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1 Introduction 

The use of housing systems made of cold formed steel profiles (CFS) 
is recently spreading in different countries due to some features pe-
culiar to these structural systems such as lightweight, high struc-
tural efficiency, durability, rapidity and simplicity of installation of 
the building equipment. The structural system is usually made up of 
flooring systems, walls and foundations. Vertical loads and horizon-
tal shear forces, due to wind and earthquake, are transferred by the 
floors to the walls and, then, to the foundations. According, to a com-
mon design approach, structural analyses of these systems are usu-
ally carried out considering the floor acting as a rigid diaphragm. Alt-
hough this hypothesis is generally acceptable and well approximates 
the actual behaviour of the floor, in the case of cold-formed steel 
based floors, it should be verified. An accurate evaluation of CFS 
floors response in terms of both strength and stiffness is therefore 
crucial for a proper structural design. At the moment, most studies 
on the seismic performance of cold-formed steel framed structures 
focused on the lateral response of shear walls [1] while quite limited 
are the investigations of the diaphragms and of their contribution to 
the overall structural seismic response. A study of the seismic per-
formance of a full-scale cold-formed two storey framed building was 
recently performed [2]. The response of the main components and 
of the overall building were investigated allowing pointing out the 
complexity of the seismic response. The floors, a wood sheathed 

deck on cold formed steel beams, were numerically and experimen-
tally investigated focusing on the role and on the force distribution 
of the connections. The comparison of design and experimental 
shear strength and stiffness values proved the need of an improve-
ment of the AISI S400 Standard [3]. These preliminary studies 
pointed out the various aspects of the floors response and allowed 
identifying the key parameters affecting their performance. The de-
velopment of new diaphragm solutions, such as the ones which make 
use of CFS profiles combined with steel deck completed with differ-
ent materials, requires ‘ad hoc’ investigations combining experi-
mental and numerical studies. As a contribution to this topic, a study 
was carried out by the University of Trento focusing on the response 
of CFS floor systems subjected to in plane shear loading. Four types 
of floors characterized by two different beams systems and two dif-
ferent types of deck were tested in both monotonic and cyclic re-
gime. Experimental results enabled the calibration of FE models re-
lated both to the floor components and to the complete floors. In 
this paper, the main features and outcomes of the tests and of the 
numerical analyses are presented and discussed. 

2 The experimental program 

The study focused on the response of floor systems composed of a 
steel frame, made of CFS profiles, completed by a deck. In detail, two 
steel frame types and three types of deck were considered. By com-
bining beams frames and decking, six different floor configurations 
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were obtained. Ten full-scale shear tests were performed investi-
gating the in-plane floor shear response in both monotonic and cy-
clic regime.  

2.1 The specimens  

In the following, the main components of the floor systems consid-
ered are listed and described. Since each floor is a combination of 
one type of steel frame and one type of decking, the specimens were 
identified by this combination as illustrated in Figure 1. 

 
Figure 1 Nomenclature of the floor specimens 

For example, the specimen named 1A-M is a floor system character-
ised by steel frame type 1 and a decking type A. The nomenclature is 
completed by the letter identifying the loading test protocol used, 
i.e. M in case of monotonic test and C for cyclic test. 

2.1.1 The steel frames. 

Two types of steel frames were considered, different for the beam 
types. The first type, ID 1 (Figure 2a)), has truss beams of 300 mm in 
height made of C-like cold formed sections [4,5]. The steel members, 
100 mm height, 1.2 mm thick and made of a S 280 GD steel grade, 
were connected together by rivets Avdel Monobolt  6.4 mm. For 
each floor, 13 beams of 6 m length were used and spaced at 400 mm 
for a floor width of 4.8 m. 

Figure 2 Beam systems used as steel frames 

The second steel frame type, ID 2 (Figure 2b)), has beams obtained 
by coupling back-to-back cold-formed C-like sections connected to-
gether using 6.3x25 mm self-drilling screws [4, 5]. The steel profiles 
were 200 mm height, 1.2 mm thick and made of a S 280 GD steel 
grade. The floor specimens were realized with 13 coupled beams 
with a length of 4.5 m spaced at 400 mm for a floor width of 4.8 m. In 
both steel frame solutions, the beams on their bottom were trans-
versally connected by using cold-formed omega shaped profiles, 47 
mm height and 0.6 mm thick, simulating the false ceiling supports. 

2.1.2 The decking  

Three types of decking, conventionally named A, B and C, were in-
vestigated. All these configurations had a first layer made of steel 
deck sheets placed above the steel frame and connected to the 
beams with self-drilling screws 6.3x25 mm. Each steel deck sheet, 
realized with S 320 GD steel, had a height of 16 mm, a length of 2500 
mm, a width of 630 mm and a thickness of 0.5 mm, and was con-
nected to the beams along three fasteners rows. As an example, Fig-
ure 3 shows the screws pattern used to connect the single steel 
sheet to the truss beam steel frame (ID 1). 

Figure 3 Pattern of connectors between the steel deck sheet to type 1 steel frame 

In case of decking type A, gypsum fibre board panels were placed 
above the sheeting. The panels, 12.5 mm thick and with in plane di-
mensions of 1200x300 mm, were fastened to the steel frame with 
self-drilling screws. The screws used were M4.8x45 mm in specimen 
1A-M, the first prepared and tested. Test results clearly show that 
screws M4.8x45 mm were too short to enable an effective panel-to-
steel beam connection due to the uplift forces occurring when the 
panel deformed. Longer screws, M4.8x60 mm, were hence adopted 
in specimens 2A-M, 1A-C and 2A-C. In all the specimens, the screws 
were placed at a distance of 300 mm along the beams and at a dis-
tance of 400 mm in the orthogonal direction in order to match the 
beams interspace (Figure 4). Further screws were used to fix the 
panels along all their edges. Figure 4 shows the arrangement of the 
panels and the fasteners pattern of floors 1A and 2A.  

Figure 4 Decking type A and connections pattern (dimensions in mm) 

 



The upper layer of deck assembly type B was a slab poured on the 
steel decking: 50 mm thick, made of light concrete LC 20/22 and re-
inforced with a welded mesh (F5 and 200x200 mm). Finally, in order 
to investigate the contribution of the steel deck to the in-plane floor 
response, in the deck assembly type C the sole steel deck was used. 
Therefore, combining the 2 steel frames with the 3 decking types a 
total of 6 floor configurations were built as reported in Figure 5. 

Figure 5 Deck assemblies investigated 

2.2 Test set-up and instrumentation 

An ad-hoc test set-up was designed and built (Figure 6) making pos-
sible to apply to the specimen any loading protocol under either 
force or displacement control. 

Figure 6 Test set-up 

Care was taken to minimize any secondary action, and hence to ap-
proximate the in-plane shear response. The test set-up comprises of 
a “fixed part” and a “free part”. In detail: the “fixed part” allows con-
necting one edge of the specimen to the strong floor of the labora-
tory, the “free part” at the opposite edge transfers to the specimen 
the shear force applied by the actuator. C section profiles connect 
these two opposite sides of the floor to HEB 300 S 355 steel sec-
tions. On the “fixed part” the HEB section was connected to the la-
boratory floor while on the “free part” the HEB section was bolted 
though M12 bolts class 8.8 to a loading distribution element con-
nected to the actuator. This enables applying to the specimen an in-
plane action avoiding out-of-plane displacements. In detail, the 
shear force was applied by means of a hydraulic MTS actuator with 
a stroke of 1000 mm and maximum capacity of 450 kN. All speci-
mens were provided with wire and displacement transducers (Fig-
ure 7).  

  
a) displacement transducer b) wire transducer 

Figure 7 Instruments for displacements measurement 

According to the AISI S907 [6] and ECCS prescriptions [7], the fol-
lowing quantities were measured: the load applied to the specimen, 
the horizontal floor displacement, the relative movements between 
the specimen and the HEB 300 beams and between the steel frame 
and the deck. In addition, further displacement transducers (named 
SLS in Figures 8a) and 9) were placed on the specimens with decking 
type A, in order to measure the relative displacement between the 
gypsum fibre board panels. Figure 9 shows the instrumentation set-
up used for the 2A configuration. Since during the monotonic tests, 
a significant deformation of the beams ends connections was ob-
served, during the cyclic tests, the displacement transducers la-
belled MT S in Figure 8b and Figure 9 were placed under the beams 
to more effectively characterize this behaviour. 

  
a) SLS transducer b) MT S transducer 

Figure 8 SLS and MT S transducers 

2.3 Loading protocols 

Monotonic and cyclic tests were performed to completely charac-
terize the shear behaviour of the floor systems. In particular, to bet-
ter catch the effect of all local phenomena, the monotonic tests were 
performed as a series of loading cycles with increasing amplitudes, 
up to the collapse. The results of the monotonic tests were then used 
to define the cyclic test procedure. In detail, the cyclic loading his-
tory, defined according to the ECCS recommendations [7], was 
based on the so-called conventional elastic limit displacement (ey). 
This conventional elastic limit was defined as the abscissa of the in-
tercept point of two tangents: i) the initial tangent (Et) and ii) the tan-
gent at the force-displacement curve with a slope equal to Et/10, as 
depicted in Figure 10a). 



Figure 9 Instrumentation used for the 2A specimens 

Figure 10 Cyclic loading history according to the ECCS recommendations 

Once the ey is evaluated, the cyclic procedure is defined as a function 
of ey as shown in Figure 10b). By combining all the afore mentioned 
parameters, i.e. the steel frame type, the decking type and the load-
ing procedure, 10 specimens were built and tested as shown in Table 
1. Since the configurations with decking type C were not an actual 
floor solutions, they were only tested through a monotonic protocol. 

Table 1 Specimens details 

ID Beam 
Type 

Deck type Loading    
procedure 

1A-M Truss Steel sheets + gypsum fibre boards 
(M4.8x45 mm)  

Monotonic 

1B-M Truss Steel sheets + concrete slab Monotonic 

1C-M Truss Steel sheets Monotonic 

2A-M Coupled Steel sheets + gypsum fibre boards 
(M4.8x60 mm) 

Monotonic 

2B-M Coupled Steel sheets + concrete slab Monotonic 

2C-M Coupled Steel sheets Monotonic 

1A-C Truss Steel sheets + gypsum fibre boards 
(M4.8x60 mm) 

Cyclic 

1B-C Truss Steel sheets + concrete slab Cyclic 

2A-C Coupled Steel sheets + gypsum fibre boards 
(M4.8x60 mm) 

Cyclic 

2B-C Coupled Steel sheets + concrete slab Cyclic 

 

2.4 Test results 

The main results of both monotonic and cyclic tests are presented 
and discussed in the following. 

2.4.1 Monotonic tests 

The results of the monotonic tests are presented in Figure 11 and 
Figure 12: Figure 11 shows the force-displacement curves of each 
monotonic test while Figure 12 compares the force-displacement 
envelopes by grouping the results on the basis of the beams system. 
The displacement is the relative displacement, in the loading direc-
tion, between the loading distribution beam and the HEB 300 beam 
of the fixed part. 

Figure 11 Monotonic tests: force-displacement curves 

Figure 12 Envelopes curves 

It is apparent that the configurations with the concrete slab (type B 
decking) do possess higher stiffness and strength than the ones with 
gypsum fibre boards (type A decking). The configurations with the 
sole steel deck (type C decking) showed good levels of resistance 
even if lower than the other decking solutions: the steel sheeting 
provides a non-negligible contribution to the in-plane response of 



the floor. In particular, the tests pointed out the high deformation 
capacity of these configurations due mainly to the bearing affecting 
the connections.  

The bearing phenomena was mainly observed in test 1C-M, as re-
ported in Figure 13a), causing the sliding of the steel sheets (Figure 
13b)). 

  
a) bearing phenomena b) sliding of steel deck sheets 

Figure 13 Failure mechanisms observed in test 1C-M 

On the contrary, buckling and post-buckling phenomena were 
mainly observed in the test 2C-M (Figure 14). In particular, Figure 
14b) shows the uplift of the steel sheets which resulted in pull-
through phenomena of the connectors. This behaviour was not ob-
served in decking types A and B due to the restraint effect to the ver-
tical displacement provided by the gypsum fibre panels and by the 
concrete slab. 

  
a) b) 

Figure 14 Failure mechanisms observed in test 2C-M 

Tests 1A-M and 2A-M showed similar failure modes: failure of the 
panel-to-beam connections (Figures 15a) and 15d)), stress concen-
tration at the floors edges and corners and high deformations and 
failure of the connections at the ends of the beams (Figure 15c)) In 
particular, the failure of the panel-to-beam connections led to the 
sliding of the panels as shown in Figure 15b).  

  
a) Connections failure (1A-M) b) Sliding of panels (1A-M) 

  
c) Beam end connection failure (2A-M) d) Connection failure (2A-M)  

Figure 15 Failure mechanisms observed in the specimen with A decking 

Furthermore, results of test 1A-M, which exhibited lower resistance 
but greater deformation capacity than the 2A-M, were primarily 

caused by the ‘weakness’ of the panel-to-frame connections which 
do not effectively connect the steel sheets to the beams. As previ-
ously reported, such a behaviour determined the adoption of longer 
screws (M4.8x60 mm vs M4.8X45 mm). As to the floors with the 
concrete slab (tests 1B-M and 2B-M), the global collapse was pri-
marily caused by the stress concentrations and the associated fail-
ure of the connections at the ends of the external beams (Figure 
16a) and Figure 16b)). Furthermore, important flexural-torsional 
deformations were observed in the coupled beams of specimen 2A. 
(Figure 16c)). During the tests, the failure of the connections be-
tween the steel decking and the beams made the concrete slab act-
ing almost independently as shown in Figure 16d).  

 

 
a) b) 

 

 
c) d) 

Figure 16 Failure mechanisms observed in specimens with decking type B 

2.4.2 Cyclic Tests 

Figure 17 shows the results of the cyclic tests in terms of force-dis-
placement curves. In the figure, the envelope curves of the mono-
tonic tests (curves in black) are plotted for comparison. All re-
sponses are characterized by a quite remarkable pinching that 
governs the hysteretic responses of the floor systems. This is mainly 
due to the connections’ behaviour: in particular, the panel-to-beam 
and steel deck-to-beam connections. The comparison between the 
monotonic envelopes and the cyclic curves shows a significant re-
duction in terms of strength only for the configuration 2B while the 
configuration 2A is more affected by stiffness degradation. On the 
contrary, the cyclic response of specimen 1B was quite similar to the 
monotonic one up to a displacement of 100 mm. After that, the in-
fluence of the cyclic procedure became apparent.  

The difference between monotonic ad cyclic responses of specimen 
1A is associated with the different screws’ length adopted for the 
panel-to-steel frame connections, with longer self-drilling screws in 
specimen 1A-C. This factor explains the substantial differences of 
the response in the first part of the tests: the stiffness and resistance 
of the monotonic test is lower due to the lack of continuity in the 
connections. In large displacements, the progressive failure of the 
connections observed in the cyclic test makes the two responses 
closer. As to the deformation capacity, it seems not remarkably af-
fected by the cyclic actions. 



 
Figure 17 Results of cyclic tests 

Tests 1A-C and 2A-C showed similar responses: differences in terms 
of strength and secant stiffness at 40% of the ultimate resistance are 
of 6% and 15%, respectively. For both specimens, the failure was 
caused by the progressive detachment of the gypsum fibre panels 
from the steel frame, which caused the mutual sliding between pan-
els (Figure 18a)). 

  
a) b) 

  
c) d) 

Figure 18 Failure mechanisms observed in cyclic tests 

The specimen 1B-C showed the lowest deformation capacity and 
strength: at the fourth cycle, few connections between the steel 
deck and the beams failed. Nevertheless, the global collapse was 
caused by the failure of the connections at the ends of the beams 
(Figure 18 c)). The specimen 2B-C developed a collapse mechanism 
similar to the one observed in the monotonic test, i.e. the almost 
complete detachment of the concrete slab from the steel frame (Fig-
ure 18d)). 

The dissipated energy is a parameter usually adopted to compare 
the cyclic responses. Despite the limited interest of floor system 
ductility for design purposes, the dissipated energy was computed 
in order to get a more complete appraisal of the hysteretic perfor-
mance. Figure 19a) shows the total energy dissipated during the 
tests, while Figure 19b) and Figure 19c) report the energy dissipated 
cycle by cycle. As to the total energy, all floors show a similar trend: 

the best performance, as expected, is the one of specimen 2B-C, and 
the worst is that of specimen 1B-C, due to its premature collapse. 

Figure 19 Energy dissipated in cyclic tests 

2.4.3 Shear stiffness and strength 

Table 2 compares the performances of all the specimens in terms of 
stiffness and resistance.  

Table 2 Results of the tests 

ID Fmax+ [kN] Fmax-[kN] G’+[kN/mm] G’- [kN/mm] 

1A-M 65.63 - 1.88 - 

1B-M 90.33 - 3.93 - 

1C-M 38.48 - 1.29 - 

2A-M 89.43 - 3.20 - 

2B-M 170.78 - 5.57 - 

2C-M 68.80 - 0.94 - 

1A-C 91.06 88.03 2.34 2.26 

1B-C 82.72 76.96 4.81 4.17 

2A-C 85.21 91.20 1.64 1.64 

2B-C 130.28 129.91 6.62 6.44 



The diaphragm shear stiffness, G’, was evaluated according to the 
AISI S907 [6] specifications, as: 

𝐺′ =
 

∆  
 (1) 

where 𝑃  =  0.4 𝑃  is the load associated to the 40% of the maxi-
mum load achieved in the test; “a” is the floor length in the perpen-
dicular direction to the load; ∆  is the shear displacement evaluated 
at the load 𝑃 , while “b” is the floor depth (load direction). 

The results clearly show that, in both the monotonic and the cyclic 
regime, the floors with the gypsum fibre boards have a lower shear 
stiffness than the diaphragms made with the concrete slab. This be-
haviour is mainly due to the higher stiffness of the concrete deck if 
compared to that of the gypsum fibre panels and to the slippage of 
the gypsum fibre panels observed during the tests.  

If the attention is focused onto the steel frame type, solution 2, with 
beams made of coupled C sections, generally possess a higher stiff-
ness. This could be due to the different performance in terms of lat-
eral and torsional stiffness provided by the two beams systems.  

3 Numerical analyses 

The experimental results provided the background to develop nu-
merical models since they allowed pointing out the key factors af-
fecting the shear response of these floor typologies. At this aim, two 
FEM software were used: OpenSees [8] and ABAQUS [9]. OpenSees 
was used to set the overall models containing all the elements and 
components needed to simulate the behaviour of the floor systems. 
On the other hand, ABAQUS was used to characterise the local be-
haviours of the main components of the floor system such as the 
connections and the steel deck shear response. The models devel-
oped at this stage of the research focus on the monotonic response. 
In the following, the global models and the components characteri-
zation are described. 

3.1 The floor-system models 

With the aim to develop numerical simulations of the monotonic 
tests, six numerical models were developed using OpenSees. Trying 
to find a balance between accuracy and simplicity, a layer superpo-
sition approach was adopted. In detail, this approach models each 
component of the diaphragm, such as steel members, panels, steel 
deck and connections, into a layer. The layers are then connected to 
each other through rigid links. Figure 20 illustrates this approach for 
the model of decking type A.  

Figure 20 Layer approach used for the models with decking type A 

Even though the modelling approach is the same for all the configu-
rations, the layers differ depending on the type of floor considered 

as shown in Figure 21.  

Figure 21 Layers of the models: ‘vertical view’ configuration 

All models share the first layer (Layer 0) which simulates the steel 
frame and the restraints. The steel frame was modelled through 
elastic dispBeamColumn elements. The beams are connected to the 
external restraints using spring elements, named zeroLength ele-
ments (ZLE), in order to simulate the beam ends connections.  

Layer 1 simulates the steel deck through a truss model numerically 
calibrated on the basis of the shear response of the steel deck 
sheets. The simplicity is the main advantage of this approach: the 
calibration of the single truss needs the definition of only two pa-
rameters, i.e. the shear modulus G and the mesh geometry. There-
fore, the truss model enables simulating, via one-dimensional ele-
ments, the non-linear shear response exhibited by the steel deck. 

Layer 2 simulates the connections between the steel frame and the 
decking. In particular, for the decking type A, the layer simulates the 
fasteners between the steel beams, or the steel deck, and the gyp-
sum fibre panels while for the decking type B, the layer represents 
the connections between the steel beams and the concrete slab.  

The connections were modelled through ZLEs characterized by a 
non-linear behaviour based on numerical simulations or on the liter-
ature, as in the following. The location pattern of the ZLEs adopted 
reproduces ‘on average’ the actual connectors arrangement. In 
models 1A and 2A, the seams between rows of panels were simu-
lated through two ZLEs connected to the same node of Layer 2 (Fig-
ure 21). This enables the slippage between the panels to occur, as 



experimentally observed. In models 1B and 2B, the connections pat-
tern is based on the actual arrangement of the steel deck connec-
tions. Figure 22 shows the connections patterns in Layer 2 of models 
2A and 2B. 

 
Figure 22 Layer 2: the connections patterns 

Layer 3 simulates the gypsum fibre panels for configurations 1A and 
2A and the concrete slab for configurations 1B and 2B. The panels 
of the decking type A were modelled by independent strips that in 
turn, were modelled through the truss model. The models 1B and 2B 
consider the slab as a single element modelled through elastic shell 
elements since the high stiffness exhibited in the experimental test. 
The modulus of elasticity was assumed as declared by the producer. 
The models 1C and 2C comprise only Layer 0 and Layer 1 which sim-
ulate the steel frame and steel deck sheets, respectively. Figure 23 
and Figure 24 show the OpenSees models for configurations 1B and 
2A, respectively. 

 

Figure 23 Schematic view of model 1B 

 
Figure 24 Schematic view of model 2A 

3.2 Components modelling 

The experimental tests pointed out the key role of the connections. 
Furthermore, the steel deck exhibited a nonlinear behaviour char-
acterised by buckling and distortional phenomena when unre-
strained by the panels or by the slab. In order to characterise these 
complex behaviours, ABAQUS models were set up, focusing on: i) 
the in-plane behaviour of the panel-to-beam connection, ii) the in-
plane behaviour of concrete-slab-to-beam connection, iii) the axial, 
bending and torsional behaviour of beam end connection and iv) the 
shear behaviour of the steel deck. 

Figure 25 shows the ABAQUS model of the connection between the 
steel flange of the beam type 2 and a gypsum fibre panel. The model 
was created through solid elements, taking into account a rectangu-
lar region equal to the screws spacing in both directions. The analy-
sis, performed under displacement control, enabled obtaining a 
force-displacement path characterising the response of the ZLEs of 
the Layer 2 of model2A. 

 
Figure 25 ABAQUS model of the panel-to-beam connection of specimen 2A 

The panel-to-steel deck connections of specimen 1A-M, that differs 
from specimen 2A-M for the screws’ length, were characterised on 
the basis of data provided by literature. In particular, the work of 
Tao at al. [10] provides the base to define the parameters of the 
Pinching4 material model, i.e. a rheological model suitable to simulate 
the behaviour of the connection. 

The connections between the concrete slab and the steel frame 
were modelled in the same way as the panel-to-beam connections of 
model 2A: the model was created through solid elements, consider-
ing a rectangular region equal to the spacing of the steel deck-to-
beams connections (Figure 3). Two analyses, in x-direction and y-di-
rection of Figure 26a), were performed in order to obtain the force-
displacement laws of the ZLEs of the OpenSees model simulating 
the connection’s behaviour (Figure 26b)). The same procedure was 
adopted to simulate the connections of configuration 1B. 

Figure 26 ABAQUS model of slab-to-beam connection of specimen 2B 



Attention was paid to the model of the beam end connection of the 
steel frame 2 since the very high deformation experimentally ob-
served (Figure 15c)). The model (Figure 27) takes into account the 
material and geometrical nonlinearities in order to properly simu-
late the axial, bending and torsional behaviour of that connection. 
The responses obtained by the ABAQUS analyses, in terms of mo-
ment-rotation and force-displacement curves, were then used to 
characterize the ZLEs placed at the beams ends of Layer 0. These 
ZLEs were defined by an axial spring in x direction, a rotational 
spring (φz) and a torsional spring (φx). 

 
Figure 27 ABAQUS model of beam end connection of steel frame type 2 

Finally, ABAQUS models (Figure 28) were created to characterise 
the shear response of the steel decking: two steel decking sheets 
were connected to a steel frame, which simulated the floor beams, 
taking into account the specimen screws pattern. The analysis was 
performed under displacement control applying a displacement in x- 
direction of Figure 28, i.e. the direction parallel to the long side of 
the steel deck sheet. Two different models, depending on the floor 
system, were created. In specimens1A and 2A, the gypsum fibre 
panels prevent the vertical displacement of the steel sheets: the ver-
tical displacements of the steel deck (uz displacement) are hence re-
trained, avoiding the sheet shear buckling (Figure 28a)). In the sec-
ond model, used to characterise the truss model of specimens 1C 
and 2C, where the steel deck is vertically unrestrained, the vertical 
displacements are allowed (Figure 28b)). These analyses permitted 
the evaluation of the force-rotation curves, shown in Figure 28c), 
needed to define the non-linear transverse modulus G, used to cali-
brate the truss elements of Layer 1 of the OpenSees models. As ex-
pected, the analyses outcomes proved that the restrained sheet ex-
hibits a much stiffer behaviour than the unrestrained one. 

Figure 28 ABAQUS models of the steel deck sheets 

3.3 Numerical vs experimental results 

The results of the OpenSees analyses in terms of force-displace-
ment curve are reported in Figure 29. The graphs compare the nu-
merical simulation results with the monotonic experimental tests, 
proving the validity of the layers approach for the analyses of the in-
plane behaviour of the diaphragms.  

Figure 29 Numerical vs experimental results 

In the figures, it is apparent the fairly good agreement between the 
numerical and the experimental responses up to the achievement of 
the maximum load. The model tends to significantly underestimate 
the post-peak branch of the responses. This is associated with the 
truss model adopted for simulating the sheeting behaviour, which is 
unable to catch local phenomena subsequent to the connections 
failure. Therefore, the model tends to underestimate the floor sys-
tem ductility. However, it should be considered that floor systems 
are designed not to be involved in the building collapse.  

4 Summary and conclusions 

The study presented herein focusses on the evaluation of the in-
plane responses of floor systems made of cold-formed steel frames. 
At this aim, experimental tests and numerical simulations were car-
ried out.  

A total of 10 full scale tests on 6 different floor system configura-
tions were performed. The specimens differed by the steel frame 
and the decking solution. In particular, 2 steel frames and 3 decking 
solutions were adopted. The first decking solution named A was a 
dry solution characterized by steel deck sheets and gypsum fibre 
boards. The second decking solution, named B was a light concrete 
slab poured over a steel deck. Eventually, a last type of decking 
named C, with the sole steel deck placed over the steel frame was 
considered. The specimens were subjected to both monotonic and 
cyclic shear loading conditions, in accordance to the ECCS proce-
dure [7]. The experimental programme allowed appraising the sys-
tem performance in terms of both stiffness and strength, and the 
failure modes. As to the monotonic tests, the specimens with only a 
steel deck showed a good performance in terms of strength, stiff-
ness and deformation capacity. The presence of an additional layer 
(concrete slab or gypsum fibre panels) results in a further non-negli-
gible improvement of the floor shear response. As expected, the 



specimens with the concrete slab showed the highest stiffness and 
strength. Besides, the floors characterised by the steel frame made 
of coupled C sections exhibited a greater stiffness than the ones 
characterised by the truss beams (Figure 2). 

Regarding the hysteretic response, the cyclic tests pointed out a 
high pinching behaviour of all the configurations mainly due to the 
cyclic behaviour of the connections which played a key role in the 
mechanism of forces transfer.  

Based on the experimental evidence, numerical models were then 
developed. The models simulated the in-plane monotonic behaviour 
taking into account the role of the decking and of the connections. 
Since the high complexity of these systems, a layer superposition ap-
proach was adopted to simulate the floor diaphragm behaviour. The 
overall floor models were realized using OpenSees software, 
whereas ABAQUS models allowed the characterisation of single 
components. Eventually, the comparison between the curves of the 
experimental tests and numerical analyses points out the satisfac-
tory accuracy of the models. The strength and the stiffness were in-
deed well approximated proving the validity by layers approach. 
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