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ABSTRACT 8 

Internal partitions, as many nonstructural components, should be subjected to a careful and rational 9 

seismic design, as for structural elements. A quasi-static test campaign aimed at the evaluation of 10 

the out-of-plane seismic performance of Siniat plasterboard internal partitions with steel studs is 11 

conducted according to FEMA 461 testing protocol. Four tall, i.e. 5 m high, specimens are selected 12 

from the range of internal partition developed in Europe by Siniat, a leading supplier of plasterboard 13 

components in Europe.  14 

Under the specified testing protocol, a significant nonlinear pinched behavior of the tested specimen 15 

is observed. The pinched behavior is caused by the damage in the screwed connections, whose 16 

cyclic behavior is strongly degrading. Both stiffness and strength of the specimens are significantly 17 

influenced by the board typology and the amount of screwed connections. Finally, it is concluded 18 

that Eurocodes significantly underestimate the resisting bending moment of the tested specimens. 19 
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1 INTRODUCTION 24 

The seismic performance of nonstructural components is nowadays recognized to be a key issue in 25 

the framework of the Performance-Based Earthquake Engineering (PBEE). Indeed, PBEE explicitly 26 

defines different accepted damage levels for non-structural components and contents at different 27 

levels of seismic excitations (Bertero and Bertero 2002), according to a multi-level seismic design 28 

approach. Four main issues motivate research studies on this topic. 29 

 Nonstructural components generally exhibit damage for low seismic demand levels. The 30 

seismic performance of nonstructural components is crucial in frequent, and less intense, 31 

earthquakes, where their damage can cause the inoperability of several buildings. For 32 

instance, damage in partition walls and infill walls caused the evacuation, and the 33 

consequent downtime, of several lightly damaged reinforced concrete structures after 2009 34 

L’Aquila earthquake. 35 

 The cost of nonstructural components represents the largest portion of the building 36 

construction cost. Indeed, Taghavi and Miranda (2003) showed that structural cost only 37 

corresponds to 18%, 13% and 8% of the construction cost for offices, hotels and hospitals 38 

respectively. 39 

 The failure of nonstructural components can also cause injuries or deaths; the threatening to 40 

the life safety due to nonstructural components increases if it is considered that suffocation 41 

is the most common cause of death due to an earthquake. The 64% of the fatalities caused 42 

by 1995 Great Hanshin Earthquake was due to the suffocation of the human body due to 43 

compression or obstruction (Ikuta and Miyano 2011). Such a phenomenon could be caused 44 

by the damage to nonstructural components, which may limit the accessibility of an egress 45 

route. 46 

 Nonstructural components may participate in the lateral system of the primary structure at 47 

often unknown levels, i.e. varying the lateral strength and stiffness of the structural system. 48 

However, the behavior in the out-of-plane direction of internal partitions, which is the focus 49 

of this paper, gives a negligible contribution to the global behavior of the primary structure. 50 

The following research study deals with “tall”, i.e. 5 m high, plasterboard internal partitions for 51 

industrial and commercial buildings. Plasterboard internal partitions with steel stud are classified as 52 

architectural nonstructural components according to Villaverde (1997). They, as many nonstructural 53 

components, should be subjected to a careful and rational seismic design, as for the structural 54 

elements, given the above mentioned motivations. 55 

Several research studies on the seismic assessment of plasterboard internal partitions characterized 56 

by cold-formed steel studs can be found in the literature, e.g. (Lee et al. 2007; Restrepo and Lang 57 

2011; Restrepo and Bersofsky 2011; Tasligedik et al. 2012; Magliulo et al. 2012). Fifty tests on 58 

cold-formed steel stud internal partitions were conducted at the University at Buffalo as part of the 59 

NEES Nonstructural Grand Challenge project. Thirty-six internal partition walls were tested in-60 

plane under quasi-static (Retamales et al. 2013) and dynamic loading protocols, whereas fourteen 61 

wall specimens were dynamically tested in the out-of-plane direction (Davies et al. 2011) by means 62 

of the University at Buffalo Nonstructural Component Simulator (UB-NCS). The influence given 63 

by the presence of a bookshelf and/or return walls on the global behavior of the specimen is 64 

investigated. However, the tested components do not reflect the typical partitions used in European 65 

countries, being representative of US construction market.  66 

Bidirectional shake table tests on innovative drywall internal partitions are described in Magliulo et 67 

al. (2014). This test campaign aims at the evaluation of the seismic performance of an innovative 68 

partition system considering in-plane and out-of-plane interaction. A steel test frame is designed in 69 

order to simulate the seismic effects at a generic building story. The AC 156 (International 70 

Conference of Building Officials (ICBO) 2000) testing protocol is adopted. 71 

According to current building codes, e.g. Eurocode 8 (CEN 2004b), partition systems are 72 

nonstructural components, which must be designed in order to withstand a predefined seismic 73 



action. Their seismic design is performed by comparing the seismic demand on the component with 74 

the capacity of the partition system. The assessment is performed in the out-of-plane direction since 75 

internal partitions are acceleration-sensitive components in such a direction. While the seismic 76 

demand can be assessed by means of code formulae, the seismic capacity should be evaluated 77 

through either experimental tests or reliable analytical/numerical models. Dynamic tests should be 78 

preferred in the assessment of the capacity through experimental tests. However, in this study quasi-79 

static tests were considered, as detailed in the following Sections. 80 

In the available literature there is very limited evidence of out-of-plane quasi-static tests on 81 

plasterboard partitions, aimed at the evaluation of their seismic performance in terms of strength, 82 

stiffness and ductility. However, some similar studies are available concerning structural walls 83 

made by steel studs (Peterman and Schafer 2014), which significantly differ from the internal 84 

partitions both in terms of applied loads and in terms of components. Moreover, tests in the out-of-85 

plane direction are typically performed by private companies according to ASTM E-72 standard 86 

(ASTM 2015), but they are not publicly accessible. 87 

In this research study, quasi-static tests are performed on 5 m tall plasterboard internal partitions 88 

built with Siniat products, aiming at evaluating their seismic performance in terms of strength, 89 

stiffness and ductility. This partition typology is commercialized in Europe by Siniat, a leading 90 

supplier of plasterboard components, for industrial and commercial buildings. A test setup is 91 

designed in order to perform quasi-static tests on such components. Four different specimens, from 92 

Siniat partition offer, are subjected to the quasi-static test protocol provided by FEMA 461 (FEMA 93 

461 2007). The typical damage typologies are shown as well as the recorded force-displacement 94 

envelopes. Finally, a critical comparison with the current European building code is discussed. 95 

2 EXPERIMENTAL FACILITIES, TEST SETUP, SPECIMENS AND TEST PROTOCOL 96 

A quasi-static test campaign is conducted in the Laboratory of the Technical Development Center of 97 

Siniat International Company in Avignon, France (Figure 1 and Figure 2). The tests are aimed at 98 

assessing the out-of-plane seismic behavior of internal plasterboard partitions installed in industrial 99 

and commercial buildings, which are typically characterized by large interstory height. 100 

 101 
Figure 1. Global view of the test setup for specimen no. 1. 102 
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 103 

Figure 2. Details of the actuator and the load application points (specimen no. 2). 104 

The specimens are representative of Siniat plasterboard partitions with steel studs. In particular, 105 

four different 5 m high plasterboard partitions are tested. Their selection, performed by an industrial 106 

partner committee, reflects the typical high partition configurations for industrial buildings that are 107 

commercialized by Siniat in European countries. They are also selected since in-plane quasi-static 108 

tests were performed on these specimens, as detailed in Petrone et al. (2015a). Quasi-static tests 109 

were preferred to dynamic tests since the available facilities did not allow to dynamically 110 

investigate the tall partitions considered in this study. 111 

2.1 Test setup 112 

A single vertical “strip” of each partition is tested in this test campaign, characterized by the width 113 

of a single vertical plasterboard. It is implicitly assumed that the partition is wide enough in order to 114 

neglect the contribution of the adjacent boards in the horizontal direction. The specimen is placed 115 

horizontally (Figure 1) in order to accommodate the features of the available facility. The test is 116 

based on the six point bending scheme shown in Figure 3. The test setup provides two actuators 117 

placed symmetrically with respect to the center of the specimen; each actuator is characterized by 118 

two application points (Figure 2). The total force applied to the partition is therefore divided into 119 

four different forces, which are characterized by the same magnitude. The four forces are positioned 120 

in order to reproduce a bending moment diagram similar to the one that would occur for a 121 

uniformly distributed load acting in the out-of-plane direction. 122 

The external restraints are given by two wooden beams, which are fixed at the base by steel 123 

elements. These beams are made of wood in order to facilitate the installation of the steel guides. 124 

 125 

Figure 3. Top view on the specimen: six point bending scheme adopted for the test campaign. 126 
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2.2 Specimens 127 

Specimen no. 1 is 5000 mm high and 900 mm wide. Its cross-section is depicted in Figure 4a; it is 128 

composed of the following components: 129 

- two horizontal (vertical in the test setup) Siniat U-shaped guides made of 0.6 mm thick 130 

galvanized steel; they are screwed into wooden beams (Figure 1) which are positioned at the 131 

top and at the base of the partition; 132 

- a single vertical (horizontal in the test setup) Siniat C-shaped stud made of 0.6 mm thick 133 

galvanized steel; it is called M100-50, because it is characterized by 50 mm wide flanges 134 

and by a 100 mm wide web; 135 

- a 18 mm thick Siniat plasterboard layer on each side of the partition. The plasterboards are 136 

connected both to the stud and to the horizontal guides by 250 mm spaced screws; even 137 

though all types of boards are 2600 mm high, three boards are adjacently installed in order 138 

to reach the 5000 mm height according to the construction practice (Figure 1). The 139 

horizontal joints are sealed with paper and Siniat joint compound. 140 

Specimen no. 1 is representative of a partition with 900 mm spaced studs. Specimen no. 2 is 141 

characterized by two layers of 1200 mm wide and 12.5 mm thick plasterboards for each side 142 

(Figure 4b). The plasterboards are screwed to two M150-50 studs, which are 600 mm spaced; inner 143 

plasterboards are connected to the studs with a 600 mm spaced screwed connections, whereas the 144 

outer plasterboards are characterized by 300 mm spacing. Specimen no. 3  is characterized by two 145 

layers of 1200 mm wide and 12.5 mm thick plasterboards for each side, which are screwed to two 146 

back-to-back M150-50 studs with a 600 mm spacing (Figure 4c). Specimen no. 4 is characterized 147 

by two layers of 1200 mm wide and 18 mm thick plasterboards for each side, screwed to three 148 

back-to-back studs M100-50 with a 400 mm spacing (Figure 4d); inner plasterboards are connected 149 

to the stud with a 600 mm spaced screwed connections, whereas the outer plasterboards are 150 

characterized by 300 mm spacing. The main features of the tested specimens are summarized in 151 

Table 1. 152 

 
(a) 
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Figure 4. Test specimen cross-sections: (a) specimens no. 1, (b) specimen no. 2, (c) specimen no. 3 and 153 
(d) specimen no. 4. 154 
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Specimen 

no. 
Siniat stud Siniat plasterboard Siniat guide 

1 
50-100-50 mm section with 6 mm lips, 0.6 

mm thick, 900 mm spacing 

1 layer of BA18S boards 18 mm 

thick, 900 mm wide 

30-100-30mm “U” 

section, 0.6mm thick 

2 
50-150-50 mm section with 6 mm lips, 0.6 

mm thick, 600 mm spacing  

2 layers of BA13 boards 12.5 

mm thick, 1200 mm wide 

50-150-50mm “U” 

section, 0.6mm thick 

3 

50-150-50 mm section with 6 mm lips, 

back to back, 0.6 mm thick, 600 mm 

spacing 

2 layers of BA13 boards 12.5 

mm thick, 1200 mm wide 

50-150-50mm “U” 

section, 0.6mm thick 

4 

50-100-50 mm section with 6 mm lips, 

back to back, 0.6mm thick, 400 mm 

spacing 

2 layers of BA18 boards 18 mm 

thick, 1200 mm wide 

30-100-30mm “U” 

section, 0.6mm thick 

Table 1. Components adopted for the different specimens. 155 

Steel studs are characterized by 300 N/mm2 tensile strength and 210000 N/mm2 elastic modulus 156 

resulting from tensile tests on stud specimens. BA13 board is characterized by a 3.31 N/mm2 157 

compressive strength and 1.84 N/mm2 tensile strength; BA18 board exhibits a 5.50 N/mm2 158 

compressive strength and 1.57 N/mm2 tensile strength, whereas BA18S board exhibits a 8.16 159 

N/mm2 compressive strength and a 1.43 N/mm2 tensile strength. The elastic modulus range is 2410-160 

5240 N/mm2. The self-drilling screws adopted for the different specimens are characterized by a 3.5 161 

mm diameter, 35 mm length and a flat head. Finally, a global picture of the four tested specimens is 162 

reported in Figure 5. 163 
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Figure 5. Global view on the four tested specimens. 164 

2.3 Test protocol 165 

The protocol of the quasi-static test is defined according to FEMA 461 “Interim Testing Protocols 166 

for Determining the Seismic Performance Characteristics of Structural and Nonstructural 167 



Components” (FEMA 461 2007). FEMA 461 proposes the loading history as a numeric succession 168 

of two consecutive steps with amplitude ai and ai+1, respectively, according to the following 169 

relationship: 170 

1i ia c a          (1) 171 

Two cycles at the same displacement amplitude ai are provided for each step. Equation (1) is 172 

calibrated in order to be representative of the response of SDOF systems subjected to a set of 173 

ground motions in ordinary conditions recorded in the US region. The suggested value of the 174 

parameter c is 1.4. 175 

Based on the research study included in Petrone et al. (2015a), which is based on earthquakes 176 

recorded in Europe, the parameter c is slightly modified in 1.39. A 100 mm target displacement Δm 177 

at the 15th step of the loading protocol is defined, which is representative of the collapse 178 

displacement of the partition. In case the collapse of the partitions is not exhibited at the target 179 

displacement value, the loading history is continued by using further increments of amplitude of 0.3 180 

times Δm, i.e. 30 mm, according to FEMA 461. The displacement loading protocol is depicted in 181 

Figure 6, assuming a total number of steps equal to 20. 182 

 183 
Figure 6. Adopted displacement loading protocol. 184 

2.4 Instrumentation 185 

Several instruments are selected in order to monitor the response of the specimens when subjected 186 

to the predefined loading protocol. A Linear Variable Displacement Transducer (LVDT) is placed 187 

at the centroid of the partition in order to record the mid-span out-of-plane displacement of the 188 

partition (Figure 7a). Several strain gauges are placed at different points of the specimen: 189 

- four strain gauges are placed on the inner and on the external faces of the boards at the 190 

centroid of the partition, i.e. strain gauges A, B, C and D in Figure 7b; 191 

- three strain gauges are positioned on three different cross-sections of a steel stud, according 192 

to the arrangement provided in Figure 7b, i.e. strain gauges E, F and G. The three selected 193 

cross-sections are corresponding to: (a) the force application point closest to the external 194 

support, (b) the centroid of the partition and (c) the horizontal joint between the plasterboard 195 

panels. 196 

Two LVDTs are also installed in order to monitor relative displacements in the out-of-plane 197 

direction between the external wooden beam and the partition, both at the base and at the top of the 198 

partition. Finally, two LVDTs are installed to measure the absolute displacement of the external 199 

wooden beams in the out-of-plane direction, in order to verify the effectiveness of their restraining 200 

effect.  201 
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(a) 

 
(b) 

Figure 7. (a) LVDT used to record the mid-span out-of-plane displacement; (b) strain gauges arrangement in the 202 
partition cross-section corresponding to the centroid of the specimen. 203 

3 RESULTS AND DISCUSSION 204 

3.1 Damage description 205 

The different specimens show similar damage typologies. The main damage typologies are: 206 

 cracking of the horizontal joints between adjacent panels (Figure 8a); 207 

 damage of the stud-to-panel screwed connections; it starts from the connections close to the 208 

external restraints (Figure 8b) and then affects the ones close to the center of the partition; 209 

 local buckling of either the web or the flange or both the web and the flange of the steel 210 

stud, clearly denoted by the waves in the stud (Figure 8c); 211 

 pull out of the boards and/or of the studs from the base or top horizontal guide due to the 212 

excessive local plastic deformation in the stud; this damage typology is the typical cause of 213 

the collapse of the whole specimen (Figure 8d). 214 

It should be noted that the recorded damage points out that the plasterboards are typically not 215 

damaged at the end of the test. Hence, the “weak” part of the tested specimen is either the stud or 216 

the horizontal guide or the panel-to-stud screwed connections. Moreover, the recorded damage 217 

typologies can be also found in previous experimental studies on plasterboard partition walls, e.g. 218 

(Davies et al. 2011; Restrepo and Bersofsky 2011). 219 
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Figure 8. Main recorded damage typologies: (a) paper cracking in the horizontal joints; (b) damage in the panel-220 
to-stud screwed connections; (c) local buckling in the studs; (d) pull out of the stud from the horizontal guide.  221 

3.2 Global behavior: results summary 222 

Recorded forces in the two actuators are similar one another: the static scheme, i.e. the six point 223 

bending scheme, is well reproduced during the tests. The total force applied in the out-of-plane 224 

direction is plotted versus the centroid out-of-plane displacement in Figure 9 for the four tested 225 

specimens. Recorded displacements well agree with the predefined input protocol. A nonlinear 226 

behavior of the tested partitions, which occurs after an initial linear trend, is clearly observed. 227 

Moreover, their response is unsymmetrical, as highlighted by the different negative and positive 228 

strength of the specimens. The occurrence of different damage typologies are also highlighted in the 229 

hysteresis loops. The main damage typologies can be summarized in local buckling failure in the 230 

studs and joint cracking; the final collapse corresponds for all cases to the pull off of boards and/or 231 

of studs from horizontal guides due to local plastic deformation of the guide or failure of the board. 232 



  

  

Figure 9. Hysteresis loops for specimens no. 1 - no. 4. 233 

The comparison of the backbone curves (Figure 10a), evaluated as the envelope of the hysteresis 234 

loops up to the failure of the specimen, allows evaluating the influence of several parameters: 235 

 specimen no. 3 exhibits a larger strength than specimen no. 2; the introduction of back-to-236 

back studs, which also doubles the amount of screws in the specimen, significantly increases 237 

the seismic performance in the out-of-plane direction; indeed, the collapse displacement also 238 

increases with the introduction of back-to-back studs; 239 

 specimen no.4 shows the largest strength among the tested specimens, even though 240 

specimens no. 3 and no. 2 are characterized by a deeper stud; hence, the contributions to the 241 

strength of the specimen of both the thicker boards, i.e. 18 mm thick boards vs 12.5 mm 242 

thick boards, and the larger number of studs, i.e. six M100-50 vs four M150-50, are 243 

therefore significant; finally, it should be noted that specimen no. 4 is also characterized by 244 

a low collapse displacement. 245 

The different specimens exhibit similar secant stiffness trends (Figure 10b), which degrade as the 246 

specimens get damaged. The secant stiffness is evaluated both for positive and negative 247 

displacements. The following features can be noted observing the trend of the curves: 248 

 specimen no. 4 shows the largest secant stiffness among the tested specimens, even though it 249 

is characterized by a 100 mm deep stud; the presence of six studs and the double layer of 18 250 

mm boards per side give a strong contribution to the stiffness of the partition; 251 



 the doubled number of both the studs and, consequently, the screwed connections in 252 

specimen no. 3 compared to the specimen no.2 significantly increases the stiffness of the 253 

partition in the out-of-plane direction; hence, secant stiffness is significantly influenced by 254 

the amount of screwed connections. 255 

 
(a) 

 
(b) 

Figure 10. Comparison among the different tested specimens in terms of (a) backbones curves and (b) secant 256 
stiffness. 257 

The hysteresis loops of each single step of the test protocol are isolated in order to underline their 258 

shape change during the test. Indeed, in the first steps the force-displacement relationship is almost 259 

linear and friction mechanisms are noted; in the last steps a pinching phenomenon is clearly visible 260 

in the force-displacement relationships. The pinched behavior is caused by the damage in the 261 

screwed connections, whose cyclic behavior is strongly degrading at large displacement levels. The 262 

comparison between steps no. 9 and no. 16 for specimen no. 1 (Figure 11) clearly highlights the 263 

change in the hysteresis loop shape. The sensitivity of the tested specimen to the selected protocol is 264 

therefore demonstrated; it should be underlined that FEMA 461 protocol might be significant 265 

different from the seismic action experienced by a partition during a real earthquake. 266 



 
(a) 

 
(b) 

Figure 11. Force-displacement relationship for (a) step no. 9 and (b) step no. 16 of the defined loading test 267 
protocol in specimen no. 1; the first of the two cycles of the step is in gray, whereas the latter cycle is in black. 268 

The dissipated energy in test no. 1 for each negative and positive semicycle of the given protocol is 269 

shown in Figure 12. The degrading behavior of the specimen is clearly highlighted. Indeed, the test 270 

protocol provides two consecutive cycles at the same displacement (see Section Error! Reference 271 

source not found.); the energy dissipated in the second cycle of the step is smaller than the energy 272 

dissipated in the first cycle of the same step. In particular, the energy reduction among two cycles at 273 

the same imposed displacement in specimen no. 1 is 6.2% at step no. 8, where it shows an almost 274 

linear trend up to steps no. 16 and 17, where the energy reduction is about 25% (Figure 13a). The 275 

same conclusions can be drawn from the dissipated energy trends of the tests no. 2 – no. 4, which 276 

show a similar dissipated energy decay among two cycles at the same imposed displacement 277 

(Figure 13a).  278 

The energy dissipated in the negative semicycle is similar to the energy dissipated in the preceding 279 

positive semicycle for specimen no. 1, even if the negative force is typically smaller than the 280 

positive one, i.e. discrepancies up to 12%. Instead, larger discrepancies among positive and negative 281 

dissipated energies are found in specimens no.2 to no. 4 (Figure 13b), which confirm the 282 

unsymmetrical behavior of the tested partition systems. 283 



 284 

Figure 12. Energy dissipated for each cycle during the test no. 1. 285 
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(b) 

Figure 13. (a) Dissipated energy decay among two consecutive cycles at the same imposed displacement; (b) 286 
dissipated energy decay among positive and negative semicycles. 287 

It should be underlined that the tests were performed in a quasi-static regime. Such a test typology 288 

allows evaluating the capacity of the component to compare with the seismic demand. However, a 289 

dynamic test might show different modes of failure, besides taking into account the inertia loads 290 

and the dynamic behavior of the component. For instance, the delamination of the board from the 291 

studs cannot be observed in the performed quasi-static tests, given the adopted test setup; such a 292 

mode of failure could be particularly observed in case a bookcase is fixed to the wall. 293 

3.3 Local behavior: contribution of the boards to the resisting bending moment 294 

Section 3.3 shows the contribution of both Siniat boards and screwed connections to both the 295 

strength and the stiffness of the partition. In order to highlight their influence on the global behavior 296 

of the partition in the out-of-plane direction, the strain gauge recordings are investigated. In Figure 297 

14 the strain recordings on Siniat boards of the specimen no. 1 are shown: the green line shows the 298 



deformations recorded on the internal side of the board, whereas the blue line shows the strain 299 

recorded on the external side. 300 

 
(a) 

 
(b) 

Figure 14. Strain gauge recording in both the sides of the two plasterboards installed in specimen no. 1. 301 

The strains on the internal and external sides are almost coincident during the first cycles of the test; 302 

after some cycles they tend to become opposite. This issue suggests that the board-to-stud cross-303 

section behaves as a composite cross-section; two different components, i.e. plasterboards and steel 304 

studs, are connected by steel screwed connections in this cross-section. 305 

Initially the stud and the boards behave as a unique cross-section (Figure 15a); as the screwed 306 

connections start failing, a relative slip between studs and boards is recorded and the components do 307 

not act as a unique cross-section anymore; they tend to act as three different cross-sections in 308 

parallel (Figure 15b). This behavior is confirmed by the trend shown in Figure 16, where the strains 309 

recorded at the same cross-section location both on the steel stud and on the board are compared for 310 

test no. 1. During the first cycles, the steel and plasterboard strains are almost coincident. At large 311 

displacement levels, the strain compatibility rule, i.e. plane cross-sections remain plane, is not valid 312 

anymore; furthermore, the strains become opposite in sign, as expected according to Figure 15b. 313 

Moreover, secant stiffness values attained at the first steps are in line with the stiffness of the 314 

composite element, whereas the secant stiffness, evaluated after the connections are fully damaged, 315 

is close to the “non-composite” stiffness. As a consequence, the inertia, i.e. the out-of-plane 316 

stiffness of the partition, significantly reduces at large displacement levels; this phenomenon might 317 

justify the nonlinear stiffness trend exhibited by the partitions (Figure 10b). Hence, the nonlinear 318 

behavior exhibited by the different specimens might be attributed both to the local buckling of the 319 

studs and, particularly, to the board-to-stud screwed connection damaging. Finally it should be 320 

noted that this behavior is also exhibited by the other three tested specimens. 321 
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Figure 15. Plasterboard partition cross-section behavior in terms of recorded strain (a) as a unique composite 322 
section and (b) as three different components acting in parallel. 323 

 324 

Figure 16. Strain recorded on both steel and plasterboard at the same cross-section position in test no. 1. 325 

3.4 Assessment of the tested partitions: Eurocode vs experiments 326 

According to Eurocode 8 (CEN 2004b), partition walls are nonstructural components, which must 327 

be designed according to a seismic demand corresponding to a design seismic intensity level; such 328 

intensity level is the same level considered during the design of the primary structure (Petrone et al. 329 

2015b, c). The force-based seismic design of internal partitions is conducted in a straightforward 330 

way by comparing the seismic demand on the component with its capacity. Since internal partitions 331 

are acceleration-sensitive components in the out-of-plane direction, their assessment is performed in 332 

this direction. The assessment of the tested partitions is included in this Section according to 333 

Eurocode, which is based on a Load Resistance Factor Design (LFRD). In particular, the seismic 334 

demand evaluation is discussed in Section 3.4.1, whereas the assessment of the capacity is included 335 

in Section 3.4.2. Finally, Eurocode approach to both the capacity assessment and the global 336 

assessment of the tested partitions is compared to the experimental outcomes (Section 3.4.3).  337 

3.4.1 Seismic demand evaluation 338 

According to Section 4.3.5 of Eurocode 8, the seismic demand is determined by applying to the 339 

nonstructural element a horizontal force Fa in the out-of-plane direction, which is defined as 340 

follows: 341 
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where: 343 

 Fa is the horizontal seismic force, acting at the center of mass of the nonstructural element in 344 

the considered direction; 345 

 Sa is the seismic coefficient applicable to nonstructural elements, evaluated according to 346 

Equation (3); 347 

 Wa is the weight of the element; 348 

 γa is the importance factor of the element, equal to 1 in ordinary conditions; 349 

 qa is the behavior factor of the element, equal to 2 for internal partitions. 350 

The seismic coefficient Sa may be calculated using the following expression: 351 
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 (3) 352 

where: 353 

 α is the ratio between the design peak ground acceleration on stiff soil, ag, and the 354 

acceleration of gravity g; 355 

 S is the soil factor, assumed equal to 1 in this simplified calculation; 356 

 Ta is the fundamental vibration period of the nonstructural element; 357 

 T1 is the fundamental vibration period of the building in the relevant direction; 358 

 z is the height of the nonstructural element from the foundation or from the top of a rigid 359 

basement; 360 

 H is the building height measured from the foundation or from the top of a rigid basement. 361 

The value of the seismic coefficient Sa should not be taken less than α⋅S. For internal partitions, it 362 

can be assumed that they are installed at the top story of the structure; moreover, on the safe-side, it 363 

is supposed that the fundamental period of the component in the out-of-plane direction is equal to 364 

the period of the structure, i.e. Ta/T1 is set equal to 1. Finally, the maximum bending moment Mmax, 365 

acting in the centroid of the partition, according to a pinned-pinned static scheme is equal to Fa·h/4, 366 

where h is the interstory height, equal to 5 m for the tested specimens. It should be noted that the 367 

assumption on the static scheme is safe-sided compared to a fixed-fixed boundary condition. The 368 

maximum axial force acting in the partition is the weight of the partition, whereas the maximum 369 

shear force is Fa/2. However, as expected, both the axial and the shear forces are negligible 370 

compared to the corresponding capacities of the considered partitions. For this reason, the 371 

verification is conducted only in terms of bending moment. 372 

3.4.2 Seismic capacity evaluation 373 

The resisting bending moment of the tested partition is evaluated in this paragraph. Unfortunately, 374 

formulations that allow taking into account the contribution of the boards to the steel studs are not 375 

available in the current building codes, e.g. Eurocode 3 part 1-3 (CEN 2004a). Hence, the resisting 376 

bending moment of a plasterboard partition can be evaluated as the capacity of the steel studs 377 

included in the considered partition; the presence of the plasterboards allows considering that the 378 

seismic demand is equally distributed among the different studs of a partition. According to 379 

Eurocode 3 part 1-3 (CEN 2004a), which is related to cold-formed steel elements, the resisting 380 

bending moment of a partition can be evaluated as follows: 381 
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Where χLT is the reduction factor due to the lateral-torsional buckling, which takes into account 383 

several geometrical and mechanical features of the studs, Wz,eff is the effective section modulus, fyb 384 

is the nominal steel yield strength, γM1 is the partial safety factor and nstuds is the total number of 385 

studs in the given partition. In the specific case, nominal steel yield strength is set equal to 300 386 

N/mm2 and partial safety factor is set equal to 1.0, i.e. safety factor is not considered. 387 

It should be noted that the effective section modulus is evaluated according to a reduced “effective” 388 

section, where some portions of the cross-section are not considered; this reduction is due to both 389 

local and distortional instabilities, as clearly described in Eurocode 3 part 1-3 (CEN 2004a). Since 390 

the cross-section of the stud is not symmetric with respect to the neutral axis, the section modulus is 391 

taken as the minimum between the positive and negative ones. 392 

3.4.3 Assessment of the tested partitions: Eurocode vs experimental tests 393 

In Figure 17a the resisting bending moments evaluated according to Eurocode 3 are plotted in black 394 

for each partition. These values are compared to the strength exhibited by the tested specimens (in 395 

white), which is simply evaluated from the maximum force recorded during each test. Such a 396 

maximum force is equal to the peak negative force, given the unsymmetrical behavior of the tested 397 

specimens (Figure 10a). Eurocode approach shows a strong underestimation of the resistance of the 398 

tested specimens. This underestimation suggests that the contribution of Siniat boards to the 399 

resisting bending moment, which is neglected in Eurocode 3, is significant. Such a contribution is 400 

significant also due to the presence of the screws, which allows the plasterboards to carry a 401 

significant amount of bending moment. Indeed, the bending moment absorbed by Siniat 402 

plasterboards in the configuration in Figure 15a, where the screwed connections are effective, is 403 

much larger than in the configuration in Figure 15b, which is representative of a cross-section 404 

without screwed connections. 405 

The performance check of the tested partitions is then assessed by comparing the demand with the 406 

capacity in terms of bending moment. In particular, the seismic demand can be evaluated in terms 407 

of maximum bending moment according to the assumptions included in Section 3.4.1. In order to 408 

generalize the problem, the design peak ground acceleration on stiff soil ag, required to the seismic 409 

demand to equal the seismic capacity (Figure 17a), is evaluated and plotted in Figure 17b. The ag 410 

values evaluated according to Eurocode strength are much lower than ag typical values in moderate-411 

to-high European seismic zones, which are larger than 0.30 g. In other words, according to 412 

Eurocode-based strength assessment, these partitions could not be used in these zones: a larger 413 

amount of studs would be needed. Instead, considering the experimental strength, the tested Siniat 414 

partitions could be used in almost the whole European territory. 415 

The large discrepancy between the Eurocode and the experimental results obtained on Siniat 416 

partitions claims the urgent need to define a formulation that would include the contribution of the 417 

plasterboards, through the screws, to the resisting bending moment. However, caution should be 418 

taken in generalizing the results since a limited amount of tests was performed, i.e. only one 419 

specimen for each partition typology. 420 



 
(a) 

 
(b) 

Figure 17. Comparison between (a) resisting bending moments and (b) collapse ground accelerations evaluated 421 
both according to Eurocode and from the experimental tests. 422 

4 CONCLUSIONS 423 

A quasi-static test campaign aimed at the evaluation of the seismic performance of plasterboard 424 

internal partitions with steel studs is presented in the paper. The research study deals with the out-425 

of-plane behavior of such a nonstructural component. Four tall, i.e. 5 m high, specimens are 426 

selected; they are typical Siniat plasterboard internal partitions installed in Europe. FEMA 461 test 427 

protocol is adopted. 428 

The specimens show similar damage typologies at different displacement demand intensities: minor 429 

damage states, such as (a) paper cracking in the horizontal joints between adjacent panels, (b) 430 

damage of the stud-to-panel screwed connections, (c) local buckling of the steel studs, at low 431 

displacement demand; major damage states, such as pulling out of the boards and/or of the studs 432 

from the base or top horizontal guide, at larger displacement demand. A significant nonlinear 433 

pinched behavior of the tested specimen is observed. The pinched behavior is caused by the damage 434 

in the screwed connections, whose cyclic behavior is strongly degrading. The comparison of the 435 

backbone curves allows evaluating the influence of some parameters: 436 

 the use of back-to-back studs, which doubles the amount of screws in the specimens, 437 

significantly increases the seismic performance in the out-of-plane direction;  438 

 both the stiffness and the strength of the specimens are significantly influenced by the 439 

adopted board typology and the amount of screwed connections. 440 

Steel and plasterboard strains at the same cross-section location are equal for low displacement 441 

demand, suggesting that the tested components behave as a composite board-stud-board component. 442 

The strain compatibility rule, i.e. plane cross-sections remain plane, is then violated as damage in 443 

the screwed connections starts occurring. The stud and the two plasterboards behave as three 444 

distinct components acting in parallel at that stage. The damage in the screws also causes a 445 

reduction of the inertia of the whole cross-section, which might justify the nonlinear stiffness trend 446 

exhibited by the tested partitions. Hence, the nonlinear behavior exhibited by the different 447 

specimens may be attributed to the board-to-stud screwed connection damage. Finally, the resisting 448 

bending moment of the Siniat partitions is evaluated according to Eurocodes and compared to the 449 

experimental results. A substantial disagreement between the code and the experimental assessment 450 

is shown.  451 



It should be underlined that the tests were performed in a quasi-static regime. Dynamic tests might 452 

show different modes of failure which were not exhibited in this research study, due to the nature of 453 

the applied load. Future studies will deal with the influence of several parameters that were not 454 

considered in this study, such as the environmental conditions and the interaction with sprinkler 455 

systems. Moreover, a wide set of partitions, e.g. multiple specimens for each partition typology, is 456 

required in order to generalize the results in a design building code. 457 
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