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ESDU 77023
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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 which supersedes Item Nos. Struct 00.06.02, 00.06.03, 00.07.02, 00.07.05
and 00.07.06, 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 M.E. Grayley, Head of Strength Analysis
Group.

Chairman
Mr K.H. Griffin — Cranfield Institute of Technology

Vice-chairman
Mr I.C. Taig — British Aircraft Corporation Ltd, Preston

Members
Mr H.L. Cox — Independent
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Mr R.S. Dabbs — Hawker Siddeley Aviation Ltd, Kingston
Dr G.Z. Harris — Royal Aircraft Establishment, Farnborough
Prof. W.S. Hemp — University of Oxford
Dr W. Lansing*

* Corresponding Member

— Grumman Aerospace Corp., Bethpage, NY, USA
Mr K.R. Obee — Hawker Siddeley Dynamics Ltd, Hatfield
Mr J.G.ten Asbroek — Fokker-VFW N.V., Schiphol-Oost, The Netherlands
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Mr K.van Katwijk* — European Space Agency, Noordwijk, The Netherlands.
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ESDU 77023
SHEAR CENTRE AND PRIMARY WARPING CONSTANT FOR LIPPED AND 
UNLIPPED CHANNEL AND Z-SECTIONS

1. NOTATION

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

2. INTRODUCTION

This Item provides curves and formulae for the determination of the shear centre and warping constant of
uniform thin-walled open sections. The sections covered by this Item are channels with inward or outward
facing lips and lipped Z-sections, illustrated in Sketch 2.1. As no allowance is made for shear variation
across the wall thickness the data presented relate to sections having uniform wall thickness, , of less than
about  where  is the depth of the web.

width of each flange (see Sketch 2.1) m in

depth of each lip (see Sketch 2.1) m in

perpendicular distance of shear centre from centre of web wall 
(see Sketch 2.1)

m in

modulus of elasticity of material N/m2 lbf/in2

shear modulus of material N/m2 lbf/in2

depth of web (see Sketch 2.1) m in

torsion constant of section (see Equation (4.1)) m4 in4

thickness of section wall m in

applied torque N m lbf in

distance along member m in

total warping constant (see Equation (4.2)) m6 in6

primary warping constant (see Section 4) m6 in6

secondary warping constant (see Section 4) m6 in6

twist per unit length rad/m rad/in

b
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ESDU 77023

Sketch 2.1   Illustrating the types of section to which this Item relates

3. SHEAR CENTRE

The shear centre is defined as that point through which an applied transverse load must pass for bending
to be unaccompanied by torsion. Figure 1 gives the shear centre for channel sections with inward facing
lips and Figure 2 for channel sections with outward facing lips. The shear centre of a lipped Z-section is
on the web as indicated in Sketch 2.1 .

Formulae for shear centres are:

for channel sections with inward facing lips

, (3.1)

for channel sections with outward facing lips

(3.2)

and for Z-sections

. (3.3)

e b e b b b

c

c

c

c

hh h

ttt

c

c

(b)  Channel section with
 outward facing lips

(c)  Lipped Z-section(a)  Channel section with
 inward facing lips

Indicates position of shear centre
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