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Abstract 

Ensuring operational continuity in high-importance structures, such as data centres and 
hospitals, during and after seismic events is a fundamental design requirement. Conventional 
steel bracing systems often experience strength and stiffness degradation under cyclic loading, 
leading to costly downtime and extended repair durations. This study investigates the 
implementation of low-damage friction-based energy dissipation systems as resilient Lateral 
Load-Resisting Systems (LLRS) for critical steel structures in high-seismic regions. A three-
story steel-framed structure located in California, USA, and Adelaide, Australia, designed 
respectively to ASCE 7-22 and AS 1170.4, is analysed to compare seismic demands and 
design outcomes. Friction braces are incorporated as the main LLRS to provide stable 
hysteretic behaviour, high energy-dissipation capacity, and resistance against global buckling. 
The seismic performance is evaluated using Response Spectrum Analysis (RSA), Acceleration 
Displacement Response Spectrum (ADRS), and verified using Nonlinear Time-History 
Analysis (NLTHA) under far-field ground motions. Results show that ASCE 7-22 produces 
higher acceleration demands than AS 1170.4 due to its broader plateau and stronger long-
period content. Incorporating friction braces significantly reduces force and displacement 
demands, achieving high ductility factors while maintaining drifts below 1%. Their low 
overstrength factor (1.15) reduces secondary member and foundation demands, enabling 
smaller sections and cost-efficient structural solutions. These findings demonstrate that 
friction-based damping systems offer an effective, low-damage, and economically efficient 
seismic solution for high-importance structures, providing enhanced resilience, superior 
serviceability, and rapid post-event recovery. 
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The seismic resilience of high-importance structures including data centres, hospitals, and 
communication hubs is vital to maintaining operational continuity during and after earthquakes. 
Conventional steel braced or moment-resisting systems often suffer strength and stiffness 
degradation, leading to costly downtime and extensive repair periods (Christopoulos & 
Filiatrault, 2006; Priestley et al., 2007). These limitations highlight the need for innovative 
structural systems that not only ensure life safety but also minimize post-earthquake damage 
and maintain building functionality. 

Recent seismic events have underscored this requirement, prompting engineers to develop 
and implement advanced Lateral Load-Resisting Systems (LLRS) capable of reducing 
structural and non-structural damage while enhancing serviceability. Among these, friction-
based bracing systems have emerged as promising alternatives, offering stable hysteretic 
response, high energy dissipation capacity, and minimal residual deformations. Such systems 
embody a significant evolution in seismic design philosophy, from damage-tolerant to damage-
controlled and functionally resilient design approaches. 

By integrating controlled sliding mechanisms at the brace interfaces, friction dampers dissipate 
seismic energy efficiently while preventing yielding of primary members (Hashemi et al., 2021; 
Pampanin, 2005). Their low maintenance requirements, reusability, and compatibility with 
conventional steel frames make them ideal for critical facilities, providing both immediate safety 
and rapid post-event recovery. 

2. Friction braces as LLRS 

Friction dampers represent an innovative passive energy dissipation system that relies on pure 
friction to dissipate seismic energy through controlled sliding between clamped steel plates 
under normal pressure. When integrated into Concentrically Braced Frames (CBFs), these 
devices are typically installed either at brace-to-frame connections or within the bracing 
members themselves. During an earthquake, as the structure sways laterally, the relative 
movement between the connected plates activates the friction mechanism, converting kinetic 
energy into heat through sliding and thereby reducing the overall structural response. Unlike 
conventional yielding-based braces, where energy dissipation occurs through inelastic 
deformation of the brace members, friction braces provide stable and repeatable hysteretic 
behaviour without causing permanent damage to the primary structural elements. This elasto-
plastic (EPP) hysteretic response (Calvi et al., 2007) ensures negligible residual drifts and 
minimal degradation under cyclic loading. Figure 1 illustrates the Friction brace with the non-
degrading load-deformation profile. 

 
(a) 



 

Page 3 of 13 

 

 
                                     (b)                                                               (c)     
Figure 1. Friction Brace: (a) Friction brace assembly, (b) Elasto- Plastic (EPP) load-deformation curve, 
and (c) Multi-cycle hysteresis-loop 

Several studies have explored frictional energy dissipation devices for steel and timber 
structures, shown that friction-based dampers significantly improve drift control, reduce base 
shear, and enhance damping efficiency for both steel and timber structures (Algamati et al., 
2025; Katsimpini et al., 2025; Qin et al., 2023). However, their application in confined spaces 
such as data centres and hospitals remains limited, largely due to integration challenges, 
maintenance accessibility, and compatibility with existing architectural and structural layouts. 
Consequently, the adoption of compact, anti-buckling friction braces offers a promising, low-
damage solution for high-importance facilities where both architectural and operational 
constraints are stringent. 

International seismic design standards adopt distinct hazard models and response 
modification philosophies. The seismic design code of America, ASCE 7-22 (ASCE, 2022) 
employs a multi-period MCER spectrum derived from probabilistic hazard data, while the 
earthquake design code for Australia, AS 1170.4 (Standards Australia, 2024) uses 
deterministic hazard factors (Z) combined with probability factor (kp) to define site-specific 
elastic spectra. These differences result in varied design accelerations and structural demand 
predictions. However, limited studies have quantitatively compared code-based seismic 
demands under both frameworks for an identical structural system. This research fills that gap 
through a comprehensive code-to-code comparison of seismic response for a three-story steel 
braced frame situated in California (USA) and Adelaide (Australia), representing ASCE 7-22 
(ASCE, 2022) and AS 1170.4 (Standards Australia, 2024) design environments, respectively. 
Beyond identifying code-induced differences in base shear and drift response, the study 
evaluates the effectiveness of friction brace dampers in mitigating seismic demands, thus 
advancing the ongoing international discussion on low-damage, performance-based seismic 
design (Ebrahimi & Mirghaderi, 2023). 

3. Methodology 

3.1. Building Description and Analytical Model 

The case-study building is a high-importance (Importance Level 4) steel-framed structure 
consisting of a ground floor and three elevated levels, reaching a total height of 21.3 m with 
uniform inter-storey heights of 7.1 m. The plan dimensions are approximately 162 m × 129.8 
m in the longitudinal (X) and transverse (Y) directions, respectively. The floor system 
incorporates composite steel decking (Smart deck 200) to provide in-plane diaphragm action. 
Lateral stability is achieved through chevron-configured friction braces, which form the Lateral 
Load-Resisting System (LLRS). These braces are symmetrically arranged within internal bays 
and along the building perimeter in both principal directions. A detailed three-dimensional 
ETABS (Computers and Structures Inc., 2021) model was developed for numerical analysis, 
incorporating friction braces across 26 bays in the X direction and 32 bays in the Y direction. 
The square hollow section brace and friction joint, functioning collectively as a friction brace 
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were modeled in series, with the 1 m friction joint segment represented by nonlinear link 
elements defined by Plastic-Wen hysteretic properties calibrated to the experimentally 
obtained load–deformation response of the devices. The friction-brace capacities range from 
2050 kN to 4000 kN in the X-direction and 1500 kN to 4000 kN in the Y-direction, with slip 
displacements specified in the range of 1.6mm-2.9mm and ultimate displacements between 
65 mm and 80 mm, respectively. Brace capacities vary by level, with Level 1 braces rated 
between 3800-4000 kN, Level 2 between 2250-3000 kN, and Level 3 between 1500–2400 kN. 
The applied loads on the roof and floor includes the self-weight, superimposed dead loads, 
and a proportion of live loads. The corresponding seismic weights for Levels 1-3 are 333,948 
kN, 332,271 kN, and 395,396 kN, giving a total seismic weight of 1,061,615 kN for the three-
storey building. Figure 2 illustrates the 3D structural model with friction braces analysed in this 
study. 
 

 
Figure 2. Three- storey steel frame with friction braces as Seismic Force Resisting System (SFRS). 

3.2 Seismic Analysis  

A numerical model of a three-storey steel-framed structure was developed in ETABS 
(Computers and Structures Inc., 2021) to evaluate the comparative seismic performance of 
buildings designed according to ASCE 7-22 (ASCE, 2022) (California, USA), and AS 1170.4  
(Standards Australia, 2024) (Adelaide, Australia). The friction dampers were modelled in 
ETABS using Plastic Wen link elements, with nonlinear behaviour activated in the axial 
direction (U1) of each brace. The link was aligned with the local axial axis of the brace to 
reproduce slip-based hysteresis, and the slip force was calibrated to match the device’s rated 
force capacity. A high pre-slip elastic stiffness was assigned to prevent artificial elongation 
before sliding, while the post-slip parameters were selected to generate stable, repeatable 
hysteresis. This approach provided an efficient and realistic simulation of the characteristic 
slip-controlled energy dissipation mechanism of friction dampers. The model was analysed 
under equivalent design actions to assess the influence of differing code-based seismic 
provisions and site conditions on structural response and energy dissipation when 
incorporating friction-based bracing systems.  
For the site in California, the seismic parameters were defined in accordance with ASCE 7-22. 
The short-period spectral acceleration parameter (Ss), which represents the mapped spectral 
acceleration at a period of 0.2 s and characterises the intensity of ground shaking affecting 
short-period (stiff) structures, was taken as Ss= 0.814g, the 1-second spectral acceleration 
parameter (S1), representing the mapped spectral acceleration at a period of 1.0 s and 
governing the long-period response of flexible structures, was assigned as S1 = 0.383g,  the 
long-period transition period (TL), above which the spectral response acceleration decreases 
linearly in inverse proportion to period (1/T), was defined as TL= 8s. Additionally, the short-
period site coefficient (Fa), used to adjust Ss for local soil amplification effects, was taken as 
Fa= 1.252, and the long-period site coefficient (Fv), which modifies S1 to account for site effects 
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in the long-period range, was adopted as Fv= 2.468. The site was classified as Site Class F, 
indicating very soft soil or soil susceptible to potential failure or liquefaction under seismic 
loading conditions. 
For the site in Adelaide, a subsoil class of Ee was adopted with a hazard factor Z=0.10 and 
Earthquake Design Category (EDC) II applicable to structures with heights below 25 m. A 
probability factor, kp=1.8 was applied, corresponding to an Importance Level 4 (IL4) building 
with an annual probability of exceedance of 1/2500 (Standards Australia, 2024). To assess 
seismic performance, the Modified Acceleration–Displacement Response Spectrum (M-
ADRS) procedure outlined in FEMA 440 (Fema, 2005), Chapter 6 adopted. This method 
idealises the multi-degree-of-freedom (MDOF) frame as an equivalent single-degree-of-
freedom (SDOF) system and modifies the elastic response spectrum to account for inelastic 
deformation. For the AS 1170.4 design case, the Capacity Spectrum Method (CSM) was 
adopted to determine the performance point based on the intersection of capacity and demand 
curves. Complementary Response Spectrum Analysis (RSA) was performed for both design 
codes to evaluate elastic dynamic response parameters, while Nonlinear Time-History 
Analysis (NLTHA) was conducted using suites of far-field ground motions to verify and validate 
the M-ADRS and ADRS results. In the Australian context, AS 1170.4 (Standards Australia, 
2024 & McBean, 2021) defines two seismic performance levels for IL4 structures: a 
Serviceability Limit State (SLS) corresponding to a 1/500 annual probability of exceedance, 
ensuring continued functionality and limiting non-structural damage, and an Ultimate Limit 
State (ULS) corresponding to a 1/2500 annual probability of exceedance, ensuring life safety 
and collapse prevention.  

3.3 Ground motion selection and scaling  

To evaluate the seismic performance of the friction-braced structure, a suite of 18 far-field 
ground motions was selected from the PEER NGA-West2 database (Ancheta et al., 2013), 
comprising nine records for the California site and nine for the Adelaide site. The selected 
motions represent the subset of large-magnitude, far-field and near-field events recommended 
in FEMA P695 (Council, 2009). For the California case, the records were amplitude-scaled 
following ASCE 7-22 (ASCE, 2022), ensuring that the mean response spectrum of the scaled 
suite matched the target design spectrum within the period range of 0.2T₁ to 1.5T₁. As 
AS1170.4 does not prescribe a specific scaling range for nonlinear time-history analysis, the 
Australian suite was scaled over a broader range of 0.2T₁ to 2.0T₁ to capture both fundamental 
and higher-mode response characteristics, consistent with internationally accepted practice 
(refer to Fig 3a, and 3b). Nonlinear direct-integration time-history analyses were then 
performed for the lateral load-resisting system (LLRS), with all inelasticity concentrated in the 
friction braces. The mean displacement and drift demand from the scaled records were used 
to assess performance at the design level for both code-based designs. An equivalent viscous 
damping ratio of 2% was adopted for the elastic components, and all secondary members were 
capacity-protected using a design overstrength factor of 1.2 for the friction braces. 
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(a) 

 

 
(b) 

Figure 3. Scaled ground motion records at ULS: (a) ASCE7-22, and (b) AS1170.4. 

4. Results and Discussion 

4.1 Non-linear static analysis (Capacity Spectrum Method) 

The Capacity Spectrum Method (CSM), initially introduced in FEMA 356 and ATC 40 as the 
Coefficient Method and later refined in FEMA 440 (Fema, 2005), was adopted in this study. 
The procedure involves plotting the backbone curve obtained from nonlinear pushover analysis 
against the modified Acceleration–Displacement Response Spectrum (ADRS), reduced to 5% 
damping for both the Serviceability Limit State (SLS) and Ultimate Limit State (ULS) 
evaluations. An optimally designed system exhibits its initial yield point representing device or 
fuse activation, slightly above the SLS curve and intersects the ULS curve at a performance 
point corresponding to target force and displacement demands beyond the design thresholds 
(Lal et al., 2025). The Acceleration–Displacement Response Spectrum (ADRS) curves 
presented in Figures 4 and 5 illustrates the performance points for the three-storey steel-
framed structure incorporating friction braces. The structure designed for the California site 
was assessed using the Modified ADRS procedure outlined in FEMA 440, while the analysis 
for the Adelaide site adopted a Capacity Spectrum Method approach consistent with the 
principles of C2 guidelines from New Zealand. Although AS 1170.4 does not explicitly 
prescribe the C2 procedure, this approach was applied as a rational extension of the standard’s 
capacity-spectrum framework, ensuring consistency with established performance-based 
assessment practices while remaining fully compatible with the intent of AS 1170.4. 
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The structures were analysed at a target inter-storey drift of 1.0% to evaluate the seismic 
effectiveness of the friction bracing system. The performance point, defined as the intersection 
of the pushover curve with the corresponding damped spectrum, was established using the 
Capacity Spectrum Method (CSM) for both the California and Adelaide design cases. The 
Acceleration–Displacement Response Spectrum (ADRS) procedure, which converts the multi-
degree-of-freedom (MDOF) system to an equivalent single-degree-of-freedom (SDOF) 
system, was used to determine the performance point. The effective height of the equivalent 
SDOF system was estimated as 16.97m, representing the height at which the effective mass 
participates in the fundamental mode of vibration. For the California site, the damped spectrum 
derived from FEMA 440 (M-ADRS approach) resulted in a performance point at 0.8% drift, 
corresponding to a base shear of 125,377 kN and a R-Factor of 8 in the X direction. The R-
factor, as defined in ASCE 7-22, represents the Response modification factor that accounts 
for the inherent ductility, overstrength, and energy-dissipation capacity of the structural system, 
allowing for a reduction of the elastic design forces to a more realistic inelastic design level. In 
contrast, for the Adelaide site analysed per AS 1170.4, the performance point was achieved 
at 0.5% drift, with a base shear of 138,219.9 kN, corresponding to a ductility factor (μ = 3.2) 
and a structural performance factor (Sp) equal to 0.67 (refer to Fig. 4). Similarly, in the Y 
direction, the California model achieved a performance point at 0.8% drift (base shear 
=135,250 kN, R =8), while the Adelaide model exhibited a base shear of 147,194 kN, 
equivalent to a ductility of 3.1 with the same Sp =0.67 (refer to Fig. 5). 
Overall, the higher acceleration plateau and extended long-period content of the ASCE 7-22 
spectrum produced greater demands compared to AS 1170.4, which yielded higher drift and 
base-shear responses. This contrast highlights the relative conservatism of the Australian 
design spectrum at long periods and demonstrates the friction brace’s adaptability in 
maintaining stable performance across distinct seismic design frameworks. 

 
Figure 4. ADRS Performance of the three-storey steel structure with Friction braces _X- direction 
(ULS). 
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Figure 5. ADRS Performance of the three-storey steel structure with Friction braces _Y- direction 
(ULS). 

4.2 Multi-modal analysis (Response Spectrum Analysis) 

The Response Spectrum Analysis (RSA) was performed to evaluate the elastic dynamic 
response of the three-story steel braced frame under seismic loading as defined by ASCE 7-
22 and AS 1170.4. RSA is a widely adopted analytical method in performance-based seismic 
design that captures the influence of multiple vibration modes on the overall structural 
response, offering a balance between computational efficiency and dynamic accuracy. By 
accounting for modal participation, higher-mode effects, and dynamic amplification, RSA 
provides a more representative estimate of global response parameters such as base shear 
and inter-story drift compared to static or single-mode approximations. The analysis results 
revealed that both codes produced closely aligned predictions of seismic demand, with slight 
variations in base shear and drift due to differences in spectral shapes. Under ASCE 7-22, the 
computed base shear was 135,343 kN in both the X and Y directions, with an associated inter-
story drift of 0.6%, corresponding to a response modification factor (R =8) representative of 
friction-damped braced frames. In comparison, the AS 1170.4 spectrum produced marginally 
higher base shears of 138,418 kN in the X direction and 144,515 kN in the Y direction, with 
inter-story drifts of 0.5% and 0.7%, respectively. The slightly higher base shear values 
predicted by AS 1170.4 reflect its broader spectral plateau and greater effective acceleration 
in the medium-period range, characteristic of New Zealand’s seismic design provisions. 
 
Overall, the RSA results confirm that both code-based analyses yield comparable seismic 
demands, with AS 1170.4 producing slightly higher base shears but similar drift control. The 
use of friction braces enables significant energy dissipation, allowing the system to sustain a 
high response modification factor (R = 8) under ASCE 7-22 and achieve equivalent ductility 
levels (μ= 3-4) as recognized in AS 1170.4. Although the comparative analyses were 
conducted on the same case-study building designed to ASCE 7-22 and AS 1170.4, the 
conclusions regarding the superior seismic efficiency of the friction-based bracing system are 
justified by the consistent improvement in key performance indicators such as reduced base 
shear, controlled inter-storey drift, and enhanced energy dissipation, observed across both 
seismic design codes. The purpose of comparing identical structural configurations under 
different seismic design frameworks was to isolate the influence of the governing code 
provisions while maintaining the friction brace as a constant energy-dissipation mechanism. 
This approach ensured that the observed reduction in seismic demand could be attributed 
directly to the friction-based hysteretic behaviour rather than geometric or material variations. 
Furthermore, the Acceleration–Displacement Response Spectrum (ADRS) and Nonlinear 
Time-History Analysis (NLTHA) results demonstrated that the ductility and response 
modification factor (R= 8) achieved by the friction-damped frame exceeded the typical values 
prescribed for conventional braced or moment-resisting systems. This confirms that the 
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proposed system can sustain higher inelastic deformation demands with stable hysteretic 
response, validating its exceptional seismic efficiency even within a code-to-code comparative 
framework. 

4.3 Dynamic Analysis (Time History Analysis) 

The Nonlinear Time History Analysis (NLTHA) was performed to evaluate the seismic 
response of the three-story steel braced frame equipped with friction dampers when subjected 
to ground motion records scaled to the Design Level Earthquake (DLE) intensity. A Rayleigh 
damping model was adopted, incorporating 2% inherent damping, calibrated to both the 
fundamental mode and the mode corresponding to 90% mass participation, each assigned a 
2% damping ratio. The key response parameters, namely base shear and inter-story drift, were 
determined as the mean values from nine ground motion records, consistent with the 
recommendations of FEMA 9695. 

4.3.1 Base Shear 

The nonlinear time history analyses (NLTHA) of the 3-story steel-framed structure, conducted 
under the ASCE 7-22 and AS 1170.4 ground motion suites, indicated consistent yet 
distinguishable trends in base shear demands between the two design codes. In the X-
direction, the average base shear obtained from the ASCE 7-22 suite was 144,666 kN, while 
the AS 1170.4 suite produced a slightly lower mean value of 140,042 kN, corresponding to an 
approximate 3.2 % reduction (refer to Fig. 6). Conversely, in the Y-direction, the average base 
shear under ASCE 7-22 was 163,620 kN, whereas AS 1170.4 resulted in a lower mean of 
151,496 kN, representing a 7.4 % decrease (refer to Fig. 7). These results suggest that for this 
mid-rise frame, the ASCE 7-22-compatible motions induced marginally higher base shear 
demands compared with AS 1170.4, particularly in the Y-direction. This variation is primarily 
attributed to differences in the spectral shape and scaling of the two codes: ASCE 7-22 tends 
to impose higher spectral accelerations at intermediate periods relevant to this structural 
configuration, whereas AS 1170.4 exhibits a broader but slightly lower plateau region. Overall, 
the findings indicate that both codes generate comparable seismic demands, with ASCE 7-22 
yielding slightly higher base shears (3–8 %) across both principal directions, reflecting its 
relatively greater spectral ordinates in the period range governing the global response of the 
3-story system. 

 
Figure 6. ULS Base Shear in X- direction.  
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Figure 7. ULS Base Shear in Y- direction.  
 
In summary, the comparative outcomes confirm that both code-compatible ground motion 
suites result in similar overall seismic force demands, implying that the structural design and 
response performance of mid-rise steel frames would remain consistent under either standard. 
Moreover, the implementation of friction-based bracing systems significantly enhances seismic 
performance by dissipating energy through controlled sliding, effectively reducing global base 
shear demands while maintaining stable hysteretic behavior. This allows for the adoption of 
higher response modification factors (R=8 as per ASCE 7-22) and achieving ductility levels (μ) 
in the range of 3 to 4, thereby improving overall system resilience, reducing member section 
sizes, and ensuring rapid post-earthquake functionality. 

4.3.2 Inter-storey drift 

For the 3-story steel braced frame equipped with friction dampers, the nonlinear time history 
analyses demonstrated that the maximum inter-story drift demands remained well below 
conventional life-safety thresholds. In the X-direction, the average peak inter-story drift was 
0.8% for ASCE 7-22 and 0.7% for AS 1170.4 (refer to Fig. 8a). The drift distribution profile 
indicates slightly higher deformations at the first and second levels, gradually reducing toward 
the upper story, consistent with the stiffness distribution and modal participation characteristics 
of the frame. In the Y-direction, the corresponding maximum drifts were 1.0% and 0.9% for 
ASCE 7-22 and AS 1170.4, respectively, again showing a modestly higher demand under the 
ASCE-based motions (refer to Fig. 8b). The similarity in drift patterns between the two suites 
highlights comparable overall system flexibility, while the minor variation reflects differences in 
spectral acceleration amplitudes and frequency content between the two code-compatible 
ground motion sets. 
These drift levels fall within the elastic-to-limited-yield range, generally defined as inter-storey 
drifts up to 1.0% for high importance level structures as per ASCE 7-22, where structural 
members remain largely elastic with minor inelastic action confined to energy-dissipating 
devices. Since all maximum drift demands observed in this study were capped at/below 1.0%, 
the frame response remained predominantly elastic, with yielding limited to the friction 
interfaces. This confirms that the incorporation of friction dampers within the brace 
configuration effectively restricted inelastic deformations in the main structural members while 
maintaining stable hysteretic performance and minimal residual displacements. 
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(a)                                                            (b) 

Figure 8. ULS Drifts: (a) X- direction, and (b) Y-direction. 

Overall, the incorporation of friction braces proved highly effective in controlling lateral 
displacements, maintaining inter-story drifts well within the elastic-to-limited-yield range. The 
sliding mechanism of the friction dampers dissipates seismic energy through stable hysteresis, 
preventing localized yielding of structural members and minimizing residual deformations. This 
energy dissipation capability not only limits inter-story drift but also ensures that the structure 
experiences minimal permanent displacement after shaking, thereby significantly reducing 
post-earthquake repair demands. The results reaffirm the efficiency of friction bracing systems 
in achieving superior seismic performance through controlled deformation and reduced 
damage potential. 

5. Discussion 

The collective findings from the Acceleration–Displacement Response Spectrum (ADRS), 
Response Spectrum Analysis (RSA), and Nonlinear Time History Analysis (NLTHA) highlight 
the consistent and robust performance of the three-story steel braced frame equipped with 
friction dampers under both ASCE 7-22 and AS 1170.4 design frameworks. Across all 
analytical methods, the friction bracing system effectively reduced base shear and inter-story 
drift demands while maintaining stable and repeatable hysteretic energy dissipation. The 
ADRS results showed that the structure achieved performance points at drift levels well below 
1%, with corresponding ductility factors of 3.0-3.2 and response modification factors (R) up to 
8, demonstrating its ability to achieve high levels of ductility and energy dissipation without 
structural degradation. The RSA results further confirmed that both code-based spectra yield 
comparable seismic demands, with AS 1170.4 predicting slightly higher base shear (by 
approximately 3-7%) due to its broader spectral plateau, yet similar or lower drift values. On 
the other hand, the NLTHA was used to validate the results from ADRS and RSA, which 
revealed that while ASCE 7-22 produced marginally higher base shears, both codes resulted 
in drifts under 1%, indicating a controlled and damage-free response. 
 
Importantly, the inclusion of friction-based braces provides significant advantages for high-
importance structures, such as hospitals, emergency facilities, and critical infrastructure, where 
functionality and immediate occupancy after earthquakes are paramount. The friction 
mechanism dissipates seismic energy through controlled sliding rather than inelastic yielding, 
thereby limiting both peak and residual drifts and virtually eliminating permanent deformation 
in primary structural members. This not only enhances seismic resilience but also minimizes 
post-event repair and downtime. By enabling a higher response modification factor (R = 8) 
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under ASCE 7-22 and achieving ductility capacities (μ = 3–4) under AS 1170.4, friction braced 
systems provide substantial reductions in base shear and force demand, translating directly to 
smaller member sizes, reduced connection forces, and overall material and construction cost 
savings.  

6. Conclusions 

The results from the ADRS, RSA, and NLTHA collectively confirm that the friction bracing 
system provides a resilient, damage-free, and universally compatible seismic solution 
applicable under both ASCE 7-22 and AS 1170.4 frameworks. Despite the minor differences 
in spectral characteristics between the two codes, the global structural responses remained 
remarkably consistent, highlighting the adaptability of friction-damped systems to diverse 
seismic design environments. These braces effectively reduce base shear demands while 
maintaining controlled inter-story drift responses, thereby ensuring superior performance in 
terms of strength, stiffness, ductility, and energy dissipation capacity. Furthermore, the non-
degrading capability and repeatable hysteretic behaviour of friction dampers make them 
particularly advantageous for modern performance-based design philosophies that prioritize 
low-damage and rapid-recovery objectives. Their ability to confine inelastic action to 
replaceable or resettable components leads to minimal residual deformation, reduced repair 
intervention, and enhanced structural longevity. From an economic perspective, the reduction 
in design base shear translates into smaller cross-sections, lighter foundations, and lower 
material costs, offering both sustainability and cost-efficiency. 
 
In summary, the proposed friction-based energy dissipation system displays stable-repeatable 
hysteretic behaviour, substantial reductions in base shear and inter-storey drift, confinement 
of inelastic demand to friction damper implemented within the brace assembly and improved 
serviceability and rapid post-event functionality, all while remaining compatible with both ASCE 
7-22 and AS 1170.4 design frameworks. At the same time, reliable performance depends on 
precise calibration of slip force and clamping pressure, consistent surface conditions at the 
sliding interfaces, and appropriate detailing to avoid uneven contact pressures under cyclic 
loading. These factors underscore the need for strict quality control during fabrication and 
periodic inspection in service to maintain intended mechanical properties and long-term 
reliability. Overall, the system provides a low-damage, resilient, and practically deployable 
solution for high-importance structures, provided this implementation controls are observed. 
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