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Abstract 

The assessment of the behaviour of cold-formed steel (CFS) drywall partitions under in-plane 

seismic loading remains a critical area of study for evaluating how non-structural elements 

influence the seismic performance of buildings, particularly in the context of performance-

based earthquake design requirements. 

In the last years, many tests have been performed all over the world, but numerical modelling 

is quite unexplored. This study provides the main outcomes available in the state-of-the-art on 

numerical modelling conducted on in-plane quasi-static reversed cyclic tests performed on var-

ious partition walls and façades constructed using LWS framing. The primary objective is to 

analyse the influence of different construction details on the seismic behaviour observed in the 

tests, as well as to evaluate the impact of non-structural architectural components on the global 

seismic response across various building typologies. 
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1 INTRODUCTION 

The use of Cold-Formed Steel (CFS) in building construction has grown significantly over 

the past decades, particularly in lightweight framed systems for non-structural components such 

as drywall partitions and façade elements. While these systems were originally conceived as 

non-load-bearing, experimental evidence and post-earthquake surveys have demonstrated that 

they can exhibit a substantial influence on a building’s seismic response. Their contribution 

becomes particularly relevant when assessing in-plane behaviour, where deformation compati-

bility, energy dissipation, and damage concentration may affect both performance and safety. 

As a result, the development of accurate numerical models for predicting the in-plane seismic 

response of CFS drywall systems has become a critical area of research.  

CFS partition walls and façades are typically composed of a light steel stud framing system 

with attached board panels on one or both sides (Fig. 1). The main differences among partition 

walls and façades consist in the function, location and, insulation layer presence: partition walls 

divide interior spaces, are located inside the building and generally do not present insulation 

layer; whereas façades protect the structure from weather, provide thermal/acoustic insulation, 

and contribute to aesthetics, are the outer shell of the building and generally present insulation 

layer. Their seismic performance is governed by the complex interaction among various ele-

ments, including screw fasteners, sheathing panels, frame connections, and the progressive deg-

radation of materials. The resulting in-plane response is inherently nonlinear, characterized by 

stiffness degradation, strength deterioration, pinching, and significant hysteresis, all of which 

must be properly captured in numerical simulations. 

  
a) Partition wall b) Façade 

Figure 1: Typical CFS Drywall Partition Wall (a) and Façade (b) 

2 EXPERIMENTAL TESTS AND NUMERICAL MODELLING APPROACHES 

AND CHALLENGES 

In a wider framework of efforts to improve the seismic behaviour of steel structures [1-4], 

several experimental and numerical studies were conducted to investigate the seismic response 

of drywall partition walls and façades with CFS framing. Recent relevant experimental studies 

devoted to evaluate the in-plane seismic response of drywall partition walls consisted in dy-

namic or quasi-static cyclic loading tests on full-scale or scaled specimens with different sur-

roundings, geometry and construction details [5-11]. For the façades, instead, the state of the 

art is limited to three experimental campaigns, in which shaking-table tests [12, 13] and quasi-

static reversed cyclic tests were conducted [14].  
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Results highlighted that even non-structural CFS drywall systems can contribute to global 

stiffness and energy dissipation under cyclic loading. The response is strongly influenced by 

sheathing type, screw spacing, edge details, and the presence of openings.  

These experimental results provide essential benchmarks for calibrating and validating nu-

merical models capable to predict the in-plane seismic behaviour of drywall partition walls and 

façades and their effect on the global behaviour of the building. 

Numerical modelling strategies for CFS drywall walls under in-plane seismic loading are 

generally classified into three categories:  

• Micro-modelling involves a detailed representation of each component, such as the gyp-

sum panels, steel studs, and fasteners. Nonlinear material models and contact algorithms are 

used to simulate connection behaviour and interface debonding. While these models provide 

high-fidelity results, they are computationally intensive and more suited for research-level in-

vestigations than for design practice; 

• Meso-modelling approaches reduce computational demand by grouping elements into

sub-assemblies. This approach balances accuracy and efficiency and is suitable for simulating 

full-scale wall behaviour, as demonstrated by Rahmanishamsi et al. [15], and for evaluating the 

impact of non-structural architectural components on global seismic behaviour, according to 

Campiche et al. [16]. 

• Macro-modelling treats the entire wall system as an equivalent shear panel with prede-

fined hysteretic behaviour. Multilinear, bilinear, or pinching hysteresis models are employed to 

capture the global force–displacement response [17, 18, 19, 20]. These models are particularly 

useful for integration into whole-building simulations using platforms such as OpenSees [21]. 

Table 1 summarizes numerical studies on single walls or the effect of drywall partition walls 

and façades on the global behaviour of the building. 

Despite advances in numerical modelling, several challenges persist, as fastener nonlinearity, 

board material degradation, environmental effects and coupled in-plane/out-of-plane response. 

Moreover, integrating detailed wall models into full structural models is still computationally 

demanding, particularly for dynamic analyses. 

Authors 

Global 

structural ty-

pology/ Sur-

roundings  

NS compo-

nents considered 

Numerical 

modelling ap-

proach 

Rahmanishamsi et 

al.[15] 

Concrete 

surrounding 
Partition walls 

Meso-model-

ling 

Campiche et al.[16] 

CFS sheath-

ing-braced 

frame 

Finishing ma-

terials, internal 

counter walls and 

partition walls 

Meso-model-

ling 

De Matteis [18] MRF Cladding walls 
Macro-model-

ling 

Shakeel et al.[19] 
Concrete 

surrounding 
Partition walls 

Macro-model-

ling 

Shin et al.[20] 
Concrete 

surrounding 
Partition walls 

Macro-model-

ling 

Poursadrollah et al. 

[17] 
MRF Partition walls 

Macro-model-

ling 

Table 1: State-of-the art of numerical modelling of CFS drywall architectural non-structural components 
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3 ANALYSIS OF RESULTS AND DISCUSSION 

From the available studies on the literature, the impact of drywall partition walls and façades 

on the global seismic performance of two structural systems were analysed: Moment-Resisting 

Frames (MRFs) and Cold-Formed Steel (CFS) structures. For MRFs, results were derived from 

studies evaluating the role of lightweight steel partitions and façades under cyclic and dynamic 

loads, showing improvements in both stiffness and energy dissipation capacities [17,18]. In the 

case of CFS systems, data were based on recent shake-table experiments and calibrated numer-

ical models, which demonstrated a significant contribution of non-structural components to lat-

eral stiffness and drift reduction [12, 13, 16].  

The impact of drywall partition walls and façades on the global seismic performance was 

represented in Fig.2, in which each bar represents a percentage change in performance metrics 

relative to the bare structure, across key parameters such as initial stiffness, lateral strength, 

energy dissipation, inter-storey drift, and residual drift. The data distinguishes between experi-

mental and numerical findings and between structures with and without non-structural compo-

nents. The comparison highlights that while both systems benefit from the inclusion of 

partitions and façades, the magnitude of improvement depends on the structural typology, com-

ponent configuration, and modelling approach. In the case of Moment-Resisting Frame (MRF) 

structures, the combined inclusion of drywall partition walls and façades leads to notable im-

provements in global seismic performance. Specifically, the initial stiffness increases by ap-

proximately 20%—with a rise of 21% observed in experimental results and 23% in numerical 

analyses. The lateral strength is enhanced by around 10% (10% experimentally, 12% numeri-

cally), while energy dissipation capacity improves significantly, with an increase of approxi-

mately 35% (32% experimental, 40% numerical). Additionally, a reduction in inter-storey drift 

of about 21% is recorded (20% experimental, 22% numerical), along with a decrease in residual 

drift of approximately 25% (24% experimental, 27% numerical).  

For Cold-Formed Steel (CFS) structures, which are inherently lighter and less stiff than 

MRFs, the influence of drywall partition walls and façades on seismic response is even more 

pronounced, resulting in greater enhancements in overall structural performance under seismic 

loading. In fact, the initial stiffness increases by approximately 33%—with a rise of 32% ob-

served in experimental results and 35% in numerical analyses. The lateral strength is enhanced 

by around 22% (20% experimentally, 23% numerically), while energy dissipation capacity im-

proves significantly, with an increase of approximately 40% (38% experimental, 42% numeri-

cal). Additionally, a reduction in inter-storey drift of about 36% is recorded (35% experimental, 

38% numerical), along with a decrease in residual drift of approximately 41% (40% experi-

mental, 42% numerical). 

4 CONCLUSIONS 

This study has provided a comprehensive overview of the current state of research concern-

ing the numerical modelling of drywall partition walls and façades with cold-formed steel 

(CFS) framing, focusing on their in-plane seismic behaviour and impact on the global seismic 

performance of buildings. A detailed comparison between Moment-Resisting Frames (MRFs) 

and CFS structures has been conducted, supported by both experimental and numerical evi-

dence. Drywall partition walls and façades, although traditionally classified as non-structural 

elements, can significantly influence the seismic performance of structural systems, particularly 

when subjected to in-plane seismic actions. 

For MRF structures, the inclusion of both partition walls and façades results in: 

• An average increase in initial stiffness of 20%,

• An improvement in lateral strength of approximately 10%,

• An enhancement in energy dissipation capacity of 35%,
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• A reduction in inter-storey drift by about 21%, and 

• A 25% decrease in residual drift, showing their potential to mitigate structural and 

non-structural damage during seismic events. 

For CFS structures, the impact is even more significant due to their lower inherent stiffness 

and mass. The inclusion of drywall components leads to: 

• A 33% increase in initial stiffness, 

• A 22% improvement in lateral strength, 

• A 40% enhancement in energy dissipation, 

• A 36% reduction in inter-storey drift, and 

• A 41% reduction in residual drift, confirming their effectiveness in improving both 

structural performance and post-earthquake reparability. 

Numerical modelling approaches for CFS drywall systems vary in complexity and fidelity, 

ranging from micro-modelling for high-accuracy simulations, to macro-modelling suitable for 

integration into whole-building seismic analyses. Despite recent advancements, modelling chal-

lenges persist, especially regarding connection behaviour, material degradation, and the cou-

pling between in-plane and out-of-plane responses. 

Continued research is necessary to develop more efficient and reliable numerical tools that 

can capture the nonlinear behaviour of these systems and facilitate their inclusion in perfor-

mance-based seismic design frameworks. 

In conclusion, drywall partition walls and façades should no longer be treated merely as 

architectural features but rather as integral components that can contribute positively to the 

seismic resilience of both traditional and lightweight steel-framed structures. 

 
Figure 2: Analysis of experimental and numerical impact of drywall partition walls and façades on global 

seismic behaviour 

4114



A. Campiche, and S. Shakeel 

5 REFERENCES 

[1]  M. D’Aniello, R. Tartaglia, R. Landolfo, J. Jaspart, J. Demonceau, Seismic pre-qualifi-

cation tests of EC8-compliant external extended stiffened end-plate beam-to-column 

joints.  

[2] R. Tartaglia, A. Milone, M. D’Aniello, R. Landolfo, Retrofit of non-code conforming 

moment resisting beam-to-column joints: A case study. Journal of Constructional Steel 

Research, 189, 107095, 2022. 

[3] A. Prota, R. Tartaglia, R. Landolfo, Influence of Column–Base Connections on Seis-

mic Behavior of Single-Story Steel Buildings. Buildings, 14(11), 3606, 2024. 

[4]  A. Prota, R. Tartaglia, G. Di Lorenzo, R. Landolfo, Seismic strengthening of isolated 

RC framed structures through orthogonal steel exoskeleton: Bidirectional non-linear 

analyses., Eng. Struct., 302, 117496, 2024. 

[5] S.A. Freeman, Racking tests of high-rise building partitions, J. Struct. Div. Proc. Am. 

Soc. Civ. Eng. (1977) 1673–1685. 

[6] T.-H. Lee, M. Kato, T. Matsumiya, K. Suita, M. Nakashima, Seismic performance 

evaluation of non-structural components: drywall partitions, Earthq. Eng. Struct. Dyn. 

36 (2007) 367–382. 

[7] J.I. Restrepo, A.M. Bersofsky, Performance characteristics of light gage steel stud par-

tition walls, Thin-Walled Struct. 49 (2011) 317–324. 

[8] Q. Peck, N. Rogers, R. Serrette, Cold-formed steel framed gypsum shear walls: In-

plane response, J. Struct. Eng. 138 (2012) 932–941.  

[9] R. Retamales, R. Davies, G. Mosqueda, A. Filiatrault, Experimental seismic fragility of 

cold-formed steel framed gypsum partition walls, J. Struct. Eng. 139 (2013) 1285–1293 

[10]  S. Swensen, G.G. Deierlein, E. Miranda, Behavior of screw and adhesive connections 

to gypsum wallboard in wood and cold-formed steel-framed wallettes, J. Struct. Eng. 

142 (2016) E4015002.  

[11] T. Pali, V. Macillo, M.T. Terracciano, B. Bucciero, L. Fiorino, R. Landolfo, In-plane 

quasi-static cyclic tests of nonstructural lightweight steel drywall partitions for seismic 

performance evaluation, Earthq. Eng. Struct. Dyn. 47 (2018) 1566–1588.  

[12] X. Wang, E. Pantoli, T.C. Hutchinson, J.I. Restrepo, R.L. Wood, M.S. Hoehler, P. 

Grzesik, F.H. Sesma, Seismic performance of cold-formed steel wall systems in a full-

scale building, J. Struct. Eng. 141 (2015) 04015014.  

[13] L. Fiorino, B. Bucciero, R. Landolfo, Evaluation of seismic dynamic behaviour of dry-

wall partitions, façades and ceilings through shake table testing, Eng. Struct. 180 

(2019) 103–123.  

[14] L. Fiorino, S. Shakeel, A. Campiche, and R. Landolfo, In-plane seismic behavior of 

lightweight steel drywall façades through quasi-static reversed cyclic tests, Thin-

Walled Structures, vol. 182, p. 110157, Jan. 2023, doi: 10.1016/j.tws.2022.110157. 

[15] E. Rahmanishamsi, S. Soroushian, and E. M. Maragakis, “Analytical model for the in-

plane seismic performance of cold-formed steel-framed gypsum partition walls,” Earth-

quake Engineering & Structural Dynamics, vol. 45, no. 4, pp. 619–634, 2016.  

[16] A. Campiche, L. Fiorino, R. Landolfo, Numerical modelling of CFS two-storey sheath-

ing-braced building under shaking-table excitations, Journal of Constructional Steel 

Research, Volume 170, 2020, 106110, ISSN 0143-974X, 

https://doi.org/10.1016/j.jcsr.2020.106110. 

[17] A. Poursadrollah, R. Tartaglia, L. Fiorino, S. Shakeel, and R. Landolfo, Effect of light-

weight steel partitions on seismic behaviour of moment resisting frames, J Constr Steel 

Res, vol. 206, p. 107925, Jul. 2023. 

4115

https://doi.org/10.1016/j.jcsr.2020.106110


A. Campiche, and S. Shakeel  

 

[18] G. DeMatteis, Effect of lightweight cladding panels on the seismic performance of mo-

ment resisting steel frames, Engineering Structures, Volume 27 (2005), pp.1662–1676 

[19] S. Shakeel, L. Fiorino, and R. Landolfo, “Numerical modelling of lightweight steel 

drywall partitions for in-plane seismic performance evaluations,” Ingegneria Sismica, 

vol. 37, no. 1, pp. 64–83, 2020. 

[20] D.-H. Shin and H.-J. Kim, “Macro-Modelling Approach for the In-Plane Cyclic Re-

sponse of Cold-Formed Steel Partition Walls,” Applied Sciences, vol. 10, no. 22, p. 

8163, 2020. 

[21] S. Mazzoni, F. McKenna, M. H. Scott, and G. L. Fenves, OpenSees, 2009, Berkeley. 

 

 

4116


