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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 Example Brief 

 

 

Further aspects of the building/analysis model either discussed within the body of the example or not stated explicitly are: 

¶ Supports are fully fixed. 

¶ Floors act as rigid diaphragms. 

¶ Mass distribution is idealized as concentrated at the floors only ï column and girders elements are massless. 

¶ Contribution to stiffness matrix of shear stiffness is not considered. 
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2 S-FRAME Model 

The frame is input as per the Example details and dimensions.  One analysis element per beam/column is used.  All 

connections are rigid and supports are fully fixed (it was found that this is the case, though it is not explicitly stated in the 

Example).  The X-axis is chosen as the axis of displacement in S-FRAME. 
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2.1 Sections 

S-FRAMEôs Tapered  section tool is used to create the óGirderô and óColumnô sections (sections do not have to be tapered).  

Sections thus created will render correctly and can be readily edited.     

 

To give closer agreement with the example (which does not consider shear stiffness) the Shear Area (Av) of the sections is set 

= 0.  There is no reason why this should be done in practice; while shear effects are often small enough to be neglected they 

nevertheless occur. 
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2.2 Materials 

Since the building mass in the example is idealized as 

concentrated at the floors, again to give closer 

agreement, a zero density material is created for the 

frame members so these do not introduce distributed 

mass which would change the vibration characteristics 

to some extent. 

 

A second material with the specified force density (per 

unit thickness) is created for the diaphragm panels 

which are used to introduce the floor mass. 

 

 

Material Modulus of Elasticity; E = 25 GPa = 

25000 N/mm
2
; (we note that this is a typical value for reinforced concrete for short term loading) 

 

Note a sensible value of G (shear modulus) is also entered as this is a component of the S-FRAME Beam Element stiffness 

matrix for both shear and torsional stiffness. 

Slab material force density; r = gacc ³ 1000 kg/m
3
 = 0.0000098067 N/mm

3
 

(gravitational acceleration; gacc = 9.807 m/s
2
;) 

 

Since the óSlab Materialô is only applied to the Rigid Diaphragm panel for mass generation, the E and G values for this material 

are irrelevant. 
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2.3 Rigid Diaphragm Floors 

Since a órigid diaphragm effectô is specified in the Example, Rigid Diaphragm Panels  are used to model this behaviour.  These 

panels also provide a convenient method of introducing the floor mass.  The panels are assigned thickness = 1000mm and a 

material with appropriate force density (see above).  S-FRAME automatically calculates the mass of the diaphragm and applies 

it as a lumped mass at the centroid of the panel area.  For convenience, since engineers usually work in terms of weight rather 

than mass, S-FRAME describes mass in terms of force units. 

 

Note - The E & G values of the material assigned to a Rigid Diaphragm Panel have no effect on its stiffness ï the diaphragm is rigid 

in-plane and has zero stiffness out of plane 

Slab material force density; r = gacc ³ 1000 kg/m
3
 = 9.807³10-6

 N/mm
3
 

Floor Volume;  Vi = 10m ³ 6m ³ 1000mm = 60 m
3
 

Floor Weight;  Wi = r³ Vi = 588.40 kN 

Floor Mass;  Mi = r³ Vi /gacc = 60.00 tonne 

Although it is not necessary for analysis, the lumped mass of the panel can be exposed by running the S-FRAME command 

EDIT/Mesh Generator/Generate Rigid Diaphragm Mass .  Note that the diaphragm produces translational mass in both 

lateral axes, as well as Z-rotational mass.  The example only actually requires X-Translational Mass since it only considers one 

direction of response. 
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3 Floor Numbers 

Finally Floor Numbers  are applied to joints to identify floors.  Note that Floor Number = 1 is applied to the base support joints.  

This is required for S-FRAME to calculate storey drifts, storey shears and floor forces.  This completes the modeling process. 
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4 Vibration Analysis 

Before running Time History Analysis, the vibration characteristics of the structure are assessed and verified.  The following 

Vibration settings are initially used; Jacobi Threshold Eigenvalue Extraction Method (since the model is relatively small and 

has few modes) and 10 Eigenvalues (mode shapes) requested. 

 

With this 3D model, some modes are found which are not given in the Example.  S-FRAME finds typical Y-direction and 

torsional modes in addition to the required X-direction modes, since there is Y-Translational and Z-Rotational Mass. 
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Undesired modes can be removed by deleting the Y-Trans and Z-Rotational lumped masses to restrict the DOFôs to the X-axis.  

This gives the following first 4 modes (only 4 Eigenvalues requested) which are all X-direction modes only.  Removal of 

undesired modes could also be achieved by preventing Y-translation and rotation with appropriate supports. 

             

4.1 Vibration Results Comparison 

Comparing S-FRAMEôS results to the example there is excellent agreement. 

S-FRAME 

 

Reference 
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5 Time History Analysis 

5.1 Time History Loads 

The Example specifies the following linearly varying time dependent pressure vs time load which has; a total duration of 0.6s, a 

maximum of 5 kPa @ 0.1s and minimum of -1 kPa @ 0.4s.  This must be óconvertedô to force vs time functions which can be 

applied to discrete joints in the structure.   

 

Since the example considers only the displacement of the floors, it is sensible to apply the load at the beam/column intersection 

joints.  We calculate the tributary area of each joint and hence the maximum and minimum forces for the function at this joint. 

 

Three functions are required; 

¶ Interior Joints; F_Max = 75 kN, F_Min = -15 kN 

¶ Edge Joints; F_Max = 37.5 kN, F_Min = -7.5 kN 

¶ Corner Joints; F_Max = 18.75 kN, F_Min = -3.75 kN 
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5.2 Inputting Time History Loads  

First the required Force vs Time functions are created and saved to a file.  Once the data is input and the curve Added the 

function is plotted and can be verified graphically.  E.g. the following data is input for the function for óInterior Jointsô: 

Time (s) Force (kN) 

0 0 

0.1 75 

0.4 -15 

0.6 0 

The Nodal Excitation  Type is set and the appropriate functions created and added to a Time History Data file (file type *.DTH) 

with the Function Tool. 

 

 

When all the required functions have been created the Time History Load file is saved.  Note that this file is saved seperately 

from the model file ï i.e. the time history load data is not held in the *.TEL model file. 










































