ESDU 67019

Issued January 1967
With Amendment A
November 1988
Re-issued March 2013

Static strength of screwed fasteners

ESDU Copyright material. For current status contact ESDU.

Institution of

MECHANICAL
ENGINEERS

ROYAL Endorsed by
AERONAUTICAL  The Institution of Mechanical Engineers

SOCIETY The Royal Aeronautical Society
Documents

Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 67019 A 2013


http://www.avadocuments.com/doc/esdu-67019-a-2013
http://www.avadocuments.com/doc/esdu-67019-a-2013

ESDU 67019

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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 Stress Analysis and Strength of Components
Committee. This Committee first met in 1964 and now has the following membership:

Chairman
Dr T.G.F. Gray — University of Strathclyde

Vice-Chairman

Mr A.J. Batchelor — Independent

Members

Mr H.L. Cox — Independent

Mr R.H. Crowther — Lloyd’s Register of Shipping

Dr M.S.G. Cullimore — Independent

Dr R.B Heywood — A. Macklow-Smith Ltd

Dr L.C. Laming — Imperial College of Science and Technology
Dr G.G. Leckie — National Engineering Laboratory

Prof. C.E. Turner — Imperial College of Science and Technology
Mr J.V. Vint — NEI Parsons Ltd.

The construction and subsequent development of the Data Item was undertaken by
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Mr J.L Broughton — Engineer
Mr D.F. Hunter — Engineer.

The person with overall responsibility for the work in this subject area is Mr M.E. Grayley, Group Head.

The ESDU Stress and Strength Series is recognised as a valuable source of validated data and methods by the
Institution of Mechanical Engineers and its Structural Technology and Materials Group is involved in continually
reassessing the scope and focus of the content of this Series.
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STATIC STRENGTH OF SCREWED FASTENERS

1. DEFINITIONS AND NOTATION
bolt externally threaded solid rod
nut internally threaded component with external diameter at least 1.5

times internal diameter

A, core area of bolt
Anin area of smallest cross-section of bolt
2
% Ay shear area of bolt thread (see Appendix A)
4+
[S)
g A, shear area of nut thread (see Appendix A)
o
(S)
2 D nominal diameter of thread
©
|7 fip tensile strength of bolt material
o+
2 | _
§ fin tensile strength of nut material
2 L, axial length of thread engagement
<
5 m number of unengaged bolt threads on loaded side of nut
©
E P applied axial tensile load
<=
'%: Pep median value™ of axial stripping load of bolt thread
Q.
O *
; Pen median value  of axial stripping load of nut thread
a
(%] * . -
mr Pib median value of tensile failing load of bolt
p pitch of thread

N/m?

N/m?

N

m

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

* The median value is that value exceeded in half the tests.
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2. INTRODUCTION

Specifications are available for standard steel screw threads which give information on the minimum and
maximum loads for safe usage. These specifications are based upon tests carried out on standard threads,
and most design is carried out using such values. Manufacturers and suppliers will usually supply test
certification on request stating the recommended load values to be used in conjunction with a specified
thread. This Data Item gives some background on the actual failure loads of threads, and can be used to
calculate safe usage loads for thread forms not covered by standards or specifications.

An analysis of about 1300 laboratory tensile tests on axially loaded screwed fasteners has been made. Data
on the tensile and stripping strengths of such fasteners are presented in terms of the probability of failure.

The main features of the geometry and loading considered are shown in Sketch 2.1

N

Unengaged bolt threads on
loaded side of nut
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Sketch 2.1

Information on the fatigue strength of screwed fasteners may be located by reference to the Engineering
Sciences Data Index.
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3. SUMMARY STATEMENT OF EXPERIMENTAL VARIABLES

3.1 Data on Tensile Fracture of Core

D : 0.1381t0 1.000 in (4 to 25mm)
fib : 64000 to 209 000 Ibf/in? (440 to 1440 MN/m?)
p/D : 0.083100.20

Thread series  :  UNF, UNC, ISO metric
All bolts were steel; none was surface hardened.

3.2 Data on Thread Stripping

D : 0.37510 1.04 in (10 to 26 mm)
fipor i : 62000 to 161 000 Ibf/in? (430 to 1110 MN/mZ)
L./D : 0.1331t00.875

Thread series :  UNF, UNC, BSW, BSP, ISO metric

All results on which Table 5.1 is based were obtained from steel bolts or nuts.

4. TENSILE FRACTURE OF CORE

InFigure 1, P, /f, A, is plotted against p/D for arange of values of m. The proportion of P, associated
with other standard failure probabilities is quoted. The range of p/D covered by various screw thread series
down to 0.25 in (6 mm) diameter is indicated.

The curves are based on a correlation of some 1100 test results. Two thirds of the data were quoted in the
form of mean values, so the probability values are based on only 340 results.

The data from which Figure 1 was derived were obtained from tests on ductile steel bolts with nominal
tensile strengths up to 209 000 Ibf/in? (1440 MN/mZ). The curves may also be expected to apply to other
ductile materials, for example, titanium alloys with f,, < 100 000 Ibf/in? or 700 MN/mZ. The proportion
of P,,, associated with a given failure probability is likely to vary somewhat with material.
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Figure 1 applies strictly to threads of Unified or ISO metric form. For Whitworth threads the value of
Pip/fipA. Is expected to be slightly higher than indicated; for the special large radius (UNJ) thread form
it is slightly lower than indicated.

The curves apply only to bolts that failed in the threaded portion. Tensile failure of a bolt with a waisted
shank or grooved thread run-out may occur at a load less than that indicated by Figure 1 when

P=f,A (4.1)

min -

For ductile bolts that are neither waisted nor grooved, static tensile failure may be entirely avoided by
ensuring that

P <f,A,, (4.2)
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