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 CALCULATING MODES AND FREQUENCIES 
 
 
In STAAD, there are 2 methods for obtaining the frequencies of a structure. 
 

• The Rayleigh method using the CALCULATE RAYLEIGH FREQUENCY command 
 

• The elaborate method which involves extracting eigenvalues from a matrix based on the 
structure stiffness and lumped masses in the model. 

 

BASIC PRINCIPLE 
 
The Rayleigh method in STAAD is a one-iteration approximate method from which a single 
frequency is obtained. It uses the displaced shape of the model to obtain the frequency. 
Needless to say, it is extremely important that the displaced shape that the calculation is 
based on, resemble one of the vibration modes. If one is interested in the fundamental mode, 
the loading on the model should cause it to displace in a manner which resembles the 
fundamental mode. For example, the fundamental mode of vibration of a tall building would 
be a cantilever style mode, where the building sways from side to side with the base 
remaining stationary. The type of loading which creates a displaced shape which resembles 
this mode is a lateral force such as a wind force. Hence, if one were to use the Rayleigh 
method, the loads which should be applied are lateral loads, not vertical loads. 
 
For the eigensolution method, the user is required to specify all the masses in the model 
along with the directions they are capable of vibrating in. If this data is correctly provided, 
the program extracts as many modes as the user requests (default value is 6) in ascending 
order of strain energy. The mode shapes can be viewed graphically to verify that they make 
sense. 
 
Eigenvalue extraction method 
 
The input which is important and relevant to the analysis of a structure for frequencies and 
modes – using the eigenvalue extraction method is explained below. These are explained in 
association with an example problem provided at the end of this section. 
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The DENSITY command 
 

One of the critical components of a frequency analysis is the amount of "mass" undergoing 
vibration. For a structure, this mass comes from the selfweight, and from permanent/imposed 
loads on the building. To calculate selfweight, density is required, and is hence specified under 
the command CONSTANTS. 

 
The CUT OFF MODE SHAPE command 

 
Theoretically, a structure has as many modes of vibration as the number of degrees of freedom 
in the model. However, the limitations of the mathematical process used in extracting modes 
may limit the number of modes that can actually be extracted. In a large structure, the extraction 
process can also be a very time consuming process. Further, not all modes are of equal 
importance. (One measure of the importance of modes is the participation factor of that mode.) 
In many cases, the first few modes may be sufficient to obtain a significant portion of the total 
dynamic response.  
 
Due to these reasons, in the absence of any explicit instruction, STAAD calculates only the first 
6 modes. (Versions of STAAD prior to STAAD/Pro 2000 calculated only 3 modes by default). 
This is like saying that the command CUT OFF MODE SHAPE 6 has been specified. 
 
If the inspection of the first 6 modes reveals that the overall vibration pattern of the structure 
has not been obtained, one may ask STAAD to compute a larger (or smaller) number of modes 
with the help of this command. The number that follows this command is the number of modes 
being requested. In our example, we are asking for 10 modes by specifying CUT OFF MODE 
SHAPE 10. 

 
The MODAL CALCULATION REQUESTED command 
 
This is the command which triggers the calculation of frequencies and modes. It is specified 
inside a load case. In other words, this command accompanies the loads which are to be used in 
generating the mass matrix. 
 
Frequencies and modes have to be calculated when dynamic analysis such as response spectrum 
or time history analysis are carried out. But in such analyses, the MODAL CALCULATION 
REQUESTED command is not explicitly required. When STAAD encounters the commands for 
response spectrum (see example 11) and time history (see examples 16 and 22), it automatically 
will carry out a frequency extraction without the help of the MODAL .. command. 
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The MASSES which are to be used in assembling the MASS MATRIX 
 
The mathematical method that STAAD uses is called the subspace iteration eigen extraction 
method. Some information on this is available in Section 1.18.3 of the STAAD.Pro 
Technical Reference Manual. The method involves 2 matrices - the stiffness matrix, and the 
mass matrix. 
 
The stiffness matrix, usually called the [K] matrix,  is assembled using data such as member 
and element lengths, member and element properties, modulus of elasticity, poisson's ratio, 
member and element releases, member offsets, support information, etc.  
 
For assembling the mass matrix, called the [M] matrix, STAAD uses the load data specified 
in the load case in which the MODAL CAL REQ command is specified. So, some of the 
important aspects to bear in mind are: 
 
The input you specify is weights, not masses. Internally, STAAD will convert weights to 
masses by dividing the input by "g", the acceleration due to gravity. 
 
If the structure is declared as a PLANE frame, there are 2 possible directions of vibration - 
global X, and global Y. If the structure is declared as a SPACE frame, there are 3 possible 
directions - global X, global Y and global Z. However, this does not guarantee that STAAD 
will automatically consider the masses for vibration in all the available directions.  
 
You have control over and are responsible for specifying the directions in which the masses 
ought to vibrate. In other words, if a weight if not specified along a certain direction, the 
corresponding degrees of freedom (such as for example, global Z at node 34)  will not 
receive a contribution in the mass matrix. The mass matrix is assembled using only the 
masses from the weights and directions specified by the user. 
 
In our example, notice that we are specifying the selfweight along global X, Y and Z 
directions. Similarly, the element pressure load is also specified along all 3 directions. We 
have chosen not to restrict any direction for this problem. If a user wishes to restrict a 
certain weight to certain directions only, all he/she has to do is not provide the directions in 
which those weights cannot vibrate in. 
 
As much as possible, provide absolute values for the weights. STAAD is programmed to 
algebraically add the weights at nodes. So, if some weights are specified as positive 
numbers, and others as negative, the total weight at a given node is the algebraic summation 
of all the weights in the global directions at that node. 
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STAAD SPACE  
UNIT FEET KIP 
JOINT COORDINATES 
.. 
MEMBER INCIDENCES 
.. 
ELEMENT INCIDENCES SHELL 
.. 
MEMBER PROPERTY 
.. 
ELEMENT PROPERTY 
.. 
CONSTANTS 
E CONCRETE ALL 
DENSITY CONCRETE ALL 
POISSON CONCRETE ALL 
 
CUT OFF MODE SHAPE 10 
 
SUPPORTS 
.. 
UNIT POUND FEET 
*WEIGHTS DATA AND INSTRUCTION FOR COMPUTING FREQUENCIES AND MODES 
LOAD 1  
 
SELFWEIGHT X 1.0 
SELFWEIGHT Y 1.0 
SELFWEIGHT Z 1.0 
 
ELEMENT LOAD 
41 TO 88 PR GX 300.0 
41 TO 88 PR GY 300.0 
41 TO 88 PR GZ 300.0 
 
MODAL CALCULATION REQUESTED 
 
PERFORM ANALYSIS 
 
FINISH 
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Understanding the output : 
 

After the analysis is completed, look at the output file. This file can be viewed from File - 
View - Output File - STAAD output.  
 
Mode number and corresponding frequencies and periods 
 
Since we asked for 10 modes, we obtain a report which is as follows: 
 
 

 
 
 
Participation factors in Percentage 
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In the explanation earlier for the CUT OFF MODE command, we said that one measure of the 
importance of a mode is the participation factor of that mode. We can see from the above report 
that for vibration along X direction, the first mode has a 90.89 percent participation. It is also 
apparent that the 4th mode is primarily a Y direction mode due to its 50.5 % participation along 
Y and 0 in X and Z.  
 
The SUMM-X, SUMM-Y and SUMM-Z columns show the cumulative value of the participation 
of all the modes up to and including a given mode. One can infer from those terms that if one is 
interested in 95% participation along X, the first 5 modes are sufficient. 
 
But for the Z direction, even with 10 modes, we barely obtained 0.6%. The reason for this can 
be understood by a close examination of the nature of the structure. Our model has a shear wall 
which spans in the YZ plane. This makes the structure extremely stiff in that plane. It would 
take a lot of energy to make the structure vibrate along the Z direction. Modes are extracted in 
the ascending order of energy. The higher modes are high energy modes, compared to the lower 
modes. It is likely that unless we raise the number of modes extracted from 10 to a much larger 
number - 30 or more - using the CUT OFF MODE SHAPE command, we may not be able to 
obtain substantial participation along the Z direction. 
 
Another unique aspect of the above result are the modes where all 3 directions have 0 or near 0 
participation. This is caused by the fact that the vibration pattern of the model for that mode 
results in symmetrically located masses vibrating in opposing directions, thus canceling each 
other's effect. Torsional modes too exhibit this behavior. See the next item for the method for 
viewing the shape of vibration. Localized modes, where small pockets in the structure undergo 
flutter due to their relative weak stiffness compared to the rest of the model, also result in small 
participation factors. 
 
Viewing the mode shapes 
 
After the analysis is completed, select Post-processing from the mode menu. This screen 
contains facilities for graphically examining the shape of the mode in static and animated views. 
The Dynamics page on the left side of the screen is available for viewing the shape of the mode 
statically. The Animation option of the Results menu can be used for animating the mode. The 
mode number can be selected from the "Loads and Results" tab of the "Diagrams" dialog box 
which comes up when the Animation option is chosen. The size to which the mode is drawn is 
controlled using the "Scales" tab of the "Diagrams" dialog box. 
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