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Objective 

The objective of the following examples is to illustrate and provide guidance on the use of the features available in  

S-FRAME for seismic/dynamic analysis and design.  While they are necessarily discussed, the intention is not to 

explain or advise on the application of the Seismic provisions of NBCC 2005 to building design, nor the theories 

underlying the Design Code and its various provisions.  For those seeking such information we highly recommend the 

courses ï many of which are offered via the internet - available as part of the Structural Engineers Association of BC 

Certificate in Structural Engineering (CSE) ï see http://www.seabc.ca/courses.html for more information.  

Discussions on aspects and methods of modeling, assumptions, theories etc are kept to a minimum to aid clarity and 

simplicity.  The intention is to outline, for competent and professionally qualified individuals, the use of S-FRAME and 

S-STEEL as tools in the Seismic Analysis & Design Process. 

Disclaimer 

While the authors of this document have tried to be as accurate as possible, they cannot be held responsible for any 

errors and omissions in it or in the designs of others that might be based on it.  This document is intended for the use 

of professional personnel competent to evaluate the significance and limitations of its contents and recommendations, 

and who will accept the responsibility for its application.  Users of information from this publication assume all liability.  

The authors and S-FRAME Software Inc. disclaim any and all responsibility for the applications of the stated 

principles and for the accuracy of any of the material contained herein. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Please contact us at support@s-frame.com for more information about this publication. 

http://www.seabc.ca/courses.html
mailto:support@s-frame.com


 

© Copyright by S-FRAME Software Inc. - 2010 

 

 

 

 

CONTENTS 

1 STRUCTURE & MODEL DE TAILS  ........................................................................................................................................ 3 

1.2 FLOORS PLATES &  SURFACES ................................................................................................................................................. 5 

2 SUGGESTED PROCEDURE ï REGULAR STRUCTURES ................................................................................................. 7 

2.1 STATIC ANALYSIS/DESIGN AND VERIFICATION ....................................................................................................................... 8 

2.2 óMANUALô ESFP FORCES ...................................................................................................................................................... 14 

SEISMIC FORCES (NBCC 2005) ..................................................................................................................................................... 14 

2.3 DEFINE SEISMIC PARAMETERS &  RESPONSE SPECTRUM CURVE ........................................................................................... 17 

3 STATIC ANALYSIS  ................................................................................................................................................................. 20 

3.1 ESFP RESULTS ...................................................................................................................................................................... 21 

3.2 CLASSIFICATION AS REGULAR; NOT TORSIONALLY SENSITIVE  .............................................................................................. 22 

3.3 APPLYING ACCIDENTAL TORSION ......................................................................................................................................... 24 

3.4 CREATE SEISMIC LOAD COMBINATIONS ................................................................................................................................ 25 

4 CAPACITY DESIGN MODE L ................................................................................................................................................ 30 

5 DYNAMIC ANALYSIS  ............................................................................................................................................................ 32 

5.1 SUGGESTED PROCEDURE ....................................................................................................................................................... 32 

5.2 V IBRATION ANALYSIS ........................................................................................................................................................... 34 

5.3 RESPONSE SPECTRUM ANALYSIS &  RESULTS........................................................................................................................ 35 

5.4 RSA SCALE TO CODE BASE SHEAR ....................................................................................................................................... 39 

5.5 CREATE SEISMIC LOAD CASE óEô AND SEISMIC LOAD COMBINATIONS. ................................................................................ 42 

6 MOMENT FRAME  ................................................................................................................................................................... 46 

6.2 DYNAMIC ANALYSIS ï MOMENT FRAME ............................................................................................................................... 52 

7 REINFORCED CONCRETE MODELS ï FE SHEAR WALLS  .......................................................................................... 58 

7.1 LOW-RISE .............................................................................................................................................................................. 58 

SEISMIC FORCES (NBCC 2005) ..................................................................................................................................................... 60 

8 WALL INTEGRATION LIN ES .............................................................................................................................................. 62 

8.1 INITIAL DESIGN SUMMARY FOR GRAVITY &  WIND LOADS ................................................................................................... 63 

9 REFERENCES .......................................................................................................................................................................... 64 

 



 

© Copyright by S-FRAME Software Inc. - 2010 

 

5 

 

1 Structure & Model Details 

The Structure is intended to be somewhat generic and does not represent a real building with any particular stated purpose.  

Salient features are as follows: 

 

¶ Three storey steel frame dimensions/layout as shown.  

¶ The SFRS analysis & design is considered in only one  

direction parallel to the X-axis. 

¶ SFRS consists of 2 concentric braced external bays  

parallel to X-axis  

¶ Floor plates are assumed to be stiff enough to be 

considered as Rigid Diaphragms 

¶ Supports model nominally pinned bases 

¶ Beam-column connections are simple 

¶ A minimum of section sizes is used to aid simplicity 

 

 

 

 

 

 

1.1.1 Dimensions & Initial Section Sizes 

Elevations 

      Braced External X- direction Frame        Typical internal X-Frame 
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External Y-Frame 

                            

 

Plan showing floor plate span-direction 
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1.2 Floors Plates & Surfaces 

Floor/Roof plates are modeled using S-FRAMEôs Panel  element which performs two functions: 

1. Acts as a Rigid Diaphragm (in-plane stiffness is infinite while out-of-plane stiffness is zero). 

2. Decomposes a floor area load to beams within the floor 

Diaphragm Action 

 

In this example the panel object itself does not add mass to the model ï its thickness and/or material force density are set to 

zero.  Note also that the Rigid Diaphragm Master Joints (RDMJôs) have been generated and these (by default when 

generated) are located at the geometric centroid of the panel.  The reasons for generating these are discussed later in the 

example. 

 

Area Load Decomposition 

A one-way span direction is applied to the diaphragm floor panels and surface panels (representing wall/cladding) on the ófrontô 

and óbackô Y-elevations.  Floor and wall pressure loads can then be conveniently applied to the panels as a single value which 

is automatically decomposed to beam or column elements.   The weight of the floor plate is applied using an area load. 
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1.2.1 Floor IDôs 

S-FRAMEôs Floor Numbers Tool is used to assign Floor ID numbers to joints in each level.  From the floor IDôs S-FRAME will 

calculate; 

4 Storey heights 

4 Storey drifts for lateral deflection checks 

4 The Seismic Weight assigned to each floor.  

4 The Diaphragm dimensions Dx and Dy 

4 The ESFP and/or Dynamic (Response Spectrum) analysis results for each floor including; Floor Shear, Floor 

OTM, Floor Torsional Sensitivity Parameter, Floor Torsion. 

 

 

Note that the lowest level of joints at the base of the model is assigned Floor ID = 1 ï though this may not be intuitive.  Floor ID 

numbers must be consecutive with no gaps.  The óAuto Find in Z Planeô option requires just a single click on any joint in a floor 

ï all joints at that Z-elevation are then automatically found and assigned the selected ID. 
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2 Suggested Procedure ï Regular Structures 
For Regular structures, providing certain other conditions are met, the Equivalent Static Force Procedure (ESFP) may be used 

and Dynamic Analysis is not required, though it may still be used.  Strictly speaking the Vibration Analysis step (to find the 

buildingôs ócomputedô period ï see Cl.4.1.8.11(3)(d) - is not required by the ESFP method.  However, since a computer model 

has already been developed, it is assumed the engineer will want to take advantage of the reduction in demand that may be 

offered by a longer design period. 

 

1. Static Analysis/Design and verification 

i) Construct S-FRAME model 

ii) Run Static Analysis for both vertical and lateral static loads 

iii) Test model and ensure it is fully stable and gives reasonable results (forces, force distribution, 
deflectionséetc) 

iv) Design (i.e. size) all members, including those of SFRS, for static load combinations (gravity, gravity+wind, 
notional loadséetc) 

v) Repeat a-d until this stage complete 

2. Vibration Analysis & Verification 

i) Perform a Vibration Analysis 

ii) Check periods, mode shapes, dynamic mass 

iii) Identify dominant mode and hence Design Period Ta for each direction of analysis 

iv) Refine model/loading/mass until results are verified/satisfactory 

3. Eqivalent Static Force Procedure (ESFP) 

i) Enter Seismic Parameters and Maximum Design Period 

ii) Define Response Spectrum Curve (Design Response Spectra) 

iii) Create Response Spectrum (RS) Loadcase for each direction analysis is to be performed in. 

iv) Run Linear Static Analysis and Scale to Code Base Shear 

v) Assess ESFP base shears. 

4. Assess Torsional Sensitivity 

i) Generate Equivalent Static Force Loadcases (Lateral forces (Fx) ° Accidental Torsion (Tx) ) from results of 

the RSA Load case(s).  

ii) Run Static Analysis 

iii) Check values of B for generated load cases (Fx) °Tx. 

iv) If B > 1.7 structure is Irregular and Dymanic Analysis is required (see later in example) 

v) If structure is classed as regular, continue 

5. Create Seismic Load Cases & Combinations 

i) Earthquake loadcase óEô = °(Fx °TFx)  

ii) Create Seismic Load Combinations with required permutations of óEô 

iii) Re-run Static Analysis for Load Cases & Combinations 

6. Seismic Design/Analysis 

i) Check/Design elements of SFRS for seismic Load Combinations. 

ii) Re-analyse if significant changes made to elements of SFRS 

iii) Update generated (Fx °TFx)  loadcases (and hence combinations) 

iv) Re-analyze to update seismic combination results and re-Check/Design 

iv) Iterate ii)-iv) until complete. 
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2.1 Static Analysis/Design and Verification  

It is rational to design the structure to some extent before embarking on any form of Dynamic analysis, since dynamic 

characteristics are dependent on mass (both overall and distribution) and stiffness, and, if there are significantly inaccuracies in 

these, analysis results may be inaccurate.  The design of gravity elements which do not form part of the SFRS is not considered 

by Seismic analysis, yet these must be designed at some point and their mass accurately included if it is significant.  The SFRS 

will usually be required to also resist wind forces and possibly some gravity loads, and these may even govern.  Hence, unless 

the Engineer is highly experience in Seismic/Dynamic A&D, it is sensible to perform a thorough óconventionalô analysis & design 

procedure for gravity and conventional lateral loads before considering any form of Dynamic Analysis.  This will also serve to 

verify that the model is giving good results.  Dynamic analysis is generally much less óforgivingô of modeling errors and results 

(such as frequencies), again depending on the engineerôs experience, may not be amenable to intuitive verification.  

 

The example building is subject to the following typical (unfactored) gravity and lateral loads; 

 

Loadcase1 ï Self Weight (of Steel Frame) 

Gravitational Factor = -1 

Loadcase2 ï Total Dead loads 

Loads model; 

4 a typical concrete deck: 4kPa on floors and 2kPa on Roof)  

4 wall/cladding loads: line loads applied to exterior beams of 10kN/m on floors and 2 kN/m on roof 

  Floors        Roof 

       

Loadcase3 ï Total Live loads 

5kPa on floors and 1.5 kPa on roof 

  Floors        Roof 
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Loadcase 4 ï Wind load 

90 mph design wind producing 0.70 kPa on windward face and 0.30 kPa on leeward face. 

 

Load Combinations* 

 
*not every conceivable combination of static loads is considered as the intent of the example is to illustrate the process for seismic analysis, not static analysis with 

which it is assumed the reader is familiar. 

The óTotal Seismic Weightô combination is not intended to be used for design, but is useful for checking/verification of the 

Seismic Weight of the building.  If loads which represent seismic weight are contained in a number of load cases, then this 

combination can also be converted to mass for the Vibration Analysis. 

Note that a Notional Load Factor of 0.5% is included in all design load combinations as required by CSA S16-01. 

A P-Delta Static Analysis is performed and gravity and lateral elements are economically designed (using S-STEEL) for the 

Factored Gravity and Wind Load Combinations ï see appendix for results.   

The analysis solution and results are carefully checked to ensure the model has no instability issues/modeling errors such as 

mechanisms, improper boundary conditions etc. 
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2.1.1 Displacements 

The Displaced shape (3D) and values are checked for lateral service loads to verify they look correct and are reasonable.  This 

provides a rational assessment of the stiffness of the SFRS and correct behavior of the model (in terms of response to lateral 

loads).  S-FRAME automatically calculates the Storey Drifts which are checked to Cl 4.1.3.5 (3) 

 

 

 

               

 

 

 

 

 

Max storey drift = 0.096 % 

Limit of Cl 4.1.3.5 (3) = 1/500 = 0.200 % > 0.096 %   OK 

Storey Drift Results 

Displaced Shape  & X-axis displacements (mm) 
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2.1.2 Total Seismic Weight 

Load Combination 1 is an unfactored combination of all the total sustained gravity load.  S-FRAME reports the total vertical 

reaction (Shear Z) for this load combination which is the total Seismic Weight W 

 

W = 5869.1 kN. 
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2.1.3 Vibration Analysis  

An Unstressed Vibration Analysis is performed and the lumped mass matrix option is used.  Vibration analysis is a topic in itself 

which will be discussed in detail in a separate document.  A brief overview and discussion of results is made here. 

The óTotal Dead Loadsô Load Case is nominated to be converted to mass.  Note that the mass of the beam elements ï which is 

a component of the System Mass - is automatically included.  8 Eigenvalues (mode shape) are requested. 

 

2.1.4 Mode Shapes & Frequencies 

There is no guarantee that the first mode shape (mode 1) is either a dominant mode or acts in the direction(s) being 

considered by analysis, hence > 1 (say 5-10) modes are requested.  Results should be assessed to decide which mode 

represents the buildingôs design period Ta in a particular direction.   

Mode 1 X-Mass = 89% - this indicates that this mode is the dominant mode in the X-direction, which is the direction being 

considered in this example.  Also examination of the mode shape, especially if animated, demonstrates that this is a global 

mode in the X-axis direction.  Finally the period of the mode is the same order of magnitude and somewhat close to the 

empirical (design code) period, which is generally to be expected if the model reasonably approximates the buildingôs actual 

mass & stiffness. 

    

Computed Building period in X-direction; Ta = 0.674 s 

Empirical Period (for Braced Frame building); 0.025 ³ 12 = 0.30 s 

Maximum Period (for Braced Frame building); 2³0.025³12 = 0.6 s 
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2.1.5 Dynamic Mass 

Vibration results will only be reliable if the Dynamic Mass (i.e. that participating in the vibration) is accurate ï i.e. close to W.   

S-FRAME reports this mass in the Active Mass Spreadsheet so it can be directly checked.  Note that while the term ómassô is 

used, the values are actually reported in force units for convenience, since this allows direct and easy comparison with W.   

The reason for generating the Diaphragm Panel RDMJôs now becomes apparent.  All the lateral (X & Y-axis) mass in a floor 

with a diaphragm panel is assigned to the RDMJ, so the Mass reported for these joints directly gives the floor mass.  This also 

explains why no lateral mass is reported for other floor joints and why no lateral mass will be reported if the RDMJôs are not 

generated (though it will still be present in the analysis).  Z-axis (vertical) mass is not assigned to the RDMJôs (since the Rigid 

Diaphragm Panel has zero out-of-plane stiffness).  Since the translational mass is concentrated at a single point, the rotational 

mass (or inertia) of all the masses in each floor is also calculated and shown at the RDMJôs. 

Check Diaphragm Mass 

  Floor 1 mass;  w1 = 2419.15 kN 

  Floor 2 mass;  w2 = 2419.15 kN 

Roof mass;  wr = 1006.02 kN 

Total Active Mass; W = w1 + w2+ wr = 5844.3 kN 

Active Mass Spreadsheet  

 

The active mass is slightly < W from static analysis since some portion of mass (of the Gnd Storey column elements) is 

assigned to supported joints where it is not active. This mass can be found in the Total Mass Spreadsheet.  A small portion of 

mass of the X-bracing elements is assigned to the joints at the centers of the X-bracing (Joints 41-46 shown above) which are 

between floors and thus this mass is not shown at the RDMJôs.  However this mass is still included in the dynamic mass.   

S-FRAME proportions any inter-floor mass to each level based on the relative distance of the joint from each adjacent level.  

This gives the final mass distribution: 

 Floor 1 mass;  w1 = 2419.15 kN + 1.21 kN = 2420.4 kN 

 Floor 2 mass;  w2 = 2419.15 kN + 1.21 kN = 2420.4 kN 

Roof mass;  wr = 1006.02 kN + 0.61 kN = 1006.6 kN 

Total Active Mass; W = w1 + w2+ wr = 5847.4 kN; (sufficiently close to W = 5869 kN ) 

With the building period and mass distribution established the ESFP calculation can be performed. 

Inter-Storey 
(bracing) joints 

Rigid Diaphragm 
Master Joints 
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2.2 óManualô ESFP Forces 

We consider a moderately ductile steel braced frame in Vancouver, BC on Site Category C.  

(CSC TEDDS is used for the following calculation) 

SEISMIC FORCES (NBCC 2005) 

TEDDS calculation version 1.0.03 

Site parameters 

Site Class; C 

The maximum considered (mapped) spectral acceleration (Table C.2) 

at short periods; Sa0.2 = 0.95 

at 0.5sec period; Sa0.5 = 0.65 

at 1sec period; Sa1.0 = 0.34 

at 2sec period; Sa2.0 = 0.17  

Site coefficient 

 

for short periods (Sa0.2) (Table-4.1.8.4.B); Fa = 1.000 

for 1sec period (Sa1.0) (Table-4.1.8.4.C); Fv = 1.000 

Spectral acceleration 

Design spectral acceleration (4.1.8.4.(6)) 

for short period; ST0.2 = Fa ³ Sa0.2 = 0.95 

for 0.5sec period; ST0.5 = min(Fv ³ Sa0.5, Fa ³ Sa0.2) = 0.65 

for 1sec period; ST1.0 = Fv ³ Sa1.0 = 0.34 

for 2sec period; ST2.0 = Fv ³ Sa2.0 = 0.17 

Importance category 

Importance category (Table 4.1.2.1.(3)); NORMAL 

Importance factor (Table 4.1.8.5); IE = 1.000 

Calculated fundamental period (4.1.8.11.(3)) 

Lateral force resisting system; Braced Frame 

Height above base to N
th
 level of building; hn = 12.00 m 

Specified fundamental period; Tspecified = 0.67 sec 

Approx fundamental period; T = min(2.0 ³ 0.025 ³ hn, Tspecified)= 0.60 sec 

 

Design spectral acceleration; STa = 0.59 

Seismic response coefficient 

From Table 4.1.8.9 

Steel Structures: Mod ductile concentric braced frames: non-chevron braces 

Ductile related modification factor (Table 4.1.8.9); Rd = 3.0 

Overstrength related modification factor(Table 4.1.8.9) 
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 R0 = 1.3 

Higher mode factor (Table 4.1.8.11); Mv = 1.00 

Seismic response coefficient 

Calculated (4.1.8.11 (2)); Cs_calc = STa ³ Mv ³ IE / (Rd ³ R0) = 0.151 

Minimum (4.1.8.11 (2)); Cs_min = ST2.0 ³ Mv ³ IE / (Rd ³ R0) = 0.044 

Maximum (4.1.8.11 (2)); Cs_max = 2 ³ ST0.2 ³ IE / (3 ³ Rd ³ R0) = 0.162 

The seismic response coefficient; Cs = min(max(Cs_calc, Cs_min), Cs_max) = 0.151 

Seismic base shear (4.1.8.11) 

Effective seismic weight of the structure; W = 5847.4 kN 

Seismic base shear; V = Cs ³ W = 881.61 kN 

Portion of V concentrated at the top of building (4.1.8.11.(6)) 

 Ft = 0.00 kN 

Vertical distribution of seismic forces 

Height from base 
to Level i (m) 

Portion of effective 
seismic weight 
assigned to Level i 
(kN) 

Vertical distribution 
factor 

Lateral force 
induced at Level i 
(kN); 

4.00 m; 2420.40 kN; 0.24; 207.55 kN; 

8.00 m; 2420.40 kN; 0.47; 415.10 kN; 

12.00 m; 1006.60 kN; 0.29; 258.95 kN; 

; 
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The empirical (design code) building period = 0.3s   is less that the computed period from S-FRAME of 0.674s.  NBCC 2005 

allows use of a design period for braced frames of  <=  2 ³ empirical period = 0.6s < 0.674 s  so a maximum 

period of 0.6s is used in calculating the base shear.  In this example this only gives a moderate benefit in reduction of base 

shear, because of the maximum limit of Cl 4.1.8.11 (2), but this would not always be the case. 
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2.3 Define Seismic Parameters & Response Spectrum Curve 

The Seismic Response Parameters are accessed via the menu Settings/ Preferences; 

These are entered as follows; 

 

 

¶ Building Code = NBCC 2005 

¶ The óT max period in Xô in this case is 2³0.3s (empirical period) = 0.6s.   If the modelôs (dominant) period 

exceeds this, as in this example, this period is used in the ESFP calculations. 

¶ For Moderately ductile braced frames Rd = 3.0, Ro = 1.3 (RdRo=3.9) 

¶ óX Deflection Amplify Factorô = 0 ; S-FRAME will use RdRo/Ie to scale (up) the deflections.  Factor only 

applies to deflections and only to results of Response Spectrum Analysis. 

¶ Accidental Torsion Factor = 0.1; S-FRAME automatically calculates Dx and will use 0.1Dx to derive 

accidental torsion forces for each floor. 

¶ Other factor definitions are as per the relevant Building Code. 

 

Parameters may be different for each axis of the building considered, hence inputs are available for both X and Y directions.  In 

this example only the X-direction is considered so values for the Y direction are not considered. 
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2.3.1 Response Spectrum Loadcase for Design Spectral Acceleration 

A new loadcase is created called, say, óRSAïXô and S-FRAMEôs curve generation feature is used as follows.  The mapped 

spectral accelerations and site parametes Fa and Fv are entered in the curve generation dialog. 

  

 

 

 

While the mapped spectral accelerations are entered in the generator as a factor of g, the generated accelerations are absolute 

(in m/s
2
 if default metric units are set).  Note that reduction and/or code base shear scaling factors do not need to be directly 

included in the Design Spectral Acceleration data, so the true spectrum can be input. 

Clicking the Generate button generates the curve data points and returns to the Response Spectrum file main dialog, where the 

default curve name can be edited to add location and site information ï e.g. óNBCC_Van1_Cô.  Spaces and punctuation 

characters should not be used in curve names. 

 

When all the desired curves have been defined the Response Spectrum File is saved ï this is a *.DRS file and is separate from 

the model file.  The Response Spectrum file can contain multiple curves (for different locations and site conditions) and new 

curves can be added to it at any time so a library of curves can be created for future use.  Note that the RS curve data is not 

held in the S-FRAME model file ï this simply stores the name and location of the RS file. 
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Assigning a Curve and Scale Factor to a Direction 

If the RS file contains multiple files, then the curve to be used for each direction considered is selected.  The óNBCC_Van1_Cô 

curve is selected for the óX-Curveô on the óChoose Spectra Design Curveô page. 

 

Finally a direction scale factor is entered: X-Scale = 1.0 is entered for 100% of  the Design Spectral Acceleration in the X-direction.  

Note that again this factor is not intended to be used to apply the reductions of Ie/RdRo, or scaling to Code Base shear ï its 

intended use is where it is desired to apply the Response Spectrum in more than one direction simultaneously in which case the 

Spatial Combination Method will come into play. 

 

Modal and Spatial Combination methods always need selecting, but need not be considered if Static Analysis (ESFP) is 

being performed.  Furthermore, if the CQC method is selected (the default) then a non-zero Critical Damping ratio must be 

entered to OK the dialog, as a zero value will not be accepted (a value of 5% (0.05) is usual).  These settings will have no effect 

on the results of Linear Static Analysis. 
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3 Static Analysis 

We follow the code provisions for linear (ESFP) analysis, but because there is an active RSA-type load case, the Vibration 

Analysis solution parameters are displayed even when Linear Static Analysis type is selected. This is because a Vibration 

Analysis is run prior to static analysis to detemine the period  to be used for calculation of the ESFP forces.  The settings for 

Vibration analysis should therefore be essentially unchanged from those made for the preliminary Vibration Analysis 

investigation, though less Eigenvalues may be requested providing the dominant mode is found with the number specified. 

 

Scaling options are also displayed ï activating the Scale to Code Base Shear option instructs S-FRAME to impliment the 

ESFP procedure.  S-FRAME will automatically apply the seismic parameters entered ï such as Rd, Ro and Ie - in calculating 

the ESFP loads 

The  RS Load Case Direction Scale Factor -  X-Scale = 1.0 - is checked to determine which mode to use for the building period 

in the ESFP calculations.  S-FRAME selects the dominant mode for this direction, and this is reported in the solution summary.  

By default, the dominant mode selection criteria is the mode with the highest Mass-% in the direction considered. 

 S-FRAME Solution Summary 
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3.1 ESFP Results 

 

The total Shear X for the RSA Loadcase is V,  the ESFP base shear ï note the close agreement with the value determined 

above in the óhandô calculation. 

The detailed ESFP results are reported in the Numerical Results/Floor Forcesé spreadsheet for the RSA loadcase.  

Comparing the Floor Fx values to the ómanualô ESFP distributed floor forces (see above) there is almost exact agreement.  

Note that the diaphragm dimensions Dx = 5m and Dy = 32m are automatically calculated, as are the floor accidental Torsions. 

 

The ESFP lateral and torsional loads can also be viewed graphically and are shown at the RDMJôs. 

  ESFP Lateral Loads (LLôs)    Torsional Loads* (LLôs ³ 0.1Dnx) 

                       

*Note that the accidental torsional loads are displayed in Graphical Results for the RSA case for verification purposes, 

they are not actually applied in this loadcase.  The results of this loadcase (reactions, forcesé, etc) are due only the 

the ESFP lateral loads. 
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3.2 Classification as Regular; not torsionally sensitive 

The structure has rigid diaphragms, so even if deemed regular by other considerations, it may be irregular due to torsional 

sensitivity according to Sentence 4.1.8.11.(9).  The method of determining torsional sensitivity requires application of the ESFP 

forces at a distance °0.1Dnx from the centre of mass (COM) for each floor.  Since S-FRAME has already calculated the 

torsions resulting from this 0.1Dnx, this can be achieved by applying these torsional loads in conjunction with the ESFP lateral 

forces, provided these are indeed applied at the COM of each floor.   

Are RDMJôs located at the Floor COMôs? 

The RDMJôs when automatically generated are located at the Panel Objectsô geometric centroids which calculation does not 

consider other masses in the floors, either lumped masses or those converted from loads.  Thus the user should verify, if there 

is any doubt, that the RDMJôs are located at, or reasonably close to, the COM of each floor.  S-FRAME does not currently 

automatically calculate the actual COM for each floor, but this is relatively simple to calculate as follows; 

1. Group folders are created for each floor that contain all the joints in the floor. 

 

2. From the joints spreadsheet the X and Y coordinates of all the joints in a floor are copied and pasted into a 
spreadsheet e.g. Excel 

 

3. Do the same for the masses on these joints from the Total Mass Spreadsheet (note that this shows the mass 
distribution before masses are propagated to the RDMJôs) 
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4. It is then a simple matter to calculate the coordinates of the floorôs COM by taking moments about any 

convenient point, say the origin 

Joint#
X-coord 

(m)

Y-coord 

(m)

Mass 

(kN)
X*Mass Y*Mass

2 0 0 113.254 0 0

4 0 8 170.955 0 1367.637

6 0 16 170.19 0 2723.043

8 0 24 170.955 0 4102.912

10 0 32 113.254 0 3624.139

12 5 0 152.236 761.1812 0

14 5 8 187.937 939.6827 1503.492

16 5 16 186.336 931.6786 2981.371

18 5 24 187.937 939.6827 4510.477

20 5 32 152.236 761.1812 4871.56

51 11 0 126.043 1386.468 0

53 11 8 187.246 2059.703 1497.966

55 11 16 186.336 2049.693 2981.371

57 11 24 187.246 2059.703 4493.897

59 11 32 126.043 1386.468 4033.36

70 5.5 16 1.74636 9.60498 27.94176

S= 2419.95 13285.04 38719.17

Coordinates of COM (from origin) 5.49 16.00 

In our example the RDMJôs are already at this location. 

3.2.1 Generate ESFP Lateral Loads and Torsions ï Loadcase óEô 

These are generated post-analysis In the LOADS VIEW via Edit/ Generate Equivalent Static Loads from RSA caseé 

 

Choosing the óExtract Allô option produces the following four load cases. 

¶ Strength* EQX = Lateral Force (Fx) + Torsion (TFx); equivalent to Fx @ 0.1Dnx 

¶ Strength EQX = Lateral Force (Fx) - Torsion (TFx); equivalent to Fx @ -0.1Dnx 

¶ Service
À
 EQX = Lateral Force (Fx) + Torsion (TFx) 

¶ Service EQX = Lateral Force (Fx) - Torsion (TFx) 

*Strength ï these are the loads for strength design of SFRS elements allowing for ductility and overstrength, i.e. reduced by 

Ie/RdRo 

ÀService ï these loads are not reduced by Ie/RdRo and are intended for the assessment of inelastic displacements for the 

checks of Cl 4.1.8.13. 
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3.2.2 Assess Torsional Sensitivity 

Linear Static Analysis is now run again to evaluate the results for the generated cases.  Since they are equivalent to the ESFP 

forces applied at a distance °0.1Dnx the value of B can be compared to the limit in the design code (note ï while B is 

calculated for all load cases, regardless of origin, it only has meaning for these generated cases) 

 

Results for the strength and service generated load cases are the same, which is to be expected since B is an assessment of 

relative displacement.  The maximum value is for floor 1; B = 1.23 < 1.7 hence the building is not torsionally sensitive and 

the classification as regular remains valid. 

3.3 Applying Accidental Torsion  

According to the Userôs Guide ï NBC 2005 commentary on Sentence 4.1.8.11.(10) 

In NBCC 2005 provisions, the positions of the centers of resistance at each floor do not need to be determined.  Because 

there is no multiplier applied to ex, the combination of lateral and torsional effects in each direction of loading can be obtained 

directly by two applications of the lateral loads, one set located +0.10 Dnx from the centers of mass and the other located  

-0.10 Dnx from the centers of mass.  Conveniently, this is exactly the same set of load applications required for the 

determination of the torsional sensitivity parameter, B. 

Hence the loads required to satisfy the analysis requirements are already available.  The Lateral ESFP forces Fx °  the 

Accidental Torsion forces Tx together constitute the NBCC 2005 Earthquake loadcase designated óEô, and thus are included 

together in  combinations which include E.  Additional consideration is given to the fact that seismic loads can act in either 

direction (for a particular axis), so for completeness for each axis of analysis four  óEô load cases are considered in 

combinations (see Userôs Guide ï NBC 2005 Pg J-49 paragraph 179): 

1. E1 = (Fx + Tx) 

2. E2 = (Fx ï Tx) 

3. E3 = -(Fx + Tx) = (-Fx ï Tx) 

4. E4 = -(Fx + Tx) = (-Fx + Tx) 
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3.4 Create Seismic Load Combinations 

Four Load Combinations are created including the E load cases 

 

At this point the RSA Loadcase could be inactivated, since it has served the purpose of generating the ESFP forces. 

Now we run a Linear Static Analysis with the new combinations. The Seismic Design Forces, including the effects of accidental 

torsion, for the SFRS can then be determined from their results: 

  1.0D+1.0E1+0.5L+NLL; Base Shears   1.0D+1.0E1+0.5L; SFRS Axial Loads  

           

Axial Loads Envelope of Seismic Combinations 5-8 for south SFRS frame 
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3.4.1 Check members for Seismic Combinations 

Using S-STEEL, the members are checked for the Static and Seismic Load Combinations.  Since the seismic forces are higher 

than the factored wind loads (in this case) elements of the SFRS now fail. 

 

Model#2 

An Auto-Design* is performed in S-STEEL to select larger sections for the óX-Bracingô design group which is adequate for the 

seismic combinations.  The bracing section is increased an HS114³114³4.8.  However, to check the adequacy of these new 

sections the analysis results must be updated. 

 

*no automated Capacity Design of elements in an SFRS is performed by S-STEEL.  S-STEEL implements the regular clauses 

of CSA S16-01 for static loads and it is assumed this is valid to give an initial set of section sizes for a subsequent capacity 

design should this be necessary. 

3.4.2 Updated Results 

The effects of the changes in section size (in the SFRS) are considered since these will have altered the mass and stiffness of 

the model to some extent possibly significantly so. 



 

© Copyright by S-FRAME Software Inc. - 2010 

 

29 

Seismic Weight & Active Mass 

The seismic weight will be increased slightly  

 

New Vibration Results 

 

The period has reduced from 0.674s to 0.558 s while Mass%ôs are essentially unchanged. 

New Reactions 

Following a re-analysis, the results of the RSA Loadcase are automatically updated accounting for the new mass and 

frequency.  However the generated (from previous mass and frequency) Equivalent static force load cases are not. 
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New ESFP Results 

There is a slight increase due to increased mass and acceleration due to the shorter period. 
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Design spectral acceleration; STa = 0.614g 

Seismic response coefficient 

Calculated (4.1.8.11 (2)); Cs_calc = STa ³ Mv ³ IE / (Rd ³ R0) = 0.157 

Minimum (4.1.8.11 (2)); Cs_min = ST2.0 ³ Mv ³ IE / (Rd ³ R0) = 0.044 

Maximum (4.1.8.11 (2)); Cs_max = 2 ³ ST0.2 ³ IE / (3 ³ Rd ³ R0) = 0.162 

The seismic response coefficient; Cs = min(max(Cs_calc, Cs_min), Cs_max) = 0.157 

Seismic base shear (4.1.8.11) 

Effective seismic weight of the structure; W = 5851.5 kN 

Seismic base shear; V = Cs ³ W = 921.30 kN 
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Update (Fx ° Tx)  Load cases 

As has been noted, the generated seismic load cases are not automatically updated (following changes to the model).  These 

are updated as follows: 

1. Ensure the RSA Loadcase is active 

2. Run Linear Static Analysis (to update ESFP results) 

3. Return to Loads View 

4. Select from Menus Edit/ Generate Equivalent Static Loads from RSA Caseé 

5. Select the Extract All  radio button (the original option) and the RSA Load Case used 

6. An Update  button will appear ï this is clicked. 

 

A Re-analysis and Code check in S-STEEL is then performed  and this leads to a fail of the new brace member due to 

increased loads. 

 

A further iteration gives the following results ï a HS127³27³4.8 section is chosen for the bracing.  Additionally the Columns in 

the SFRS are placed in a separate design group, as these must be subject to further capacity design unlike the gravity-only 

elements. 
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4 Capacity Design Model 

At this point, once a section size has been established for the bracing  (the yielding elements) which is adequate for the seismic 

loads, capacity design of the other elements in the SFRS must be  considered.  The columns in the SFRS must be adequate for 

the design dead and live loads while allowing the X-bracing members to attain capacity and yield.  Thus the seismic forces are 

óreplacedô by the capacity loads of the bracing elements and an adequate section for these loads is chosen.  S-FRAME analysis 

does not give these additional capacity forces directly, but they can be determined and S-STEELôs Scratch Pad can be used to 

run an auto-design and find and apply adequate sections to the model.  Further discussion of capacity design is beyond the 

scope of this example.  Following such a design a larger W250³73  section is chosen for the óSFRS Columnsô design group 

giving a final Model#3. 

Final Model Code Check Results 

 

Final Distribution of sections 

       

Final ESFP Base Shear & Building Period 
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4.1.1 Inelastic Displacements 

Inelastic deflections can be assessed from the results of the óServiceô generated Equivalent static load cases which are not 

reduced by Ie/RdRo 

 

The Numerical Results/ Inter Storey Joint Drifts spreadsheet directly gives the inter-storey drift as a % of storey height for all 

columns so this can conveniently be checked against code limits. 

 

Max storey drift (as % of storey height) = 0.74% = 0.0074hs 

Limit of Cl 4.1.8.13 (3) (all other buildings) = 0.025 hs > 0.005 OK 
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5 Dynamic Analysis 

Though the example structure is classed as regular this does not preclude the use of Dynamic Analysis which, as the NBC 

2005 Userôs Guide notes, is assumed to be more accurate than the ESFP method and may therefore be preferred.  Most of the 

above procedure is recommended anyway as a precursor to Dynamic Analysis, since the ESFP base shear is established as is 

an initial set of sizes for elements of the SFRS. 

5.1 Suggested Procedure 

1. Static Analysis/Design and verification 

i) Same steps as for Static Analysis 

2. Vibration Analysis and verification 

i) Same steps as for Static Analysis. 

ii) Additional to these, check that sufficient modes are found for ² 90% mass in all directions considered. 

3. Eqivalent Static Force Procedure (ESFP) 

iii) As for Static Analysis ï even if Dymamic Analysis is required, the ESFP must always be performed 
and gives a valuable assessment of model results. 

4. Assess Torsional Sensitivity B 

i) Steps as for Static Analysis. 

ii) See Sentence 4.1.8.12.(4) ï if method (a) is to be used for Accidental Torsion, then it is not necessary 

to establish B, since this method can be used for any value. 

iii) If method (b) is to be used, then B must be evaluated as < 1.7.  Probably this value is at least of 

interest in most circumstances. 

5. Create Seismic Load Cases óEô and Seismic Combinations 

A. Using Method 4.1.8.12.(4) (a) 

I.)  Tx  from Static Analysis 

i) Run Linear Static Analysis for Load Cases only 

ii) Generate Accidental Torsion only loadcases Tx  from the RSA case(s) 

iii) Earthquake loadcase óEô = °(RSA Loadcase °Tx) 

iv) Create Seismic Load Combinations including all required permutations of óEô 

v) Run Response Spectrum Analysis for Load Cases & Combinations 

II.)  Tx  from Dynamic Analysis 

i) Run Response Spectrum Analysis for Load Cases only. 

ii) Generate Accidental Torsion only loadcases Tx  from the RSA case(s).  These will not be the same as 

those from I (i) 

vi) Earthquake loadcase óEô = °(RSA Loadcase °Tx) 

iii) Create Seismic Load Combinations including all required permutations of óEô 

iv) Run Response Spectrum Analysis for Load Cases & Combinations 
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B. Using Method 4.1.8.12.(4) (b) 

i) Create two separate model files for each direction being considered. 

ii) Move the Rigid Diaphragm Master Joint (COM) by +0.05Dn in one model file and -0.05Dn in the other. 

iii) Earthquake loadcase óEô = °RSA Loadcase 

iv) Create Seismic Load Combinations including all required permutations of óEô 

v) Run Response Spectrum Analysis for Load Cases & Combinations 

6. Seismic Design/Analysis 

i) Check/Design elements of SFRS for seismic Load Combinations. 

ii) Re-analyse if significant changes made to elements of SFRS 

iii) Update generated Tx  loadcases (and hence combinations) as required. 

iv) Re-analyze to update seismic combination results and re-Check/Design 

v) Iterate ii)-iv) until complete. 
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5.2 Vibration Analysis 

From this point forward in the Example, we use the final iteration model of the Static Analysis procedure design. 

             

It cannot be overstated that the results of Response Spectrum Analysis (RSA) are entirely dependent on those of Vibration 

Analysis.  Thus especially for Dynamic Analysis these should be carefully assessed/verified.  Additionally a further step of 

ensuring sufficient modes for 90% mass in each direction considered is necessary.  

 

S-FRAME does not automatically sum or check the Mass% against a minimum, but this can easily be achieved by a copy/paste 

to Excel of the Vibration Results Spreadsheet.  It can be seen that only 4 modes are required for ² 90% mass in both X & Y 

directions. 
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5.3 Response Spectrum Analysis & Results 

The RSA Options of Modal Combination Method should be considered before running RSA Analysis ï the CQC method is 

chosen and this requires further entry of a Critical Damping Ratio ï 0.05 (5%) is entered for this. 

 

We choose the Unstressed Response Spectrum Analysis option and request the minimum number of Eigenvalues (now this 

is known) required for 90% Mass.  Initially investigate the Do not Scale option which will give the ótrueô elastic Base shear Ve. 

 

Just as for Linear Analysis of an RSA Loadcase, the Vibration Analysis Parameters are displayed as a Vibration Analysis runs 

prior to the Response Spectrum calculations.   Response Spectrum calculations consist of calculating a) the Modal Response 

for each mode and subsequently b) the Modal Combination results for all (requested) modes by applying the chosen Modal 

Combination Method (MCM) - the CQC method in this case; MCM = CQC 
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5.3.1 Unscaled RSA Base Shear 

 

For unscaled RSA S-FRAMEôs reactions Total Base Shear X gives us Ve and from this we can check the value of Vd for 

Sentence 4.1.8.12.(5) 

Elastic Dynamic Base Shear; Ve = 3327.9 kN;  Rd = 3.0; Ro = 1.3; Ie = 1.0 

Design Base shear;  Vd = Ve³(Ie/(Rd³Ro)) = 853.3 kN 

ESFP (code) Base Shear; V = 951.3 kN 

Vd as proportion of V;  Vd/V = 0.897 

5.3.2 Unscaled RSA Displacement 

Since Vd is not < 0.8V dynamic results must be scaled to 100% of V  (sentence 4.1.8.12.(6)) 

 

Similarly the displacements for the unscaled RSA are those corresponding to Ve ï i.e. are unreduced.  This is one advantage 

of not being required to specify the scaling factors in the input Design Response Spectrum accelerations ï S-FRAME allows the 

input of the ótrueô, or órawô Design Spectrum accelerations.  However these displacements cannot be used directly since the 

code requires that there be a component of scaling (up) to code base shear where 0.8V <Vd < V  (regular structure) 
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5.3.3 RSA Forces; Modal Combination & Modal Results 

Following RSA by default S-FRAME displays the Modal Combination Results, since these are the results principally used for 

design.  As we are interested in forces in the SFRS, and furthermore since in our example elements of this are subject to 

principally axial forces, these are examined in the following pages.  

 

Modal Combination SFRS Column Load;  Ccomb  = 2023.7 kN 

Due to the methods of Modal Combination, all the axial forces are positive ï i.e. tension - which of course is a physical 

impossibility.  This often comes as a surprise to those a) new to RSA and b) familiar, as all engineers are, with the concept of 

equilibrium.  However this is a consequence of the Modal Combination Methods.  It is instructive, if nothing else, to examine the 

individual Modal results since these are in static equilibrium and thus make intuitive sense (i.e. correspond with equilibrium). 

Modal Results 

 

S-FRAME requires the user to specify that Modal Response results are required and the Direction of the Response Spectrum 

(X) and the Mode Number ï Mode 1 is the dominant (highest Mass%) mode ï the modal result is then displayed.  It should be 

noted that these forces correspond to the peak modal displacement in the +ve X-direction only ï the reverse is just as likely to 

occur, in which case the signs of forces will reverse also.
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The relative contributions of modes to the modal combination results can then be assessed.  Following are the results for the 

two X-modes; Modeôs 1 and 4. 

Mode Frequencies & Mass% 

     

Total Mass% of modes = 99.1% 

Mode 1 Displacements (mm) & Forces (kN) 

  

Mode 1 SFRS Column Load;  CM1  = -2014.4 kN 

Mode 4 Displacements (mm) & Forces (kN) 

  

Mode 4 SFRS Column Load;  CM2  = 208.6 kN 

Quick SRSS Check;   Õ( CM1
2
 + CM2

2
 ) = 2025.2 kN; (CQC = 2023.7) 
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5.4 RSA Scale to Code Base Shear 

Sentence 4.1.8.12.(8) requires the Dynamic analysis results to be scaled by Vd/Ve, where in our example Vd = V.  This is 

achieved in S-FRAME simply by enabling the Scale to Code Base Shear Option. 

 

Now the Base shear = V and the (CQC) Modal combination results (base shears, reactions, forces) are scaled to this and are 

thus much reduced from the non-scaled ones.  As for the unscaled RSA, the modal combination results are still all-positive. 
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However note that the displacements are not scaled. 

 

S-FRAME applies the specified Direction Amplify Factor (DAF) to the displacements of an RSA loadcase.   

For DAF = 0, S-FRAME internally sets DAF = RdRo/Ie.    

 

Comparing these displacements to the unscaled ones above, we see they are larger.  This is accounted for by the scale to code 

base shear component.  Since both Vd and V already include reduction by Ie/RdRo, the additional scale component is given by  

;    V/Vd = 1.115;    (where Vd is the base shear from sentence 4.1.8.12.(5)) 

  Unscaled RSA Displacement;  de = 59.3 mm;   (from above) 

  Scaled RSA Displacement;  dd = de ³ V/Vd  = 66.1 mm 

Thus S-FRAME is able to simultaneously give both the reduced RSA Base shears and forces and the unreduced displacements 

in a single analysis run. 
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The Base Shears for all modes, which are signed, can be viewed in S-FRAMEôs Numerical Results Spreadsheets.  The modal 

base shears are unreduced. 

  

The Modal Combination Floor forces are no longer those for the ESFP, they are floor forces from Dynamic Analysis ï since 

these are values for Modal Combination they are thus scaled (reduced) and unsigned. 

  

The Floor Accidental Torsions from Dynamic (RSA) analysis are not simply the óFloor Fxô values ³ ó0.1³Dyô, as can be seen.   

S-FRAME implements the ómode by modeô method to derive Dynamic Floor Accidental Torsion values.  The modal Floor results 

can be viewed by selecting the óModal Responseô option and specifying which modes to view results for, e.g. 1 & 4 only: 

  

The Modal Combination óTorsion from Fxô values are calculated in the following manner: 

For each Floor: 

i) Derive modal torsion; Modal óFloor Fxô ³ Floor Accidental eccentricity, óeô; Tmi = Fxmi³ei 

ii) Derive total Torsion; apply MCM to Tmi from i) e.g. for SRSS;  Ti = 
2

miTS  

iii) Apply scaling factor to Ti from ii);  Scaled Torsion; Ti_scale = i

e

d T
V

V
³  

The óFloor Fxô  values are derived, for each floor by; subtracting the óShear Xô values of succsessive storeys, which themselves 

are derived by applying the MCM to the modal óShear Xô values. 
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5.5 Create Seismic Load Case óEô and Seismic Load Combinations. 

The forgoing investigation is not a necessary part of the suggested procedure but is worthwhile to understand the results and 

options available in S-FRAME and gain an appreciation for how results are generated.  Returning now to the procedure for 

dynamic analysis we look at step 5. (A)  

5. Create Seismic Load Cases óEô and Seismic Combinations 

A. Using Method 4.1.8.12.(4) (a) 

1) Tx  from Static Analysis 

i) Run Linear Static Analysis for Load Cases only 

ii) Generate Accidental Torsion only loadcases Tx  from the RSA case(s) 

iii) Earthquake loadcase óEô = °(RSA Loadcase °Tx) 

iv) Create Seismic Load Combinations including all required permutations of óEô 

v) Run Response Spectrum Analysis for Load Cases & Combinations 

 

First a Linear Static Analysis must be performed to generate the ESFP results (from the RSA loadcase) and the Accidental 

Torsions alone can be generated from these.  From the LOADS view the Generate Equivalent Static Loads from RSA Caseé. 

option is run and the option óExtract Torsional Loadsô is chosen. 

 

This produces just two load cases ï again one is scaled (for strength design) and one is unscaled (for deflection) 

  

Scaled Roof Torsion; Tr = 894.43 kNm;  Unscaled; (Rd³Ro/Ie)³Tr = 3488.28 kNm 
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These generated load cases can now be included in the Seismic Load Combinations in conjunction with the RSA Loadcase: 

  óEô = °(RSA Loadcase °Tx) 

 

Additional Load Combinations would be created representing just the loadcase óEô and consisting of the permutations of °RSA 

Loadcase ° the óServiceô (unscaled/reduced) generated Torsion Load cases for the purpose of displacement checks.  A single 

such loadcase is shown. 

A Response Spectrum Analysis is now run for these Cases & Combinations and an Envelope of Axial Load results can be 

viewed for the Seismic Combinations. It is interesting to compare these to a similar envelope from Static Analysis. 

   Dynamic Analysis Axial Loads Envelope Combôs 5-8   Static Analysis Axial Loads Envelope Combôs 5-8 

                    

 The Dynamic forces are generally somewhat lower.  These SFRS forces can now be checked in S-STEEL and give a lower 

utilization for the X-bracing design group.  

 

The check for the SFRS column section is unchanged since this is subject to capacity design and therefore not impacted by 

changes in the (seismic) analysis forces unless a change is made to the bracing section size. 



 

© Copyright by S-FRAME Software Inc. - 2010 

 

46 

5.5.1 Displacement Check 

The displacements can be checked for the combination of the unscaled Torsion loadcase and the Response spectrum load 

case (the deflections of which are unscaled as previously discussed). 

 

The Storey Drifts spreadsheets conveniently calculates drifts as a % of Storey Height. 

 

5.5.2 Accidental Torsion from Dynamic Floor Forces 

Step 5. A. (II) of the procedure, is essentially the same as discussed above save for the following: 

1) A Response Spectrum Analysis is run instead of Linear Static Analysis prior to generating 

Floor Torsion Load cases  

2) Following this, the subsequent procedure is the same: 

i. Generate the Static Floor Torsion Load cases in the same manner. 

ii. Create Seismic Combinations including óEô = °(RSA Loadcase °Tx) 

iii. Run Response Spectrum Analysis and check/design/iterate. 
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5.5.3 Move COM 

Step 5. B. in the suggested procedure follows the methodology of Sentence 4.1.8.12.(4) (b).   This has the advantage of 

simplifying the procedure to some extent ï no static load cases need be generated ï but at the expense of requiring two 

separate model files/analyses for each direction considered.    

The process of shifting the centers of mass by the required eccentricity (°0.05Dnx) is relatively simple in S-FRAME.  As has 

been discussed, practically all the mass is concentrated at the Rigid Diaphragm Master Joints.  These joints can be moved like 

any other joint ï provided the move is only in the plane and within the boundaries of the Rigid Diaphragm Panel object.   

 

Since the accidental torsion is now inherent in the model, the Response Spectrum Loadcase is now Loadcase  óEôand this 

simplifies the Seismic Load Combinations somewhat. 
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6 Moment Frame 

Say the client/architect insists there can be no bracing on the front elevation of the structure ï a moderately ductile moment 

resisting frame is proposed extending over both bays over the full height.  The concentric braced frame at the rear of the 

structure is retained.  Clearly this will alter the vibration characteristics of the frame and the seismic parameters. 

Following the suggested procedure, an initial study for Gravity & Wind loads gives the following proposed section ï all members 

in the front elevation moment frame are placed in the same S-STEEL Design Group.  A W610³84 section is proposed. 

 

 

Since the SFRS system at the rear of the of the structure is a concentric braced frame, we now have a mix of systems in the 

same direction.  NBCC 2005 requires that the less ductile system govern in this case, so Rd = 3.0 and Ro = 1.3 are retained.  

The following table is reproduced from TEDDS.   
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6.1.1 Vibration Analysis 

The changed Vibration characteristics are investigated and the dynamic mass checked. 

Vibration Analysis Results 

 

Four modes are still sufficient for ² 90% mass in the X direction. 

Ta =  0.939 > ; 1.5³0.085³(12)
3/4

 = 0.822 

Active Mass 

 

W = 5882 kN 

The building period is increased and the moment frame system will govern for the maximum design period, since the code only 

allows 1.5³Tcode for this system, rather than 2³ Tcode for the braced frame system.  

6.1.2 ESFP Calculation 

The ESFP forces are first calculated óby handô, the same design spectral acceleration are used as before. 

Importance category 

Importance category (Table 4.1.2.1.(3)); NORMAL 

Importance factor (Table 4.1.8.5); IE = 1.000 

Calculated fundamental period (4.1.8.11.(3)) 

Lateral force resisting system; Steel Moment Frame 

Height above base to N
th
 level of building; hn = 12.00 m 

Specified fundamental period; Tspecified = 0.94 sec 

Approx fundamental period; T = min (1.5 ³ 0.085 ³ (hn)
3/4

, Tspecified) = 0.822 sec 

 

Design spectral acceleration; STa = 0.45 
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From Table 4.1.8.9 

Steel Structures: Mod ductile concentric braced frames: non-chevron braces 

Ductile related modification factor (Table 4.1.8.9); Rd = 3.0 

Overstrength related modification factor(Table 4.1.8.9) 

 R0 = 1.3 

Higher mode factor (Table 4.1.8.11); Mv = 1.00 

Seismic response coefficient 

Calculated (4.1.8.11 (2)); Cs_calc = STa ³ Mv ³ IE / (Rd ³ R0) = 0.115 

Minimum (4.1.8.11 (2)); Cs_min = ST2.0 ³ Mv ³ IE / (Rd ³ R0) = 0.044 

Maximum (4.1.8.11 (2)); Cs_max = 2 ³ ST0.2 ³ IE / (3 ³ Rd ³ R0) = 0.162 

The seismic response coefficient; Cs = min(max(Cs_calc, Cs_min), Cs_max) = 0.115 

Seismic base shear (4.1.8.11) 

Effective seismic weight of the structure; W = 5881.9 kN 

Seismic base shear; V = Cs ³ W = 679.18 kN 

Vertical distribution of seismic forces 

Height from base 
to Level i (m) 

Portion of effective 
seismic weight 
assigned to Level i 
(kN) 

Vertical distribution 
factor 

Lateral force 
induced at Level i 
(kN); 

4.00 m; 2433.00 kN; 0.222; 150.52 kN 

8.00 m; 2433.00 kN; 0.443; 301.04 kN 

12.00 m; 1015.90 kN; 0.335; 227.63 kN 

Governed by moderately ductile 

concentric braced frame 
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6.1.3 ESFP Static Analysis in S-FRAME 

First the NBCC Seismic Parameters must be reviewed ï we set the óT max period in Xô = 0.822 as per our investigation.  The 

other parameters are as before. 

 

The results of the ESFP method can be seen immediately graphically by viewing S-FRAME Reactions ï the ESFP forces are 

shown at the RDMJôs as previously noted. 
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6.1.4 Preliminary ESFP Design 

Following the suggested procedure, the Earthquake Load cases (which are the same as those required for the assessment of 

B) are now generated as per step 5. (i) óEô = °(Fx °Tx) and the óStrengthô cases are included in the Seismic Combinations. 

 

 

There is little point in assessing B at this stage, since the moment frame section sizes may need to be increased to resist the 

seismic forces which will affect stiffness, hence displacement and frequencies and forces.  It is sensible therefore to go through 

an initial design iteration for the ESFP seismic loads.  An S-STEEL code check shows that the initial section is indeed failing 

due to increased forces. It is interesting to note that the Y-bracing is also required to resist higher forces due to torsion of the 

structure (moment frame is less stiff than braced frame at rear of structure), so even thought the Y-direction is not being 

considered in the example, it cannot be ignored since we have a 3D model. 

 



 

© Copyright by S-FRAME Software Inc. - 2010 

 

53 

A design/analysis/check iteration gives the following set of section sizes ï the óMoment Frameô section size is changed to a 

W530³82 and the óY-bracingô section to a HS219³4.8. 

 

At this stage the generated Lateral Force + Torsion load cases are updated and B is checked. 

 

B = 1.69 < 1.7 so Dynamic Analysis is not required though it may be interesting to investigate this for this type of SFRS. 
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6.2 Dynamic Analysis ï Moment Frame 

A response Spectrum Analysis is run with the Scale to Code Base Shear option enabled, and unchanged Vibration solution 

parameters.  It is interesting to compare the results with those for Static Analysis (of ESFP loads) 

Displacement and Bending Moment Diagram (kNm) ESFP Lateral forces 

  

        Span Deflections = ON      Span Deflections = OFF         Bending Moment Diagram 

  

As for the previous model, the modal combination results can appear disconcertingly unintuitive (if intuition assumes 

equilibrium).  Initially the displaced shaped may look odd, though it is somewhat similar to that for the static ESFP loads.  There 

are clear disjoints in the displaced shape.  This is a consequence of two things  

o the MCM (CQC) results are unsigned and hence not in equilibrium  

o by default S-FRAME applies the principles of equilibrium and the conjugate beam to develop internal member 

forces and displacements by integrating along the member from its start joint.   

The advantage of the latter approach is that a simpler model with less elements can be used and analysis time reduced.  

However, since for RSA Modal Combination the joint results are not in equilibrium (they are un-signed) this integration does not 

result in the end-joint displacement, hence the discontinuities.  Internal member displacement integration is turned off via 

Settings/Span Deflections, in which case S-FRAME simply linearly interpolates (i.e. draws a straight line) between the joint 

displacement positions.  This produces the diagram to the right above, which is much more persuasive since end-actions 

predominate in the moment frame. 

Disjointed 
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Similarly the moment diagram looks odd ï again all values are positive.  S-FRAME automatically applies linear interpolation to 

the force results for Response Spectrum Load cases subject to Response Spectrum Analysis, so it is not necessary to turn 

integration off.  The diagram does not accord at all with the displaced shape, but this is due to the RSA Modal Combination 

Method.  It can be seen that this present difficulties for rational combination of RSA results with other static cases, and it is 

impossible to assess the curvature of the elements and thus appropriate bending coefficients for beam-column design.  What 

can be done about this? 

6.2.1 óBorrowingô Signs 

S-FRAME offers the option of Assigning the signs of the dominant mode to the RSA modal combination results.  Recall that S-

FRAME offers the option of viewing the individual modal responses direction, and that these are a) in static equilibrium and b) 

unscaled.   The dominant mode is the mode with the highest Mass% and which thus contributes the most to the modal 

combination results. 

   

Mode#1 X-Mass% = 77%.  We can view the displacements (which is simply the scaled mode shape) and the resultant forces for 

this mode ï  results are in static equilibrium and are therefore signed. 

 

It is logical to propose that the combined modal results could have these signs and this might more reasonably reflect the 

behavior in reality (than all positive results, which are certainly impossible).  Hence the concept of assigning the signs of the 

dominant mode results to the Modal combination results.  This is a recognized method of allowing more rational combination of 

all-positive RSA results with static cases and is implemented in a number of analysis programs including S-FRAME. 
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This option is effected via Settings/Preferences/Solver - since this is not a post-processing operation this change requires a re-

analysis. 

 

The Moment Diagram for the Modal Combination results now looks very similar to that for Mode#1 ï note that the magnitudes 

of the forces are unchanged.  Clearly in a moment frame such as this where end-actions predominate this has a very large 

effect on the forces in the middle of the member (over all-positive results). 
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6.2.2 Refined Model 

Another option, possibly used in conjunction with that above, is to refine the model.  The modal combination results are only 

ócorrectô at joints, so if a more accurate representation of internal member forces is desired, more joints must be placed along 

the member ï i.e. more analysis elements used per structural element.  This requires subdividing the elements of interest ï in 

this case the elements of the Moment Frame SFRS. 

This is simply achieved in S-FRAME using the Group to select the elements to be subdivided, enabling Physical Member 

Modeling (if not already on) and subdividing.  S-FRAME simply adds joints along the length of the member but all the original 

member continuity and numbering (for results and steel design) is retained.  S-FRAME internally subdivides the Physical 

Members into analysis elements then collates and presents results only for the Physical Member. 

 

Assigning Dominant mode signs is turned off and re-analysis (RSA) performed.  This produces a moment diagram that is still 

rather odd from the perspective of equilibrium but with more meaningful magnitudes of internal member forces 
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6.2.3 Final Analysis & Design 

Implementing Step 5. A. (I)  of the suggested procedure, the Static Accidental Torsion forces are generated from a Linear 

Static (ESFP) analysis, and these are then combined with the RSA Loadcase to produce the óEô loadcase in the seismic 

combinations. 

 

Final Response Spectrum Analyses are performed with the option to Assign Signs both on and off ï it can be seen that in this 

example this has no result on the Bending Moment Envelope for all design combinations. 

 

   BM Envelope All Combôs - Assigning Signs ï OFF    BM Envelope All Combôs - Assigning Signs ï ON 

                  

 


















