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ABSTRACT

A research project was conducted at University of Naples “Federico II”” over the last few years with

the aim to give a contribute to overcome the lack of information on seismic behaviour of architectural
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non-structural lightweight steel (LWS) drywall components, i.e. indoor partition walls, outdoor

facades and suspended continuous ceilings. The tested non-structural components were nfade of L\
frames sheathed with gypsum-based or cement-based boards. The research activity was organizec
three levels: ancilliary tests, component tests and assembly tests. Ancilliary tests were carried out ft
evaluating the local behaviour of partitions, fagcades and ceilings. Component tests involved out-of
plane quasi-static monotonic and dynamic identification tests and in-plane quasi-static reversed cycli
tests on partitions. Finally, the dynamic behaviour was investigated through shake table tests o
different assemblages of partitions, facades and ceilings. The study demonstrated that the test
architectural non-structural LWS drywall components are able to exhibit a very good seismic
behaviour with respect to the damage limit states according to the IDR limits given by Eurocode &

Part 1. The current paper describes the complete experimental activity within the project.

1. INTRODUCTION

The lack of understanding on the seismic behaviour of architectural non-structural components i
becoming one of the most important issue of the structural design within the framework of
performance based-design. The interest about this aspect was boosted further in recent ygars amc
research teams and industrial entities after the occurrence of some major seismic events (1964 Alas
earthquake, 1971 San Fernando earthquake, 1989 Loma Pietra earthquake, 1994 Northridc
earthquake, 1995 Kobe earthquake,PDQAquila earthquake, 2010 Chile earthquake, 2012 Emilia
earthquake). During these earthquakes, damages were detected in architectural non-structul
components and some important consequences were highlighted in terms of economical, function
and human life losses. In particular, these consequences acquired more importance in the case
schools, hospital, museums and other strategic buildings. Furthermore, taking into account thi
substantial initial investment that is associated with the installation of architectural non-structural
components in the most commonly used buildings, it appears clear that the damages of the:
components repres@&uta substantial property economic loss. In this context, the main aim of the
current researches and codifications [1-3] is the introduction of specific design requirements in term:
of strength and deformation for architectural non-structural components in order to ensure collaps
prevention and to reduce the seismic vulnerabilities by imposing limits for the damage limitation
control.

The current work intends to deepen the seismic behaviour of architectural non-structural lightweigh
steel (LWS) drywall components, i.e. indoor partition walls, outdoor facades and suspended
continuous ceilings, named in the following simply partitions, facades and ceilings, respectively. The
motivations that direct the interest on this topic are related to the ever-increasing diffusion of thes

systems in the current construction market. The growing spread of these systems is essentially due



their ability to ensure appropriate environmental, economic and seismic performances, which mak
them very innovative and competitive constructional systems compared to traditional systems ir
seismic and non-seismic areas. In particular, the knowledge and prediction of the seismic performant
represents a complex issue that could be investigated through experimental activities. Indeed, ov
the last few years, along with several studies on architectural non-structural LWS drywall
components, which were mainly focused on fire beha\#®i, effect on the structural resporjée

11], joining technologies [12-13], diaphragm action [14-15] and behaviour under axial and lateral
loads [16-17], a large number of research studies were also undertaken on investigating ithe seisn
behaviour. Generally, these researches included the study of the local and global behaviour: seisn
behaviour of boarde-frame fixings adopted for realizing partitions and fagades [18-21]; seismic
behaviour under monotonic, quasi-static cyclic and dynamic loadings in the in-plane [22-34] and out:
of-plane [35-36] directions of partitions and facades; study of the interaction between partitions anc
facades and/or ceilings and surrounding elements by means of shake table tests on full-scale one
multi-storeys buildings completed with architectural non-structural components [37-45]. In
particular, the main aims of the cited research studies were to provide information about the seismi
behaviour of architectural non-structural components by investigating the following aspects: (i)
damageability and seismic fragilities ([25], [30-81], [34], [37-41], [44-45]); (ii) mewlzh response
under monotonijc [36], cyclic ([28], [25-26], [31] gnd [B4]) and dynamic Ioajing|[[23] [3B]45]);

(iii) effect of the constructional details on the seismic response, i.e. stud dimensions and spafing ([25

[27]] [30-31] and [34]), presence of batdkback studs [31-32], track dimensidns [31], board

thickness, type, number and orientat'on (Rr2], "25], |||27], [31] and [34]), bodirdme fixing type
and spacingd ([24], [25[][27] [31-32]), wall finishing type| ([24] ar1d [3#4]), presence of doors or
windows ([22-23] anld [2%]), partial-height partitigns [BO], aspect ratio of part[tions [27], presence of

damper devicdgs [3B]; (iv) effect of the loading conditions (quasi-static or dynamic) on the lateral

response ([23-24], [2}] apd [30]); (v) estimation of the repair costs after a seismig evapt ([23], [28]
and| [34]); (vi) interaction with surrounding elements (|22], [B4], [B8I, |[B9], [[40]|and| [45]); (vii)
evaluation of dynamic amplification and dynamic parameters [43-45]; (viii) presence of mechanical

and electrical non-structural components [41] and building furnishing and conteﬂ\ts [35].

Therefore, a relatively large database of experimental results is available, but several specific issue
still require further investigation, such as: mechanical behaviour of steel material, screws anc
sheathing boards adopted for realizing partitions, facades and ceilings; seismic behaviour of boarc
to-frame fixings adopted for realizing partitions and fagades; out-of-plane seismic behaviour of
partitions; seismic behaviour of facades; seismic behaviour of several non-structural component
interacting with surrounding elements; estimation of the required repair costs for partitions and

facades after a seismic event. In order to provide additional information about the assessment of the



several aspects, an extended research activity was performed at the Laboratory of the Department
Structures for Engineering and Architecture at the University of Naples “Federico II”. In particular,

the research project focused on the assessment of the performance of architectural non-structu
LWS drywall components, i.e. partitions, facades and ceilings, under seismic actions. This pape
presents the whole experimental activity. Information about the tested non-structural components
test plan, out-of-plane tests, in-plane tests, shake table tests and seismic fragility evaluation i
provided in the following sections.

2. EXPERIMENTAL PROGRAM
2.1. Tested non-structural components

The focus of the experimental research was the assessment of the seismic behaviour of architectu
non-structural LWS drywall components, i.e. partitions, facades and ceilings. The tested non.
structural components were made of LWS frames made with the adoption of cold-formed steel (CFS
profiles and sheathed with gypsum-based or cement-based boards. All basic components were d
assembled. In particular, the interaction between partitions and surrounding elements and/or fagad:
and ceilings was taken into account during the experimental activity. To this end, four cases o

practical application of architectural non-structural LWS drywall components installed in a

surrounding structure, i.e. reinforced concrete structure, were considered|(Fig. 1): (a) @ase A,

which partition interacted with structural elements; (b) Case B, in which partition interacted with both
structural and non-structural elements; (c) Case C, in which facade interacted with structura
elements; (d) Case D, in which ceiling interacted with non-structural elements. Therefore, four
architectural non-structural LWS drywall components representative of the corresponding cases c
application were identified: (1) Component 1 representing Case A, in which partition was infilled in

the surrounding structure and enclosed by structural elements on all sides (i.e. floors or beams at
columns); (2) Component 2 representing Case B, in which partition was enclosed by structura
elements at the top and bottom (i.e. floors or beams) and connected at its ends to transversal facac
(return walls); (3) Component 3 representing Case C, in which fagade was infilled in the surroundinc
structure and enclosed by structural elements on all sides (i.e. floors or beams and columns); (
Component 4 representing Case D, in which ceiling was suspended from the above floors an

connected at the perimeter to partitions and facades.
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Fig. 1. Practical applications (cases A to D) and relevant architectural non-structural LWS drywall
components (Components 1 to 4); P: Partition; F: Facade; C: Ceiling

The tested partitions were made of a single LWS frame sheathed with gypsum-based panels (Fig. -

The steel frame was made with lipped channel section stud profile8@3.5x0.6 mm, outside-
to-outside web deptix outsideto-outside flange sizex outsideto-outside lip sizex thickness)
spaced at 300 or 600 mm on centre and connected at the ends to unlipped channel section trs
profiles (75<40x 0.6 mm, outsidee-outside web deptk outsideto-outside flange size thickness).

The steel frame was completed with double layer of 12.5 mm thick standard gypsum (GWB) or
gypsum-fibore (GFB) boards installed on both partition faces. The lodrdme fixings were
realized with 3.5 mm nominal diameter self-piercing screws spaced from 250 to 700 mm on centre
whereas the partitiote-surrounding fixings were made with 6 mm (or 8 mm) drilled hole diameter
steel or plastic dowels spaced from 500 to 900 mm on centre. Partitions were finished with paper taf
(or, in one test, glass fibre tape with alkaline-resistant coating) fixed with gypsum-based plaster fo
field joints, i.e. joints between adjacent boards, and self-adhesive paper tape (or, in one test, gla
fibre tape with alkaline-resistant coating fixed with gypsum-based plaster) for perimeter joints, i.e.
joints between partitions and surrounding elements. The total partition thickness was equal to 12

mm.

The facadeg (Fig.|3) were realized with double LWS frames, i.e. interior and exterior frames. The

interior and exterior frames were made of stud profilex % 7.5x0.6 mm spaced at 300 or 600
mm and 7%50x7.5x0.8 mm spaced at 600 mm, respectively) connected to track profiles
(50x40x0.6 mm and 7540x0.8 mm, respectively). The interior frame was sheathed with two layers

of 12.5 mm thick GWB and impact resistant gypsum boards (RGWB) installed on the outer frame



face, whereas 12.5 mm thick RGWB and outdoor cement boards (CP) were placed at the inner ar
outer face of the exterior frame, respectively. The boafdame fixings were realized with self-
piercing screws with nominal diameter ranging from 3.5 to 4.2 mm spaced from 200 to 700 mm on
centre, whereas the facattesurrounding fixings were made with 6 mm (or 8 mm) drilled hole
diameter plastic dowels spaced from 500 to 600 mm on centre. The outer face of the interior fram
was finished with paper tape fixed with gypsum-based plaster for field joints and with self-adhesive
paper tape for perimeter joints. The outer face of the exterior frame was finished with glass fibre tap
with alkaline-resistant coating fixed with cement-based plaster for field joints and the whole facade
surface was completed with glass fibre tape with an alkadisistant coating and cemdrased

plaster. The total fagade thickness was equal to 201.5 mm.

The ceilingg| (Fig. #) were made of a double level of LWS profiles, i.e. upper carrying profiled space

at 1000 mm on centre and connected with metallic clips to transversal lower furring profiles space
at 500 mm on centre. Both carrying and furring profiles, having lipped channel sections
(50x27x7.5x0.6 mm), were connected at the ends of track profilegs 38¥0.6 mm) by means of

4.2 nominal diameter self-tapping screws. Carrying profiles were placed at a distance equal to 50
mm from the floor by means of variable adjustable suspenders. The steel frame was completed at tl
bottom face with a single layer of 12.5 mm thick sound shield boards (SSB), whereas the-board-
frame fixings and the fixings at the ceiling perimeter were made by means of 3.5 mm nominal
diameter self-piercing screws spaced at 200 and 250 mm on centre, respectively. Field joints betwee
adjacent boards were completed with paper tape fixed with gypsum-based plaster, whereas tt
perimeter joints were finished with self-adhesive paper tape. The total ceiling thickness was equal t

68.6 mm.

; fStud spacing at 300 or 600 mm on centepf
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. 12.5 mm thick standard gypsum or gypsum fibre boards

. Track profile (75x40x0.6 mm)

. Stud profile (75x50x7.5x0.6 mm)

. 6 mm (or 8 mm) drilling hole diameter steel or plastic dowel spaoed300 to 900 mm

. 3.5 mm nominal diameter self-piercing screws spaced at 700 mm

. 3.5 mm nominal diameter self-piercing screws spaced at 250 mm

. Paper tape (or, in one test, glass fibre tape with alkaline-resistant éiaédgvith gypsum-based plaster
. Self-adhesive paper tape (or, in one test, glass fibre tape fixed withmgygased plaster)

Fig. 2. Horizontal section of the tested partitions (lengths in mm)
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1. Self-adhesive paper tape
2. Paper tape fixed with gypsum-based plaster
3. 3.9 mm nominal diameter self-piercing screws spaced at 250 mm
4. 3.5 mm nominal diameter self-piercing screws spaced at 700 mm
5. 12.5 mm thick impact resistant gypsum board
6. 12.5 mm thick standard gypsum board
7. Track profile (50x40x0.6 mm)
8. 6 mm (or 8 mm) drilling hole diameter plastic dowel spaced fradnt&600 mm
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10. Track profile (75x40x0.8 mm)
11. Stud profile (75x50x7.5x0.8 mm) spaced at 600 mm
12. 4.2 mm nominal diameter self-drilling screws spaced at 200 mm
13. 12.5 mm thick outdoor cement board
14. Glass fibre tape with alkaline-resistant coating fixed with cement-bkessdrp
Fig. 3. Horizontal section of the tested facades (lengths in mm)
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. Variable adjustable suspender

. Metallic clip

. Carrying profile (50x27x7.5x0.6 mm)

4.2 mm nominal diameter self-tapping screw

. Track profile (27x30x0.6 mm)

. 12.5 mm thick sound shield board

. Furring profile (50x27x7.5x0.6 mm)

. 3.5 mm nominal diameter self-piercing screw spaced at 250 mm
. 3.5 mm nominal diameter self-piercing screw spaced at 200 mm
10. Paper tape fixed with gypsum-based plaster

11. Self-adhesive paper tape
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Fig. 4. Vertical section of the tested ceilings (lengths in mm)



All LWS profiles were fabricated with DX51D+Z steel grade for which EN 1993 PavIt 1-3 [46]
provides the nominal minimum values for the yield strength and ultimate tensile strength equal to 14

MPa and 270 MPa, respectively. Furthermore, a range from 270 to 500 MPa for the nominal ultimat
tensile strength is given by EN 10346 [47].

Tested non-structural components were connected to both structural and non-structural surroundir
elements by means of two different typologies of connections: basic and enhanced anti-earthqualk
connections. The relative displacements between non-structural components and surroundin
elements were restrained in the case of basic connections, whereas the in-plane displacements w
allowed in the case of enhanced anti-earthquake connections. In particular, the enhanced an
earthquake connections alledthe sliding of non-structural components respect to the surrounding

elements in such a way to isolate them from the building deformations in the case of seismic event:
Specifically, basic connections were made by fixing sheathing boards to surrounding profiles,
whereas surrounding profiles and sheathing boards were not connected in the case of enhanced al
earthquake connections. Furthermore, the enhanced anti-earthquake connections were located at
top (i.e. horizontal connections between partitions or facades and floors or beams) and/or lateral sid
(i.e. vertical connections between partitions or facades and columns) of partitions and facades and

the ceiling perimeter. Only in the case of partitions and facades, a gap between sheathing boards a

surrounding elements was uged. Fig. 5 shows the adopted connection typologies for partitions (Fi

5a and b), fagades (Fig. 5¢c and d) and ceilings (Fig. 5e).
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Fig. 5. Connections adopted between the tested non-structural components and surrounding
elements: a) horizontal connections for partitions; b) vertical connections for partitions; c)
horizontal connections for fagades; d) vertical connections for facades; e) vertical connections for
ceilings
2.2.Test plan
A wide experimental campaign was carried out for evaluating the seismic behaviour of partitions,
facades and ceilings. With the aim of having a broad vision of the local and global response of the
tested components, the research activity was organized in three levels: ancilliary tests, compone
tests and assembly tests. The attempt of ancilliary tests was to characterize the mechanical behavic
of steel material, screws, sheathing boards and bodrdme fixings, which strongly affected the
global response of partitions, facades and ceilings. More data about the ancillary tests are provide
in([18]

Component tests were performed on full-scale partitions for assessing the out-of-plane and in-plan

behaviour. The goal was to provide answers to the prescriptions for out-of-plane and in-plane desig
of partitions according to Eurocode 8. The procedure for evaluating the seismic demand or
acceleration-sensitive components (out-of-plane design) by means of the equivalent static desig

force method is given in Eurocode 8 Part 1 Section 4.3.5, whereas the design criteria for defining th



relative displacement seismic demand on deformation-sensitive components (in-plane design) b
imposing inter-storey drift limits are provided in Eurocode 8 Part 1 Section 4.4.3.

As far as the out-plane design of partitions is concerned, the main unknown variables, which play
significant role in the seismic verification of acceleration-sensitive components, to be to estimatec
are the out-of-plane design resisting force and the fundamental vibration period. However, Eurocod
8 does not provide criteria for evaluating the design resisting force, which could be evaluated
experimentally or with analytical methods. Therefore, three-point bending tests under quasi-static
monotonic loads were performed in the out-of-plane direction of full-scale partitions for evaluating
the wall design resisting force. This experimental activity was limited to monotonic tests, but a more
proper evaluation of the out-of-plane design resisting force should be carried out in cyclic loading
regime. In particular, three-point bending tests were adopted according to the structural model o
partitions provided by Eurocode 8. In fact, the codified seismic verification of acceleration-sensitive
components requires that the design resisting force is compared with the design seismic force applie
at the component’s centre of mass in the most unfavourable direction, i.e. out-of-plane direction.
Furthermore, the design seismic force depends by several parameters, but the main unknow
parameter is the fundamental vibration period for which usually no information is available in
literature. Therefore, out-of-plane dynamic identification tests, namely step-relaxation tests, were
carried out for defining the fundamental vibration period. Specifically, out-of-plane quasi-static

monotonic and dynamic identification tests were performed on Component 1. More information

about out-of-plane tests is provided in [36].

As far as the in-plane behaviour is concerned, the seismic verification of deformation-sensitive
components defined according to Eurocode 8 requires that the non-structural components shou
satisfy the damage limitation requirement obtained by limiting the design inter-storey drifts of the
main structure to the code-specific values. Specifically, EN 1998 requires that the inter-storey driff
ratio (IDRs), defined as the ratio between the design inter-storey drift corrected with a refdotmion

and the storey height, should be limited to: 0.5 % for buildings having non-structural components
made of brittle materials and attached to the structure; 0.75 % for buildings having ductile non-
structural components; 1.0 % for buildings having ductile non-structural components fixed in a way
so as not to interfere with structural deformations. Therefore, in-plane quasi-static reversed cyclic tes
were performed for investigating the damages and the seismic fragilities of partitions. The main airr
was to elaborate seismic fragility curves to be compare with the inter-storey drift limitsddeyine
Eurocode 8. In particular, in-plane quasi-static reversed cyclic tests were conducted on Componen
1 and ‘Ell]

Finally, the dynamic behaviour was estimated by means of shake table tests, which were carried ol

for evaluating the oubf-plane behaviour of partitions and the in-plane behaviour of partitions,

10



facades and ceilings. In particular, shake table tests were performed on different assemblages

Components 1, 2, 3 and 4 [45]. In this study, the effect of the interaction between out-of-plane an

in-plane actions on components was neglected. However, the interaction between the out-of-plar

and in-plane behaviour of partitions was evaluated by several researches through bidirectional shal

table tests on non-structural components|[39]([44], but specific conclusions about the effect of the

interaction are not given.

Table 1 summarizes the matrix for component and assembly tests.

Table 1.Test matrix

Test type Component Direction of the seismic No. of

action @ tests
Out-of-plane quasi-static monotonic tests 1 Out-of-plane 22
Out-of-plane dynamic identification tests 1 Out-of-plane 11
Component tests
. . . 1 In-plane 8
In-plane quasi-static reversed cyclic tests
2 In-plane 4
1 Out-of-plane, in-plane
2 Out-of-plane ~
Assembly tests  Shake table tests 3 In-plane 5
4 In-plane
Total no. of tests 50

@) Direction of the seismic action respect to the plane of the component

3. OUT-OF-PLANE TESTS

3.1. Quasi-static monotonic tests
Out-of-plane quasi-static monotonic tests were performed with the main aim to identify the out-of-
plane behaviour of partitions in terms of strength, stiffness and damage phenomena. In particula

three-point bending tests under quasi-static monotonic loads were carried out on the Component

Fig. 6). Two typologies of partitions (Component 1) were tested: (1) 1800 mm long and 2700 mm

high walls, named “tall partitions”; and (2) 1800 mm long and 600 mm high walls, named “short
partitions”. The height of “tall partition” walls was selected considering the most common European
applications of partitionsyhereas the height of “short partition” walls was set equal to 600 mm,
which represents the maximum height for inducing the collapse of the pattitsamrounding
connections.The main objectives of tests on “tall partitions” were to investigate the damage
phenomena and evaluate the out-of-plane strength and fundamental vibration period that are requir
by the seismic verification of acceleration-sensitive components according to Eurocode 8 Part 1
Section 4.3.5. The main goals of tests on “short partitions” were to induce the collapse of the partition-
to-surrounding connections and to identify the out-of-plane behaviour and damage phenomena c

connections.

11



Fig. 6. Out-of-plane quasitstic monotonic tests on “tall partitions”

Test program was organized in order to investigate the following parameters: (1) Partition height (60(
or 2700 mm); (2) stud spacing (300 or 600 mm); (3) types of partisarrounding connections,
(basic or enhanced anti-earthquake connections) for realizing the horizontal connections betwee
partitions and top and bottom beams; (4) dowel types for realizing the parbisomrounding
fixings, i.e. plastic or steel; (5) gap between sheathing boards and surrounding elements, i.e. 20 or :
mm for enhanced anti-earthquake connections. A total number of 14 and 8 tests were carried out c

“tall” and “short” partitions, respectively.|Table 2 shows the test matrix for out-of-plane monotonic

tests. Only results obtained for “tall partitions” are illustrated in this paper, whereas further
information about tests of “short partitions” can be found in [29].

The tests were performed by adopting a specific test set-up designed for applying the monotonic loe

in the out-of-plane direction at the mid-span of partitions arranged in horizontal pgsition (Fig. 7). The

test set-up consisted of two reinforced concrete structures, which supported the partitions by mear
of a steel supporting system made of S275JR steel grade hot-rolled profiles. The load was transferre
by a hydraulic actuator to the bottom face of partition by means of two beams arranged ondirecti

parallel to the partition length and connected each to other through fixed restraint systems, i.e
threaded bars. For simulating the interface of a reinforced concrete structure, C25/30 strength cla:
50 mm thick concrete blocks were interposed between the tested partitions and the steel supportir
system. The adopted instrumentation consisted of 8 potentiometers placed on both partition sides f
measuring the vertical displacements at the supports and mid-span. Specimens were subjected

progressive displacements up to failure under a displacement-controlled procedure.

12



Table 2. Test matrix for out-of-plane quasi-static monotonit¢ses

Component Specimen Partition Stud Horizontal Dowel Gap® No.
label height  spacing  connections®  types®  [mm] of tests
[mm] [mm] top  bottom top
“tall partition”

1 #1, #2, #3 2700 600 B B P 0 3
1 #4 2700 300 B B P 0 1
1 #5 2700 300 B B P 0 1
1 #6, #7 2700 600 B B S 0 2
1 #8 2700 300 B B S 0 1
1 #9 2700 600 E B P 30 1
1 #10,#11,#12 2700 600 E B P 20 3
1 #13 2700 600 E B S 30 1
1 #14 2700 600 E B S 20 1

Total no. of tes 14

“short partition”

1 #15, #16 600 600 B B P 0 2
1 #17,#18 600 600 B B S 0 2
1 #19 600 600 E B P 30 1
1 #20 600 600 E B P 20 1
1 #21 600 600 E B S 30 1
1 #22 600 600 E B S 20 1

Total no. of test 8

(@) Horizontal connections between partitions and top and bottom beanmesetimg the connections between partit
and floors or beams); B: basic connections, E: enhanced anti-earthquag&eticors.

@ Dowel types; P: plastic dowel, S: steel dowels.

@ Gap between sheathing boards and surrounding elements.

Hot-rolled Hydraulic
beams actuator
Restraint Steel 5
system supporting
system
Concrete Partition

blocks
Reinforced
concrete
structure

Pi: linear wire potentiometers
Li: linear variable differential transducers

Fig. 7. Test set-up and adopted instrumentation

The parameters used to describe the experimental behaviour were defined on the load (F) vers
displacement (d) curves, in which d was the displacement recorded by the four potentiometers place
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at wall mid-spanThe response curves obtained by monotonic tests on “tall partitions” are shown in

Fig. 8. The partitions showed a behaviour initially characterized by an increasing trend of the load a

the displacement increased until the first-peak load was reached. After that, a softening behaviot
followed by a load increasing up to the second-peak load was observed and the load reduction w;
detected at the end of tests. The defined parameters were the first-peak streggthe(Becond-

peak strength (fg) and the conventional elastic stiffnesg,(lwhich was assumed equal to the ratio
between the conventional elastic limit load equal to «4Rd the relevant displacement.

‘ —#1l #2 --#3 —#4 —#5 —#H6 o H#HT —H8 ‘ ‘ —#9 —#10 #11 - - #12 —#13 —#14 ‘
10 10
9 9
8 8
7 l/ \_\ 7
=6 I g omsa. =6 Ehotit G P
<. o <. N i 5
) o
4 I / A A T R v e N R St 4 R \H ‘\'\,T\ -t
g .,
i/ : S —
) W \ ) T Y T
1 F 1
0 ! 0
0 20 40 60 80 100 120 140 160 180 200 220 240 260 0O 20 40 60 80 100 120 140 160 180 200 220 240 260
d [mm] d [mm]
a) b)

Fig. 8. Response curves for out-of-plane quastic monotonic tests on: (a) “tall partitions” with
basic connections; (b) “tall partitions” with enhanced anti-earthquake connections.

u First-peak strength
10 9,7 Second-peak strength

5,9 56 5 7l:vr 6,

ke [KN/mm]

#1,#2, #4 #5  #6,#7 #8 #9 #10, #13 #14
#3 #11,
Specimen Specimen #12

a) b)

Fig. 9. Values of main parameters for “tall partitions™: a) conventional elastic stiffness; b) strength.

Furthermore, the static fundamental vibration frequencyffthe tested partition walls was
theoretically evaluated by monotonic test data. In particular, the structural scheme of a simple
supported beam with distributed mass was adopted for the tested partition walls and the stati
fundamental vibration frequency was estimated with the well-known following relatipnshjp [48]:

=G5 5 @

in which n is the wall eigenmodes number, set equal to 1; h is the wall height, set equal to 2700 mn

El is the wall bending stiffness, defined on the linear branch of the obtained experimenkaV$ad
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displacement d curye is the wall linear density, defined as the ratio between the total wall mass and
the wall height.
Physical phenomena related to the wall framing local buckling generally characterized the initial

behaviour of the tested walls and, in particular, stud local buckling (Fig. 10a) was observed at the

first-peak load, whereas the second-peak load was reached when flexural cracking ofgsheathir

boards occurredl (Fig. 10b). Test results and average values for configurations with more nominall

identical specimens are presentgd in FHg. 9 in terms of conventional elastic stiffness and strength. Tl

results show that the initial response was affected by the stud spacing, which produced a strong
increment of the conventional elastic stiffness and strength when spacing passing from 600 to 30
mm. In particular, test results show that 300 mm stud spacing partitions, #4, #5 and #8, exhibite
doubled values of conventional elastic stiffness (from 0.6 to 0.7 kN/mm) and strength (from 9.0 to
9.7 kN for the first-peak strength and from 7.7 to 8.4 kN for the second-peak strength) compared t«
600 mm stud spacing partitions, #1, #2, #3, #6, #7, #9, #10, #11, #12, #13 and #14 (about 0.4 kN/m|
for stiffness and from 5.4 to 6.0 kN for the first-peak strength and from 5.5 to 6.0 kN for the second-
peak strength). The advanced post-second peak response phase was strongly influenced by !
partitionto-surrounding connection types (basic or enhanced anti-earthquake connections, a
described in Section 2.1 and showed in Fig. 5). Basic-connection partitions, #1, #2, #3, #6 and #,
showed a residual load capacity after the post-second peak response due to the membrane behavi

emerging for higher out-of-plane deflections (Fig. 8a), whereas enhanced-connectiampa#j

#10, #11, #12, #13 and #14, exhibited a more brittle post-second peak response with a lowe
membrane residual load capacity due to the lower extensional restrain effect provided by the suppor

Fig. 8b). Furthermore, dowel types affected the post-second peak response and phenomena rela

to the connection collapse occurred, i.e. dowel pull-out from the concrete sulEports Fig. 10c) anc

failure of the boarde-frame fixings at the partition suppofts (Fig| 10d) in the case of basic-connection
partitions with plastic and steel dowels, respectively, andtsttidck detachmer‘t (Fig. 10e) in the
case of enhanced-connection partitions. The experimental values of the out-of-plane resistance we

compared with the theoretical values obtained by means of the effective width method (EWM)
according to EN 1993 Part 1-3 in Section 5.5 and the direct strength method (DSM) illustrated in
Appendix 1 of AISI S100-16 [49]. Both method overestimated the experimental strength, but the

predicted values provided by EWM (average overestimation of 16%) were better than those obtaine
with DSM (average overestimation of 55%). Further information about the out-of-plane quasi-static

monotonic tests can be found in [B6].
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FARESERT

Fig. 10.0bservede)damage phenomena
3.2.Dynamic identification tests
Out-ofplane dynamic identification tests were carried out only on “tall partitions” in order to
experimentally quantify the fundamental vibration frequency and damping ratio. The parameters
under investigation are the same described for out-of-plane quasi-static monotonic tests an
summarized i@ A total number of 11 tests were carried out on “tall partitions”.

The tests were performed by adopting the same test set-up designed for out-of-plane quasi-sta
monotonic tests and described in the previous section, with few changes. The restraint systel
between the upper and lower beams of test set-up, in the case of dynamic tests, was made
electromagnetic devices, which were deactivated to a given load/displacement value by releasing tt
lower beam and allowing the free vibration of the wall. In particular, the adopted electromagnetic
device had a maximum nominal load capacity of 3.0 kN. As far as the instrumentation is concernec

4 linear variable differential transducers (LVDTSs) were adopted for measuring the free vibration of

partitions in vertical direction at the supports énd L in|Fig. 7) and mid-span ¢Land Ls). The

dynamic identification was carried out through step-relaxation tests, i.e. specimens were subjected 1
progressive quasi-static loads until a load of 2.0 kN was obtained and then the load is suddenl
released.

Dynamic identification tests provided the displacement (d) versus time (t) C@Eig.wmch

the displacement was recorded by the LVDTSs placed at the mid-span of the partition. Testnésults

the average values for configurations with more nominally identical specimens are pregented in Fig

in terms of damping rati@)(and experimental fundamental vibration frequengyt(fgether with
the values of the static (theoretical) fundamental vibration frequenoptéined according to
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Equation (1). Specifically, the logarithmic decay method was adopted for evaluating damping ratio

and fundamental vibration frequency.

Table 3. Test matrix for out-of-plane dynamic identification tests

Component Specimen  Partition Stud Horizontal Dowel Gap® No.
label height spacing  connections® type @ [mm] of tests
[mm] [mm] top  bottom top
1 #2, #3 2700 600 B B P 0 2
1 #4 2700 300 B B P 0 1
1 #5 2700 300 B B P 0 1
1 #H7 2700 600 B B S 0 1
1 #8 2700 300 B B S 0 1
1 #9 2700 600 E B P 30 1
1 #10, #12 2700 600 E B P 20 2
1 #13 2700 600 E B S 30 1
1 #14 2700 600 E B S 20 1
Total no. of test 11

(@) Horizontal connections between partitions and top and bottom beanmesetimg the connections between partit
and floors or beams); B: basic connections, E: enhanced anti-earthquag&eticors.

@ Dowel types; P for Plastic dowel, S for Steel dowels.

@) Gap between sheathing boards and surrounding elements.

—#2 —#4
3 N\ ‘ A

d [mm]
I o
3

T U N o = T T—
6,1}/ (¥0//0,§y 0,40 050 060 0,70 080 0,90 1,00

t[s]

Fig. 11.Response curves for out-of-plane dynamic identification tests
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Fig. 12.Values of main parameters: a) damping ratio and b) experimental and theoretical
fundamental vibration frequencies

The damping ratio was affected primarily by stud spacing (300 or 600 mm), paHson-ounding
connection types (basic or enhanced anti-earthquake connections) and gap between sheathing boa
and surrounding elements (20 or 30 mm for enhancedeattiguake connections). As far as the
effect of stud spacing is concerned, 300 mm stud spacing partitions, #4, #5 and #8, revealed low:
values of damping ratio (from 2.6 to 4.7%) compared to 600 mm stud spacing partitions, #2, #3, #7
#9, #10, #12, #13 and #14 (from 4.4 to 8.5%). Therefore, the results show that the stud spacin
produced a reduction of the damping ratio values when spacing ranged from 600 to 300 mm. Th
partitionto-surrounding connection types influenced also the damping ratio and, in fact, basic-
connection partitions, #2, #3 and #7, showed values of damping ratio from 5.8 to 6%, wherea:s
enhanced-connection partitions, #9, #10, #12, #13 and #14, revealed values more scattered (from <
to 8.5%). Therefore, the partitidn-surrounding connection types produced an increasing of the
damping ratio values when enhanced-connection were used. Finally, enhanced-connection partitior
with a gap equal to 30 mm, #9 and #13, exhibited higher values of damping ratio (from 6.6 to 8.5%
than those obtained for partitions with gap equal to 20 mm, #10, #12 and #14 (from 4.4 to 5.3%).
Test results shows that the partition dynamic response in terms of fundamental vibration frequenc
was mainly affected by stud spacing (300 or 600 mm) and partiiiearrounding connection types
(basic or enhanced anti-earthquake connections). In fact, 300 mm stud spacing partitions, #4, #5 a
#8, exhibited greater values of frequency (from 15.6 to 17.3 Hz) than those obtained for 600 mm stu
spacing partitions, #2, #3, #7, #9, #10, #12, #13 and #14 (from 11.8 to 13.7 Hz), by highlighting ar
increasing of stiffness when the stud spacing ranged from 600 to 300 mm. A similar effect was
observed by comparing basic and enhanced anti-earthquake connections, with basic connectio
(frequency from 13.5to 17.3 Hz for #2, #3, #4, #5, #7 and #8) stiffer than anti-earthquake connection
(frequency from 11.8 to 13.7 Hz for #9, #10, #12, #13 and #14). Therefore, according to the definitior
of rigid and flexible architectural non-structural components provided by ASCE/SE| 7410 [1]
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partitions with 600 mm stud spacing can be considered as flexible components because they we
characterized by values of frequency lower than 16.67 Hz, whereas partitions with 300 mm stuc
spacing had a borderline behaviour in terms of dynamic stiffness classification. More data about out

of-plane dynamic identification tests are providgd in [36].

From the examination of the out-of-plane response, some design implications can be given: (1
partitionto-surrounding connections (basic or enhanced anti-earthquake connections) do no
significantly affect the out-of-plane quasi-static response and they can be schematized as simp
supports; (2) partitiote-surrounding connections influence the dynamic response, and an increasing
of damping ratio and a reduction of fundamental vibration frequency were recorded when enhance
connections were used;)(Bhe out-of-plane quasi-static response of partitisnaffected by stud
spacing (300 or 600 mm) and the strength and stiffness doubled their values when 300 mm stu
spacing was used; X4tud spacing influences also the out-of-plane dynamic response of partitions
with a reduction of damping ratio and an increasing of the fundamental vibration frequency for 300
mm stud spacing partitions; (5) a good prevision of the out-of-plane resistance can be obtained b
adopting EWM; (6) theoretical estimations of the fundamental vibration frequency give

underestimated previsioi26% in average).

4. IN-PLANE TESTS

In order to experimentally assess the seismic fragility and the related damage levels in accordanc
with the inter-storey drift ratio (IDR) limits defined by Eurocode 8 Part 1 in Section 4.3.3 for

deformation-sensitive components, an experimental campaign involving in-plane quasi-static

reversed cyclic tests on partitions (Components 1 and 2) was perfprmed (Fig. 13). In particular, th

interaction between partitions and surrounding elements was also taken into account during th
research activity. Therefore, 2400 long and 2700 high partitions were used for Components 1 and
and 600 long and 2700 high facades were selected as return walls in Components 2.

Different parameters were investigated for defining the experimental program: (1) stud spacing (30(
or 600 mm); (2) types of partitioto-surrounding connections (basic or enhanced anti-earthquake
connections, as described in Section 2.1 and showed in Fig. 5) for realizing the horizontal and vertic:
connections between partitions and surrounding elements; (3) sheathing board types (GWB or GFB

(4) jointing finishing types. A total number of 8 and 4 tests were carried out on Components 1 and 2

respectively. Table|4 shows the test matrix.

A specific test set-up was designed to carry out the in-plane cyclid tests (Fig. 14). Het-tgst

which replicated the behaviour of a typical storey of a building structure, was a bi-dimensional frame
made of S355JR steel grade hot-rolled profiles. The testing frame was made of a bottom beam, a t

beam and two hinged columns and it was arranged in two different layouts to perform tests or
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Components 1 and 2. Two steel portal frames were used for avoiding the out-of-plane displacemen
of test set-up. The testing frame was completed with C25/30 strength class 50 mm thick concret
blocks for simulating the interface with a reinforced concrete structure. The tests required a specifi
instrumentation: (1) 1 linear wire potentiometer used for measuring the top horizontal displacemen
(i.e, lateral drift); (2) 2 potentiometers adopted for measuring the diagonal displacements of partition
(3) 5 horizontal and 6 vertical LVDTs used for measuring the horizontal and vertical displacements
respectively, between partitions and testing frame (in case of Component 1) or return walls (in cas
of Component 2).

The in-plane cyclic tests, performed in displacement-controlled test procedure, were carried out b

adopting a loading protocol defined according to FEMA 461{[50], which consisted of repeated cycles

of step-wise increasing deformation amplitudes. In the specific case, the loading protocol includec

18 steps with imposed IDRs, which are defined as the ratios between the recorded displacement (|

P1in|Fig. 14) and the partition height (2700 mm), ranging from 0.08% to 8.40%. The number of steps

was selected in order to appreciate the damage of partitions for very small and high IDRs.

b)

Fig. 13.In-plane quasi-static reversed cyclic tests: a) test on Component 1; b) test on Component Z
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Table 4. Test matrix for in-plane quasi-static reversed cyclic tests

Component Specimen  Stud Horizontal Vertical ~ Sheathing Joint finishing @  No.
label spacing connections® connections® board © of tests
(mmd top bottom lateral sides jzzﬁltg Pejgir:ti ter
1 #1, 600 B B B GWB GF GF 1
1 #2, #3 600 B B B GWB PT AT 2
1 #4 300 B B B GWB PT AT 1
1 #5 600 B B B GFB PT AT 1
1 #6 600 E B B GWB PT AT 1
1 #7, #8 600 E B E GWB PT AT 2
2 #9, #10 600 B B - GWB PT AT 2
2 #11, #12 600 E B - GWB PT AT 2
Total no. oftest 12

(@) Horizontal connections between partitions and top and bottom beaneséegimg the connections between partit

and floors or beams): B: basic connections, E: enhanced anti-earthqua&eticors.

@ Vertical connections between partitions and columns (representing the cormbetivaen partitions and columns
case of Component 1: B: basic connections, E: enhanced anti-earthquake cosinectio

@) Sheathing boards of partitions; GWB: standard gypsum boards; GFRmgfiise boards.
@ Partitions joint finishing at the field and perimeter joints (only for basioections); GF: glass fibre tape with alkali
resistant coating fixed with gypsum-based plaster; PT: paper tape fixed wighnpbased plaster; AT: self-adhe:

paper tape.
Reacting Hydraulic Portal Top
structure actuator frame beam
:.;—ti | = N ) DS — | —— e |
- o ——e——— | S P
= [Tl L} v I ‘
L, | | I Lsi [l 1
AT Column
S| £ JHE - Partition
4 " =
_ILﬁ | ILﬂ*' :Lwa' il le_
i1 - | ILll - Facade
L) A | Bott
Ly §) L— L, b:af?]m
Ly ey | Lg —
N 7‘ I_9| i ] 4 h s | B (N
= Sttt - 5 P LIl

L;: linearvariable differential transducers
P;: linear wire potentiometers

*: transducer used for the tests on specimens #2, #3, #4 and #5
**: transducer used for the tests on specimens #6, #7 and #8

Fig. 14.Test set-up and adopted instrumentation

Response curves were provided in terms of load (F) versug

IDR. For the sake of

brevity

Fig. 1!

shows only the response curves obtained for #1 and #12 specimens (Component 1). The hystere

behaviour of partitions was strongly characterized by pinching phenomenon, stiffness and strengt

degradation when IDR increased. Fig.

16 plots the first cycle envelope curves of the hysteretic

responses for Components 1 and 2. The obtained first cycle envelope curves show that partitions wi

basic-connection, #1, #2, #3, #4, #5, #9 and #10, provided additional strength and stiffness to th

surrounding elements starting from the initial phase of the response. On the contrary, partitions witl
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enhanced-connection, #6, #7, #8, #11 and #12, provided additional strength and stiffness for mor

high IDRs, i.e. when the contact between sheathing boards and surrounding elements was restorec
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Fig. 15.Response curves for in-plane quasi-static reversed cyclic tests on Component 1: (a) #1
specimen; (b) #2 specimen
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Fig. 16.First cycle envelope curves for: (a) Component 1; (b) Component 2

The parameters used to describe the experimental behaviour were the recorded maximum ar
minimum strengths (F) and the secant stiffnegsefkaluated for the maximum and minimum loads

reached during the tests. Test results and the average values for configurations with more nominal

identical specimens are presented in Fig. 17 for Components 1 and 2 in terms of secant stiffness a

strength.
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Fig. 17.Values of main parameters: a) secant stiffness and b) strength

The results show that the experimental response was strongly affected by the pedssitionunding
connection types (basic or enhanced anti-earthquake connections) and sheathing board types (GV
or GFB). In fact, as far as Components 1 is concerned;-basnection partitions, #1 through #5,
revealed higher values of secant stiffness (from 0.8 to 1.7 kN/mm) and strength (from 57 to 88 kN
than enhanced-connection partitions, #6 through #8 (from 0.4 to 0.7 kN/mm for stiffness and from
44 to 52 kN for strength). Also in case of Components 2, basic-connection partitions, #9 and #10
revealed higher values of secant stiffness (about 0.7 kN/mm) and strength (from 18.3 to 19.1 kN
than enhanced-connection partitions, #11 and #12 (from 0.2 to 0.3 kN/mm for stiffness and from 8 tc
10 kN for strength). Finally, the adoption of GFBs, #5, involved higher secant stiffness (1.7 kN/mm)
and strength (from 85 to 88 kN) respect to the values recorded for GWBSs, #1 through #4 (from 0.8 t«
1.2 kN/mm for stiffness and from 58 to 69 kN for strength). The effects of stud spacing and joint
finishing types played a secondary role on the experimental behaviour in terms of stiffness anc
strength. Furthermore, the difference between the values of secant stiffness and strength recorded
the positive and negative directions was not significant (with maximum difference within 13%),
except for the secant stiffness recorded for specimen #1 (negative stiffness about 1.haigher
positive stiffness). However, the higher difference in terms of secant stiffness recorded for the
specimen #1 could be due to jointing finishing at the field and perimeter joints realized with glass
fibre tape with alkaline-resistant coating fixed with gypsum-based plaster, which was characterizec
by a behaviour more brittle than that observed for joints realized with paper tape fixed with gypsum-
based plaster for field joints and self-adhesive paper tape for perimeter joints (specimens #2 and #:
As a result of a brittle behaviour of jointing finishing, the strength degradation for negative cycles
occurred before than that observed for positive cycles, with a resulting peak strength occurred for
displacement less that that observed for positive cycles. The evaluation of seismic fragility of the
tested components is provided in Section 6. More data concerning the in-plane cyclic tests are give
[34]

in
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5. SHAKE TABLE TESTS

Shake table tests were performed for evaluating experimentally the dynamic properties, dynami
amplification and seismic fragilities of partitions, facades and ceilings. Tests were carried out by
means of the shaking-table available at the Department of Structures for Engineering andéehitec

at the University of Naples “Federico II” having plan dimensions of 3.0x3.0 m, two horizontal
degrees of freedom, maximum payload of 200 kN, frequency range of 0-50 Hz, peak acceleration ¢
1.0 g (for the maximum pay load), peak velocity of 1.0 m/s and displacement in the range of £25C

mm.

The test set-up (Fig. 18), representative of a reinforced concrete bare structure was made of a bottc

and a top steel beam grid connected by four columns. The lateral structural restraint systems in tf
shaking direction (E-W direction) was an eccentric bracing system, in which diagonal members wer
pretensioned truss elements with rectangular cross section, whereas in N-S direction the test set-
was braced by means of X-bracings made of steel cables. A concrete block with a weight of 340 kI
was placed on the top beam grid for obtaining the desired system mass. All frame members wel
fabricated with S355JR steel grade, whereas the diagonal truss members were made of ultra-hi
strength steel (steel grade REAX 450 with yielding and ultimate strength equal to 1250 and 145(
MPa, respectively). Also in this case, the testing frame was completed with C25/30 strength class 5

mm thick concrete blocks for simulating the interface with a reinforced concrete structure.

Concrete mass

Top beam grid

Concrete blocks
g X-bracing system
Eccentric bracing

system

Bottom beam grid

Column

Fig. 18.Test set-up

Shake table tests were carried out on two assemblages of different components |(Fig. 19): (2

Assembly 1 composed by four partitions (Components 1) placed in both E-W and N-S directions; (2
Assembly 2 consisting of two partitions (Components 2) placed in N-S direction, two facades
(Components 3) placed in E-W direction and one ceiling (Component 4). In particular, the partitions

placed in the shaking direction (E-W direction) in Assembly 1 had dimensions equal 22000
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mm (lengthx height), the fagades placed in the shaking direction (E-W direction) in Assembly 2 had
dimensions equal to 2482700 mm (lengthx height) and the ceiling adopted in Assembly 2 had
dimensions equal to 16¥2300 mm (length in E-W directior length in N-S direction). For both
Assemblages 1 and 2, the solutions with basic and enhanced anti-earthquake connections we

investigated. A total number of 3 and 2 prototypes were tested on Assemblages 1 and 2, respective

Table § shows the test matrix.

Fig. 19.Shake table tests: a) tests on Assembly 1; b) tests on Assembly 2

Table 5. Test matrix for shake table tests

Assembly Prototype Component Horizontal Vertical No.
label connections® connections®  of tests
dirI(Ee_c\:\i/on dirglc;tsi;on - top bottom lateral sides
1 #1, #2 1 1 - B B B 2
1 #3 1 1 - E B E 1
2 #4 3 2 4 B B B 1
2 #5 3 2 4 E B E 1

Total no. oftest 5

@) Horizontal connections between partitions (or facades) and top and Hmtms (representing the connect
between partitions or facades and floors or beams): B: basic connectioasdidisedi in Section 2.1 and showed in
5), E: enhanced angiathquake connections (as described in Section 2.1 and showed in Fig. 5).

@ Vertical connections between partitions (or fagades) and columns (represeatatgnections between partition:
facades and columns): B: basic connections (as described in Section 2.1 wad shd-ig. 5), E: enhanced a
earthquake connections (as described in Section 2.1 and showed in Fig. 5)

As far as the instrumentation is concerned, 12 triaxial accelerometers and 9 laser sensors, arrang
with three different layouts for the tests on the bare structure (i.e. test setup) and Assemblages 1 a
2, were adopted. In particular, laser sensors were placed on the bare structure, partitions and facac
for measuring displacements, whereas accelerometers were placed on the top mass, partitions, faca
and ceilings for measuring accelerations.

The seismic input was a unidirectional acceleration time history artificially defined to match the
Required Response Spectrum (RRS) provided by ICBO-AClSGEile [51] acting alongMhe E-
direction. The RRS was selected for a ground motion with a design spectral acceleration at sho
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period (9s) equal to 1.0g, corresponding to a peak ground acceleratipnedaal to 0.4g,
representative of an earthquake having 10% probability of exceedance in 50 yeagh isegshnicity

zone [(Fig. 20). According to ICBO-AC156 code, the acceleration spectrum of the selected

acceleration time history shall be in the range from 90% to 130% of RRS and the matching procedur
shall be valid for a frequency range from 1.3 to 33.3 Hz. The selected input time history was applied
with different scaling factors (SFs) in the range from 5% to 120%, corresponding to a maximum
horizontal flexible acceleration £&xH in ICBO-AC156, which represents the maximum spectral
acceleration) ranging from 0.08 g to 1.92 g, i.e. SF=100% correspongsOd@ 9s=1.0g, and
Arexn=1.6g. Dynamic identification tests were carried out before and after each input by applying a

white noise signal.
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Fig. 20.Input spectrum vs. RRS target for SF=100% (corresponding-th4y, $s=1.0g,
ArLexH=1.6Q)

The dynamic identification tests were interpreted for evaluating the fundamental vibration frequency
and damping ratio of the bare structure and Assemblages 1 and 2. In particular, the fundament
frequencies were calculated as the first peak of the frequency response function (or trarigfe) func

in the frequency domain. The frequency response functions (magnitude vs. frequency curves) wel

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

corresponding to the data of accelerometers installed on the top mass.|Fig. 21 plots fundament

frequency (f) versus scaling factors (SF). Results show that the non-structural components provide
an increment of the fundamental vibration frequency of the bare structure (2.9 Hz) up to 10.3 anc
14.0 Hz in case of Assembly 1 (partitions) and Assembly 2 (partitions, facades and ceiling),
respectively. Generally, the fundamental vibration frequency of Assemblages 1 and 2 decreased :
input intensity increased due to the increment of damage levels achieved in the non-structure
components during the tests. At the end of the tests, the fundamental vibration frequency of th

Assemblages 1 and 2 was almost equal to that of the bare structure. In addition, the Assemblages
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and 2 with enhanced-connections reached higher values of fundamental vibration frequency (up t
10.2 Hz for #3 and 14 Hz for #5) than the Assemblages 1 and 2 with basic-connections (up to 7.2 H
for #1, 10.3 Hz for #2, and 13.2 Hz for #4). It should be noted that, in the case of assemblages of tt
same typologies, #1 e #2, the values of fundamental frequency are strongly different because tf
adopted loading histories are several and, therefore, the evolution of damages is different between tl

two assemblages.

mBS #1 #2 #3 #4 #5
16
14,0
14 132 13.7 13,1
12,4
12 112
10,3 10,2 106
10 9,2 92
~ 8,0 8,0
L 8 72
- 6,3 6,3
6 5.0 55
3.8 4.0
429 2,9 35 oW 209
0
0 20 40 60 80 100
SF [%)] (SF=100% corresponding to Ar ex;=1.6g)

Fig. 21. Fundamental frequency versus scaling factors

The presence of non-structural components also increased the damping ratio of the bare structu

(ranging from 4.0% to 4.8%). Fig. R2 shows damping rajiwdrsus scaling factors (SF). The results

reveal that, in a first phase, the damping ratio increased as the input intensity increassss, Wwher

a second phase, it decreased due to the significant level of damage of non-structural componer
(except for the prototype #5). The type of partition or facedsurrounding connections influenced

the damping ratio and, in fact, Assembly 1 and 2 with enhanced anti-earthquake connectiods reachs
higher values of damping ratio (up to 20% for #3 and #5) respect to the values recorded for Assembl
1 and 2 with basic connections (up to 13% for #1, #2 and #4). It should be noticed that the recorde
damping takes into account all phenomena, e.g. the component cracking. Other studies demonstrat
that the change in terms of damping ratio during the different seismic tests is correlated to the recorde
damages. In particular, for specimens similar to the Assembly 1 with basic connections damping rati

values ranging between 9.3% and 17.3% (with the maximum recorded for a drift level corresponding

to the maximum shear strength) were recotmeblcCormick et al. [37] and a value of 8% was found

in Magliulo et all [39].
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Fig. 22. Damping ratio versus scaling factors

The non-structural components affect significantly the structural lateral response. This observation i

revealed by Fig. 23 that plots the floor acceleration (FA) versus IDR curves for prototypes #1 and #3

where FA is the average value of the accelerations recorded at the top mass. Assembly 1 and 2 wi
basic connections, #1, #2 and #5, strongly influenced the initial lateral response by providing
additional strength and stiffness to the bare structure. On the contrary, Assembly 1 and 2 witt
enhanced anti-earthquake connections, #3 and #5, did not affect the initial response until the conta
between sheathing boards and surrounding elements was restored, by observing a strengthening eft

for drifts larger than about 2%.
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Fig. 23.FA versus IDR curves for selected SF (%) of ICBO-AC156 input for Assembly 1: a)

Prototype #1; b) Prototype #3
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The dynamic amplification of tested components can be evaluated by comparing the peak compone
acceleration (PCA) and the peak bare structure acceleration (PBA) measured by acceleromete
installed on components and bare structure, respectively. In particular, the unidirectional tests wer
representative of: a) in-plane response of Components 1 and Components 3; b) out-of-plane respor

of Components 1 and Components 2 and c) in-plane response of Compaonents 4. Fig. 24 shows t
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curves related to the in-plane dynamic amplification for Components 1 and 3 and|Fig. 25 shows th

curves relevant to the out-of-plane dynamic amplification for Components 1 and 2. In particular,
Figures plot PCA vs. PBA, together with the lines representing different valu€\etfd”PBA ratio,

which represents the acceleration amplification faetgr The examination of test results points out
that the dynamic amplification increased as PBA increased, due to the reduction of stiffness cause
by the increment of damages of components. The acceleration amplification for in-plane respons
was in the range from 1 to 4 for Component 1 (partitions), #1, #2 and #3, and from 1 to 3 for
Component 3 (facades), #4 and #5. Regarding the effect of the partition or tagcadeunding
connection types, Assembly 1 and 2 with enhanced anti-earthquake connections (#3 and #5) reveal
a more flexible behaviour with higher values of the in-plane acceleration amplification (up to 4 and
to 3 for Component 4 partitions - and Component-3acades -, respectively) respect to Assemblages

1 and 2 with basic connections (#1, #2 and #4) with values up to 2 for both Component 1 (partitions
and Component 3 (facades). Furthermore, the acceleration amplification for out-of-plane response ¢
Component 1 and 2 (partitions), #1, #2, #3, #4 and #5, and in-plane response of Component 4 (ceilin
were in the range from 1 to 2. The evaluation of the seismic fragility of the tested components is

provided in Section 6. The performed shake table tests are discussed in detailed manner in [45].
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Fig. 24.In-plane dynamic amplification for Fig. 25. Out-of-plane dynamic amplification fc
Components 1 and 3 Components 1 and 2

6. SEISMIC FRAGILITY EVALUATION FOR IN-PLANE RESPONSE

The seismic fragility evaluation was performed by elaborating test results obtained by both in-plane
guasi-static reversed cyclic tests and shake table tests. In particular, the proposed fragilitgfeurves r
to the in-plane seismic response of Components 1, 2 and 3. A procedure articulated in 5 steps w.
adopted for developing fragility curves.

Firstly (step 1), three damage limit states (DSs) were evaluated on the base of a large database
tests. In particular, eight quasi-static racking tests on gypsum sheathed LWS partitions used in th

most spread buildin], in-plane quasi-static and dynamic tests conducted on thirty-six gypsun
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sheathed LWS partitions constructed using common construction fetajls [30], six quasi-static test

performed on 5-m-high gypsum sheathed LWS partitions commercialized in Europe for industrial

buildings| [31] were considered for classifying the DSs. The DSs were defined according to the

observed damage level and the required repair action as following: DS1, which is characterized b
superficial damage and it requires minimum repair with plaster, tape and paint; DS2, which is
characterized by local damage of sheathing boards and/or steel frame and it requiresctmaerpla

of few elements (boards and/or local repair of steel profiles); DS3, which is characterized by sever:
damage and it requires the replacement of significant parts or whole non-structural component.

Then (step 2), the damage phenomena were observed during the experimentation by means of vist
inspection and classified as following: (1) drop of gypsum and/or plaster dust; (2) detachment of joini
tape; (3) crack in joints; (4) detachment between walls and surrounding structural elements; (5) crac
in panels; (6) corner crushing of panels; (7) local plastic deformations of studs; (8) rupture of pane
portions; (9) collapse of boatd-frame fixings, due to screw tilting and pull-out from frame or pull-

through in panel and/or breaking of panel edge; (10) collapse of dowels, due to pull-out from
surrounding elements; (11) detachment between partitions and facades; (12) out-of-plane collapse
panels; (13) wall out-of-plane collapse. The damage phenomena from (1) to (4) were observed in tr

initial phase of tests, phenomena from (5) to (10) occurred in the intermediate phase, wherea

phenomena from (11) to (13) were detected in the final phase. Hig. 26 shows some damag

phenomena for Components 1, 2 and 3 observed during the in-plane cyclic tests and shake table te:
In particular, as far as the shake table tests are concerned, the damages were observed only
Components 1 and 3 placed in the shaking direction (E-W direction). Limited damages were detecte
for Components 2 located in N-S direction and Components 4.

Subsequently (step 3), the damage phenomena were correlated to @ Table 6 shows dam;

phenomena that triggered the respective DSs and distinguishes the cases of in-plane cyalkeand sh
table tests. In some cases, like the detachment between partitions or facades and surroundi
elements, rupture of board portions, collapse of btafdame fixings and collapse of dowels, the
triggered DSs depended by the level of the produced damage.

Therefore (step 4), because the in-plane behaviour is primarily governed by IDRs, the damag

phenomena were associated to the IDR levels at which each phenomenon started. Table 7 gnd Ta

show the minimum values of IDRs for which a defined DS is triggered for each prototype subjectec
to in-plane tests and shake table tests.
Finally (step 5), the seismic fragility assessment of the tested components was performed b

elaborating test results for developing fragility curves. Fragility curves were &a@laecording to

the method ‘A’ indicated by Porter et al.|[52]
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4. detachment between partitic 5. crack in boards
or fagades and surrounding

elements

‘ \
7. local plastic deformations ¢ 8. rupture of board portions 9. collapse of boarth-frame
studs fixings

10. collapse of dowels 11. detachment  12. out-of-plane  13. Out-of-léne
between partitions ai collapse of board: collapse of partitions
facades or facades

Fig. 26.Observed damage phenomena in in-plane cyclic and shake table tests
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Table 6.Correlation between observed damage phenomena and damage limit states (DSs)

Observed damage phenomena DS1® DS2® DS3W
QS® D® Qs® D® QS@ D®@

. Drop of gypsum and/or plaster dfist ° °

. Detachment of joint tag ° .

. Crack in jointg" .

. De(t?chment between partitions or facades and surrounding elémer

a,

. Crack in board9

. Corner crushing of boarés

. Local plastic deformations of stués

. Rupture of board portioris ©)

. Collapse of boartb-frame fixings) ©

10. Collapse of doweld @

11. Detachment between partitions and facédles

12. Outef-plane collapse of boards

13. Outef-plane collapse of partitions or fagadés

® Damage phenomena observed in both in-plane cyclic and shake table tests.

@ Damage phenomena observed only in in-plane cyclic tests.

@ Damage limit states.

@ Test typology; QSin-plane quasi-static reversed cyclic tests, D: dynamic shake table tests.

( Maximum detachment < 5 mm for DS1 and > 5 mm for DS2; ® Involved board surface < 50 cm? for DS2 and > 50 cfn

for DS3;© Involved boardo-frame fixings< 5 % for DS2 and > 5 % for DS3;@ Involved dowels < 5 % for DS2 and > 5

% for DS3

AIWIN|(F

[(el e NN RIS ]

Table 7.Minimum IDR levels for which the DSs were triggered in case of Component 1

Component 1
Partition or fagade-t_o- surrounding B E®
connections
Test typology QS® D® QS® D®
Prototypes/minimum IDRs [%] ~ #1 #2 #3 #4 #5 _ 7L #2% we wr o#g 7S
yp 0] E/W® E/W® E/WO
DS1 0.35 0.22 0.28 0.65 0.51 0.32/0.32 0.28/040 1 1.3 13 0'%9/0'8
DS2 1.34 0.96 0.97 1.02 1.02 0.66/0.66 1.19/1.19 +° 15 15 1'39/21'2
DS3 1.01 1.40 1.43 1.45 1.32 3.12/3.12 3.20/320 20 21 21,33

@ Partition or facadée-surrounding connections; B: basic connections, E: enhanced anti-eart|
connections.

@ Test typology; QS: in-plane quasi-static reversed cyclic tests, D: dynamic shake table tests.
@) E: Partition/facade that filled up the east side, W: Partition/facade that filled up theioeetSef Fig. 39
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Table 8. Minimum IDR levels for which the DSs were triggered in cases of Components 2 and 3

Component 2 3
Partition or fagade-tp- surrounding B E® B E®
connections
Test typology Qs® D®
Prototypes/minimum IDRs [%] #9 #10 #11 #12 #a #5%
P ° E/W®  E/WO
DS1 0.51 0.72 0.47 0.50 1.11/12.11  1.11/1.11
DS2 1.35 1.42 1.02 1.01 2.44/3.23 2.44/3.23
DS3 2.04 2.10 1.42 1.47 4.54/4.54 4.54/4.54

@) Partition or facadés-surrounding connections; B: basic connections, E: enhanced anti-eart|
connections.

@ Test typology; QS: in-plane quasi-static reversed cyclic tests, D: dynamic shake table tests.
@) E: Partition/facade that filled up the east side, W: Partition/facade that filled up thsideetSef Fig. 19

The obtained fragility curves can be considered acceptable because they satisfy tloesLillie

goodness-of-fit test at the 5% significance level [53]. In this context, it is crucial to note that a fragility

curve expresses the damage probability of a given components due to the uncertainty in the syste
and it should be obtained considering the results of tests carried out on many nominally identica
prototypes. However, because the behaviour of tested components was particularly affected b
component typology (Components 1, 2 and 3), partition or fatgasierrounding connections (basic

vs. enhanced anti-earthquake connections) and loading protocol (quasi-static cyclic vs dyaigamic sh
table), all other variations were neglected and the fragility data were collected iGegits: (A)
Components 1 with basic connections subjected to quasi-static loading; (B) Components 1 witt
enhanced connections subjected to quasi-static loading; (C) Components 1 with basic connectior
subjected to dynamic loading; (D) Components 1 with enhanced connections subjected to dynami
loading; (E) Components 2 with basic connections subjected to quasi-static loading; (F) Component
2 with enhanced connections subjected to quasi-static loading; (G) Components 3 with basit

connections subjected to dynamic loading; (H) Components 3 with enhanced connections subjecte

to dynamic loading. Fig. 27 shows the fragility functions for the selected Groups, together with the

IDR limits given by Eurocode 8 Part 1 (dotted vertical lines), i.e. 0.75% for buildings having ductile
non-structural components and 1.00% for buildings having ductile non-structural components fixec

in a way so as not to interfere structural deformations.
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G. Components 3 with basic connections subjected H. Components 3 with enhanced connections subject:
dynamic loading dynamic loading

Fig. 27.Fragility curves

Table 9 provides the values of fragility parameters in terms of median wgjyead standard

deviation 8) of the lognormal distribution obtained for each selected Group and DSs. The seismic
fragility of the tested components was affected by the partition or fagaglerounding connections
types (basic or enhanced anti-earthquake connections) and loading protocol (quasi-static or dynamic
Regarding the effect of the partition or facdadesurrounding connection types, the results for
Components 1 and 3 confirm that the adoption of enhanced anti-earthquake connections was mo
advantageous than basic connections (A vs. B, C vs. D, G vs. H) in terms of reduction of seismi
vulnerabilities. In fact, in both Components 1 and 3 with enhanced anti-earthquake connections, th
DSs were triggered for median values from 1.2 to 3.4 times greater than the ones recorded fc
Components 1 and 3 with basic connections. On the other hand, the results for Components 2 shc
that basic connections had a better behaviour than enhanced anti-earthquake connections (E vs.
with median values obtained for basic connections from 1.1 to 1.2 times higher than the ones recorde
for enhanced anti-earthquake connections. The inefficacy of enhanced anti-eartaquadations

in case of Components 2 was due to the inability of return walls to accommodate the lateral in-plan
displacements imposed by the transversal partitions.

As far as the influence of the loading protocol is concerned, the comparison between Components
subjected to quasi-static loading and dynamic loading (A vs. C and B vs. D) underlines that, for bott
basic and enhanced anti-earthquake connections, components subjected to dynamic loading revea
median values lower than the ones recorded under quasi-static loading for DS1, whereas componel
subjected to dynamic loading showed median values higher than the ones recorded under quasi-ste
loading for DS3. For DS2 an opposite result was found for basic and enhanced anti-earthquak
connections, i.e. components with basic connections subjected to dynamic loading revealed medie
values lower than the ones recorded under quasi-static loading, whereas components with enhanc
anti-earthquake connections subjected to dynamic loading revealed median values higher than tt
ones recorded under quasi-static loading.

Finally, the comparison between partitions and facades can be carried out by comparing the behavio
of Components 1 and Components 3 subjected to shake table loading (C vs G for basic connectiol
and D vs H for enhanced anti-earthquake connections). The results show that facades had a low
seismic vulnerability than partitions. In fact, for components with both basic and enhanced anti-
earthquake connections facades triggered the DSs for median values greater than the ones recort
for partitions, excepted for components with enhanced anti-earthquake connections in case of DS3
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Furthermore| Table |9 shows for each Group the probabilities of exceeding the defined DS

considering the IDR limits given by Eurocode 8 Part 1, i.e. 0.75% and 1.00%. Considering a

reasonab

between quasi-static cyclic and shake table test results, it is possible to group the components in thr
different fragility Classes: (1) components with high fragility, i.e. Groups A/C, and F (Components
1 with basic connections and Components 2 with enhanced anti-earthquake connections), for whic
an IDR of 0.75% can be considered an adequate limit for DS3; (2) components with intermediate

fragility, i

Components 2 and Components 3 with basic connections), for which IDRs of 0.75% and 1.00% ca

be considered adequate limits for DS2 and DS3, respectively; (3) components with low fragility, i.e.

Group H

le limit for the probability of exceedance equal to 5%, and assuming the most onerous resu

.e. Groups B/D, E and G (Components 1 with enhanced anti-earthquake connections

(Components 3 with enhanced anti-earthquake connections), for which an IDR of 1.00%

can be considered an adequate limit for DS2.

Table 9.Fragility parameters

Component
group

Description DS1 DS2 DS3

Xn B Xm B Xm f
(%] [ [%] [[] [%] []

Components 1 with basic connections subjected to quasi-static loading 0.370.511.050.291.490.29

Components 1 with enhanced connections subjected to quasi-static loa1.270.281.520.252.100.25

Components 1 with basic connections subjected to dynamic loading  0.330.290.890.423.160.25

Components 1 with enhanced connections subjected to dynamic loadin0.890.251.750.41 @ @

Components 2 with basic connections subjected to quasi-static loading 0.780.351.180.281.440.39

Components 2 with enhanced connections subjected to quasi-static 10a0.700.391.010.251.200.29

Components 3 with basic connections subjected to dynamic loading  0.330.261.170.253.740.25

I|OQMMmOoOlw >

Components 3 with enhanced connections subjected to dynamic loadin1.110.252.810.324.540.25

@) DS was not triggered
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Table 10.Probabilities of exceedance of the defined DSs for the Eurocode 8 limits

Component o DS1 DS2 DS3
Description
Group 0.75% 1.00% 0.75% 1.00% 0.75% 1.00%
Components 1 with bas
A connections subjected1  0.94 0.98 0.11 0.46 0.00 0.09

guasi-static loading
Components 1 with

B enhanced connections - g3 0.21 0.00 0.07 0.00 0.00
subjected to quasi-stati
loading
Components 1 with bas

C connections subjected1  1.00 1.00 0.36 0.62 0.00 0.00

dynamic loading
Components 1 with

D enhanced connections 55 0.69 0.01 0.05 & ®
subjected to dynamic
loading
Components 2 with bas

E connections subjected1  0.75 0.95 0.00 0.16 0.00 0.00

guasi-static loading

Components 2 with
enhanced connections

F . . . 0.96 1.00 0.13 0.50 0.00 0.07
subjected to quasi-stati
loading
Components 3 with bas

G connections subjected 1 1.00 1.00 0.04 0.27 0.00 0.00

dynamic loading
Components 3 with

H enhanced connections g 0.34 0.00 0.00 0.00 0.00
subjected to dynamic

loading
DS was not triggered.

The main fragility parameters, i.e., median values and standard deviations of the lognorma

distributions, are compared with the results of selected past experimental studies. The considere

researches are Retamales ¢t al.|[30] and Petrone et @l. [31]. In particular, Retamales et al. carried «

an experimental campaign for evaluating the seismic response, failure mechanisms, and fragilities
gypsum sheathed LWS partitions at the University of Buffalo. Specifically, twenty-eight in-plane
guasi-static tests and 8 dynamic tests were carried out on 50 specimens (3.66 m long x 3.50 m hig

connected at their ends to return partition walls (1.20 m long x 3.50 m high). However, only some

Component Group were selected by |30] for the comparison with the research illustrated in this pape

Petrone et al. executed at the University of Naples six in-plane quasi-static tests on 5.00 m hig

gypsum sheathed LWS partitions. The main fragility parameters collected by the above-mentione

studies are listed |n Table [11. The comparison highlights that the median values of the lognorme

distribution experienced in this study for the Component Group A and for DS1 and DS2 (0.37% anc
1.05%, respectively) are greater than the values defined in Petrone et al. (0.28% for DS1 and 0.81

for DS2). On the contrary, Petrone et al. recorded 2.05% as median value for DS3s\gheetter

37



than the value given in this study (1.49%). The examination of test results for Component Group E
and F highlights that the obtained median values (for Component Group E: 0.78% 1.18% and 1.449
for DS1, DS2 and DS3, respectively; for Component Group F: 0.70%, 1.01% and 1.20% for DS1,
DS2 and DS3, respectively) are greater than the values obtained by Retamales et al. (for Compone
Group E: 0.27%, 0.61% and 1.20% for DS1, DS2 and DS3, respectively; for Component Group F
0.26%, 0.68% and 0.75% f@S1, DS2 and DS3, respectively). Furthermore, the current study

reveals a low statistical dispersion of the results with values of the standard deviation (from 0.25 tc

0.51) lower than the values recorded in the other studies (from 0.33 to 0.59).

Table 11.Comparison between the main fragility parameters of different experimental studies

DS1 DS2 DS3
Authors Co;r;gagent B Xm B Xm B
[%0] [-] [%0] [-] [%0] [-]
A 0.37 0.51 1.05 0.29 1.49 0.29
;ﬂg;ft E 0.78 0.35 1.18 0.28 1.44 0.39
F 0.70 0.39 1.01 0.25 1.20 0.29
°”e ete A 0.28 0.39 0.81 0.42 2.05 0.46
Retamales :  E®@ 0.27 0.45 0.61 0.42 1.20 0.59
all[30]| FO 0.26 0.45 0.68 0.33 0.75 0.36

@) DS was not triggered
@ the reference is the subgroup 1b
@ the reference is the subgroup la

From the examination of the in-plane response, some design implications can bélypanition-
to-surrounding connections (basic or enhanced anti-earthquake connections) significantly affect th:
in-plane response and a lower stiffness and strength were recorded for enhanced connectio
compared to basic connectiorf8) partitionto-surrounding connections also influence the in-plane
response in term of seismic vulnerabilities, and enhanced connections showed a better behaviour f
partitions (Components 1) and facades (Components 3), except for partitions with return walls
(Components 2), for which basic connection revealed a better seismic response; (3) the stud spaci
(300 or 600 mm) does not influence the in-plane response; (4) facades have lower seismi
vulnerabilities than partitions; JBhe IDR limits provided by Eurocode 8 Part 1, i.e. 0.75 and 1.00%,
have been attributed to three groups of components and components with high (with an IDR limit o
0.75% for DS3), intermediate (with an IDR limits of 0.75 and 1.00% for DS2 and DS3) and low (with
an IDR limit of 1.00% for DS2) seismic fragility have been identified.

7. CONCLUSIONS

An extended experimental research was performed at the University of Naples Federico Il with the
main goal to characterize the seismic behaviour of architectural non-structural LWS drywall
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components, i.e. partitions, facades and ceilings. In particular, four architectural non-structural
Components were identified: (1) Component 1, in which the partition was infilled in the surrounding
structure and enclosed by structural elements on all sides (i.e. floors or beams and columns); (:
Component 2, in which the partition was enclosed by structural elements at the top and bottom (i.e
floors or beams) and connected at its ends to transversal facades (return walls); (3) Component 3,
which the fagade was infilled in the surrounding structure and enclosed by structural elements on a
sides (i.e. floors or beams and columns); (4) Component 4, in which the ceiling was suspended fror
the above floors and connected at the perimeter to partitions and facades. The Components we
connected to the surrounding elements by means of two different typologies of partition or facade
to-surrounding connections: basic and enhanced anti-earthquake connections. The research w
organized in three levels: ancillary tests, component tests and assembly tests.

As far as the out-of-plane behaviour of partitions (Components 1) is concerned, the main findings
showed that the monotonic response in terms of strength and stiffness was strongly affected by stt
spacing and their values doubled when spacing doubled (from 600 to 300 mm). Also the dynamic
response in terms of damping ratio and fundamental vibration frequency was influenced by stuc
spacing, and 600 mm stud spacing partitions can be considered as flexible architectural non-structur
components, whereas 300 mm stud spacing partitions showed a borderline behaviour between rig
and flexible components (according to ASCE/SEI 7-10). Considering the influence of paetition-
surrounding connections, the monotonic response of partitiassiet affected by this parameter.
However, the connection type influences the dynamic response of partitions and an increasing c
damping ratio and a reduction of frequency were recorded when enhanced anti-earthquak
connections were used, by highlighting a more flexible behaviour of enhanced connections compare
to basic connections. EWM provides a good estimation of the out-of-plane strength of partitions,
which could be schematized with simple supports at their ends, whereas the fundamental vibratio
frequency is underestimated with theoretical formulations. Furthermore, the out-of-plane dynamic
response of partitions in terms of acceleration amplification was not affected by the connection type
and partitions with both basic and enhanced connections showed values in the range from 1 to 2.
As far as the in-plane behaviour is concerned, results reveal that the responses of partition
(Components 1 and 2) and facades (Components 3) were not affected by stud spacing, whereas
partition or facad@e-surrounding connections pkgan important role on the seismic performance.

In particular, basic connections provided additional strength and stiffness to the components startin
from the initial phase of the response, whereas enhanced anti-earthquake connections provide
additional strength and stiffness when the contact between sheathing boards and surroundir
elements was restored. In fact, the enhanced anti-earthquake connections are intetdested)by

for inter-storey drift levels greater than basic-connections, by interacting with the surrounding
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elements for higér inter-storey drift. Because the enhanced-connections had minor interaction with
surrounding elements, they revealed a more flexible behaviour with higher values of the in-plane
acceleration amplification (up to 4 and to 3 for partitions and facades, respectively) respsict to ba
connections (up to 2 for both partitions and facades). Furthermore, facadesl thvwer seismic
vulnerabilities than partitions, because the DSs were triggered for higher median values of the
lognormal distribution than those obtained for partitions. Finally, high, intermediate and low fragility
components can be classified by taking into account the IDR limits provided by Eurocode 8 Part 1
In particular, an IDR of 0.75% can be considered an adequate limit for DS3 for high fragility
components (Components 1 with basic connections and Component 2 with enhanced-connections
IDR limits ranging between 0.75 and 1.00% can be considered adequate limits for intermediate
fragility components (Components 1 with enhanced connections and Components 2 and 3 with bas
connections) and an IDR of 1.00% can be considered an adequate limit for the verifications of low
fragility components (Component 3 with enhanced connections).

In conclusion, from the academic side, the results of the research project presented in this paper allc
the advancement of the knowledge of the seismic performance of architectural non-structural LW
drywall components, opening the avenue for the improvement of the current seismic desigr
provisions for non-structural components. From the industrial side, the characterization of the seismi
performance of the most common European non-structural components represents an issue neglec
until now and it provided the possibility to extend the market of non-structural components by

improving the constructive details with the final aim to provide a better performance in seismic areas
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