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TECTONUS  
RSFJ STRUCTURAL MODELLING 

RECOMMENDED ANALYSIS AND DESIGN PROCEDURE
The analysis and design procedures outlined below 
are recommended when using the RSFJ technology 
in structures. Iterations may be required to achieve the 
optimum design.

In the left procedure, a non-linear time-history analysis is 
not required but the ductility used is limited to µ =2. In the 
right procedure, verification of the assumed µ  is carried 
out through a non-linear time-history analysis and ductility 
values are not limited.

1 1

Determine the Ultimate Limit State (ULS) seismic forces 
applied to the lateral load resisting system (Fult,sys) using the 
Equivalent Static Method (ESM). For the initial estimate, 
use clause C4.1.2.2 (NZS 1170.5) to calculate the period of the 
structure (T1).

Determine the Ultimate Limit State (ULS) seismic forces applied to 
the lateral load resisting system (Fult,sys) using the Equivalent Static 
Method (ESM). For the initial estimate, use clause C4.1.2.2 (NZS 1170.5) 
to calculate the period of the structure (T1).

2
Model the structure in ETABS/SAP2000. The lateral load 
resisting members can be modelled using linear elastic 
members (there is no need to model the flag-shaped 
hysteresis of the RSFJs at this stage).

2
Model the structure in ETABS/SAP2000. The lateral load resisting 
members can be modelled using linear elastic members (there is no 
need to model the flag-shaped hysteresis of the RSFJs at this stage).

6 Run non-linear time-history simulations to obtain the base 
shear and consequently the equivalent ductility factor (µ)

3

In the structural model, distribute the ULS seismic loads 
(obtained from ESM) in the structure to find out the forces 
in the members (and the corresponding RSFJs attached to 
those members (Fult,RSFJ)). and determin the member sizes.

3
In the structural model, distribute the ULS seismic loads (obtained 
from ESM) in the structure to find out the forces in the members 
(and the corresponding RSFJs attached to those members (Fult,RSFJ)). 
and determin the member sizes.

4

4

5

5

Modify the structural model from step 3 by modelling the RSFJs in 
the lateral load resisting members (using the “Damper – Friction 
Spring” link elements) based on the required capacity (Fult,RSFJ) 
determined in the previous step. Other hysteretic parameters of 
the RSFJ (Fslip,RSFJ, Frestoring,RSF J, Fresidual,RSFJ, Kinitial,RSFJ and Δult,RSFJ) can be 
defined for each RSFJ according to the Tectonus product tables.

Modify the structural model from step 3 by modelling the RSFJs in 
the lateral load resisting members (using the “Damper – Friction 
Spring” link elements) based on the required capacity (Fult,RSFJ) 
determined in the previous step. Other hysteretic parameters of 
the RSFJ (Fslip,RSFJ, Frestoring,RSF J, Fresidual,RSFJ, Kinitial,RSFJ and Δult,RSFJ) can be 
defined for each RSFJ according to the Tectonus product tables.

Run the non-linear static push-over analysis to 
obtain the force (given the second stiffness of the 
RSFJs may change the load distribution in the 
structure) and the displacement (the criteria for 
ULS Is usually 2% to 2.5% of lateral drift when the 
base shear Is equal to the base shear obtained from 
the ESM in step 1) in the RSFJs.

Run the non-linear static push-over analysis to 
obtain the force (given the second stiffness of the 
RSFJs may change the load distribution in the 
structure) and the displacement (the criteria for 
ULS Is usually 2% to 2.5% of lateral drift when the 
base shear Is equal to the base shear obtained from 
the ESM in step 1) in the RSFJs.

Assume an equivalent ductility  
factor of µ = 2

Assume an equivalent ductility  
factor of µ = 3

FINISH

FINISH

START

is the period of 
the structure (T1) from the 

modal analysis  different from what is 
assumed  
in step 1?

is the period of the 
structure (T1) from the modal 

analysis  different from what is 
assumed in step 1?

Is the assumed ductility 
factor accurate?

Are the force and 
displacement demands in the 

structure satisfied?

Are the force and 
displacement demands in the 

structure satisfied?

5b. Adjust the  
hysteretic 
parameters of 
the RSFJs

5b. Adjust the  
hysteretic 
parameters 
of the RSFJs

6b. Using the 
µ obtained at 
step 6, go to 
step 1.

3b. Adjust 
the period of 
the structure

3b. Adjust 
the period of 
the structure
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NO

NO
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RSFJ STRUCTURAL 
MODELLING IN ETABS/
SAP2000
The RSFJ can be easily integrated in the structural 
analysis and design programs ETABS and SAP2000. It 
allows the designer to accurately calibrate the parameters 
according to the requirements of the project.

In ETABS/SAP2000, the RSFJ can be modelled using the 
“Damper – Friction Spring” link Element. This function 
accurately represents the flag-shaped hysteresis of a 
RSFJ provided its parameters are properly calibrated in 
accordance with the design parameters of the joint. The 
parameters can be defined for any of the six translational 
or rotational degrees of freedom. 

The design parameters of the RSFJ are:

 / Fslip (slip force of the RSFJ)

 / Fult (ultimate force in the RSFJ at the end of loading)

 / Frestoring (restoring force of the RSFJ)

 / Fresidual (residual force in the RSFJ at end of unloading)

 / Δslip (initial elastic deflection of the RSFJ before slip)

 / Δult (ultimate displacement of the RSFJ)

 / Kinitial (initial stiffness of the RSFJ before slip)

 / Kloading (loading stiffness of the RSFJ)

 / Kunloading (unloading stiffness of the RSFJ)

 /  Initial (Nonslipping)Stiffness = Kinitial

 /  Slipping Stiffness (Loading) = Kloading

 /  Slipping Stiffness (Unloading) = Kunloading

 /  Pre-compression displacement = (-Fslip)/kloading 

 /  Stop displacement = Δult

 /  Active direction (Tension/Compression/Both): should be 
specified based on the application requirement. 

Damper – Friction Spring design parameters:

By defining these parameters, the rest of the RSFJ parameters (Δslip, Fult, Frestoring and Fresidual) will be automatically adjusted. 

FO
R

C
E

DISPLACEMENT

Fult

Frestoring

Fresidual

Δslip Δult

Fslip

DAMPING

Kloading

Kinitial

Kinitial

TE
C

TO
N

U
S   |   R

SFJ StR
u

c
tu

R
a

l M
o

d
e

llin
g

 

    3



4

RSFJ MODELLING 
FOR DIFFERENT LATERAL LOAD RESISTING SYSTEMS
This section describes the proposed methods to model different lateral load resisting 
systems with RSFJs in ETABS/SAP2000. 

RSFJ-BRACE 
tenSion/coMPReSSion diagonal BRaceS 

The RSFJ brace can be easily modelled by attaching the link element to the end 
of the diagonal brace. For this case, the parameters should be defined for the axial 
translational degree of freedom (U1). The active direction should be defined as “both” 
given the brace works in tension/compression. 

*For a simplified modelling method, a single link element may be used to model the 
whole RSFJ brace. In this case, the input stiffness values (K) need to be modified to 
account for the elastic stiffness of the whole brace.

RSFJ-TBRACE  
tenSion-onlY diagonal BRaceS

The RSFJ-Tbrace can be easily modelled by attaching the link element to the end of 
the diagonal braces. For this case, similar to the RSFJ brace, the parameters should be 
defined for the axial translational degree of freedom (U1). The active direction should be 
defined as “Tension” given the brace only works in tension. 

*For a simplified modelling method, similar to the RSFJ brace application, a single link 
element may be used to model the whole RSFJ Tbrace. In this case, the input stiffness 
values (K) need to be modified to account for the elastic stiffness of the whole bar.

RSFJ-MRF 
MoMent ReSiSting FRaMe

The recommended approach to model the MRFs with RSFJs is to model the moment-
rotation behaviour of the beam-column connection using a single link element. 

The link element can be attached to the beam and column in their contact interface. 
The moment-rotation behaviour of the MRF connection can be specified respecting the 
force in the RSFJ (FRSFJ) and the lever arm (Le) which is the vertical distance between the 
centre of the RSFJ and the rotating pivot close to the top beam flange. For this case, the 
parameters should be defined for the related rotational degree of freedom (for example, 
R3 when in the global “xz” plane). The other five degrees of freedom should be “fixed”. 
The active direction should be defined as “Both” given the link element works in both 
directions. 

RSFJ-SHEAR WALL 
aS Hold-doWnS

The RSFJ hold-downs for shear walls can be easily modelled by attaching the link 
elements to the pre-defined locations close to the edge of the walls. For this case, 
the parameters should be defined for the axial translational degree of freedom (U1). 
The active direction should be defined as “Both” given the link element works in both 
directions although the displacement demand in compression is much lower.  

Translational link element 
representing the RSFJ

Translational 
link element 
representing 
the RSFJ

Rotational link element 
representing the beam-column 
behavior of the MRF connection 

with the RSFJ

Translational 
link element 
representing 

the RSFJ 
hold-down

FRSFJ

Le



RSFJ MODELLING 
EXAMPLE
A design example is provided following the proposed analysis  
and design procedure. 

1. Determine the Ultimate Limit State (ULS) seismic forces applied to the lateral load resisting system (Fult,sys) using 
the Equivalent Static Method (ESM). For the initial estimate, use clause C4.1.2.2 (NZS 1170.5) to calculate the 
period of the structure (T1).
Following this step, the base-shear of the structure is determined as 427 kN. Accordingly, the seismic story shears were 
determined as 230 kN, 131 kN and 65 kN for the roof, second story and the first story, respectively. The period of the 
structure (T1) is determined as 0.34 seconds using NZS 1170.5 C4.1.2.2.

2. Model the structure in ETABS/SAP2000. The lateral load resisting members can be modelled using linear elastic 
members (there is no need to model the flag-shaped hysteresis of the RSFJs at this stage):
The structure is modelled in SAP2000 version 19.0 and the braces were modelled as linear elastic members with 
standard UC sections. 

3. In the structural model, distribute the ULS seismic loads (obtained from ESM) in the structure to find out the 
forces in the members (and the corresponding RSFJs attached to those members (Fult,RSFJ)):
The ULS seismic loads were applied to the structure. The force demand in the braces and the required UC sections 
were:
 / Fult,RSFJ1 = 503 kN  (200 UC 52.2)

 / Fult,RSFJ2 = 402 kN  (200 UC 46.2)

 / Fult,RSFJ3 = 268 kN  (200 UC 46.2) 
The elastic lateral deformation of the structure is determined as 0.15% based on the numerical model. 

CHECK: Is the period of the structure (T1) from the modal analysis different than what is assumed in Step 1? 

The period of the structure (T1) from the modal analysis is 0.33 seconds which is consistent with what is assumed in 
Step 1.

4. Modify the structural model from step 3 by modelling the RSFJs in the lateral load resisting members (using the 
“Damper – Friction Spring” link elements) based on the required capacity (Fult,RSFJ) determined in the previous 
step. Other hysteretic parameters of the RSFJ (Fslip,RSFJ, Frestoring,RSFJ, Fresidual,RSFJ, Kinitial,RSFJ and Δult,RSFJ) can be defined 
for each RSFJ according to the Tectonus product tables.
Based on the target ULS drift (2.5%) and the specified elastic drift determined in the previous step (0.15%), the 
displacement demand of the RSFJ braces was estimated as 85 mm. Based on the force demands specified in the 
previous step, the following RSFJs were adopted for the braces:
 / Roof: Adopt 2*RSFJ-TH2-250 (80 mm)

 / Second Story: Adopt RSFJ-TH4-400 (80 mm)

 / First Story: Adopt RSFJ-TH2-250 (80 mm)

The structure is a three-story steel frame with RSFJ braces. A seismic weight of 335 kN 
is assumed for all stories. It was assumed that the structure is located in Wellington, 
New Zealand with soil type D (deep soil). The target Ultimate Limit State (ULS) lateral 
drift is 2.5% and the target Serviceability Limit State (SLS) drift limit 0.33%. The columns 
are continuous and beams and diagonal braces are pinned. 

The right procedure in the provided step-by-step design flowchart is used where the 
assumed structural ductility factor (µ) is verified by non-linear dynamic time-history 
simulations:

 Assume an equivalent ductility factor of µ = 3.
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The RSFJ braces were modelled using “Damper-Friction Spring” link elements and the parameters were determined 
based on the described method in this hand-out. The table below summarises the numerical characteristics of the RSFJ 
braces. Please note that for this design example, the initial stiffness of the RSFJs (Kinitial) is considered equal to the elastic 
stiffness of the adopted UC section. This can be different for different cases and should be determined based on the 
target SLS drift and the elastic stiffness of the RSFJ, brace body, pins, brackets and other attachments. 

Story Adopted RSFJ product

Initial (Non-
slipping) 

Stiffness (kN/
mm)

Slipping 
Stiffness 

(Loading) (kN/
mm)

Slipping 
Stiffness 

(Unloading) (kN/
mm)

Precompression 
displacement 

(mm)

Stop 
Displacement 

(mm)

Roof 2*RSFJ-TH2-250 (80 mm) 209 2.94 1.34 -85 85

Second story RSFJ-TH4-400 (80 mm) 185 2.35 0.93 -85 85

First story RSFJ-TH2-250 (80 mm) 185 1.47 0.67 -85 85

5. Run the non-linear static push-over analysis to obtain the force (given the second stiffness of the RSFJs may 
change the load distribution in the structure) and the displacement (the criteria for ULS Is usually 2% to 2.5% of 
lateral drift when the base shear Is equal to the base shear obtained from the ESM in step 1) in the RSFJs.  
The result of the non-linear static push-over analysis is shown below. The structure is pushed to 2.5% of lateral drift 
corresponding to 240 mm of deflection at the roof. It can be seen that the maximum force in the system is 386 kN 
which is less than the demand specified by the ESM method (427 kN). This most likely means that the RSFJs are not 
fully expanded and did not reach their maximum capacity at the given ULS drift.

CHECK:  Are the force and displacement demands in the structure satisfied? 

The displacement capacity of the RSFJs need to be adjusted at this stage to achieve the force demand (427 kN).

Story Adopted RSFJ product

Initial (Non-
slipping) 

Stiffness (kN/
mm)

Slipping 
Stiffness 

(Loading) (kN/
mm)

Slipping 
Stiffness 

(Unloading) (kN/
mm)

Precompression 
displacement 

(mm)

Stop 
Displacement 

(mm)

Roof 2*RSFJ-TH2-250 (80 mm) 209 3.57 1.63 -70 70

Second story RSFJ-TH4-400 (80 mm) 185 2.86 1.13 -70 70

First story RSFJ-TH2-250 (80 mm) 185 1.78 0.81 -70 70

5b. Adjust the hysteretic parameters of the RSFJs. After two iterations with Δult at 80 mm and 70mm, the force demand 
is reached at the given drift. The maximum displacement of the RSFJs (Δult) is changed to 70 mm. The adjusted 
specifications of the RSFJs are: 



Repeating Step 4 and Step 5, the result of the non-linear static 
pushover analysis with the adjusted RSFJs is:

It can be seen that the new base-shear is 424 kN which matches 
the ESM base-shear demand. The roof drift at the slip threshold 
is approximately 0.15% which satisfies the SLS drift limit

6. Run non-linear time-history simulations to obtain the base shear and consequently the equivalent ductility factor µ.   

Non-linear dynamic time-history simulations are 
carried out to investigate the behaviour of the 
structure. The seismic events were considered for a 
500 years return period and soil type D (deep soil) 
located in Wellington, New Zealand.  
The table to the right shows the considered events for 
the simulations:

CHECK:  Is the assumed ductility factor accurate?

From the results of the time-history simulations (the 
average base-shear), the equivalent ductility factor 
is µ = 3.47. Given that this ductility factor is relatively 
higher than the first assumption in Step 1 (µ = 3), the 
procedure needs to be repeated from the start with 
the new ductility factor of µ = 3.47. Also, the average 
displacement demand of the structure is 2.19% which 
is less than the ULS limit (2.5%).  
Following the procedure with the new ductility factor, 
the base-shear from the ESM is reduced to 385 kN 
(Step 1).  
Following Steps 2 and 3, the force demand and the adopted UC sections for the RSFJ braces are:

 / Fult,RSFJ1= 450 kN  (200 UC 52.2)

 / Fult,RSFJ2 = 374 kN  (200 UC 46.2)

 / Fult,RSFJ3 = 245 kN  (200 UC 46.2)

Story Adopted RSFJ product

Initial (Non-
slipping) 

Stiffness (kN/
mm)

Slipping 
Stiffness 

(Loading) (kN/
mm)

Slipping 
Stiffness 

(Unloading) (kN/
mm)

Precompression 
displacement 

(mm)

Stop 
Displacement 

(mm)

Roof 2*RSFJ-TH2-250 (80 mm) 209 3.12 1.42 -80 80

Second story RSFJ-TH4-400 (80 mm) 185 2.50 0.99 -80 80

First story RSFJ-TH2-250 (80 mm) 185 1.56 0.71 -80 80

Event Date

El Centro, Imperial Valley, USA May 1940

Northridge, USA January 1994

Landers, USA June 1992

Christchurch, New Zealand February 2011

Kobe, Japan January 1995

Chi Chi, Taiwan September 1999

Chihuahua, Mexico November 1928

Loma Prieta, USA October 1989

San Fernando, USA February 1971

Duzce, Turkey November 1999

Hokkaido, Japan September 2003

Yarimka, Turkey August 1999

Caleta de Campos, Mexico September 1985

Accordingly, the numerical specifications of the new RSFJs are: 

Following Step 5, the result of the new non-linear static push-over analysis is shown below. As can be seen, the achieved 
base-shear (392 kN) matches well with the ESM base-shear demand 
(385 kN). 

From the results of the time-history simulations with the new RSFJ 
configurations, the new average ductility factor is µ = 3.41 which is 
very close (2% difference) to the assumed ductility factor at Step 1. 

This means that an equivalent ductility factor of µ = 3.4 can 
confidently be adopted for the given structure.
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ADDITIONAL TECHNICAL INFO
Our website has a range of resources and information to help you make your next project.

 / RSFJ CASE STUDIES | Projects and test demonstrations

 / RSFJ PRODUCTS | RSFJ product catalogue

 / SMART RSFJ | Structural health monitoring

 / RSFJ SECONDARY APPLICATIONS | Secondary structural elements

CONTACT US FOR TECHNICAL  
SUPPORT SERVICES & PROJECT ESTIMATES 
The experienced engineering team at Tectonus is available to provide more details 

and assistance for RSFJ structural modelling upon request. 

0800 866 871 
GENERAL /  info@tectonus.com

SALES  /  sales@tectonus.com

TECHNICAL & DESIGN  /  technical@tectonus.com

CUSTOM DESIGN AVAILABLE 
The RSFJ can be specified to capacities below or above the standard 
range. Contact the Tectonus technical team to discuss bespoke designs.


