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ESDU 09013
ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided by the Aerospace Structures Committee. This
Committee first met in 1940 and now has the following membership:

The construction and subsequent development of the Data Item was undertaken by

The person with overall responsibility for the work in this subject area is Mr Adam Quilter, Head of Aerospace
Structures Group.

Chairman
Mr K. Fitzsimons Westland Helicopters Ltd 

Members
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Mr T. Henriksen* — European Space Agency, The Netherlands
Mr A. Missenden — Cranfield Aerospace Ltd, Bedfordshire
Mr P.J. Mitchelmore — Independent
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Prof A. Rothwell — Professor Emeritus, Delft University of Technology, 

The Netherlands
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INITIAL BUCKLING OF FLAT ISOSCELES TRIANGULAR PLATES UNDER 
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ESDU 09013
INITIAL BUCKLING OF FLAT ISOSCELES TRIANGULAR PLATES UNDER COMPRESSION 
REACTED BY COMPRESSION AND/OR SHEAR

1. NOTATION

Both SI and British units are quoted but any coherent system of units may be used.

length of base of triangular plate (see Sketch 2.1)  m  in

Young’s modulus of plate material  N/m2  lbf/in2

total applied compressive stress along base of triangular plate  
(see Sketch 2.1) 

 N/m2  lbf/in2

applied uniform compressive stress along base of triangular plate reacted 
by uniform compressive stress, , along equal edges of plate 
(see Sketch 2.1)

 N/m2  lbf/in2

critical compressive stress for load condition in Sketch 2.1a and Figure 1 
 

 N/m2  lbf/in2

critical total compressive stress along base of triangular plate due to 
applied uniform stress  along base of plate (see Sketch 2.1c)

 N/m2  lbf/in2

applied uniform compressive stress along base of triangular plate  reacted 
by uniform shear stress, , along equal edges of plate,  (see 
Sketch 2.1)

 N/m2  lbf/in2

critical compressive stress for load condition in Sketch 2.1b and Figure 2  N/m2  lbf/in2

height of triangular plate  m  in

buckling coefficient defined by 

buckling coefficient defined by 

buckling coefficient defined by 

uniform reacting shear stress along equal edges of plate due to applied 
uniform compressive stress, , along base of plate (see Sketch 2.1), 

 N/m2  lbf/in2

thickness of triangular plate  m  in

Poisson’s ratio
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ESDU 09013
2. INTRODUCTION

This Data Item provides a method of calculating the initial buckling stress of a flat isosceles triangular plate
of uniform thickness subjected to

(a) a uniform compression  along the base reacted by compressive stress along the two equal
edges of the plate (see Sketch 2.1a), or

(b) a uniform compression  along the base reacted by shear stress  along the two equal edges
of  the plate (see Sketch 2.1b).

The Item also provides a method of calculating the critical total buckling stress, , of a flat isosceles
triangular plate of uniform thickness subjected to

(c) a uniform compression  along the base of the triangular plate reacted by a combination
of compression  and shear  along the two equal edges (see Sketch 2.1c).

The boundary conditions considered are either all three edges clamped (fixed in rotation and out-of-plane
displacement) or all three edges simply-supported (free to rotate, fixed in out-of-plane displacement).

The data given in this Item are obtained by FEA (Derivation 3)* for loading cases (a) and (b) above and
from the interaction formula, Equation (2.1), for the combined case (c).  The shear stress is taken as positive
for the load directions shown in Sketch 2.1.

The curves in Figures 1 to 4 are applicable only to plates of isotropic material and have been calculated for
. Results for materials with other Poisson’s ratios can be obtained by multiplying the values given

by the curves by .

Figure 1 presents curves of  versus  for uniform compression  along the base reacted by
compressive stress  along the two equal edges of the plate (as in Sketch 2.1a).

Figure 2 presents curves of  versus  for uniform compression  along the base reacted by shear
stress  along the two equal edges of the plate (as in Sketch 2.1b).

Figures 3 and 4 presents curves of  versus  for combined uniform compression  along the
base reacted by a combination of uniform compression  and shear stress  along the two equal edges
(as in Sketch 2.1c) for plates with simply-supported and clamped edge cases respectively.

It may be observed that the value of  is consistently low in comparison with : this is because the
former corresponds to a state of biaxial compression whereas the latter condition implies a biaxial stress
state in which the transverse stress component is tensile.

* The present Data Item supersedes ESDU STRUCT 02.04.06 in which a theoretical solution based on an approximate mode of buckling
(Derivations 1 and 2) was found to be insufficiently accurate, and this has now been replaced by a finite element analyis.
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