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Fatigue Strength of Screwed Fastenings
Résistance & la fatigue d’assembiages vissés

Ermiidungsfestigkeit geschraubter Verbindungen

MILAN STRNAD

Eng., CSc.

Building Research Institute
Praha, Czechoslovakia

SUMMARY

The present paper is concerned with the analysis of the behaviour of screwed fastenings subjected to
repeated loading that can lead to fatigue. On the basis of statistical evaluation of experimental results
empirical formulae are set up that make it possible to establish the design shear strength of screwed
fastenings in light gauge steel structures subjected to repeated shear fluctuating loading.

RESUME

La présente contribution traite de I'analyse du comportement a la fatigue d'assemblages visses de con-
structions en tdles minces soumises a I'action de charges répétées. Il décrit les différents cas de fatigue
d'assemblages de tdles minces au moyen de vis, sous chargement répété. Sur la base de résultats statis-
tiques, des formules empiriques sont établies pour le calcul des forces de cisaillement sous |'action de

sollicitations variables de tels assemblages.

ZUSAMMENFASSUNG

Der Beitrag informiert (ber Forschungsergebnisse auf dem Gebiet der Schraubenverbindungen bei
diinnwandigen Stahlkonstruktionen. Er beschreibt das Ermiidungsverhatten soicher Verbindungen unter
wiederholter Belastung. Aufgrund statistischer Ergebnisse werden empirische Berechnungsformeln fir
die Bemessung von Blechschraubenverbindungen aufgestellt.
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l. INTRODUCTION

One of the most widely used ways of connecting light gauge steel
structures nowadays is by means of screwed fastenings. They dif-
fer from bolted fastenings primarily in the fact that they need
no nuts since they make their own nut thread in the connected el-
ements.

Very early, experimental research {1}, [2] established essential
differenceas in the behaviour of screwed fastenings in light gauge
steel structures and that of bolted fastenings in +thick steel
structures. Therefore it was not possible, with regard to safety
and economy of design, to apply the design formulae that were
known only for bolted fastenings of thick steel structures to
screwed fastenings. lLack of knowledge about the behaviour of the
highly advantageous screwed fastenings on the one hand and grow -
ing pressure on their application on the other hand, stimulated
extensive research in this field. Initially, this research was
focused on cases of non-repeated loading 21,31, 4,05, [6,
later it grew in scope to include cases of repeated ioadl which
can often lead to fatigue [7],[8],[9], 10, 1, 2], &3], p4 .

The purpose of this contribution is

- @ brief outline of the research carried out so far;

- & description of the t{pical behaviour of screwed fastenings
subjected to repeated loading leading to fatigue;

- information about tentative formulae for characteristic loading
range in repeated cyclic loading leading ta fatigue,

2. AN QUTLINE OF PAST EXPERIMENTAL RESEARCH

The primary aim of research in this field was to establish the
actual behaviour of screwed fastenings of light gauge steel
structures in different conditions. The result aimed at was prin-
ciples and recommendations for design including design formulae.

On the basis of the materials available to us it can be said that
as early as in 1971 the results of the first detailed research
were published [2] describing the behaviour of screwed fasten -
ings, including rupture modes, and giving the design formulae for
the cases of non-repeated loading. Of great importance was the
coordination of research in this field by European Convention for
Constructional Steelwork. First recommendations for testing of
connections in light gauge steel components were worked out [5]
and then attention was turned to a whole range of problems con-
nected with the design of fastenings [13]. This work alse in -
volved some problems of repeated wind loading that may, in some
case, lead to fatigue of fastenings. For the sake of simplicity
of design formulee, the effects of multi-level repeated wind
loading were simulated by reduction of design loading obaervead
in non-repeated loading [11] , 12], [13].

In the course of the research into screwed fastenings subjected
to repeated loading [9], [10] the importance of the influence of
the development of plastic deformations on the fatigue strength
of the fastening was observed.
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3. THE RESPONSE OF A FASTENING TO REPEATED LOADING

The behaviour of screwed fastenings subjected to repeated loading,
fatigue failure and failure mode are dependent on a number of con-
ditions which can be summed up into four basic categories

- material parameters;

- parameters of manufacturing technique;

- design parameters;

- load parameters.

The influence of these conditions on fastening fatigue is gener -
ally recognised and also the experiments performed are evaluated
from this point of view. However, there still exists _a group of
problems important for the determination of fatigue [14] : in con-
trast to the other elements of steel structures, screwed fasten -
ings of thin steel sheets generally exhibit considerable plastic
deformations from the very beg1nn1ng of loadlng. In the process
of repeated 1oad1ng, considerable dlscrepances in the behaviour
of identical fastenings can be observed which cannot always be
accounted for in terms of loading data alone. They are due to the
different character of the development of plastic deformations in
the process of loading which determines whether the failure ob-
served is

- hlgh-cycllc fatigue rupture;

- low-cyclic fatigue rupture;

- an increase of plastic deformation.

ngh-cycllc fatlgue oceurs if no plastic deformations are ob -
served during loading or if initial plastic deformation gives
rise to such residual stresses that shakedown occurs and the
fastening continues to behave elastically. High~-cyclic fatigue
rupture is mainly characterised by an increase of fatigue cracks
at a great number of loading cycles.

Low-cycllc fatigue occurs in the case of reversed plaatlflcatlon
which leads to continual increase in plastlc deformations. Rup -
ture at a small number of loading cycles is also caused by an in=-
crease of fatigue cracks.

An increase of plastlc deformations occures if there is no shake-
down after the initial plastic deformation or if there are slips
in the plastlcally deformed screw hole caused by repeated re -

versed loading. Plastic deformations here make the fastening use~
less even before contingent rupture.

4., TENTATIVE FORMUIAE OF FATIGUE STRENGTH OF SCREWED FASTENINGS

Experimental establlshement of fatlgue for each partlcular vari-
ant of fastening is very tlme-consumlng and expensive. Therefore
attempts are made at setting up empirical formulae with a more
general validity that could be used as a substitute for experi-
ments and could reduce their role to a mere verification of a
chosen variant.

On the basis of experimental results obtained in Czechoslovakia,
a model of design formulae was set up involving, in the first
stage, screwed fastenings subjected to shear fluctuating loading.
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Research has shown [10] that failure is commonly caused by high

fatigue rupture or by increase of plastic deformations and that
fatigue strength is well characterized by the loading range. The
following formulae do not hold for cases of shear of fastener and
end failure which we usually try to eliminate in advance through

the design parameters chosen. The formulae proposed for repeated

loading follow up the earlier empirical <formulae for wultimate

load in the case of non-repeated loading [4] :

Frax “Kxt xR x(D+5 ), where (1)

t t
t = 0.5[t; (- 1) + 1,03 -%); By = 0.5[R 1 - 1) + R 23 -u)
If 3)>2, we substitute # = 3,

In order to set up a model ,4F" AF - n
of the formulae expressing
the relation between the
loading range and the number
of loading cycles achieved
at the moment of <fatigue
rupture, it has been necess-
ary to divide this depend -
ence into two intervals char-
acterized by different fail-
ure modes. These intervals
are evident from log-log
graph in Figure 1.

In the first interval, the
top value tof repeated ?
loading F* is greater than =
0.85 x Fﬁax' In such cases

plastic deformations in- Fig. 1

crease considerably in the

course of repeatedtloading. For this interval, the following de-
pendence between F*, 4F and n is proposed :

v

t _ 1
aF L F = By, 5 (2)

The practical value of this formula is {ather small, for two
reasons., Firgt, the difference F - is relatively small
compared with the possible scattlf* of Fnaxy in actual fastenings,
and thus the precision of the formula is small, Second the ac-
tual design of a fastening must, in this cases, teke into ac-
count plastic deformations which impair the fastening long before
rupture.

Typical of the second interval is the occurrence of high-cyclic
fatigue. For the dependence of the loading range and the number
of loading cycles achieved at rupture the following formula has
been proposed :

AF = 0.85 x Fy,  —ine— . (3)
(3)
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This relation holds on condition that Ft_g 0.85 x Fﬁax

On the basis of earlier [4],[14] and recent experimental research
in Czechoslovakia, the faectors in (1), (2), (3) are proposed to
be as follows :

K= 0,80+ 0,35 (¥~ 1)
5 - (Rm" 300) X 0.007
A& =10
B= 0,08 + 0005 (r&t- 1)
C = 0,016

Table 1 presents a comparison of some experimentally determined
values with those calculated according to formulae (1), (2), (3).
The experimental data given have been obtained by statistical
evaluation of six identical samples. Owing to considerable scatter
of results of identical tests found both in Czechoslovakia [14]
and Sweden [9] we find advisable in future research to use more
identical samples.

Formulae (1), (2), (3) relate to cases of rupture. Design values
for calculations in limit states design are then determined ac -
cording to Czechoslovak atandards and regulations, as follows:

~ In the case of nonrregeated loading, design load is obtained by
dividing characteristic load in (1) by material factor Ym=2.05.
Also, plastic deformations must be kept within acceptable
limits.

-~ In the case of repeated loading leading to high-cyclie fatigue,
design loading range is obtained by dividing loading range in
(3) by material factor ¥m = 1.20.

~ In the case of repeated loading leading to an increase of plas-
tic deformations, formula (2) cannot be generally applied; in-
stead, plastic deformations must be kept within allowable
limits. It is advisable to choose the design loading range so
that plastic deformations at a given number of loading cycles
do not exceed 0,30 mm.

5« CONCLUSION

From the numerical comparison that has been carried out it can
be concluded that the proposed model of formulae is in good
agreement with the actual behaviour of the fastenings in which
fatigue failure occura. However, further research should bring

the particular factors to greater precision and possibly include
cases of cyclic repeated reversed loading which brings about a
response of a fastening quite different from the response to fluc-
tuating loading.

In fastenings subjected to repeated tensile loading, fatigue
strength is influenced by a great variety of fastening para -
meters. Therefore it seems that it will be better to test each
case separately, rather than to set up complicated formulae.

NOTATIONS
F shear load per fastening n number of loadin cycles
F ultimate shear load per at failure

MAX  Pagtening
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Table 1

CONNRECTION

NON-~-FATIGUE
STRENGTH

FATIGUE OF CONNECTION

SCREW

DIAMETER

SHEET

¥®

Fuax (<N

THE ORY
Formula (1)

EXPERIMENT

AP [xN]
(F*) [N]

nx

EXPERIMENT

10~6

(3)

Formulae (2)

THEQRY

6.3

Thread forming | TYPE

0.84
5.00

339
369

>3

587 | 4.83

0,0888

O
®

Q
A%
~3
v

01477

0.2324

0.6330

0.4941

l.0188

0.8028

1.1593

1.8548

2,0970

4.0

cutting

Thread

0.57

5.00

316

369

>3

2435 2.43

0.0706

0.0924

0.5843

0.5516

3.0158

443465

6.3

Thread forming

Q.84

0.84

339

339

3.24 | 2,57

0.2621

0.1419

0.,2293

0.2352

0.7246

0. 5998

3.6226

0.8529

11.8853

13.8770

4.0

Thread
forming

0.63

0.63

325

325

1.41 | 1.47

Q. 0009

0.0021

0.5143

1,0819

12,9763

15.0708

63

Thread
forming

oy

0457

0.82

316

327

1.49

2466 | 2,70

0.0001

0. 0004

0.1866

062550

0.4315

0.9208
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F' top value of repeated load by bo thickness of the

thinner, thicker
PP Eg;;am value of repeated y ot steel shoet

AF loading range (UF = Fi- Fb) R,™y» Ry ultimate stress of
D nominal diameter of screw the thinner, thicker

. stress-thickness ratio steel sheet
t, K, A, B, C experimentally de -
t2 x R termined factors
o= i |
1
Yy x Ry
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