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Introduction  

PRFSA (Plane Rigid Frame Structural Analysis) is a user-friendly computer program for predicting the 
in-plane behaviour of plane rigid frames. The input data for the program includes the geometry of the 
frame, the section and material properties of the frame elements, and the loading. When a 1st or 2nd order 
elastic analysis is performed, the program calculates the deformations and stress resultants of the frame. 
The axial force stress resultant can be used to perform an in-plane buckling analysis of the frame, which 
calculates the buckling load factor and the corresponding buckled shape. The 1st order elastic-plastic 
analysis can calculate the progressive formation of plastic hinges in the frame and the corresponding load 
factor, deformations and stress resultants. The natural vibration analysis calculates the natural frequencies 
of the frame and the corresponding vibration modes. The steady state analysis calculates the forced 
vibration response of the frame when the applied loads vary harmonically at a given forcing frequency. 
The transient analysis calculates the deformations and stress resultants of the frame due to ground 
excitation and force excitation. The truss analysis can calculate the deformations and axial force stress 
resultant of the frame by assuming the frame acts as a pin-jointed truss. 
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Data 

The frame is modeled by subdividing it into a series of straight line elements. The ends of the elements 
intersect at nodes. The input data for the frame includes the geometry of the frame, the section and 
material properties of the frame elements, and the loading. A user-friendly data processor can be used for 
the creation of data for a new frame or for the modification of data for an existing frame. Help screens 
provide advice concerning the nature of the data required, and a facility exists for the automatic 
generation of the node and element numbers for some standard frames. The element properties can be 
input from a library of standard sections. 
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1st Order Elastic Analysis 

A number of different methods of structural analysis can be used to predict the in-plane behaviour of 
plane rigid frames. The 1st order elastic analysis of PRFSA is based on equilibrium calculations on the 
undeformed shape of the structure and assumes that the material behaves linear-elastically. It ignores 2nd 
order moments caused both by the deflected shape of the members (P∆ effects) and the joint deflections 
(Pδ effects), and material non-linearities caused by yielding. In PRFSA, the results of the 1st order elastic 
analysis include the deformations and the moment and axial force stress resultants of the frame. 
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2nd Order Elastic Analysis 

In a 2nd order elastic analysis, the members are assumed to remain stressed in the linear-elastic range and 
changes in the frame geometry under the design loads and changes in the effective stiffnesses of the 
members due to axial force are taken into account. Because of this, elastic instability is automatically 
taken into account in the analysis. Compared with a 2nd order elastic analysis, a 1st order elastic analysis 
will underestimate the deformations of and hence the moments in a structure. In PRFSA, the results of the 
2nd order elastic analysis include the deformations and the moment and axial force stress resultants of the 
frame. 
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In-Plane Buckling Analysis 

The upper limit to a 1st order elastic analysis is the elastic buckling limit of the frame. For the analysis of 
elastic in-plane buckling, all member bending actions are ignored and only the member axial force 
actions are considered. As the member axial forces are increased, there will be no flexural deformations 
until a critical value is reached at which in-plane buckling of the members will occur. The frame elastic 
buckling load factor is defined as the ratio of the axial force in a member at elastic frame buckling to its 
design axial force. Because the members of a frame interact during buckling, this ratio is the same for all 
members. In PRFSA, the results of the in-plane buckling analysis include the frame elastic buckling load 
factor and the corresponding buckling mode. 

 

 

 



  

 

PRFSA Program Details: December 2005     7 

1st Order Plastic Analysis 

Non-linear response can also be caused by material yielding. In some frames, failure can be associated 
with full plasticity (plastic hinges) occurring at a sufficient number of locations for a plastic mechanism 
to form. This response is predicted by a 1st order elastic-plastic analysis. In this type of analysis, the 
lowest load factor which causes a plastic collapse mechanism to form in the structure is determined. The 
plastic moment capacity of a plastic hinge is reduced by the presence of axial force, and this effect is 
included in PRFSA through the use of a linear interaction surface. In PRFSA, the results of the 1st order 
elastic-plastic analysis include the load factor and location of each plastic hinge, the deformed shape of 
the frame, a load-deflection curve for each node, and a force-point trace for each element. 
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Natural Vibration Analysis 

The dynamic analysis in PRFSA is based on the stiffness matrix formulation of general structural 
dynamic response problems. In the natural vibration analysis of PRFSA, the natural frequencies and 
corresponding vibration modes of the structure are computed with no damping and no excitation 
(undamped free vibration). 
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Steady State Analysis 

PRFSA can also perform a steady state forced vibration analysis of a frame structure in which the applied 
loads varying harmonically with the same forcing frequency. The response amplitudes induced by forced 
vibration are computed by summation over a series with the number of terms equal to the number of 
modes for which natural frequencies are computed. More modes lead to more accurate forced vibration 
analyses. The modal damping of each mode, which is a fraction of critical, is used when computing the 
forced excitation series term corresponding to a particular mode. In PRFSA, the results of the steady state 
analysis include the vibration amplitudes. 
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Transient Analysis 

In the transient dynamic analysis of PRFSA, the frame is subjected to either ground or force excitation 
over a specified period of time. In the ground excitation analysis, the frame is subjected to ground 
acceleration in the horizontal and vertical directions. In the force excitation analysis, the nodal loads on 
the frame are factored by a scalar force function. The output from the transient analysis includes the 
deformations and stress resultants calculated at specified time stations. 
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Spectral Analysis 

In the spectral dynamic analysis of PRFSA, the frame is subjected to spectral acceleration. The spectral 
acceleration can be determined from spectral response curves found in earthquake design standards. The 
spectral analysis calculates equivalent static forces which are used in a 1st order elastic analysis to obtain 
the stress resultants caused by ground motion. 
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Truss Analysis 

The truss analysis in PRFSA uses the same matrix stiffness method of analysis as in the 1st order elastic 
analysis. However, in a truss analysis only the displacements of the nodes and the axial force stress 
resultant are calculated. 
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Report 

PRFSA can generate a report which contains the data and results for the frame. The report can also be 
edited from within PRFSA with the usual Windows commands such as Cut, Copy and Paste. The text 
colour, font type and size can also be changed. The user can also add comments to or delete certain parts 
of the report. The amount of information in the report can also be controlled. The report can either be 
printed from within PRFSA or saved to a file in rich text format. This file can be further edited using a 
sophisticated word-processing program such as Word. 
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Zooming 

PRFSA allows the user to zoom in and enlarge an area of the frame. This feature is useful in checking the 
node and element data for frames with a large number of elements. 
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Colours and Lines 

The appearance of the frame and graphs can be changed by adjusting the colours and lines. The entire 
Windows colour palette can be used as well as black and white colours for printing. PRFSA also allows 
the true thickness of the frame elements to be drawn. 
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On-Line Help 

PRFSA has a fully documented on-line help system like other Windows programs. This help system can 
be accessed through the help topics or pop-up help. The help topics include a table of contents, index and 
search facility, and act very much like an on-line users manual. When the question mark button at the top 
right corner of a form is clicked, the program allows the user to display pop-up help for a particular item. 
A tutorial is also available which shows a step-by-step guide on how to use PRFSA. 

 

 

 



  

 

PRFSA Program Details: December 2005    
 18 

System Requirements 

PRFSA has been developed to run under Windows 95/98/ME/NT/2000/XP. 

 

Download a Demonstration Copy & Demo 

Visit our website:  http://ww.civil.usyd.edu.au/case/software.shtml 

 

SALES INQUIRIES 
Information about computer software and prices is available from: 
 
Dr John Papangelis 
Phone:  61 2 9351 3837 
Fax:  61 2 9351 3343 
Email:  jpp@civil.usyd.edu.au  


