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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. 
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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 

 



 

© Copyright by S-FRAME Software Inc. - 2010 

 

6 

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. 






























































































