitions and in-plane response of façades (Fig. 8c) and ceilings (Fig. 8d).  

  
a) Partitions - Out of plane amplification b) Partitions - In plane amplification 

  
c) Façades – In plane amplification d) Ceilings - In plane amplification 

Fig. 8. Dynamic amplification for different non-structural components. 



From the examination of Fig. 8 it is possible to observe that the dynamic 

amplification increased as PBA increased. This is due to the decreasing of stiffness 

of non-structural components caused by the increasing of their damage. The 

acceleration amplification factor for out-of-plane response of partitions was in the 

range from 1 to 2, without significant difference between basic and enhanced 

connections. The dynamic amplification obtained for in-plane response of both 

partitions and façades is generally higher than that observed for out-of-plane 

response. In fact, the acceleration amplification factor for in-plane response 

obtained for both partitions and façades was in the range of 1 to 4, with higher 

values reached for enhanced connections (up to 4 for partitions and up to 3 for 

façades). Finally, the acceleration amplification factor for in-plane response of the 

ceilings was in the range of 1 to 2, with higher values (more than 1.5) obtained 

for enhanced connections. Therefore, the effect of different typologies of details 

used for connecting non-structural components to the surrounding elements was 

not evident in the case of out-of-plane response of partitions, whereas for all non-

structural components (i.e. partitions, façades and ceilings) enhanced connections 

caused higher dynamic amplification than those obtained for basic connections in 

the case of in-plane response. As results, it can be concluded that both enhanced 

and basic connections offered the same degree of restrain for out-of-plane 

dynamic response of partitions. On contrary, enhanced connections revealed a 

more flexible behaviour than basic connections in terms of in-plane dynamic 

response of partitions, façades and ceilings. 

Fragility curves for partitions and façades 

The seismic response of the tested prototypes was also evaluated in terms of 

fragility curves. In particular, fragility curves have been developed only for the 

cases in which there were adequate information, i.e. partitions and façades parallel 

to the X direction (shacking direction), which are representative of in-plane 

seismic response. The evaluation of the fragility curves has been carried out 

according to the procedure illustrated by Porter et al., 2007. It is well known that 

the fragility curves are conditional probability statements of the component 

vulnerability, which provide the probability of reaching or exceeding a defined 

Damage limit State (DS) as a function of the considered Engineering Demand 

Parameter (EDP). In the case of in-plan seismic behaviour of partitions and 

façades, which are defined primarily as deformation-sensitive building 

components, the considered engineering demand parameter is the IDR. 

Fragility curves have been obtained with a procedure articulated in four steps. 

Initially (step 1), three damage limit states (DSs) have been defined according to 

the damage level and the required repair action (Restrepo and Bersofsky, 2011; 

Retamales et al. 2013): DS1, which is characterized by superficial damage and 

requires minimum repair with plaster, tape and paint; DS2, which is characterized 



by local damage of panels and/or steel frame and requires the replacement of few 

elements (panels and/or local repair of steel profiles); DS3, which is characterized 

by severe damage and requires the replacement of significant parts or whole wall. 

Subsequently (step 2), the three DSs have been associated to the different damage 

typologies observed during the visual inspections (Table 2) (Retamales et al., 

2013; Jenkins et al., 2016; Pali et al., 2018). Afterwards (step 3) the damage 

typologies have been associated to IDRs at which they started in the tests. In 

particular, Table 3 gives the minimum value for which a defined DS is triggered 

for each walls. From examination of Table 3 it can be noted that the seismic 

performance of both partitions and façades improved when enhanced anti-

earthquake solutions were used. Indeed, for all examined cases, prototypes with 

sliding connections (1E and 2E) developed the defined DSs for IDR levels higher 

than prototypes with fixed connections (1BI, 1BII and 2B), by highlighting that 

sliding connections are effective constructional details for both partitions and 

façades in seismic areas. Finally (step 4), on the basis of data given in Table 3, 

fragility curves have been evaluated according to the method ‘A’ suggested by 
Porter et al., 2007, which is applicable when all prototypes failed at the observed 

IDRs. 

In this context, it is crucial to note that a fragility curve express the damage 

probability of a given prototype due to the uncertainty in the system and it should 

be obtained considering the results of tests carried out on many nominally 

identical specimens. Fragility curves can be considered acceptable since they 

satisfy the Lilliefors goodness-of-fit test at the 5% significance level (Lilliefors 

1967). As result, Fig. 9 shows the fragility curves obtained for the tested 

prototypes. From the examination of the obtained fragility curves, it can be 

confirmed that in term of seismic vulnerability the adoption of enhanced 

connections is more advantageous than basic connections. In fact, in prototypes 

with enhanced connections, the DSs are triggered for median values of the 

lognormal distribution greater than ones recorded for prototypes with basic 

connections. In particular, for both partitions and façades the median values of the 

lognormal distribution obtained for enhanced connections are up to about three 

times higher than those obtained for basic connections. As far as the comparison 

between partitions and façades is concerned, fragility curves show that the seismic 

behaviour of façades is better than that of partitions, with median values of the 

lognormal distribution obtained for façades higher than up to about one and a half 

times those obtained for partitions. 

Furthermore, in Fig. 9 the IDR limits given by Eurocode 8 Part 1 (CEN 2005) 

were reported, i.e. 0.75% for buildings having ductile non-structural components 

and 1.0% for buildings having ductile non-structural components fixed in a way 

so as not to interfere with structural deformations. Therefore, if basic connections 

are used between walls and surrounding elements, an IDR of 0.75% can be 

considered an adequate limit for DS2 in case of façades for both partitions 



(Prototype 1E) and façades (Prototype 2E), whereas if enhanced connections are 

used an acceptable limit of the IDR for DS3 and DS2 could be assumed equal to 

1.00%. 

Table 2. Observed damage phenomena vs damage limit states (DSs). 
Observed damage phenomena DS1 DS2 DS3 

1. Drop of gypsum and/or plaster dust •   

2. Detachment of joint tape •   

3. Detachment between walls and surrounding structural elements  •  

4. Crack in panels  •  

5. Corner crushing of panels  •  

6 Collapse of panel-to-frame fixings  •  

7. Rupture of panel portions   • 
8. Out-of-plane collapse of panels   • 

Table 3. IDR levels recorded at the onset of each damage phenomenon 

DSs 

Specimens / IDRs [%] 

Partitions Façades 

1BI 

E / W 

1BII 

E / W 

1E 

E / W 

2B 

E / W 

2E 

E / W 

DS1 0.32 / 0.32 0.28 / 0.40 0.89 / 0.89 0.31 / 0.35 1.11 / 1.11 

DS2 0.66 / 0.66 1.19 / 1.19 1.39 / 2.21 1.17 / 1.17 2.44 / 3.23 

DS3 3.12 / 3.12 3.20 / 3.20 > 4.33 3.74 / 3.74 4.54 / 4.54 

 

a) b) 

Fig. 9. Fragility curves: a) Type 1 prototypes b) Type 2 Prototypes 

Conclusion 

An experimental campaign on architectural non-structural lightweight steel 

drywall components was carried out at University of Naples “Federico II” aiming 

to expand and improve the knowledge of their seismic response. The experimental 

activity involved shake table tests performed on different prototypes made of 

indoor partition walls, outdoor façade walls and suspended continuous ceilings. 

Different prototypes were tested in basic and enhanced anti-seismic solutions, 

corresponding to the use of fixed or sliding connections at the walls and ceiling 

perimeter. Tests were carried out by applying an artificial time-history input 



defined according to ICBO-AC156 Code with different levels of increasing 

intensity. The results of dynamic identification tests in terms of fundamental 

frequency and damping ratio highlighted that the presence of the non-structural 

components altered the response of the bare structure, by increasing both the 

fundamental frequency and damping ratio (up to about 5 times for both). In 

addition, since the damage grew as input intensity increased, the fundamental 

frequency decreased as input intensity increased. In particular, the decreasing of 

fundamental frequency was less sudden in the case of enhanced solutions by 

showing a better seismic behaviour for these solutions than basic solutions. The 

results in terms of dynamic amplification of non-structural components showed 

that the influence of different typologies of details used for connecting non-

structural components to the surrounding elements was not evident in the case of 

out-of-plane response of partitions (dynamic amplification less than 2), whereas 

in the case of in-plane response, for all non-structural components, enhanced 

solutions caused higher dynamic amplification (up to 2, 3 and 4 for ceilings, 

façades and partitions, respectively) than that those obtained for basic solutions 

(dynamic amplification less than 1.5, 2 and 3 for ceilings, façades and partitions, 

respectively). During the tests, only for ceilings and both partitions and façades 

parallel to the shacking direction, i.e. representative of in-plane seismic response, 

were observed damages, whereas partitions perpendicular to the shacking 

direction, i.e. representative of out-of-plane seismic response, did not exhibited 

damage. The seismic response of the tested prototypes was also evaluated in terms 

of fragility curves only for the cases in which there were adequate information, 

i.e. partitions and façades parallel to the shacking direction, which are 

representative of in-plane seismic response. The results in terms of fragility curves 

showed that the adoption of enhanced solutions is more advantageous than basic 

solutions. In fact, in prototypes with enhanced connections, the damage limit 

states are triggered for median values of the lognormal distribution greater than 

(up to about three times) those recorded for prototypes with basic connections. As 

far as the comparison between partitions and façades is concerned, fragility curves 

show that the seismic behaviour of façades is better than that of partitions (median 

values of the lognormal distribution obtained for façades higher than up to about 

one and a half times those obtained for partitions). 
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