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ESDU 10004
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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 Performance Committee. This Committee
first met in 1946 and now has the following membership:

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

The person with overall responsibility for the work in this subject area is C.J. Loughton, Head of Performance,
Mechanical Motion and System Dynamics Groups.

Chairman
Mr G.J.R. Skillen — Independent, UK

Vice-Chairman
Mr K.J. Balkwill — Independent, UK

Members
Mr P.V. Aidala*

* Corresponding Member

— Northrop Grumman ESID, Bethpage, New York, USA
Dr J.D. Avery — Independent, UK
Mr M. Baxter — BAE SYSTEMS, Brough, UK
Mr M. Broad — Independent, UK
Mr A. Dalton — MOD, Boscombe Down, UK
Mr G.W.H. van Es — National Aerospace Laboratory NLR, The Netherlands
Mr N.J. Herniman* — Independent, France
Mr L. Kornstaedt — Airbus Industrie, Toulouse, France
Mr D.A. Law — Civil Aviation Authority, Gatwick, UK
Mr P.E.C.S. Magalhaes* — Embraer, Brazil
Mr R.J. Orlowski* — Boeing Commercial Airplane Company, Seattle, Washington, USA
Dr P. Render — Loughborough University, UK
Mr G.E. Smith — Independent, UK
Mr R. Storey — Independent, UK
Captain D. Thomas — Independent, UK
Mr S. Tsach* — Israel Aircraft Industries, Jerusalem, Israel
Mr C.J. Turner* — Boeing Commercial Airplane Company, Seattle, Washington, USA.

Mr G.J.R. Skillen — Consultant to ESDU
Mr R.S.D. Sayers — Senior Engineer
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CONTAMINATED RUNWAY SURFACE. APPLICATION OF ESDU 05011

CONTENTS

Page

1. INTRODUCTION 1

2. GROUND-TEST MACHINE INFORMATION 1

3. RUNWAY AND AMBIENT CONDITIONS 2

4. DETERMINATION OF ROLLING, BRAKING AND CONTAMINANT DRAG FORCES 2

5. CONTAMINANT DEPTH FOR FREE-ROLLING TYRE 4

6. CONTAMINANT DEPTH FOR BRAKED TYRE 5

7. DEPTH INFORMATION 6

8. REFERENCES 6

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

--`,,```,,,,````-`-`,,`,,`,`,,`---

Full document details: ESDU 10004 B 2015

http://www.avadocuments.com/doc/esdu-10004-b-2015
http://www.avadocuments.com/doc/esdu-10004-b-2015


 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

1

ESDU 10004
WORKED EXAMPLE OF GROUND-TEST MACHINE OPERATING ON A DRY OR 
CONTAMINATED RUNWAY SURFACE. APPLICATION OF ESDU 05011

An Airport Operator wishes to estimate contaminant depths associated with force measurements made by a
ground-test machine.

1. INTRODUCTION

This Data Item forms part of a series of worked examples. These examples illustrate application of the
method for estimating resistive forces acting against a single aircraft tyre operating on a dry or contaminated
runway surface described in Reference 1. Reference 3 is a worked example featuring a single aircraft tyre
operating in linear motion on a runway surface, whilst Reference 6 illustrates how the water content of
snow influences the resistive forces acting on a tyre operating in linear motion.   A complete description
of the mathematical model summarised in Reference 1 is given in Reference 4.  Background information
relating to the application of the model can be found in Reference 2.

A ground-test machine can be used by an Airport Operator to determine the depth of a layer of contaminant
that is covering a runway surface by measuring the resistive forces that act on a specific region of the
machine.  Not all machines work in the same way and one specific type of machine is illustrated here.  It
should be noted that the forces measured on the wheel of any ground-test machine may be influenced by
the location of the measuring wheel relative to the wheels of the towing or driven vehicle.  As a result there
will not be a direct correlation between data obtained on the wheels of different ground-test machines; this
aspect is not considered in this worked example.

In practice, a range of ambient and runway conditions would be encountered which are much wider than
those considered in this Data Item.

2. GROUND-TEST MACHINE INFORMATION

For this worked example, it is assumed that the machine is equipped with:

•  free-rolling tyre capable of measuring fluid- and snow-drag forces,

•  braked wheel capable of measuring the sum of braking and fluid- and snow-drag forces.

Furthermore, it is assumed that neither the free-rolling nor the braked wheel is subject to a lateral force.

The relevant tyre data are listed in Table 2.1.  The tyre is assumed to have a rib-tread.

The operator of the ground-test machine is required to specify the form of contaminant, if any, that is
covering a runway surface.  For example, water, slush, loose snow or ice.  The ground-test machine is then
operated on the runway surface and the resistive forces acting on the various tyres are measured.  An iterative
procedure, which incorporates the method outlined in References 1 and 4, is then used to determine, when
applicable, the depth and density of the contaminant.
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