
P-DELTA & BUCKLING –IN STAADPRO 

When non-linear situations are not involved, a load combination type would 

be adequate. 

The following PERFORM ANALYSIS facilities are available in STAAD. 

1) Stiffness Analysis / Linear Static Analysis 

2) Second Order Static Analysis 

P-Delta Analysis 

Non-Linear Analysis 

Multi Linear Spring Support 

Member/Spring Tension/Compression only  

3) Dynamic Analysis 

Time History 

Response Spectrum. 

A regular STAAD P-Delta Analysis performs a first order linear 
analysis and obtains a set of joint forces from member/plates based 
on the large P-Delta effect. 5 to 10 iterations will usually be 
sufficient. In the new P-Delta KG Analysis, that is with the Kg option 
selected, the effect of the axial stress after the first analysis is used 
to modify the stiffness of the member/plates.  A second analysis is 
then performed using the original load vector.  Large & small P-Delta 
effects are always included (1 or 2 iterations will usually be 
sufficient). 



The KG option is activated by selecting the option on the P-Delta Analysis 

dialog thus:-  

 

  

Where n = no. of iterations desired (default value of n = 1). 

If P-Delta analysis is specified, forces and displacements are 
recalculated, taking into consideration the P-Delta effect. 

The PDELTA ANALYSIS command is an instruction to the program to 
execute a second-order analysis and account for P-delta effects. 

If a RESPONSE SPECTRUM is specified within a load case or the 
MODAL CALCULATION command is used, dynamic analysis is 
performed. 

Followings are some example on use of the command for P-Delta 
analysis. 

  

PDELTA ANALYSIS 

PDELTA 5 ANALYSIS 

PDELTA ANALYSIS CONVERGE 



PDELTA ANALYSIS CONVERGE 5 

 

REPEAT LOAD: 

A PDELTA ANALYSIS will correctly reflect the secondary effects of a 

combination of load cases only if they are defined using 
the REPEAT LOAD specification (Section 5.32.11). 

Secondary effects will not be evaluated correctly for LOAD 
COMBINATIONS. 

PDELTA effects are computed for frame members and plate elements 

only. They are not calculated for solid elements. 

�  RESTRICTIONS: 

 

�   Modal dynamic analysis load cases (Response Spectrum, Time 
History, Steady State) should not be used in REPEAT LOAD. 

 

� It is also not available for loads generated using some of the 
program’s load generation facilities such as MOVING LOAD 
Generation.  

 

� However load cases with WIND LOAD may be used in Repeat 
Load. 

 

EXAMPLE: 

LOAD 1 DEAD LOAD 

SELFWEIGHT Y -1 



MEMBER LOAD 

2 5 UNI GY -400 

 

LOAD 2 LIVE LOAD 

 

MEMBER LOAD 

2 5 UNI GY -600 

LOAD 3 WIND LOAD 

MEMBER LOAD 

1 UNI GX 300 

4 UNI GX 500 

 

LOAD 4 DEAD + LIVE 

REPEAT LOAD 

1 1.2 2 1.5 

LOAD 5 DEAD + WIND 

REPEAT LOAD 

1 1.1 3 1.3 

PDELTA ANALYSIS 

The PDELTA ANALYSIS command is an instruction to the program to execute a 

second-order analysis and account for P-delta effects. 

LOAD LIST 4 5 

The above LOAD LIST command is a means of stating that all further calculations 

should be based on the results of load cases 4 and 5 only. The intent here is to restrict 

concrete design calculations to that for load cases 4 and 5 only. 

APPLICATION EXAMPLE 8: 

UNIT MMS 

MEMB PROP  

1         2  PRISMATIC YD  300.0  IZ  2.119E08  IY  2.119E08 -   

IX  4.237E08 

3         TO  10 PR YD  300.0  ZD  300.0  IZ  3.596E08 IY  3.596E08 – 

IX  5.324E08 

11     TO  21 PR YD  535.0  ZD  380  IZ  2.409E09  IY  1.229E09 –  

IX  2.704E09 



  

All member properties are provided using the PRISMATIC option. YD 
and ZD stand for depth and width. If ZD is not provided, a circular 
shape with diameter = YD is assumed for that cross section. All 
properties required for the analysis, such as, Area, Moments of 
Inertia, etc. are calculated automatically from these dimensions 
unless these are explicitly defined. For this particular example, 
moments of inertia (IZ, IY) and torsional constant (IX) are provided, 
so these will not be re-calculated. The IX, IY, and IZ values 
provided in this example are only half the values of a full 
section to account for the fact that the full moments of 
inertia will not be effective due to cracking of concrete. 

JZ and JY are the modifiers for the P-DELTA effect about Z-axis and 
Y-axis respectively. These are calculated by the program 

Example problem No. 8 -  In this example, concrete design is 
performed on some members of a space frame structure. Design 
calculations consist of computation of reinforcement for beams and 
columns. Secondary moments on the columns are obtained through 
the means of a P-Delta analysis. 

Example problem No. 14 - A space frame is analyzed for seismic 
loads. The seismic loads are generated using the procedures of the 
1994 UBC Code. A P-Delta analysis is peformed to obtain the 
secondary effects of the lateral and vertical loads acting 
simultaneously. 

Please note that sway type structures are not directly covered in the 
current implementation of EC2. This effect, however, can be catered for by 
the P-DELTA analysis option. 

P-Delta  Analysis 

  

Structures subjected to lateral loads often experience secondary forces due 
to the movement of the point of application of vertical loads. This 



secondary effect, commonly known as the P-Delta effect, plays an 
important role in the analysis of the structure. In STAAD, a unique 
procedure has been adopted to incorporate the P-Delta effect into the 
analysis. The procedure consists of the following steps: 

1. First, the primary deflections are calculated based on the provided 
external loading. 

2. Primary deflections are then combined with the originally applied 
loading to create the secondary loadings. The load vector is then 
revised to include the secondary effects. 

Note that the lateral loading must be present 
concurrently with the vertical loading for proper 
consideration of the P-Delta effect. The REPEAT LOAD 
facility (see Section 5.32.11) has been created with 
this requirement in mind. This facility allows the user to 
combine previously defined primary load cases to create a new primary 
load case. 

3. A new stiffness analysis is carried out based on the revised load 
vector to generate new deflections. 

4. Element/Member forces and support reactions are calculated based 
on the new deflections. 

It may be noted that this procedure yields very accurate results with all 
small displacement problems. STAAD allows the user to go through 
multiple iterations of the P-Delta procedure if necessary. The user is 
allowed to specify the number of iterations based on the requirement. To 
set the displacement convergence tolerance, enter a SET DISP  f 
 command before the Joint Coordinates. If the change in displacement 
norm from one iteration to the next is less than  f  then it is converged. 

The P-Delta analysis is recommended by several design codes 
such as ACI 318, LRFD, IS456-1978, etc. in lieu of the moment 
magnification method for the calculation of more realistic 
forces and moments. 



  

P-Delta effects are calculated for frame members only. 
They are not calculated for finite elements or solid elements. 
P-Delta and Nonlinear analysis is restricted to structures 
where members carry the axial load from one structure 
level to the next. 

The REPEAT load differs from the load COMBINATION command 
(Section 5.35) in two ways: 

  

1)  A REPEAT LOAD is treated as a new primary load. Therefore, a P-
Delta analysis will reflect correct secondary effects. (LOAD 
COMBINATIONS, on the other hand, algebraically combine the 
results such as displacements, member forces, reactions and 
stresses of previously defined primary loadings evaluated 
independently). 

  

2) In addition to previously defined primary loads, the user can also 
add new loading conditions within a load case in which the REPEAT 
LOAD is used. 
  

3)  The REPEAT LOAD option is available with load cases with JOINT 
LOADS and MEMBER LOADS.  It can also be used on load cases 
with ELEMENT PRESSURE loads and FIXED END LOADS.  

  

     Modal dynamic analysis load cases (Response Spectrum, 

Time History, Steady State) should not be used in REPEAT 
LOAD. It is also not available for loads generated using 
some of the program’s load generation facilities such as 
MOVING LOAD Generation. However load cases with WIND LOAD may 

be used in Repeat Load. 



 FOR SEISMIC LOAD CASE: 

     IS-1893-2002  cases may only be used in REPEAT LOAD if there is a PERFORM 

ANALYSIS and CHANGE command after each EQ LOAD case.  See 

notes with UBC LOAD command. 

For Slenderess effect P-Delta analysis with Repeat load command is to 

be used. 

Technical Reference Manual: 

5.32.11 Repeat  Load  Specification 

The REPEAT load differs from the load COMBINATION command 
(Section 5.35) in two ways: 

  

1)  A REPEAT LOAD is treated as a new primary load. Therefore, a P-
Delta analysis will reflect correct secondary effects. (LOAD 
COMBINATIONS, on the other hand, algebraically combine the 
results such as displacements, member forces, reactions and 
stresses of previously defined primary loadings evaluated 
independently). 

  

2) In addition to previously defined primary loads, the user can also 
add new loading conditions within a load case in which the REPEAT 
LOAD is used. 
  

3)  The REPEAT LOAD option is available with load cases with JOINT 
LOADS and MEMBER LOADS.  It can also be used on load cases 
with ELEMENT PRESSURE loads and FIXED END LOADS.  

  

     Modal dynamic analysis load cases (Response Spectrum, 
Time History, Steady State) should not be used in REPEAT 



LOAD. It is also not available for loads generated using 
some of the program’s load generation facilities such as 
MOVING LOAD Generation. However load cases with WIND 
LOAD may be used in Repeat Load. 

  

Prestress on a given member from 2 or more load cases 
cannot be combined. 

 

 

PERFORM BUCKLING ANALYSIS: 

By including the command PERFORM BUCKLING ANALYSIS, the program 
will perform a P-Delta analysis including Kg Stiffening (geometric stiffness 
of members & plates) due to large & small P-Delta effects. 15+ iterations 
are recommended.  Buckling will be applied to all primary cases.  

 

 

Compiled by Er.T.RangaRajan. 

 

 


