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Division of Design
Committee on Boltea Joints

VDI Design Handbook

Foreword

The present guideline (VDI 22346) is intended tQ inform pr;ctical
designers ahout the very latest findings in the field of the calculation
of bolted joints, and, with the recommendation of a systewmatic
calculation process, to offer them aid in the often difficult task of
correctly designing baolted joints.

Along with the treatment aof the factors in concentrically clamped
and concentrically locaded bolted joints normally presented in the
literature, salution formulations are developed here for eccentrically
clamped and/or eccantrically lcaded joints, which océur much more
fregquently in practice; the formulations have been supported by
measurensnts and recent research. Tables, diagrams and examples
facilitate the suggested systematic calculation process.

Due to the great number of possible configurations and
interactions, the determination of external forces and moments affecting
bolted joints could not be treated in this guideline. On the other
hand, the effects which result from the scattering of the initial stress
forces when bolted joints are tightened were considered., whereby the

given values are based on series of measurements.

The gquideline VDI 2230 is the result of many years of collaboration
irn the Committee on Bolted Joints of the former VDI Design Group (ADKI)
and of the Design Division of the present VDI Asscociation for Design and .
Development. The present second edition represents the revision of the

first edition of December 1974 and takes inteo account the experience and
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findings acguired in working with the guideline. The leadership of the
committee lay in thn'hands of Dr, G. Junker of Koblenz. To him and the
folloming gentlewmen, who sade important contributions to the development
of this guideline, are due thanks for their voluntary efforts:

Dr. W. Benz, Nirtingen

Mr. H. Dreger, Herborn, Grad. Eng.
Prof. K. Federn, Berlin, D. Eng.

Dr. A. Grotewchl, Wolfsburg

Dr. E. Haibach, Darmstadt-Eberstadt

Dr. K. H. Tllgner, Neuss

From the VDI Office:

M~. P. Selbmann, Disseldorf, Grad. Eng.
Mr. M. Uhrmann, Disseldor+s, Grad. Eng.
VEREIN DEUTSCHER INGENIEURE

CLSOCIETY OF GERMAN ENGINEERSI]

1. Scope

The guideline VDI 2230 deals with bolted joints which are to bear
static or alternating working locads and which are to be created using
high=strength bolts. The guideline should be used above all for joints
the failure of which can cause serious damage.

The specifications irn this guideline are valid for steel bolts
~within the temperature range of —40° C tg +300® C in which neither

embrittlement due to cold nor creep stress of the bolt steels is
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expected. Above 120° T the adjusted material characteristics must be
used for calculaticons.

Extreme operating stress such as high and low temperatures cutside
the given limits, corrosion, and non-determinable impact stress are not
treated in this guideline.

The following DIN standards. guidelines and special publieatians
can be consulted if necessary?

DIN 105, &4.468! Steel in Building Construction, Calculation and
Structural Design$

DIN 120 Bl. 1, 11.346: Calculation Principles for Steel Structural
Parts of Creanes and Crane Runways (DIN 15018 in preparation);

DIN 2905, 10.64: Tentative Standard: Calculatiom of Flange Joints;

DASt~Guidelines 010 Application of High Tensile Bolt: in Steel
Construction (FPublished by the Deutscher Ausschufl flir Stahlbau,
Stahlbau~Verlaq GmbM., Cologne: 1974);

AD Bulletinm B 7, Jan. 68 Calculation of Pressure Vessels: Boltss

TRD 309, Technical Rules for Boilers: Bolts (Published by the
Vereinigung der Technischen Uberwachungsvereine e. V., Essen,
Beuth—-Vertrieb, Berlin, Colocgnel)s

DV 804 (BE) Ausg. 1960 Service Regulations of the German Railway

System: Calculations for Steel Railway Bridges.

2. Calculation

A bolted joint is a separable joint of two or more parts bolted by
means of one or more bolts. The bolts and their tensile locad must be
dimensioned so that the resulting joint fulfills the intended function
and withstands the working lcads that occur.

Examples:
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—In*the case of the bolting of the head of a pressure v.ssél, the
clamping force of the bolts is to be established such that the working
load caused by the internal pressure is absorbed, and the desired
sealing function is attained.
—1In big—end bearing cover dolted joints subjected to vibrations in
reciprocating engines, the clamping force of the bBolts aust be set soO
high that under inertia forces no one-sided lift—off on the interface or
slippage occurs. Both would trigger progressive destruction, etc., by
automatic unbelting and by fatigue failure of the bolts. Since the
clamping forces must also cause the deformation of the stressed bearing
bushings until they coopletely rest on the interface, the clamping
forcets can be a multiple of the workimg loads resulting from the inertia
forces.
—=In the case of front—-end balting of a disk flywheel on an axle, the
clamping force of the bolts must be sufficient to prcdu:é with certainty
friction contact in the interface necessary for the transmission of the
resulting moments.

The calculation of a bolted joint is based o the working lcad Fu
which acts externally on the joint. This working load and the elastic
deformation of the structural part caused by it bring about at the
individual bolting point an axial load fa, a transverse force fa., a
bending moment M, and sometimes a turning moment {(torgue) M+. Due to
the variety of designs for structural parts and boclted joints, the
difficult and generally complicated load and deformation analysis which
leads to the determination of these basic variables canncot be the object
of this guideline. This task must be solved using the tools of statics
and elastomechanics [22:23:241. This is especially true for

multi-bolted joints. Only in the case of simple, symmetric, and
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relatively rigid joints can the hasic variables he obtained by simple
analysis of the working load. The basic variables Ffa., Fa, Me, and M.

are assumad from now on to be known values.

e
Figure 1: Joint diagramz for a

For jeint without extesrnal working
load
&) with clamping to an initial
! preload Fu.
. b) with loss of prelocad Fz due to
- et embedding
c) with deviations of the initial
Y preload due to tightening scatter
and loss of preload by embedding

Figure 2: Joint diagram for the
general case of any kind of axial
working load Fa

e st —
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The object of the calculation of the bolted joint is to deteraine
the necessary bolt d}uensians by considering the following influencing
factors: ’

—Strength class of the bolts

-——Reduction of the initial clamping lcad in the interface or parts of
the interface by the working lcad (1,2,3,41% '
-—-Reduction of the initial clamping lcad by embedding phencmena [1,351:
~wwSrattering of the prelocad during tightening {1,413}

—Endurance strength with alternating load [1.2.3,42¢

—Compreassive stress of clamped parts by bolt head and/or nut (71.

For eccentrically loadaed joints no generally valid method of
calculation can be given according to the current state of knowledge
because the available calculations and measwements of existing joints
have not yvet been converted intoc practically applicable methods of
camputation. For certain joints, however, mathematical formulations
which have in part been varified experimentally are described in this
guideline under simplified assumptions. 1¥ the given conditions are not
met or if the simplified assumptions do not held up to a check in the
individual case, then the necesszary prelaad must be determined through
experimentation. This can be done by measuring the changes in the bolt
force occurring under the working load using wire strain gauges and
applying the equations and diagrams contained in this guideline (see
Sec.,3.2.4.5.). Such measurements can even be done in the development
using a2 model or

Ton emssrmbn  moe g
-3 . A& J

-~ S o e o ae N gt o g
(=4 - T v - -

- - L
et AR DA E A

age &
similarly formed, existing parts can alsc lead to conclusiens. Special
cases alse can be dealt with using the finite elements method,
especially if they can be reduced to two—dimensional problems.

In Sec. 2.1. the calculation process is developed, and in Sec. 2.2.
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it is divided into stcﬁs for practical application.

The derivation of equaticns for the different quantities and
factors is not taken up until Sec. 3. to provide a betiter view of the
calculation process. References to corresponding subsections, egquations
and diagrams in this saction ars made as naeded at each calculation
step. -

: alcul -3

The calculation process and the development of the dimensioning
equations can be illustrated by the jocint diagram which is given in its
classic form in Figure 13 its modifications for various stress
conditions (cf. Figure 2) are more precisely derived and described in
Sec. 3.

If a bolt is tightaned during assembly to the initial clamping load
Fu, then it is elongated by fewm, whereas the bolted parts are shortened
by frmm,., Figure la. After completion of assembly, embedding phencmena
appear (eespecially unde- the effect of alternating working loads) as a
result of the smoogthing of technical roughness. The elastic length
variation fgm + fre is reduced by the amount of embedding F.. fAs a
remitlt, the initial clamping load Fe decreases by F:, Figure 1b (see
also Bec. J.2.20.

The initial clamping load Fm is subjected during
Ltightening——depending on the method of tightening and the friction
conditions—~to a scattering of the values between Fr mim 28NC For mwex (S8

Sec. 4.6.2.).

A measure of this scattering is the tightening factor g -, Figure

u& = FH o /! FM Lad X al (1)

I+ a joint is clamped at the least initial clamping load Fu mi~ and
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& drop in the initial clamping loead fF:z occurs due to embedding, there
remzins in the worst case a prelocad f.. The efficient clamping force F.
in the interface is equal toc the prelocad f..
In operation, the bolted joint loaded with F. receives additional
tension from the axial component Fo. of the working load F», Figure 2.
Thereby the resilience conditions change in general, and with them the

pitch and form cf the deformation charateristics as compared with Figure

1.

— The axial force Fa. causes the additional force fFea in the bolt and

a :éduction of the clamping force Fi. at fas on the residual clamping
force Fum. The additional load Fea is proportional to the axial
component F, of the working load. The proportionality factor & is
called the forge ratio'and iz dependent upon the elastic resilience of
the clamping and clamped parts and accordingly on the stress conditicons

{load introduction, eccentricity of the clamping and lscading). Thus the

following summations:

Fan = & Fa (2)
Fao = Fea + Fra 3
Fra = (1=3) Fa (3)
and  Ffum = Fu = Fra = Fy = (1-8) Fa. (5

The beolted joint is designed in such & way that the residual

GClamping force Fuw is at least equal to the required clamping force

— = - 5 -
Fuwes which insures

the function of the bolted joeint. This force must

prevent one-sided lift-off in the interface and must provide sealing

requirements ar friction contact. Thus:?
FN"! & F'(-tr-d- (6)

Analogously we can defime a required clamping force Fue-e. For

this:
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Fomrt 3 Frwre * Fra = Frmee + (1-D) Fa % £, 7>
Thereby the minimum clamping force can be thus computated (see

Figure 2):

Fra csrm = Fymrs + Fz = Frmme + (1=8) Fa + Fa. )

Taking into consideration the scattering during tightening, the
maximum initial clamping force far which the bolt must be desiéned is

Fra marn = @n Fra min = G [Frare + (1=8) Fa + Fz3. (9}

The required bolt diameter is determined such that, considering the
selected strength class and the friction ratios in the threads (see
Table 5), the axial clamping force of the bolt F.. is equal to or
greater than fm max. Here F., signifies the appropriate clamping faorce
for the bolt which has “2en chosen as the measuring standard. The
clamping force, tcgether with the torsional stress occuring during
tightening, utilizes the minimum elastic limit to 90% (Crau = 0.90o. =23

s Sec. 4.6.1.).

Thus:

v

Fan = Fm m;- (10}

Tables 1 to 4 contain the axial clamping force values for 0% of
the elastic limit utilization due t0 Crea, and indeed for full shank and
reduced shank bolts of the strength classes 8.8, 10.9 and 12.9 in the
dimension range aof M 4 ta M 30. ([Note: The namiﬁal values for the
elastic limit form the basis of Tables 1 to 4 according ta ISQ/DIS 898
Part (Teil) 1 which supercades DIN 257 p. {(Blatt) 3. The nominal values
have a security range from 1.&8% to 4% against the minimum values. For
the use of the tables, see also Sec. 4.6.2.1.1

The tightening torque ¥., belonging to the corresponding fe. can be
taken from the same tables. If we must be sure that this torque is not

to be exceeded because of the imprecision of the torque wrench, a lower
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torque must be given as the assembly torgque.

In the case of determining the tightening factor &a, +10% has been
accepted for the partial error for the tightening torque. Therefore the
assembly torgque ¥, can be determined as

Mo = 0.9 Nap. (11)

If such a designed joint, which is clamped at Fapn = Fr man, 1S
being loaded for the first time, and if the initial preload is not
diminished by embedding procedures, then the maximum Bolt strength is

Fao man & Fap * Faa = Fag + @ Fa. ‘ $5-3

Since according to the definition the bolt has been loaded to F0%
of the elastic limit by F,.,. the bolt is not stressed bevond its elastic
limit at the initial loading of the joint if the following is true:?

Fam = & Fa € 0.1 To.2 Am. (13
In the case of reduced shank bolts, A= is replaced by A+, If fam is
greater, thazn the design of the joint must be improved if possible, or a
larger dimension, a higher strength class for the bolt aor a more precise
tightening process must be chosen. If the bolt material is. ductile
enough and, as in the case of tightening processes which go beyond the
elastic limit, if sufficient ductile lenghts are present, a slight
over-extension of the elastic limit is permissible in the individual
cagse. Attention should be paid to the consequences described in Sec.
3.2.3.1. and in Figure 15.

If Fa is a load which changes with time and whose dimensions change
between the upper force limit Fa. and the lower force limit Fa., then

the bolt is alternately stressed by the force:

Foam = + 8 fag = £a,, €14)

which fluctuates around a mean value:
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In the simplest case of a working load increasing from zeroc to fFa,
the equations are simplified as

Foam = £ 8 Fa (161
2

and

Fum=Fv+°£e_ (17)
2

The endurance strength of a belt must not be exceeded. We must
keep in mind that bending defarmations of the bolt can be caused by
distorted laad-bearing surfaces uhiﬁh can result in additicnal
alternating stress on the bolt (see Sec. 3J.2.4.3.).

In order to avoid a prelcad loss due to creep of the clamped
material, the contact pressure under the bolt head or the nut, in its

bearing arza A~, must not surpass the limit of contact pressure pog of

the clamped material (see, Sec. 2.2., Calculaticon Step S _10). Since

according to the equations (12) and (13), the elastic limit of the bolt
material is not exceeded with the maximum bolt strength fg mawx, the

calculation is checked with:

Ar -

Under certain conditions, tightening pracedures which reach or
excead the elasiic limit can be used for assembly (see Sec. 4.6.).
Their introduction leads to a situation in which the bolt is further
lengthened plastically by application of the waorking load (similar to
Fig. 15). Therefore, special demands must be placed on the ductility cf
the material and on the free extension length. In lieu of the check feo

marn £ Oo.z Ae according to equations {(12) and (13), the test must show

how: far the bolt is plastically lengthened by the working load and how
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often reuse can be permitted.

In the case of this tightening process, tne scattering of the
preload is produced cnly from the tolerance of the elastic limit. Since
the elastic limit is reached or exceadad by the combined tension and
torsional stress C..u caused by the clamping load and the thread torgque,
~only a negligibly small effect of scattering of the friction cée%ﬁicient
| appears. The required bolt diameter is then determined withaout
consideratiocn of the tightening factor &, from Fm .~ according to
Equation (8).

Since the values in Tables 1 through 4 are designed for an axial
clamping force with 90% utilization of the elastic limit, the redquired
bolt dimensicn can be chosen fram these tables, taking into account
the selected strength class and the given thread friction coefficients,
for:

Fupn/0.? 2 Fr mic. (N

The greatest possible clamping force in such an assembled joint is
attained with bolts whose elastic limit lies on the upper end of the
standardized tolerance rang;.

For all considerations concerning surface loading and elastic
deformation of clamped parts (e.g., bearimg housing deformation), the

clamping force for the selected bolt, multiplied by the ratio of maximum
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to minimum glastic limit, must therefore be the basis of the maximally

possible bolt strength Fo maxe

do- 2w
. s in 1

The working lca’d Fep with its components fa and Fa at the bolting

position must be given as the basic conditions.

The design and assembly conditions are often arbitrary or
influenceable; they determine the needed values for embedding and for
scattering of the preload. Under observaticon af the many derivations
and comments in Sec. 3., the calculation process can be accomplished as
follows in steps § 1 to § 10,
€ 1. Rough determination of the bolt diameter ¢ {occasionally with the
aid of Table &), of the clamping length ratio I./d, and rough
determination of the median bearing stress under the bolt head with

p=E

2 /0.9 £ pa

A
Fuc is found from Tables 1 to 4 for the appropriate belt dimension and
.strength class. Recommendations for the allowable bearing stress po aof
several materials are caontainred in Table 14. If pa is exceeded, the
design conditions must be altered (if need be by means of the placement
of a washer of sufficient strength and dimensions). In this case, I./d
must be determined again, and the rough dimensioning must be checked.
€ 2. Determination of the tightening factor & ., taking into account the
chosen tightening procedure and lubrication or surface condition™
according to Table 17 (is not necessary for any tightening procedures

which reach or exceed the elastic limit) (see See. 4.6.2.2. and

4.6.2.3.%.
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S 3. Determination of the required minimum clamping force fxe~+, taking
into account the following individual conditiens:

Friction contact for taking up any present transverse force
component Fa or for taking up any present moment M.,

Sealing functions for krnown pressures and surfaces as well as
material characteristics of sealing elements.

No one~sided lift—off with eccentric loading and/or clamping. With
simplified assumptions a formulation ¥or Fou-s 15 possible (see Sec.
3.2.4. with Equation (78}).

The maximum value determined fOr Fueew-r shcoculd be put into the
dimensioning equations.

S 4. Determination of the embedding amount 7z from Table 7, and rough
determination of the force ratio &« for load introduction under the head
from Table 8, and the determination of the elastic resilience 6. of the
clamped parts from Table 2 or Sec. 3.1.2. For other rigidity
conditions, as presented in Figure S5, intermediate values can be
interpolated.

Thus determination of the preload loss by embedding:

Fz = fgz %%F The effect of eccentric clamping and/or loading is
hereby neglected.

8 5. Determination of the force ratio &.

2} In the simplest cases of concentric clamping and concentric
—axial loading of the joint it must be assumed that the axial force fa is
introduced in half intensity of the clamped parts. Therefore according
ty Sec. 3.2.3.2. and Figure 17b and with » = 1/2, the force ratic
becomes @& = &, = 7 B = 1/2 By,

b)Y In the case of axial load applicaticn, an assessment of the

load introduction zone can be possible ar even necessary on the basis of

b b R i s P i 8 B £ At
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the geometric form of the clamped parts in speciai cases, Figure 17. I¥f

thereby niw. is the portion of the clamped parts section which is

unloaded by the working load, then & = &, = p &.: (0 < » < 1) (see Sec.

3.2.3.2.)
c) In the case of eccentric clamping and/or eccentric load
application, the following is true:

d = Burn = » S

e T 6

(see@ Sec. 3.2.4.1. Equaticon (&8b)).
In the event that an assessment cf the situation of the load
introduction level is not possible or necessary, then for simplicity n =
1/2 can be set likewise.

d) In the case of flange-like parts which are not in contact, the
inverse resilience of the flange or of the covering plates (also
cylinder head) is to be considered. Thus 0 = 8., (see Sec. IT.3.1.

Equations (104) tc (106)).
S 6. Determination of the required bolt dimension.

&) For all tightening procedures in the elastic field of the bolt,
the following is valid:

Fra marn = %o [Frm-e + (1 — &) Fu + Fz1.

Sesk a bolt (diameter and strength class) from Tables 1 through 4

for which

Fap 2 Fm cwx
If Tables 1 through 4 are not applicable for specially formed bolts (see
Example S5.3), then the clamping forces must be calculated according ta
Equations (i14) to (118) and the assembly torque according to Equation
(124). Here the friction coefficient is dependent upon the selected

lubrication and surface gonditicons {(Table ). Simultanecausly, we can
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lock up in the tables the tightening torgque N.. associated with the
clamping force Fa,. For assembly, the mean tightening torque

Mo = 0.9 M
is suggested.

b} For tightening procedures which reach ar which exceed the
elastic limit, the following is valid:

Fra mtn = Frters + (1 + B) Fa + Fax.

Seek a bolt (dimensions and strength class) for which

Faora / 0.9 2 Fra mam
Sinca the scattering of the friction coefficient is negligible, the
clamping force values in Table 2 (for a mean friction coefficient uas =
0.125) can be used (for comments, see Sec. 4.6.).

8 7 Precise determination of the clamping length ratic I, / & and
controls of &. and &, (Tables 8 and ¥) or repetitionrof Steps S 5 and §
&-

5§ 8 Test for compliance with allowable bolt strength.

The allowable bolt strength is not exceeded if @ Fa € 0.1 To.2 Ae
(0o.= As see Tables i1 and 12). For reduced shank bolts, the following
is valid accordingly: ® Fa ¢ 0.1 To.= A+. In the case of tightening
procedures which reach or exceed the elastic limit, this test is
replaced by angther which tests whether an additional plastic
lengthening of the bolt by means of the working load can be bermitted,
hok:long the belt is plastically lengthened, and how aoften it can be

reuséﬁ,(see also Sec. 4.56.).

S5 .9 Determination of the dynamic fatigue stress of the balt

Om =& Foo, — Fu. £ &a
2 A=

(Ax core cross section)
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In the case of ectentric loading, the bending tension must also be
considered (see Sec. 3.2.4.3. Equation {100) for Cean)-.
In the case of increasing wcrxing load, this step iz simplified to!

Ta = Gup = 8 Fa = Oa
2 A=,

Optimum values for the allowable stress amplitude ga of the
endurance strength On + da can be taken from Table 13 (see Sec. 4.5.).
I+ this condition is not fulfilled, then the design must be improved
whenever possible by uzing a bolt of a larger diameter or of greater
endurance strength. Greater endurance strength can be achieved, for
example, by tempered threading.

S 10. Calculation of the bearing stress under the bolt and nut heads

according to Equation (18).

P = Fauu £ 0.9 £ pg
nl‘-

In the case of determination of the baolt ar nut head bearing area
Am, the chamfering in the hole must be considered.

Recommendations concerning the allowable bearing stress pe of
several materials are contained in Table 14.

For tightening procedures which reach or surpass the elastic limit,
the following is valid (see Sec. 4.6.2.2.):

P = an /S 0.9 0'2 = _meanr < Pes

Am To. =

S-. bLoad and Deformation Analysis and _Derivation aof the Principles of

Calculation

In this section, the guantities which are used for the development
of the dimensioning Eqgquations (8) and (?) in Sec. 2. aré derived and
their maodifications which depend on stress conditions are described.

The force and deformation conditions of the bolted joints are
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investigated; both the elastic and the plastic behavior of the elements
used will be considered.

S.1. FElastic Resiliemece o+ Spring Constant

The elastic hehavicr of the elements of a bolted joint is
characterized by the elastic resiliénce S5 or by the rigidity Ci

In most cases, the elastic deformation 7 of a bhody is proportional
to the loading force Ff:

r = 6F. (21)

The proporticnality factor 6 is designated as elastic resilience
and is determined by:

5 = f 7 F. (22)

The reciprocal value aof the elastic resilience is called the spring
constant:

c=1/76=F 7 ¢, (23

Depending on the application (series or parallel connection of
elastic elements), the usage of & or £ leads to formally simpler and
clearer equations. Since in the case of bolted joints tandem
connections of elastic elements are mest commonly found, preference ic
given to the elastic resilience & in the following.

Using Equation (23), however, all equations can easily be converted

to the style used particularly in the older literature with the spring

constant C.

3.1.1. Resilience of Bolts
The bolt consists of a number aof single elements which are easily
replaceable by cylindrical shapes of varving length I, and varying cross

section A., Figure 3. If £s is Young®"s modulus of the belt material,
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then the fcllowing is valid for the elastic elongation of such & single

element under force F:

fy = 1, F (24)

Es A,..

br i
-
R S r—— :ii
' —T| A
NP S PR
— o P Lo

Figure 3 Partition of a bolt into single prismatic elements, for
which the resilience & can be determined.

With the Equations (22) and (24), there follows for the elastic
resilience of a cylindrical single element:

5, =

£y, = I (25
de PR SN -=
F Ea Ai.

In the case of the bolt, the cylindrical elements are connected one
after the other so that the total elastic resilience 84 is cbtained by
addition of the resiliencies of the single cylindrical elements:

S = 6 + 51 + 82+ ... + ba. (26)

Here 6. is the elastic resilience of the head and és is the elastic
e screwed=in thresaded part including the nut, Figure I.
The resilience of non—screwed—~in threaded parts is determined by using

the core cress section Az. Based con experience, the elastic resilience

of the head of standardized hexagonal and hexagonal recess bolts and

that of the screwed—in thread which participates in the deformation is
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approximately as great as that of cylinders of an external thread
diameter ¢ and of a length 0.4 d. Thereforse these elastic resiliencies

are obtained as:

Ee Pu.

In Equation (27) Awn = dx774 is the noainal cross section of the
bolt.

Greater or saaller head and thread resiliencies than those of
standard bolts sust be considered by a correspondingly modified factor
(#0.4).

2:1.2. Resilien i —~stack lamped Plat
S.1.,2.1. oss Sectional Areas OFf Substitutional Pr r i i
Sleeves and Plates

For the determination of the elastic resilience of sleeves with an
external diameter 2. which is less or equal tc the diameter of the head
bearing area dw, the cross sectional area

Re = /4 (DaT — Da3) 28

and Young's modulus £~ of the sleeve material must be inserted into

Equation (25).

The resilience of plates where Ja > de, Figure 4, cannot be
precisely calculated in a simple fashion even in the case of concentric
lcading. UOn massive bodies and firmly stacked parts, various autheors [S
te 131 have measured the deformations under conditions of concentric
loading. Thereby resiliencies resulted which approximately corresponag
to those of cylindrical substitutional pressure bodies, the cross
sectional areas A.-- of which can be calculated for two fields from Do /

de to a clamping length Iw. = 8 & with a high degree of precision in the

following way, Figure 5
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—For sleeves with an external diameter D. between dw and 3 Jdu.:

Rera ® T/ & (du® - Do) + T7 8 (gn - 1) (9:,‘ I + %)

{29
—For plates with a radial expansion Da > 3 du:

Peee = X7 & [(cr..t + ‘1‘5)2 - p.z] (30)

- ng wit
Concentric Load [ntroduction
The elastic resilience o of the concentrically clamped parts is

produced from the relation

S = L {31}

Reorw Eme
The condition of the deformation of massive bodies as a
preraguisite for the validity of this derivation is generally only valid
for firmly stacked parts and not for thin layers of greater number which
are not completely lavel. In this case the longitudinal resilience e
increases and can be experimentally deterained, if necessary, depending

vwpon the load.

Figure 4: Plate compressed on the hole edge as if by bolt head ar nut.

3. Resil with ri 1t Arran . a [ entric or

entric aad Intraod on_i he ed i

An eccentric load application on & belted joint causes, along with
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the longitudinal deformation of the substitutional pressu;é bBody,. a
bending deformation of the clamoed parts which produces an additional
longitudinal deformation and thus increases the longitudinal resilience
of eccentrically clamped plates and slzeves as opposed to concentrically
clamped ones. In order to demonstrate the tendencies, formulations are
made under the following conditions and simplified assumptions:
—=«The clamped parts form a prismatic body.
—-—=The clamped parts form a "bending bedy" in the interface cross
section in which the interface pressure on the stressed bending side is
greater than zero. |
-—~All cross sections of this prismatic body remain plane under loading.
A distribution of tension takes place in them.
——The bending rigidity of the bolt is much less than that of the
substitutional bending body and is peglected.

These simplified assumptions are generally only allowable far
bBending bodies whose cross dimensions lie within the diameter d« + Amiem
of the interface area.

The bending body is depicted in Figure 4. It can be a section from
a multi-bolted joint. The lateral distance b is then given by the belt
arrangement or by d« + Apin.

There are investigations concerning the distribution of the
interface pressure in eccentrically clamped joints [41. According te
these, cal:ulat;ans can be made on the stressed bending side of the _
bending body with interface pressure, it the external contour in the
area of the interface ﬁs not more than (de + A...) / 2 away from the {
bolt axis S-5. Here H.i.. signifies the thickness of the thinner of two é
clamped plates. The interface area Ap» of the bending body depicted in

Figure & is under interface pressure if the bending kody is preloaded by
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the bolt eccentrically arranged around s at its axis of gyration 0-O
with a preload F.. The area A= can be presented and calculated asra
rectargle £-c minus the bolt hole. The axis of gyration at the area A
is 0-0. The area A= with the appropriate moment of inertia Is = &n= Ay
is needed im Sec. 3.2.4.2. for the calculation of the clamping, force
Fitme+ wWhich is required for the prevention of ome—-sided lift—of+f.

CNote: With the use of An, the hending resilience of the bolt is

neglectad. ]

i i = i
Cl IIE ;
| S ] E |
| Opr=
w tTa Dﬂ

; L ‘
[ 1 ” "
Al dy <Dy~ GSradde
A T pi-0F el fadod
=40 . 2 .
TEIOE B B a0y

Figure 5! Substitutional compression body for calculation of the elastic
resilience of clamped sleeves and plates.
Given these assumpticns, we get the following resiliencies which
usually are valid for the deformation in the belt axis S=-5. These

resiliencies are for the loading situation depicted in Figure 7:
&) In the case of concentric configuration of the bolts (distance
of the balt axis S-S from the axis of gyration O-0 of the bending body s

= 0} and, simultansously, concentric locad intreduction (distance of the

load point of application from the axis of gyration a = 0} cbrresponding

to Equation (31):
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N

I
hoamb EP.

b) In the case of eccentric bolt configuration in the distance s
form the axis of gyration 0-0 of the bending body and load introduction

in the eccenterically lying bolt axis §-5, thus a = s:

Sp™ = S (1 - <= ) 32
k>= By / Pare-

With the introduction of a length ratio A for the eccentrically

clamped, unloaded joint

A= ____ s/ kn (33)

VAe / Aerwm,

Eguation (32) is simplified to

Sm® = 6. (1 + A (34>

c) In the case of ectcentric bolt configuration inm the distance =

from the axis of gyraticn 0-0 of the bending body and of a load
introducticn in the distance & from the axis of gyration as the most

general case:

where, &m==* is the quotient of the plate deformation few in the bolt
axis and from the external force F. being applisd in the distance a.
With the introduction of A according to Equation (33) this becomes
b = bm (1 + a/5 AD), ' (36)
Here the distance ¢ must always be put in as positive.
" The distance s is to bhe put in as positive if the bolt axis S-S and
the load point of application A-A lie on the same side of the axis of
gyration 0-0 and negative if the load point of application and baolt axis

are located on opposite sides of the axis of gyration.
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"Ninterfacial pressure
due to preload Fv

v
T betieor
™ olls A

/] be
— B st hm
Y

T
/

Figure &! Bending sclids and interfaces under interfacial pressure
with eccentric clamping and loading.
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Figure 73 Influence of the line of force on the elastic
deformation of a “bending sclid” according to
"Figure 6.
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One must keep in mind that with unfavorable :rosgisaction
conditions small eccentricities of the load introductiéﬁ’:ause
considerable lataralltilt due to which the resilience of the clamped
parts constantly increases.

If by the eccentricity of the preload Fo and of axial bolt strength
Fa the unloading in the interface on the stressed side becames—greatar
than the pressure prelcad, then a one-sided lift-aoff begins, whereby the
elastic resilience of the clamped paris progressively increases. This
condition is not considered in the case of the calculation of resilience
and that of the force ratio derived from it because it is the purpose of
this guideline to recommend the prevention of one—-sided lift—off by the
introduction of a sufficient minimum clamping force. The determination
of the differential force fas and of the force ratioc ®&. is of interest
then only in the area of one—sided lift—off.

The calculation can be considerably improved by consideration of
local resilience of the surfaces of the imterface under pressure and of
the contact resilience in the sense of leveling of microgeomirical
roughness of these surfaces. These effects are of essential importance
in the case of bolted joints which form & closed statically
indeterminate structure with the parts to be joined, since the local
resiliencies in the interface correct, in the favorable sense, the
position of the appropriate point of zero moment——and with it the
distance a@a. The one-~sided lift-off occurs earlier in opposition hereto

by the contact resil

s

ence

+

e

n the interface A& calculation which takes

these effects into comsideration is basically possiblej however, the

calculation can be very complex.
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S3.1.3. Resilience of t Plates and Sleeves
In Figure 8 a symanetric plate under bending forces is depicted.

Forces are acting on points A, P and S.

A"

i‘\ir
[

i

=/

i Fé,

/
]

UK

t ‘\\C

Figure 8: Stressed symmetric plates.,

cauvsed by
the Forces F

] H T ]
Case 1 Farces 7 Relative Shift - Definition of 3
being applied of Point S ! the Elastic .
! in the Points opposite i Resilience }
§ Point P '
]
i

a -é P and S i = F 6, ; 6, = £, / F

b ] A and § fz = F 6= 82 = f= / F
|

c j A and P fx = F 6= ‘ dx = ¥z 7 F
i

i

The resiliencies 8., &z and 4= are defined according to Figure B8.

They are necessary for the calculation of the force ratioc {(see Sec.
3.3.1.). The calculation of the é6-values is very complicated. For
definite forms there are experimentally established approximate
solutions to which we will refer in the focllowing:?

The circular flange, Figure 9, is being loaded by forces £ which

can alsoc be thought of as working inm circles around the flange axis.
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The elastic thickness variation of the flange is much less than the
deformation as & result of inversion and can therefore be neglected.
The elastic resilienﬁe of the flange can be described by & single
quantity ¥ which is designated as inverse resilience. In the case of

the loading of the flange by the force pairs FF, Figure 9, the cross

section experiences inclinations at the angle 7. With 7 = ¢ /'ap it
becomes
M Faw Fam=

From Equation (23) of the specifications DIN 2505 (Tentative
Standard, pub. Oct. 1944) the inverse resilience can be derived as

¥ = da + da (38>
4o E b W

whereby according to Equation (27) im DIN 2505 far the loose flange
B = 1712 (Ga = d= — 287.) hu= (39)

and b = b,

Figure ?: Circular loose flange.
For the firmly prewelded flange, Figure 10, Equation (38) can be

used as well; however, ¥ is to be calculated with

W= 1/12 {02 + 5w) Se™ + 1/12 (Ga - =2 — 2 87 b= {40}
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and & = ha is to be put in (see DIN 2505 [Tentative Standard, pub. Oct.

195641 Equations (24) to (26)).

x
! — Figure 10: Firm prewelded ;
l . flange
_I_.a '
‘!7 £
| hy
i !
?’
1
Thereby for the nominal distances
NM > S00 & . =d_ / 2 (41a)
NM < 300 ¢ &.° = (1 - NW | {41b)
1000

[Note: All quantities in mm.3

Since the bolt strength variation essential for the clamping ratios
is conditioned by the relative shift between points P and S from Figure
10, the following is produced for this case

7=f/ap:|

and in connection with the Equaticns (37) tc (40) the elastic

resiliencies can now be calculated as (see also Figure 8):

b = ap @ap ¥ = an= ¥ (42a)
where M, = F, aps ‘ R

= = 2~ an ¥ (42b)
where M= = fz ax, and

b= = (@am = @p) ap ¥ (42c)

where =z = Fx (3= -~ ap).
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(Further tips on calculation in [143).

3.?. cad and Deformation Conditions in Directlv-stacked Parts

In this se:tion.the quantities given in Sec. 2 for the dimensioning
equations and for the various calculations will be derived from the
elastic resiliencies of elements involved in a bolted joint for diverse
loading conditions. Alsao the effect of plastic deformations will be
observed in dependence of the resilience cof the joint.

The joints discussed consist of plates; sleeves or other parts
which iﬁ level interfaces (the preload in all the participating bolts in
the joint has just been applied) lie directly on ane ancther and have
metallic contact.

egal. Conditi

In the case of a bolted joint the clamped parts are pressed
together by the clamping parts. Thereby the bolt preload force Fo is
equal to the preload force in the clamped parts but is directed
oppositely. In the assembly stage without external loading, the
clamping preload force in the beolt is identical with the bolt strength
F=, and the clamping preload force in the clamped parts is identical
with the clampinmg force F..

In the simple case (withaut weorking lcad), Figure 11, the kgolt is
merely the clamping part while the plates with their full thickness
represent the clamped parts. During tightening, the bolt is lengthened
elastically by the praolicad force Fm by

Farm = b= F- - (43)

while the clamped parte are pressed togéiher

From = S Fr. = (84>
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Figure 11! Simple bollec joint following assembly$ traction farce
in the bolt Fun (+ =) = pressure force in

the clamped parts Fn (= =),

In Sec. 2.1. we have already seen in the joint diagram a graphic
representation of these conditions for the preload force Fum, in which
embedding procedures are not considered (see Figure la)d.

For the general case the sum of the deformations in the bolted
jeint under preload force Fa becames:

T + Fam = (Em + ) Fr. {45)

In the joint diagram, the increases of the deformation lines are
inversely proportiaonal tao the resiliencies.

2.2.2. Variation in the Initial Clamping Force Resulting from Remaining

Peformation by Embedding

In addition to the elastic deformations, embedding phenaomena occcur
in & belted joint. These phenomena are primarily caused by the leveling
of surface roughness. These post-assembly embedding phenomena which can

be designated by the embedding amounts 7> {(see alsc Sec. 4.4.) reduce

the glastic deformations so that a new state of equilibrium is
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established. Thereby the preload force Fam is reduced by the preload
force loss F: as a result of embedding.

The connection betueen the prelcad force loss fz and the embedding
amount f: is obtained from relations between similar triangles,

according to Figure 1lb, as

Ez = £z = £z : (386)
Fopa Tam + fum ba For + Op Fra

From this it follows that:

Fz=__ £ (47)
66 + 6p

or——anticipating Equation (33)——:

Fz = i;sir_ (48>
[d

~

8. can be taken for the various dimensions of bolted joints from
the nomogram in Table B85 6.~ can be taken from the nomogram in Table 9.

I+ greater plastic deformations of the clamping and clamped parts
appear under the working load, then there is also in this case a preload
loss which can be cetermined according to Sec. T.2.3.1.

3.2.3. Effects Caused by Type of Load Introduction

External forces are generally introduced into the joint through the
clamped parts. The resilience conditions change with the situation of
the lcad introducticon level in which we can imagine the lcad

introducticn.

3.2.3.1. bpplication of Force on the Bolt Head and hNut Bearing Areas

The introduction of the axial force Fa (axial working load or axial
components of a working lead in any direction? in levels by means of the
bolt head or or nut bearing areas is only theoretically conceivable (see
Figure 17a)., However, this case is suited for the derivation of basic

relationships between forces and deformations.
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Under such external loading, the bolt and the clamped parts become
longer, as compared with the assembly :anditipn, by the same amaunt fea
= fma, Figure 12. Tﬁe bolt must take up the entire force fa, which is
fom greater than the preload force F.. The clamping force in the »
clamped parts is simultanecusly reduced by the amount Fea, so that the

residual clamping force fFum = F, = fuon still remains.

Figure 12! Joint diagram for
for the theoretical
casa of concentric
introduction of an
axial traction force

: . at the bolt head

—, i : and nut bearing area.

Ip iy =

The differential forcws Fea in the bolt and fFeas in the clamped
parts which occur in loading of the joint cause the variations in
length:

Tao = 6o Fam and frn = S5a Funo. ¢a9:

Equating them provides the relation:

bm Fun — 8p Fuwm = O. (50

Furthermore the following is valid (see Equation (3)):

Fa = Fam + Fra.

From Equations (3) angd (S50) follow?

Fam = __ 82  Fo = B Fa (S1)
65"'6-
ard
Fra = _ O Fa = {1 - Bux) Fa (52)
-“1’63

Thus the force ratioc introduced in Sec. 2.1., Equation (2),'For the

theoretical case of load introduction in the bolt head and nut is
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referred back to the elastic resiliencies with:
3. = He {S53)
b + b |
Further, there follows for the case of complete 1ift—0ff Fua = Fo
and therefore (1l = 3) Fa = F;.
Thus the axial force which leads to lift-off amounts to:

Frrme = 1 Fo (54>
I - O

If Fa is a concentrically acting compressive force. then it should
be put into the equation with a negative sign. Ffaea and fFea are then
negative: that means that the loading of the holt decreases and that the
clamped parts are additionally compressed.

Figure 12 shows the joint diagram for fa as a tension force, Figure
13 the joint diagram for Fa as a compressive force. Ffa is in both cases
put between the twoc doformation limes~~proceeding from the deformation

lines for the clamped parts.
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case of concentric introduction of an axial
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Figure 14: Possible cases of alternating -
stresse of a bolted jaint.

S
T
Figure 135: Joint diagram for the case
of stress on the clamping parts by the working
ioad into the plastic area.

In the case of bolted joints which are undergoing am alternating
working load, Figure 14, the bPolt also experiences an alternating
stress. From the values for Fa as well as the upper limit force fFao and
the lower limit {force Fax; we obtain-the force amplitude in the bolt

according to Equation (51) as

Fan = & (Fag = Fald (553

and the accompanying mean force as
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Fam = Fu + B (Faq + Fa ) : ' (36)

Since the continually bearable tension amplitude of the bolt,
calculated from Fan. and from the core cross section A= of the thread, is
small (see Table 13}, we must strive to keep tne load portion assigned
to the bolt as small as possible. This can be accomplished, among
other things, by great elastic resilience 6= of the bolt and by slight
elastic resilience &~ of the clamped parts (see also Table 1S).

The joint diagrams express the same thing. The flatter the
deformaticn line of the bolt and the steeper that of the clamped parts
run, the smaller Fsa becomes.

I+ the bolt is plastically.de¥ormed by the tension force fFa, then
its deformation line runs as a curve as per Figure 15 to point K. The
defarmation in the case af unleoading runs along the line KB and cuts off
the plastic deformation Af=s on the base line. For the subsequent
equal-sized or smaller loadings Fa, the joint diagram DBCK is
applicable, in which the prelcad force is reduced by fx as compared with
the assembly state . Analogous conditions exist if the clamped parts
are plastically deformed by a pressure force Ffa, Figure 16. From
Figures 15 and 16 we gbtain the prelecad reduction that occurs as a

result of plastic deformation, as in Sec. 3.2.2.,

a5
Fz = a or t57)
Os + b
F? B A - - B
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Figure 16: Joint diagram for the case of the stressing of the
clamped parts by the working lead inte
the plastic area.

3.2.3.2, lLozd Introduction within *he Clamped Farts

The general case of load introduction through the clamped parts is
depicted in Figure 17b. The assumed load introduction levels are
thereby 2-2 and 3-3. Ff, causes an unloading of the parts lying between
load introduction levels 2-2 and 3-3 of fra, while, due to fa, the
femaining parts, which lie in the force flux of the bolt between the two
load introduction levels, are additionally loaded by Fea. These are the
parts of the clamped plates between the levels 1~1 and 2-2, 3«3 and 4-4
as well as the bolt between the levels 1-1 and 4-4.

Biven the simplified assumption of Sec. 3.1.2.1., the elastic
resilience of the parts between the load application levels 2-2 and 3-3
can be assumed a&s Pde as a3 part of &~, whereby » < 1. For the parts
between levels i-]1 and 2~2, as well as 3=3 and 4-4, the elastic
resilience remains.

b = nbp = (1 — n) bm.

With these elastic resiliencies, fea causes the following
deformation between the load introduction levels 2-2 and 3-3:

FTarne = Fma [He + (1 - p) 6.1 (59
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and fea causes the defaormation:
fran = Fra Nbm. : (&0
As long as no lift—of+ occurs, both deformations must be equal to
one ancther. This leads to the relation:

Foa (e + (1 — 9) 8, = Fpa POm = 0O 61D
{(Equation (461) is analogous te Equation (50) in Sec. 3.2.3.1.);

In addition the following equilibrium condition appears (see
Eguation (3)):

Fﬁ=F5¢~+FPA.

The desired forces are obtained as!?

Fao = ani=b” Fao =10 de Fa = Bn Fa (622
Frmn = 6y + (1 = p) Su Fau =

O + dm
= (1l =10 B Fa = (1 = B3 Fa (63)
In Equations (&2) and (&63)
O~ = n B =10 5 (&4)

—
O + O

In place of the boelt resilience & in Sec. I.2.3.1. the resilience

b= + (1 - n) &p has appeared., This is the elastic resilience of all the
parts between intended load introduction levels 2-2 and 3-3 on the bolt
side, which are to be considered as clamping. In place of ém, nNée
appears . This is the elastic resilience of portions of the clamped
parts lying between the intended load application levels 2-2 and 3-3.
Figure 17 alsec contains, along with the general form of the load
introduction within the clamped parts, Figure 17b, the two theoretically

conceivable bounding cases, Figqures i17a and 17c.

Depending on the situation of the locad introduction levels, the
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differential force faa can lie between O and @w F. in the case of a

bolted j2int according to Figure 17 with leoading by Fa.

.

i | IFA
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Figure 17 Load introduction in the bolted joint.
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Figure 181 Joint diagram for a working lcad introduced inside

of the clamped parts.

In Figure 18 the force and deformation conditions in the joeint

diagram are depicted for the case of load introduction within the

clamped parts. The case for the assembly stage is shown by dotted

lines.
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S.2.4. Fccecentric Clamping and Loading

The case of a concentrically clamped and concentrically loaded
bolted joint treated in Sec. 3;2.3. is realized in dosian only very
rarely. In most cases, the line of contact of the axial force Fa will
not lie in the bolt axis, and the bolt axis itself will not fall
together with the axis of gyration of the clamped parts {(tc be-exact, of
the bending body, Figure &). Due to eccentricities, a resulting bending
moment is produced in the belted joint. Along with the tensions
produced by the forces Fo and Ffsn~, bending tensions become effective in
the bolt cross section which must be considered when testing for
endurance strength. Over and above this, eccentrically lcaded bolted
joints tend toward one—sided lift—off at the interface if the axial
force F. exceeds a value dependent upon the preload Fo and the
eccentricities of both forces. One-sided lift-off causes & sharp
increase in bolt tensions from axial force and bending. The reqguirement
to avoid one=sided lift-off and its'ﬁetrimental éonsequances far the
security of the joint determines decidedfy the quantity of the preload
Fo tao be applied and therefore also influences the dimensions of the
bolt, for which endurance stranétn is to be demonstrated with alternating
warking loads.

In the case of eccentrically clamped and eccentrically loaded
bolted joints, elastomechanical problems involving a considerable amount
of calculation, due to the design multiplicity, for a mathematical
treatment.

The fbllowing derivation of the caleulation equations is based on
the elastic resiliencies which were given in Sec. 3.1.2.3. and is
subject to the simplified assumptions made there. The user of these

equations must check the dependability of the simplifications in each



Fage 45
case and, if necessary, must make additional calculations {in this
regard, cf. L£41). The consideration af eé:entric load applications will
lead to a greater a;:ura:y of goal with the measurement of bolts than
the use of simple equations for concentric clamping and concentric
loading.

3.2.4.1. Forces and Deformatiors up to the Lift—0Fff Limit

An eccentrically clamped and also eccentrically loaded bolted joint
is depicted in Figqure 19. During assembly, the bolt was tightened to
the preload force f.. For this joint the conditions and assumnptions of
Sec. 3.1.2.3. will suffice, i.e., it can be defined as a bending bedy
with the axis of gyration 0-80. The bolt axis §5=8 lies eccentrically to
the axis of gyration 0-0 by the amount x = 5. The line of force A-A of
the axial force fa which is being externally applied has the distance x
= & from the axis of gyration 0-0.

As given in Figure 19, the axis of gyraticn 0-0 fixes the zero
point n%lthe x—axis. Moreover, the value x = & should always be
positive, as for Equation (386). The value x = 5 is then likewise
positive if the belt axis S-S and the load line of application A-A lie
on the same side eccentrically to the axis of gyration 0-0. I+ they are
located c; opposite sides of the axis of gyration, then x = s is

negative. It is further stipulated that in practice a2 > 5 always.
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~faofs=fa=0
Fe Ze~fss~Ba=0
afa-sf
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Figure 19: Eccentric ¢lamping and eccentric loading of a bolted

joint ("bending body"” according to Figure &).

If the bolted joint, which has been preloaded with Fo by
wccentrically arranged bolts depicted in Figure 19, is additionally
loaded with the eccentrically functioning force fFa, then the bolt load
increases by Fua.

Since the elongation of the bolt fua is egual to the elongation o;
the clamped parts fea, then:

Tma = fma

e - Fan = Ow * Frn

e * Fon = b= (Fa — Faa)

be - Fea = bp * Fa ~ Ep - Fea

This equation is valid primarily in general cases. For the case of
eccentrically loaded and eccentrically clamped bolted ioints this
equation goes over into:

O * Fan = 80" - Fa — 5p" - Fam (65)
because =" can be set for the resilience in the eccentric foree line
of application A~A, and ®w* for the resilience in the eccentric bolt

axis 5-~S.

i
b

e i e
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In the case of load introduction in bolt heads and nuts, we aobtan,

solved according to Faa,
(b + 6m=) Fem = 6m== - F.

and from that:

_3é=::____= Fa = Do (68
= * Sa*, .

By substituting &~ and 8=~~~ according to Equations (34) and (3&),

FGA= FA

we get the force ratio ®.< for the eccentrically clamped and
eccentrically loaded joint with the load introduction in the levels of

the bolt head and nut?

Bore = S== = Jm (1 + a/5 A=) (&67)
38 + 3!“ Om + 6p {1 + A=),

In the case of an introduction of the forces fFa, Fea and Fea within

the clamped parts at the height of levels 2-2 and 3-3 at a distance nl.,
according to Figure 17b, Equatiocon (45) should be written as follows, as
in Sec. 3.2.3.2.:

£és + (1 — m bm*1 Foa = NOu=~ Fa = ndp= Feoa. {68a)

From this follows that

[ba + &m=1 Fan = D™ F,

where
Bocs = Fan / Fa
B = D S~ =n Sm (1 + 2/5 A=) = 9 Do (&8L)
35 + & Om + O (1 + A=) .

Egquation (&4Bb) can thus be also purely formally derived from
Equation (&7) by replacing &=~ by nde=~.

According to Equation (3) there follows, using Equation {(&3):

Fra = Fo = Fan = (1 — Bpn) Fa. (L9)

In the case of the force ratio &~ according to équation {68), the

longitudinal forces of an eccentrically clamped and eccentrically loaded



Page 48
bolted joint, undnrrabsarvatinn of the sign rules for s according ta Sec.
3.1.2.3., can be calculated analogously to those of a concentrically
Clamped and loaded Ané, as long ac-pne-sided lift—off in the interface
is prevented by a sufficiently great preload.
3:2.4.2., Forges and Deformations at the Lift—off Limit

If the axial force Fa in an eccentrically loaded bolteag jbint
surpasses a limit value Faa. dependent upon a preload, then the clamped
parts unilaterally lift off in the interface beginning at the position x
= ¢, Figure 19. The cne-sided lift-off begins when the resulting
pressure tension in the interface becomes zero at the position x = .

In the case of the bending body observed here, Figure 19, the

tension distribution in the interface is approximately:

g (x) =~ F + Mp x {70)
Bw Im

where:

F =2 Fo = (1 — 8an) — Fa (71>
and

¥e = Fo (g = By 5) = Fo - 5. (72)

Therefore

& (x) =~ Fy = (1 = $wred Fpu +

An
* Ffa (@ =~ B0 ) = F, & x (73
In

or

ety w3 fFa i - ey m e — e
5 |

+ Fa (@ = Bpn 5) Fu £ x (73)
K==

Lift-off begins in the edge fiber x = u if the tension there

becomes ¢ (u) = 0. If fa is a tension force and @ > s, then the
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lift—off beginsg in the edge fiber next to the force line of application
A0 (Point U in Figure 19). In this case the edge fiber distance « can
be put in as a pasifive value for x. If @ < 5, then the lift—off begins
in Point V. The edge fiber distance v can be then put in as a negative
value. In the case of a pressure force Fo which acts at a sufficiently
great distance & and which can be put in as negative, the Iift;o4f
begins likewise on the opposite side of the cross section (Point V in
Figure 19). This is taken into account if the edge fiber distance tao
Paint V ig put in as a negative value v in the place of <« in the
otherwise unaltered equations.

By substitution of x = g in Equation (70), the condition & (u) = O
leads to the lift-cff—causing axial force Fa.. as a function of the
appl?od prelcad f.:

Foan = Fu

e + au } H (1 + su ) - Qs (75)

kn= ko=

For a given axial force Fao, we get conversely that very preload
Fomes at which one~sidéd lift—off occcurs:

Foas = @ — ) u Fa + (1 — 3.) Fa ' (76)
ko= + 5 u

Thus the clamping force present at the lift—-off limit is:

Fuan = (@ — $) u Fa {77
km= + 5 u

If it is o be confirmed tHat no cne-sided lift-off cccurs under
the eccantriﬁally acting axial force fFo, then a required clamping force
Fruw~e must be inserted into the dimensioning equations (8) or (9) which
is at least equal to the clamping force Fu.o present at the lift-off
limit, i.e.,

kn<= + s u
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The dimensioning egquations (8) and (9) for the determination of the
bolt sizes are applicable to the eccentrically loaded belted jaint under
*the restrictions given in Sec. 3.2.4. if the force ratioc d... according
to Equation (68) as well as a required clamping force according to
Equation (78) are substituted. If this value of the clamping force
Frw—+ is not sufficient to take over the required friction contact or
the required sealing functiocns, then we must reckon on the highest
value Fre~+s required in Equation (8) or ().

Special Cases

a) Belt strength and external force work eccentrically on the
clamped parts. The clamped parts are prismatics however, they are sSo
thin that the interface area An becomes more or less equal to sers
Frwr+s however

Qun = 7 O (1 + sa/kp=) {(79)
Oa + Om {1 + 5=2/kn®)

b)Y The bolt is concentrically arranged (s = 0); the external force
works pccentrically (a2 # 0). For the rest, the general case with the
conditions described in Secs. 3.1.2.2. and 3.2.4.1. is valid. The force
ratio according to Equation (68) is reduced as a result of 5 = 0 to:

G = » 6: = 8.
615“’61—

and this does not differ from the case of the concentric joint; but the
eccentrically loaded t§:t experiences an additional bending stress. For
the prevention of one—;ided lifet=off, a minimum clamping force fuowe-+ is
needed which can be calculated as focllows:

Fumrs = & 4 Fa (80)
kaz




Figure 20: Special case of a "bending body."

) In the case of a pure moment loading, the

Fage Si

force variable 3. and

the minimum clamping force can be derived for a bolted joint under the

conditions defined in Secs. J3.1.2.2. and 3.2.4.1.
and (67) this becomes:

Faam = S A2 - M

Sg + S (1 + A= s

From Equations (&6)

{81)

or for the purpcse of definition of a dimensionless force ratio:

&, = bp 12

and therefore:

Fan = On Mue

The minimum clamping force for the prevention

is produced in the same way from Eguation (78) as:

Fwnuz - (44 Myx
Ka? + & u

Here we must note that for the case of a pure

@ Fn =2 My and 1/@ * O, Fa = 0.

{82}

(835

of cne~sided lift-off

(22)

moment locading where
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Therefcre we obtain from Eguation (3) the equation:

Fra = ~Fan = ~B. Hn . (85)
. -»

in place of the ctherwise generally valid Eguation (4) and thus:

Foan ® Fuws + Fea = o€ My - 8. o £ {848)
k2= + 5 u Ko

with 8. in acceordance with Eguation (82). In the case of given Fo, we
can calculate from this Mp.s as the limit value of the external moment
which leads gdirectly toc one—sided lift-off.

For the special case s = 0 we obtain with 1® = 0 according to

Equation (33) and with &, = 0 according to Equation (82)

"

Fan & =Fpn = 0O
according to Egquations (83) and (85) and therefore also Fo = F..

For a rectangular cross section where s = u/3 we obtain:

Mowe = u/3 Fo, 87>
i.@., lift—aff occurs as soon as the clamping force F.. in the interface,
shifted to the left by the external moment ¥ in thes sense of Figure 19,
emerges from the core area of the interface cross section.

. 2.4, 3, S, An Detormations and Bolt Stress

The bending moment acting additicnally on the clamped parts due to

eccentric loading amauhts tal

"B=Fni-Fm52(1—50.ﬂ}aF@, (88)
i

dnalogous to the longitudinal resilience & for the calculation of

v

i~ - longitudinal defermaticn f, a bending resilience B can be defined for the
calculation of the bending deformation Y. It can be determined like the
longitudinal resilience (see Equation {(31)) for the case of the simply
observed bending body {as long as no lift—off oceurs) as?

Be = I = Ze (89)
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Analogous to the longitudinal resilience (see Egquation (26)), but
with the simplification that the bolt is not treated in a strict fashion
as a bent tension meﬁber, the following is produced for the baolt as the

sum of the partial resiliences‘ﬁ; =1, 7 I, £

Be = PB< + B: + B2+ ... + Ba (90)

The sum can also be written in the form

Po = lea (21)
= e

From this follows that

luwew = Bm Iz Em. {92)

The angle of inclination of the clamped prisms under the portion

#ee of the bending moment M, taken up by the prisms is obtained from
Tre = By Mep {F3)
and the angle deformation of the beolt under the portion K= of the

bending moment taken up by the bolt as

7‘8 = ﬁs Mgn:..

(24}

gince Te = Tm and Mo = Mow + Mmw must be the case, then
Mev = Bs Man (95

-
Haw = Mo — Moo = By — gg . (9&6)
-
or | Mes = Mn (97
T+ Ba/B~

Since in general Be >> Br, Pa/Be is much greater than 1, so that the

moment which is to be taken up by the bolt can be written approximately

asi

With Equation (88) this becomes:

Mcs-_-.zB— (1 _imqr‘) & Fa

5 (98)
- a
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For the endurance strength of the bolt in an ac:aniri:ally loaded
joint, the nominal tension Oeaw.s to be calculated from the longitudinal

force Fea and the moment Mue for the highest stessed mantle fiber of the
core cross section at the first load—-bearing thread proves to be the

determiring factor. It is calculated from:

= Barm Fa + Be 1 -
Ax  JB=

and can be changed with the formulas of the circular cross section A= =

(99)

m
dlm

nd==/4 and Iz / Wz = dz/2 into the relation:

Cmas = [1 + (—1 'i) dee En 2w d~=J Bor Far (100>
Can @) Imre £~ B An k=] — 8=

Here the expr-ession to the right next to the brackets is the

tension alone from the differential force Fsa, and the bracketed

expression is its increase due to the additional bending tension.

S-.2.4.4. Presentation of the Forces, Deformations and Tensions in Joint

Diagrams

Even for the general case of eccentrically clamped and
eccentrically loaded bolted joints we canr depiect a joint diagram.
Figure 21 shows the joint diagram for the case of loading by an axial
force Fa at the lift—off limit (Fa is thus slightly less than Famo).
Under the preload Fo, which in this case is egual to the preload fFowes
required for the prevention of lift-off, the baolt is elongated by the
amount of SO0 = S84 F., while the prisms are compacted at the position x =

5, where the bolt head and nut of the bolt make contact by the amount of

OP = 8-~ F, (6=~ according to Eguation (34)).
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Figure 21: Joint diagram for eccentric clamping and

eccentric leocading.

With that we can draw the force deformation diagram SOPV for the
condition of preload.

Furthermore, the joint diagram for the locaded condition should be
formed in such & way that we can determine the 1load portions Faa and Fea
between two deformation lines with the insertion of fa.

For this purposa, one of the deformation lines should be the
characteristic of the clamping pafts. This characteristic is not
identical with the bolt characteristic in the case of load introduction
aver the clamped parts. It is determined in this case similarly to
Figure 18 by the Points 57 and V.

The deformation line valid for the bolt strength (Fo + Faa) through
the Points 8%, V and L must designate a angle of inclination whose
cotangent is equal to the resilience between the points of force
application in the bolt axis during loading in the boelt axis. In the
case of locad application in the levels heneath the bolt head and nut
this would be é=s: however, in the case of load application within the

clamped parts at a distance of » I« according to Figure 17b, this

PPN

eI e

SR e b 4 A G b R Ll o
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resilience changes according to Equation (468a) into ba + (1 — D) S,
Therefore

50 = [6a + (1 — 1) &-=1 Fo
with &~" in accordance with Eguation {(34).

The reciprocal negative inclination scale of the deformation lines
falling to the right through Point V which are valid for the additional
plate force between the force application levels 2-2 and 2I-3, as per
Figure 17b, is designated, as in Figure 7c, as » &~===, It is not
necessarily assignable, since the line of application of the additional
plate force Fema is not known at first. Its distance ¢ from the middle
line 0-0 of the prismatic joint which is to be used in the place of a,
results, however, from the following 2quilibrium conditions:

Fa = Foa + Fua,

Fa @ = Fman 5 + Frn Qs

Therefore

Fa @ = 8mn Fa 5 + (1 ~ Bon) Fa g
and

2 = &/5 = Dun

s 1 - Qe

Burwn = 7 ég__'-

ég R 6,.'
according to Equation (&8b).
With the substitution of @ by ¢ in Equation (34} and accordingly

the substitution of Sm=* by S="** we obtain:

= pbp (1 + A= a/s -~ m_ﬁ)

m-v-v

and after short intermediate calculation where:
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Ep (1 -+ ; 12) = 6’..-

accarding to Equation (3I6) and . (1 + A3 = Sa= according to Equation

(34),

nhmwer = [6, + " — nap-] &a

The deformatiecn line thus falls from V towards P", whereb&:

OP" = néu=== FL = [a + (1 — p) bm=1 Bog
- 1= -y v

as has to be the case on the basis of the similarity relation
A"K:KL=5"0:0P" = (1 = @un) : Bu.
If the joint is preloaded at Fu = Fuwm-+ to prevent lift—off of the
joint under the warking load fFa, then the joint would lift off at Point
H" if Foaee were to be exceeded.

After lift-off, stress bearing appears in the borderline case. For

reasons of equilibrium (see Figure 19)
Fa ta + /v/) = Fa (5 + /v/). (101)
The relation is satisfied by all points of the lines S57JJ" if:

33 VO = 5 + fu/

a + Jv/
In the case of loading surpassing the lift—off point, the
characteristic VH" will continue more of less like the broken line and
will tend taoward the line S°JJ". The exact course is of little interest

since the lift—off limit given by Point H showuld not be exceeded.

-
-

3.3, Force and Deformaticon Conditions in the Case of Non—directly

Clamped Flates
As in the previous section, the guantities given in Sec. 2. will

refer to the elastic resiliencies. The joints treated in this section
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will consist of flanges and flange—like plates which are not in direct
contact even after application of the prelcad.

3.3.1. load Ratio for Flanges and Flange-like Joints

In the symmetrical bolted joint in Figure 22, the parts PP, which
are clamped with the preload Fo by means of a plate with the bolts S,
are clamped to a base object said to be inflexible. The bolts are
elongated at Fa; the flanges are bent at 2 7,.
We are investigating force variations fFea in both bolts S, and Fea
in the clamped parts PP if the joint is loaded by the external force fa.
fun and fea cause the following defarmations shown in Figure 22
(o—-values see Sec. 3.1.3.).
~—=Length alteration per bolt by loading
with Foa faa = da Faa
-—=Deformaticn of the plate
{(Shifting of the Peint S with
respect te Point P)
by the force pair
Fen——Fan 7z = 62 Fean
by the force pair
Frmo——Fma fx = &z Fea
——=Deformation of clamped parts

by loading with fFea Fme = S Fro.
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Figure 22: Forees and deformations of clamped,

stacked plates.
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rnon—directly

As lona as the parts do not lift off from one another, the
following is true according to Figure 221

o+ Fx + foa = Fea (102
or according to a transformation?

Faa (ba + 82) = Fra (5 — 6=). (103)

From the Equations (2} and (103) there follows for

Fa Fom + Fea 1 % Fan 17+ 8a + &=
s - = 0=

and similar to Eguation (4):

Fra =

(1 - bl"l.) Fn-

the force ratio:

(104)

{105

As per the gquantity of the 6-values, foa can be positive as well as

negative.

af tension force on the joint, but even decreases.

the symmetrical flange joint with » bolts according to Figure

should observe that two flanges take part in the deformation.

in the case of two equal flanges:

The bolt lcad mo langer increases with negative Faes in spite

In the case of

‘?'-.',

we

However,




Bz = Fuma = 1 = be =2 &
i1 + » o
5:7— 2 63

(6= or 65 is the appropriate deformation on the flange) and, as above!

Fra = {1 = Besr) Fa

After the insertion of §> and &3 from the Equations [42b) and (42c)
into Eguation (106) we get an expression corresponding to Equation (31)

in DIN 2503.

1

A ————————
—nl

f
I
|

W

|
|

[ S——

P

Figure 23: Flange joint with m bolts.

e Sela Joint Diagrams for Flange Jeoints

F2.3.2.1. Joint Diagram with lLinesar Detformation Lines

Each bolt in Figure 23 is preloaded with 1/» f. and thergby

elongates at 1/» be Fu. Both flanges bend under fFo at 2 &, FL while the
clamped parts are compressed at 6~ F.. This is depicted by the triangle

SPV in the joint diagram, Figure 24, The diagram will be set up from

. i - _ : 13 -S| oot e e =E
now on in such & wa 1Ch line vVii a.80 serves as ne oT

the two characteristic lines in the case of additional loading by f.. A
second characteristic line—in the case of linear characteristics the
line VM—must still be determined. V is the point of these lines for

which Fa = Fo and Fma = O.
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For the determination of the point M (in the case with unpressured

seal) the following is valid according to Figure 24:

ﬁ ~ Fpa = Foe. ’ (107)

I¥ we substitute Equation (107) into Equation (105, then we get:

PM ~ Fa = Fo {108)

1 - 8¢y
From Eguation (104) there follows then:
NM ~ Faun = ®ws Fa = Fu O, (109)
1 - 6ea

With PM from Egquation {(108) or NM from Equaticn (109), Point M can

be drawn into the diagram.

Fun and Fea for any Fa are found by inserting Fa~HK. Fa is

separated into both partial forces Fema and Feas by the line UN (// OF).

Figure 28 shows the force deformation diagram for neqgative Fmsa or

for the falling characteristic line VM.

(Foa as a positive or rising sealing characte

by [

Lottes) ——rs d

Figure 24: Joint diagram for a flange joint according to Figure 23
L

JRro—

istic).
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Figure 25: Joint diagram for a flange joint according to Figure 23
(Fsa as a negative or falling sealing characteristic}.

Jaint Diagram with Non-1inear Deformation Characteristic

2

-
S . 2. 2.

Lines,
In the case of clamped parts with a mon-linear characteristic,

@.g9., in the case of seals, the experimentally determined unloading

characteristic line of the seal appwars in the place of the defaormation

line VHP,.

\F m

h

' \
\
e \
) NN
N
) \
Ky 2 INQp

L—Fv{ ﬁr_ ﬂ}‘Z@j : Frdp

Figure 26: Joint diagram for a flange joint according to
Figure 23 with clamped sealing and a non—-linear characteristic.




Page &3
Wher determining the appropriate curved line VKM in Figure 26, we
must return to Equation (102). After initiation of deformations due to
fea this reads for two flanges:

F”(_z_6a+252)= fo - 2 8s Fra (110
»

From this follows:

F3A=fv-—2ést_$
L Ox + ]| b= (111)
»

The twa characteristic lines are determined point by point. Far an
accepted 7=, Fra is taken from the seal characteristic line (example:
JH) and with it Fma is calculated according to Eguation {(111) and
plotted in the diagram (Point K).

4, Influencing Factors

Besides the function quantities (treated in Sec. 3), which
essentially depend upon the design configuration of the building part
and the belted joint, there is an entire series of effects to be
considered which are dependent either upon material and the surface
design of the clamping parts and of the clamped areas, upon the shape
designs of the selected bolts und nuts, or on the assembly :cnditiéns.

The multiplicity of these effects will be treated in this section.

4.1, éirength Classes

Strength and elastic limit greatly influence the belt dimensions.
The strength classes have been standardized in DIN 267, p. [Blattl I,
pub. 1967, and correscond to DIN/ISO 898. Decisive +orvthe dimensioning
is the elastic limits; it shaulﬁ;nqt he skueeeded by the nominal tension
witen tightening the bolt and under loading =f the bolted jaint in
gengral. Jdnly under special preraguisites, .., during angle

contralled tightening (see Sec. 4.46.2.2.), may the elastic limit be
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exceeded. The rupturing elongation, the tenacify of the bolt head, the
notch-impact touchness, and, tc a lesser extent, the ratio of the
elastic limit for the tensile strength are criteria for the toughness of
the bolt material. Therefore, toughness in the case of bolts plays a
siéhificant role because the threads are notches and local deformations
must be taken up for the prevention of breakage due to brittleness in
these notches, despite anti-yielding measures, in order to be able to
utilize the bolt fully.

High—duty balts (begirning with guality class 8.8) can be
manufactured toc be lighter and generally less expensive, even if the

external material dimensiens cannot be reduced.

4.2. Minimum Engagement Depth; Strength of Bolit-Nut Combination

A bolted joint should be sa arranged that thévthraads can take up
the full strength cof the bolt without destroying the interacting
threading. In the case of overloading, the breakage should occur in the
free threading or in the shaft. The appropriate strength arrangement of
the bolt and nut is given, according te DIN 2567, pp. [Blattl 3 and 4 (in
accordance with DIN/ISO 898), when the code for the strength class of
the nut corresponds to the first code in the strength class of the bolt
{example: Nut 10 for Bolt 10.9}).

For blind hole bolts Table 16 gives the minimum engagement depth
for several mechanical materials. Fine threads require greater
engagement depths or greater strengths of the nut threading. They are
more sensitive to damage and contaminaticon. In the case of frequent
tightening they are more inclined to binding; however, they have
advantages with respect to security and can support somewhat greater

loads, with the choice of the correct engagement depth, than the bglts

with standard threads.
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4.3, \ r'n 8% Bo d fa

In the bearing surfaces bestween the bolt head or nut on one side
and the clamped parts on the other, noc bearing stresses which cause
creepage processes due to Qithef'proload or to maximum force should ba
allowed. The bearing stress calculated from the maximum force should
therefore not exceed the compressive yield point of the clamped
material.

If the bearing head of the Bolt or the nut is smaller than that of
the clamped material, then greater bearing stress can conditionally be
a.lgwed. Experimentally determined bearing stress limits are given for
several mechanical materials in Table 14. In the case that washers are
used for the reduction of the bearing stress, sufficient strength and
thickness must be considered.

4.4. Embedding

The assembly embedding amounts 7, occuring after assembly (see Sec.
3.2.2.), which cause the reduction of prelead force, are smallsr than
the surface roughness of the clamped interfaces leads us to expect,
since during the tightening process an extensive leveling is already
taking place and even in the case of alternating working loads, the
contact alterations in the interfaces remain relatively small. From
this we can explain the results of measurements which show that the
surface roughness of the interfaces in the case of the application of
usual preparation methods has little effect on the degree of the
embedding amount fellowing assembly. On the contrary, the embedding
amount decreases per interface with an increasing number of interfaces
and increases with growing resilience of the clamped parts. Both
phenomena are explained by the fact that embedding ﬁs a process

comparable toc relaxation: with & smaller number of interfaces the
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pressufe decreases more gquickly in the interfaces, and in the case of
greater resilience more slowly.

I+ ne embedding amounts are present whi;h are determined in the
prototype, the values given in Table 7 canm be used as optisum values,

These have been determined irn massive joints with varvying degrees of
hardneass of the clamped parts and differentiating degrees of surtace
roughness of the interface in which there was full area contact in the
interfaces under applied prelocad. These optimum values are valid for
the case that the values given in Table 14 for the caontact pressure
limit are not ex:eedéd. Otherwise creepage of the clamped material in
the belt head and/or nut bearing surface appears and the embedding
amounts can become unceontrollably larger.

According to Sec. 3.1.2.1., as cpposed ta clamped plate'stacks, the
resilience can be essentially greater than in the case cof massive joints
of equal clamping lengths so that experimental detemination of the
embedding amounts is recommended in such cases.

4.5, Fatique Strength

The fatigue strength of a bolted joint is dependent upon the
following two main effects:

a) the dimension of the alternating axial force amount acting on
the bolt which is dependent upen the design configuration of the joint.
Design measures, which reduce this amount and thereby raise the
endurancge strengith of the joint., are listed in Table 15 under 1. _

b)) the fatigue strength of the bolts in comnection with the mated
rnut threads. Measures for the improvement cof the endurance strength are
contained in Table 13 under 2 to 5. For standardized bolts, like, for

example, bolts according to DIN 931, DIN 933, DIN 912, the threading
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determines the fatigue strength. For such bolts, the values given in
Table 13 can bhe inserted.

4.56. Tightening the Eolted Joints

Tha tightening procedure influences the required dimension of the
balt because, in addition to the axial force, torgue must by taken up by
the belt. However, the effect which comes from the variabilit? of the
prelcad force in various tightening procedures is especially strong.

I+, for example, the bolt dimensicn MO is sufficient for a bolted
jeint with a determined loading., in the case that the bolt is tightened
acecording Lo the procedure directed by the angle of rotation, then the
dimension M18 would have toc be selected in keeping with the same
strength class of the bolt if the bolt is to be tightened automatically
with a power wrench. The tightening procedure should therefore be
carefully selected. Here the number of assembly pieces should be
egpecially considered. We must take care that the tightening praocedure

established by calculation is used in assembly.

4.6.1. Rolt Stress.in Tightening

During tightening the bolt is stressed by the preload force Fm in
tension and by the torque Mee acting in the threads additionally in
torsion. Decisive for the calculation is the combined stress eaa.

From the laws of mechanics for inclined planes we can derive:

Haa = Fm dg tan (P + 7)) (112>
i
where
Ui
tany= P, tan p° = u’u=—
T d= r cos %—

In the case of threads with an angle of pressure %= &0=, we get u°

= 1,185 Kes -
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Tn the case of the normally small angles Pand P’ we can write the

following instead of Equation {112):

Han = Fu dz [P + 1.155 ;.u,) (113

I do is the diameter of the smallest core section f#c of the bolt

and ¥e its resistance torgque, then the stress rat:- becomes!?

¥ = MWoa Ao =2 &= [ P + 1.155 uo ’ (118)
-7 N Fra do =

The beginning of the yielaing of the threaded belt and the
retention of tension during tightening are influenced by the
simultaneocusly acting tensiaon and torsion stress.

With the combined tension:

Trma = 0= + S T= (113)
there follows for the case that for this comparative tension ..., F0%

of the minimum elastic limit g,z of the bolt is allowed:

Om - * ~ O
and
5!‘4 = 0.9 69,}_ . (117)

1,1 R - [ + 1055 et ] =
- 7T 9= {

In the case of the reduced shank bolts with a reduced shank
diameter d+, which is smaller that the miner thread diameter d=, the
weakest cross section lies in the non—grooved shaft so that, faor the

calculation of the tension loads F... the normal tension om can be

inserted with do = Jd+ according to Egquation (117):

Fop = Om Br = gy /4 2 (118
The tension load value F,. for reduced shark bolts in Tables 1 to 4

were calculated with 4+ = 0.9 ¢z in this way.
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As soon as the reduced shank diameter becomes larger than the
diameter d. = (dz + d=)/2 belonging to the tension cross section, then
the weak point in steel bolts usually iies in the reduced shank so that
vielding begins here. Since the thread of the beolt is a grooved part, &
multiaxial stress develops in this area with stresses of different
levels—0o., oz, Fz—which cannont be readily calculated. Experiments
have proved, however, that we can calculate the intended edge thread at
the distance dw/2 from the axis with the comparable tension Oraa
accarding to Equation (115 and with the diameter d. as a reference
quantity for the determination of we.

Therefore, for full shank schrews and thin shank screws where Jd >

dzy Om becaomes

T = 0.9 ba. ~
Jl + S5 & L3 |24 + 1,155 Ha) =
+ 0=/0= (W'da (119

anq the tension force:

Fupn = T Am.

Here the tension cross section As was based on the values standardized
in DIN 13 P. [Blattl 28 (pub. August 1975). They are based on the
naominal values for the pitch diameter d= and core diameter Jd» and thus
correspond to the maximum or the tolerance position A.

Alsa, for the calculation of the reduced shanmk cross section, the

maximum core diameter where d+ = 0.9 - d. was inserted for the tolerance
position /& according to DIN 13 P [Blattd 28.
The tension forces determined in this way were rounded off in

Tables 1 to 4 so that the roundinng error amounts to no more than 1%.

4.6.2. Scattering of the Initigl Clamping Load in Tightening

By means of the tightening factor ¢a = i, nmav / Fm mie. the error

of the preload force desired when tightening is considered in the

[T

e

B
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dimensioning Equation (9) as opposed to the required minimum preload
force.

This tightening factor is caiculated ass

X, =1 4+ A Fo /7 Fom (121)

P4

t =B FL 7 Fom

Here 8 F. for the various tightening techniques is composed of
single errars, which can be added according to the law of error
propagation for random errors.

Table 17 gives optimal values for the tightening factor & . faor the
various tightening procedures. Information concerning the particulars of
the most common tightening procedures are contained in [&61. For the
most important procedures, only such data will be given in the follopwing
which are necessary for the use of this guideline.
4.6.2.1. Torque—Controlled Tightenin

Under torque—controlled tightening we understand generally
tightening with indicating or signalling torque wrenches. In principle,
hawever, powered tightening with automatic wrenches falls under this
category since a compressed air wrench produces a measurable and
adjustable torgue.

The total tightening torque is a combination of the thread

tightening torque and the head and nut friction torque:

Mo = Mam + Mo (122)
Mo = Fea l' d= tan (¥ + £y + T rcrn tanf’] (123
__ . e o2z _Jd_ . _
Given the condition = &0°, this equation can be simplified as:

Ma = Fu [0.16 P + tte 0.58 dz + D/ il (124)

The tension torques ¥., in Tables 1 to 4 are calculated with M, =

Ha and F.. according to Equations (119) and (120).
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Here the simplified assumption de = Uk = U_w= has no longer been

made—-~deviating from the first edition of the guideling VDI 2230 (pub.

Pec. 1974), as well as fram the older literature. More recent

investigations with separate grasping by the bolt head and thread

friction had shown that the grasping of the total friction condition by

a ficticious friction coefficient Ugew is too imprecise, especially when

the friction coefficients e and u< are very different, as ca

case for modern self-—securing joint elements.

n be the

The free combination of all passible friction coefficients uUe with

all possible friction coefficients ux wauld lead, however, to
exceedingly extensive tabulation for the tensioﬁ'torque Moo s
plotting of the Table 1 to 4 there has been therefore a simpl
by which the tabulation remains limited to %aur tables. For
we must take into account a maximum error aof about 10%, which

however, in relation toc the expected estimated error for the

coefficients ue and u«. The simplification is obtained from

“ I
it | L]
5 - ; !
B ] ;
bd | Nl.\
0 ]
C Al T
.w [l
i =025
K} T | [
00 a‘v-T : = =
Mo | 816 ot =
R =
r AR |
L ags |
Hﬂr ?.‘} l ‘ L
a. Qs Q1 Qsom oW [ iz
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Figure 2Z7: Tightening torque M., and clamping force f.o

For the
ification
this reason

is small.
frictian

Figqure 27.

(907 vield load) as & function of thread friction
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If wae plot the required tighténing torques M., for the various bolt

head friction coefficients u. above the thread coefficient ue far the

tension forcas F.. determined BY Cees according to Equations (119) and

(1207,

then the curves run approximately horizontal,

i. ®., the

tightening torques M., are almost totally dependent upon the bolt head

fricrion coefficient uUw in the case of 0% elastic limit utilization due

ta a——"ﬁ-

The tightening torques M., given in Tables 1 to 4 are consequently

calculated for a constant thread friction coefficient and particularly

for te = 0.125.

When using Tables 1 to 4 we should proceed as follows:

~——Determination of the necessay bolt dimension and strength class for

the calculated
coefficient ue according to Table S
Tables 1 to 43 followed by
——=Location of

dimension and strength class,

required tension force f., and for the thread friction

from the appropriate left part of

the tightening torque M., which belongs with this bolt

and specifically from that line of the

right side of Tables 1 to 4 which correspondes to the bolt head friction

coefficient u« estimated according to Table T.

The calculation of Ma, in Tables I to 4 according to Equation (124)

is based on the nominal size of the

piteh diameter'and friction radii

Dwem/2 of the bolt head area corresponding to the head dimension of

hexagonal recess bolts according to

4762 (pub. Dec. 1973) in accordance
according to Draft Standard DIN/ISO

according to DIN 69 (pub. Aug.

DIN 912 or Draft Standard DIN/ISO

with those of hexagonal bolts

4014 (pub. Dec. 1975) a bplt hole »

1971). ~ The values in the Tables are

rounded off in such a way that the rounding.error is less *han 2%.
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An even more exact understanding of the different friction
coefficients de and u., particularly in the case of very high thread
friction coefficients, is possible if in Equation (124) we replace the
term found in the brackets with & - J and also express P and d= like
Dem/2 as a function aof 4, and insert the mean values for the diameter
group M4-MI0 with the previously given basic dimensions.

Thus

for standard threads £ 0.0222 + 0.528 e + 0.668B U

for fine threads R

.0151 + 0.543 i + 0.5668 .

By this way we get the K values faor any pairing of uds with -
according to Takle 18 with which the tightening torque Mo for any
initial prelead fm or also the tightening torgue M., for the clamping
force f.. can be determined according to the Equations:

Ma = Fu = K - & (12531

Mag = Fup - K - d. (12Sb)

In Equation (125b) the yield locad f.. for 0% elastic limit
utilization taken from Tables 1 to 4 would have to be inserted.

Figure 28 shows the conditions in the case of tightening to the
initial prelocad fm with the consideration of the scattering of the
friction coefficient u4e and of the scattering of the applied tighéening
torque ¥.. Additionally, Fm is plotted as dependent upon the thread
torque ¥Moa for both values UZe mawx and de mim. Furthermore, lines of
equal, reduced tension Cewea = 0.9 Co.= and gg_2 are included. The maximum

initial prelocad fm mmx is present in Point X in the case of Mao me. and

Ua mum3 the least force Fm mia is present in Point Y in the case of Moa

mam and A e »
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Figure 28: Tightening torque/prelecad diagram (with friction
scattering and tightening torgue scattering).

During assembly according to instruction, G-.a should not exceed
the amount 0.9 o.= in the case of torgque—~controlled tightening.

In the case aof torque-controlied tightening with a torque wrench,
the total error is composed of the following partial errors:
~——Errer in the estimation of the friction coefficient: with the
estimated friction coefficient the maximum tightening torgque M,.o is
determined from either Equation {(123) or (124) or from the Tables.
—=Scattering of the friction coefficient within a bolt of material lot
including the tolerances which affect the friction radii.

——=Imprecision of the tightening device including errors in use and
reading.

The estimation error for the friction coef;icient can be restricted
i+ the designated torgue on the ariginal part is determined by
elongation measuwements an the bolt.

From the results of experimentation and experience up to the

present, partial errors result for tightening with torque wrenches which

when combined correspond to a tightening factor . in Table 17.
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In the case of “"torgque—controlled” wrenches we must must
differentiate between:

A) staticnary wrenches which can be adjusted within & cert;iﬁ
range by regulating the pressure,

B)Y wrenches with automatic clutches on which the clutch releases
at a set torque,

C) precision wrenches with dynamic to-gue measuring., which is
usually done over the wrench support.

All wrenches should be adjusted only in bolt experiments on the
original part, whereby the adjustment of the wrenches like a) and b) can
either be done via retightening torque or the exact lengihening
measurement aon the bolt.

The retightening torgue is the torque which is specifically
required to turn the bolt further after tightening is completed. It
differs from the designated tightening torque for torque tightening by
the retightening factor, which, according to the type of wrench and the
friction and elasticity conditions, can vary between 0.85 and 1.32 [&61.

The following partial errors arise:

R justaent by Nay of Retightening Torque

——Errors when estimating the friction coefficient for the determination
of the designated tightening torgue for torgque tightening.

—=—~Errors when estimating the retightening facteor by which the
tightening torgue differs for the designated tightening torque.

——=Tool and reading erros when measuring the retightening torque.
—-—=Errors from faulty accuracy of mean value in the case of adjustment
attempts: the greater the number of adjustment attempts, the smaller the

errors.
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ad justment by Way of E£longation Measuremernt
-——Errors from elongation measuring (tool errors, reading errors,
dimension and Young®s modulus variations of the bolt).
-——Scattering of the preload force when adjusting powered wrenches.
The adjustment of the wrench as described in <)
lshould alsc be done on the original part, whereby in a sufficient number
of bolting experiments the given torque can be measured either in the
wrench itself or by torque measuring devices placed on the wrench.

The most precise type of adjustment here is alsc the determination
of the designated tightening torgque by way of elongation measurament of
the bolt. Less precise is the determination of the designated
tightening torque by mutual clamping of piezoelectric ergostat units or

even the estimation of the friction ccefficient and takbular or

. mathematical determination of the designated tightening torgue.

For determining the partial errors for bolts as described in g},
the same is logically valid as previously stated for the tightening done
with a torgue wrench.

The empirical values available to date [4] allow the recommendatiocn
of optimum values for torgque—contralled tightening with wrenches
according to Table 17.
84.65.2.2. Elastic Limit=-Contrelled Tightening Procedures

Elastic limit-contrelled tightening methods are based on the fact

that when the elastic limit of the bolt material has been reached, the

tightening torque no longer increases linearly with the angle of
rotation, i.e., the d ¥ / dJ + constant or d= Ma / d8= = O. This
principle is realized in the following way in the case of the prototypes
ouf bolts developed currentlys:

An air-driven torque wrench with an electric contrel unit first
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tightens the joint to a “"setting torque” in order to bring all
interfaces firmly inte contact. Beginning at this peint, the
appropriate differential quotient is computed and stored by way of an
adjustable length of chord of the ¥ad-curve, Figure 29. As soon as
this differential quotient falls on a firmly set fraction of the maximum
value (& ¥. 7 8% .. when the elastic limit of the bolt material is
reached, the wrench is disengaged by a gquick release valve. In this way
the desire prelcad in the case of assembly of a bolt and material lot is
largely independent of the friction effects and influenced solely by the
scattering of the elastic limit of the bolt material in a lot {upper and
lower fFo—curve in Figure 29). The plastic elongations, which the bolts
expaerience thereby, lie in the order of magnitude of the values with
which the gu.=-limit for materials with the unspecified yield strength
is defined (0.2%) so that the reusability of "elastic limit-controlled”
tightened bolts is not practically impaired.

A tightening factor &, is not needed for this procecure (see Sec.
'2.1) since the bolts are dimensioned according tQ Fm min~. For
compariscn of the precision with other procedures, 0. = 1 is given in
parentheses in Table 17.

4.6.2.35. Tightening Procedures which Exceed the Elastic Limit

{Angl e—of—-Rotation—Controlled)

Angle—of-rotation contreol of the tightening procedure is also used
today for power tightening in the practice of mass production. Control
ty way of the angle of rotation is indirectly control by elongation
measurement. Since in the case af angle.of -rotation.controlled
tightening, plastic deformations of the clamped parts are also measured,
Figure 30, this process attains its greatest precision only when the

joint is first clamped with a "setting torque" at an intermediate
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preload force Fmry, and from that is further clamped at a certain angle
in the plastic area of the bolt, Figure 30. As in the case of
elastic~limit—-controlled tightening, a slight effect of friction is
produced by the fact that the combined stress

Traet = Gm= + 3oz
exceads the elastic limit in the case of lower preload force values if

the thread torque, and therefore 7 likewise, increases as a result of

greater thread friction.

. 2) ' ““‘—\E:‘& 1. scattering of the elastic limit
@gggﬁzm 3)”““””@ = force in a bolt lot
S i ~ 2. prelaad f., tightening
23 Ansiehdrehmament Mg torque M,
25 ; ). - 3. prelocad F.
éé 6)‘ / | :23?;@2 4. tightening torque #.
BE yoran ~. IT NIEmae J. @disengagement point at ... [see
=% oranzien-  * A =
<| _momenm (5 e egquationl
g 6. pre—-tightening moment
s 7. angle of rotationd
7)) 2ewwinectd>

Figure 29: Elastic=limit-contreolled tightening (powered).

For normal friction coefficient scattering this effect is
negligible. Since the elastic limit is always reached or surpassed,
variations are produced in the specified initial preload Fm as in the
case of elastic limit controlled tightening only from the tolerance of
the elastic limit.

The essential. difference between this and elastic—limit-controlled
tightening consists in the fact that the greatest precision is specified
ornly in the case that the elastic limit of the bolt material is exceeded

and, due toc this, greater plastic deformations of the bolt must be
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accepted. Due to this, the reusability-of the bolts is restricted, and

the process can only be used for bolts with sufficiently ductile

material as well as with sufficiently large extension length (also with

free thread lengths).

For the specification of a tightening factor &. the same is valid

as for elastic limit controlled tightening.

2.4, Impul aontrolled Tighterin

Impact wrenches transmit energy through impul ses

torque is hardly measurable.

The adjustment of impact wrenches must be done,

torgue wrenches, on the original boltinmg part.

(Impact lirenches)

therefore, a given

as in the case of

It is more precise by

elongation measurement on the bolt, and less precise by tightening

torque. The consideration of errors is logically the same as in the

case of torgue wrench types a) and b). From [&] as well as other

empirical values, the tightening factorse in Table 17 must applied. The

tightening factors are so high that this tightening procedure cannot be

recommended for high duty bolted joints.

5 ) Gremeet>

sdattering of Co.= Or o,'

in a bolt lot

prelocad

prelocad fF.o e
prelocad for ...

angle of rotation
pre—-tightening torgue

Figure 30! Angle of rotatiocn-controlled tightening ({past

yield). .
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oS- Calculation Examples

S.1. Calculatior of a Bolted Joint between FPisteon and Piston Rod in a

Hydraulic Cvlinder as arn Example of Concentric Clamping and Concentric

Loading
S.1.1. Hesic Conditicns

frccording to Figure 31, the bolted joint is calculated as a
concentrically clamped and concentrically loaded joint. In the case of
an internal pressure of 5.5 N/mm= and a pressure~bearing surface of

4556 mm=, the axial force is produced at:

Frn = 28,9 - 105 N.

The cylinder is part oFf ‘a press with 300 warking strokes per hour.. .
The axial force is actardingly zconsidered as a dynamic working load.

The residual clamping fcrce should amount to at least Fum = 107 N
for security reasons because of the sealing function of the bolt in the
case of unléading by the working lcad.

The ﬁiston material is C45Y.,

The joint should be tightaned with a gauged torque wrench.
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Figure 31: Hydrauliec cylinder with central beolted joint between the
the pisten and piston rod.

S5.1.2. Calculation Process

The joint is calculated following the calculation steps 8 1 to

n
)

[}

given in Sec. 2.2.

S 1. Rough determination of the belt diameter and of the clamping

length ratio I« /7 &, as well as the bearing stress under the bolt head.

With the aid of Table &, we can assess a required preload of 63 -

10 N for a concentrically acting dynamic working load in the baolt of Fa

= 24.9 - 107, From the possible diameter/strength combinations, a bolt
M 12 X &0 DIN 912 - 12.9 is chosen.
This amounts to the clamping length ratio

1l / ¢ 42 /7 12 = 3.0

(I = 55 mm — t3).

3
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The bearing stress under the bolt head is

P = Fue /7 0.9 = 781 N/mm=

-
{(from Table 1 for us = Q.128: F_., = 67,000 Nj (Eguation (28)): B =
100.% mm=).

The allowable bearing stress for € 45 V according to Table 14
amounts tol ‘

Ps = 900 N/mm=
Thus:

P £ Pa.

8 2. Determinatic.. of the tightening factar X ..

The bolt should be tightened with & gauged torque wrench. From
Table 17 follows: %, = 1.4,

S_ 5. Determination of the required minimum clamping force Fiwa-e.

The required minimum clamping force must at least be equal to
smallest residual prelcad intaﬁded for the praoblem (Fiuw-s = Frem). Thus
it is:

Frwma = 10¥ N,

S 4. Determination of the preload force loss Fr as a result of
embedding. v

According to Table 7, a total embedding amount of F. = & um is

produced for three interfaces {(incl. threads) and the clamping length

ratioc 3.5.

o
0
-4
W
b g
—
(1]
1)
"
"
e

The rough determination of the elastic resilience of the clamped

narts accaording to Table 9 is:

b = 076 - 10== ym / N.
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The prelaoad force loss therefaore becomes {(Equation (48)):

Fz

Tz e = 1.9 - 10= N.
-

7

S 5.

Corresponding to Figure 17b,

Determination of the force ratioc &.

we estimate that the load introduction

T SRy S

levels lie at the distance nle. = 0.3 I, Thus;

& =0, = 0.3 &< = 0.072.
8§ &. Determination of the reguired bolt size.

According to Equation (9):

For mem = %n [Fare + (1=B) Fa + Fz1 = 41.6 - 105 N.

From Table 1 (full shank belt) e = 0.125, a required bolt M1O DIN
212 - 12.7 with a tension force Of Fue = 46 - 10 N is obtained for the
CONAition Fan > Fr ;ex-
8 7. Precise determination of the clamping length ratioc I. / J and
control of 8« and &..

With the dimensions of the new baolt this becomes:

& = 0.22 from Table 8 for Ix / ¢ = 44/10C = 4.4

6m = 1.0 - 10~ um / N from Table 9
and therefore

Fz = fz%&= 1.3 - 10 N

-

@ =8 =n b = C.T - 0.26 = 0.065

Fro mar & Fn [Fmre + (1=0) Fa + Fzl = 20.9 - 10= N.

Since Fup = 86 - 103 N > Frn man; We select bolt MIG X &0 DIN 12 -

12.9.

The corresponding maximum tension torgue amcunts to the following:

FOr Uw mina = 0.10 according to Table 1,

Table S.

for M., = 72 Nm according to
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According to Equation (11) & tightening torque of 7

Ha = 0.9 M., = &5 Nm
must be provided.
S 8. Test for compliance with the allowable bolt load.

According to Equation (13 there must be:

& Fa < 0.1 Go.= Ra.

This relation reads with number values:

0.066 - 24.9 - 10 N < 0.1 - &3 + 10 N

(see also Table 11).

The condition according to Equation (13) is fulfilled, i.e., the
maximum bolt load is not surpassed.

S 2. Determination of the dynamic fatigue stress of the bolt.

It is

T = + Cgen =+ D, F Ta
z =

Fa = + S5 N/mm=

{(from Table 13 on the dotted auxiliary linme plotted for
torque—controlled tightening)
Az = S2.3 mm=

Ta

* 0.066 - 24.9 - 10> N/mm® = 15.7 N/am= < o

2- 92.3.

S 10. Calculation of the bearing stress under the head bearing area.

p = Fep 7 0.9 & pa
B T QP

Am = 1046mn=T (according to Equation (28))

P = 46 - 107 7 0.9 = 482 N/ mm=
106
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The allowable bearing stress for £ 43 V according to Teble 14 amounts to
Po = 90C N/mm=.
With that it is
P < pPo-

Pe2. Calculation of Bolts of a Positive—acting Clutch as an Example of

Bolt Loading with Transverse Force

S.2.1. Basic Conditions

The joint on a disc clutch, Figure 32, is to be measured. The
torque which securely transmits the coupling effect (in boih directions
of raotatiaon) amounts to

Me mumee = 13 - 10= Nm.

Both clutch halves are composed of cast iron 20 and are connected
with 7 = {2 hexagonal bolts according to DIN 931. As adhesive friction
caoefficient of the material combination cast iron/cast iron, we have

accepted u- = 0.15.

Figure 32: Bolted joint on a plate clutch.
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The diameter of the bolted part amounts to
De = 258 mm.
Therefore we obtain a circumferential force per bholt of:

Fo = 2WHe maw:. = 8.8 - 10= N
Z ° De

and a clamping force of

F.(_.p4=FQ=5b'I°3N

The clamping length (sees Figure 32} amounts to I. = 60 mm.
S.2.2, Calculation Prpcess
8§ 1. Rough determination of the bolt diamete J with the aid of Table
-
Fa = B.4 - 10 N dynamic.
The belts are tightened with & torgue wrench.
Consequently we obtain by way of
A with 10,000 N as the next greater comparative force
B3 with four steps for dynamic transveree force Fqo
Ffinally Fu mim = 63,000 N
C with one step for tightening with a torgque wrench
Fer max = 100,000 N
P according to this from Column T of Table & a bolt size Mlé
if we choose the strength class 10.9.

With the clamping length I« = 60 mm the clamping ratiec amounts to

I = 0 = 3.75 T
d 14, ’
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A hexagonal belt 16 X 80 DIN 931 - 10.9 is chosen with
dwe = 24 mm diameter '
Dy = dz = 17 mm'diameter
I, = 53 mm
Iz = 7 mm.
Testing of the bearing stress under the bolt head!

P = Fan /0.9 & pas

A

Fup = 105 - 10 N in the case of Us = 0.125 from Table 1

R = T/ 4 d<™ — (Dp + 2 - G.5)2 = 198 mm=

(0.5 mm hole thread!)}

p = I90 N/mm= < ps = 750 N/mm™ according to Table 14.
8 2. Determination of the tightening factor .

From Table 17 we get the following for tightening with a torque
wrench

Ko = 1.6,
S 5. Determination of the required minimum clamping force Fuw-« for
given friction contact joint for the taking up of a defined dymamic
transverse force fFa.

Frme-s = 56 - 10= N (see Sec. S.2.1.7.

8 4. Determination of the preload force loss due to embedding.

There are tour interfaces including the threads.
lee /& = 3.75 -

from Table 7: - - — - ST -
fo = 4 - 1.25 = 5.0 um,

from Table 8 and Figure 352

with a0 =~ 30 mm diameter Za = S0 = 2.08= 2
T 24

this becomes 0. = 0.41& (GB)
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from Table ¢

5. 1.4 - 10~ gm/N
\
Fz & = 1.48 - 105 N

ae

Fz

S S. [Is noi necessary, since the working load appears here as a
transverée force. )
S &. Determination of the required bolt size.
The maximum initial preload force is determined with?
Foa mmme = X [Frcmre + (1=8.) Fa + Fz]
Since fo = O, then
Fr mar T P [Fumms + F21
Fra max = 9.? = 10° N < Faup = 105 - 10= N.
g 7. [Is not neéessary.]

g 8, [Is not necessary.l]

s 9. {Is not necessary.l

5 10. Proof is already rendered by S 1.

Thus the measuring task is completed.

The maximum tightening torgue belonging with F.. = 105 - 10= N in
the case of Lo = 0.125 according to Table 1 amounts to

M = 260 Nm
for Ux min = 0.10 according to Table S.

According to Equation (11) a tightening torque of

Ha = 0.9 - Heup = 0.9 - 260 = 234 Nm




~
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5.3. Calculation of a Flvwheel Fasteping Using & Central Bolt as an

Example of Eolt Locading with Torsion Shearing

S5.3.1. Basic Conditians

The bolted joint should transmit securely 3 maximum torgque of 110
Nm.

Taken strictly, the torque introduction occurs from the crank shaft
to the flywheel in two ways:

——directly from the crank shaft to the flywheeal,
~~through the rotaticnally elastic hollow bolt and plate to the
flywheel.

Since as a result of the rotational elasticity of the hollow bolt
only a decreasingly small portion flows in the second way, the full
torgue is introduced in the first way for calculation for security
reasons. 1) ~Le= 3)

2) % Schwungrad

a2

e AN =77 e

}—1

el IT o ! 1. plate

TS s - P
5?5? 1+ 1 éfg = 2. hexagonal bolt
® 1 J I W ccocccsecars i3 3. flywheel
L : N _, 4. crankshaft

Oars3mm
T-J B bx"1Emm

Figure 33: Fly—whael fastening by means of a centfél bolt.

Az a result of the rotationally symmetrical form of the clamping
and clamped parts. the fastening of a flywheel with a central bolt is an
example of a cencentrically clamped holted joint. For design reasons

the bolt must be designed as a hollow bolt.
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S.3.2. Calculatiaon Process -

The designed joint is calculated on the basis of the Calculation
Steps S 1 to S 10 giQen in Sec. 2.2Z.

S 1. Rough determination of the bolt diameter and of the clamping
length ratioc I. / Jd.

For design reascns a hexagonal bolt with the thread M 27 X 2 of the
strength class 8.8 was chasen {(witnout regard to Table &).

The clamping length ratic I« / ¢ amounts to (see Figure 33): 1&6/27
= 0.359.

Rough determination of the aresa surface pressure under the bolt
head.

In this case it can drop out since the clamping force of the hollaow
bolt is relatively low, and therefrre the contact pressure under the
head probably lies within the dependable contact pressure value.

Precise calculation is produced in Step 10.

S 2. Determination of the tightening factor “a.
The bolt should be tightened with a gauged torque wrench.
Tightening factor ®a = 1.8 according to Table 17.
R 3, Determination of the required minimum clamping force feem-<.
Known torgue M+ = 110 Nm.

Mean effective friction radius

Dim =1 Do = 0,5 = 19.7 - 10~ g,
= = Ga= = D, =

Friction coefficient in the interface g+ is accepted at 0.125.
For the production of the friction centact this bhecomes:?
Frwrs = M- = 444 - 10T N
ﬂ‘rr— yl-m
==

.

S 4. Determination of the embedding amount 7.,
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For four interfaces {incl. the thread) an embedding'émount of fz =
3 um.

S 5. Determination bf the force ratio &.

Since this is the case of a hellow bolt, Tables 8 and 9 cannot be
used for the determinaticn of the elastic resilience of the clamping and
clamped parts and of the force ratioc &. The elastic resilience of the
Eolt is determined according to Equation (24) (see Sec. T.1.1.)

65 = 6-; “+ 61 +'6°.

With I, = 16 am, A1 = 252 mm= and £ = 221 - 10- N/mm=2 it becomes:
61 = I; = 0O 30 - 10-=
. um/N
z ﬁl

The elastic resilience of the bolt head and of the screwed-—-in
threads produces, under support of Equation (27) with

A = 371 mm=, the following:

b = 8o = O.14 - 10-= um/N.

ENote: There was na correction of the factor 0.4 because the
greater resilience of the head and the sEmaller resilience of the threads
mutually cancel one another.l

Therefore the following is ~btained:

ba = O.58 - 10-= um/N.

The elastic resilience of the clamped parts is obtained from

Equation (31) (see Sec. S.1.2.1.) where

le = 16 mm and A.-- = 324 mmT aceording to Equation (29) as
L b= 1l = 0.24 - 10== gm/N. . __ __ __. o

When the lcad introduction is accepted under the bolt head or at

the transfer of belt shaft/thread, a force ratic is obtaineg according
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to Equation (53) as

O = O = Se = 0.29

s + Om
and therefare a preload force loss as a result of embedding of

Fz = 7z . = 3.6 - 10= N.
3.—

S &. Calculation of the design-established bolt measurements.’

With Equation (?) (see Sec. 2.1.) and

Fa = 0 as well as Fuw-r = 44.4 - 105 N then

For mam = Fpy CFrcare + (1-B) Fa + Fz) = 76.8 - 107 N,

Since Tables 1 to 4 are not applicable for the hollow bolt treated
in this example, the dependable clamping force must be calculated. The
following is produced by logical application of Equations (115) through
(118) (see Sec. 4.6.1.3:

Fao = 133 = 10T N (> Frm max) in the case of Zo mim = 0.125.

The bolt measurements are thus sufficient.

The reguired torgue can be calculated with Ua mi~r = 0.125 and uw
mre = 0.10 (Table §) according to Table 18 with K = C.15:

Ma = 485 Nm.

8 7. ([The control calculatien for I / ¢ and &. can drop out.]

5. 8. [Since the axial force is Fa. = O, the test for compliance with the
allowable bolt force is not necessary.l]

8§ 9. [Due to the lack of the amial force Fa, the determination of the

dynamic fatigue stress also is not necessary.]
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8 10. Calculation of the bearing stréés.

The bearing stress between the bBol: head and the hard washer
amounts to!l

with Ae = 310 mm=

Pmare =-%=2 = 430 N/mm=,

-

The allowable bearing strass according to Table 14 amounts to

for steel SO

Po = 500 N/m@= > pPrwx-e

S.4. Calculation of a Big-end Bearing Cover Joint as an Example of

Eccentric Clamping and Eccentric Loading

S5-4.1. Basic Conditions

The big—end bearing cover joint according to Figure 34 is for an
auvtomobile motor and is calculatad as an eccentrically clamped and
e@ceentrically loaded bolted joint. From a design standpoint, the bolts
are of the strength class 12.9 with the thread measurements M 9 X 1 and
the nuts of the strength class 12. The bolts are tightened with a
precision torque wrench. C 4% was chasen as the material for the
clamped parts. In the case of a nominal rpm—rate {(p = 4000 rpm) the

following basic quantities are produced:

o » il
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4
L/ N
M, | f o - A L F M
xfa | o=l
17 | o
. VZ
] y
e

Figure 34: Action forces i the interface of & big—end bearing
cover joint.

arxial force in the interface:

Fa = 3.7 - 10 N,

baending moment in the interface LNote: Determined according to
L1911

e = 3O Nm,

transverse force in the interface [Note: Detafmined according to
L1911,

Fa = 420 N.

From the bending moment ¥e and the axial force fFa, the lever arm of
the eccentric load application can be determined as

@ T Hp = 8.2 mm -

Fa
whereby i1t was accepted in & simplified fashion that the bending.mcment

is canstant over the clamping length ratic I..
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S5.48.2. Calculation Process
The calculation is produced according to the Steps S 1 o S 10
given in Sec. 2.2.
S 1. Rough determination of the bolt diameter ¢ and of the clamping
length ratio 2. 7 &-
The bolt diameter is given from the design plan with 9 mm, Figure

37. The clamping length ratio amounts to IK 7 & = 41.5 / % = 4.4,

Rough determination of the bearing stress under the bolt head.

p = Fﬁ-p / 0.9 £ Prs
N
Faup = 40 - 10% N in the case of ie = 0.125 by interpolation from Table

With A, = 65 mm™ this bucaomes

H

p =40 - 10® = £82 N/ma= < po
0. ; - 65

FO0 N/mm=

Allowable bearing stress according to Table 14.
S 2. Determination of the tightening factor %a.

The bolt is tightened with a precision torgque wrench with
adjustment of the bolt over the elongation measure of the baolt
(according to previcus calibration of the belt as a force measuring
instruqent).

Tightening factor ¢a =1.6 according to Table 17 {(for large angles

of rotation, fine threads, resilient joint).

S 5. Determination of the required minimum Clamping force Frwe-.

a) Friction contact requirement in the interface (U, = 0.12%5)

Fhﬂ-r—-" =

= 3.4 - 10T N.

Fo
e
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B In order to avoid one-sided lift-off during the nominal rpm of
the motor, Fua~e is calculated in accordance with Eguation (78) {see
Sec. J.2.4.2.) with £he measurements from Figure I35 as

Frars = (a — 8} U Fa = 92,94 - 105 N.
knZ + gu

A B ™
Abmessungen der bewnindeaty - ‘ ¥ D
Sonroute inmm MESSUNaen it mm | . .
Sretie] Li 2 [ “Wwﬁ?’"“ﬁ
E 7 21;‘ ? 4;, ?;; Syt - }. spannten iesleinmm
7 1o a7 2 19 ‘ : 4 1]
3 165 3 P [ i ‘ Ga | 75 )
% (10 92 Ay [ersmed | O 9,25 |
5 ims: —=lp — O, s
¢ |85 -0 - A 43
4.5 A @ 87
C Hermwerte oer Iremfiugentiiche: T - %3
Iy = 2ussmm ~i_ i v _ e
dg = rrrmme o s CAN
k:.ﬁ-nm 1__ | s a | 7s
4y ! ...._:r;
i
[ il d
T el -

Figure 35: Dimensions of the clamping and clamped parits of the
big—-end bearing cover joint.

A dimensions of the bolt in mm C interface coefficients

B thread dimensicons in mm D dimensicns of clamped parts in mm
E location

8.4, Determination of tée embedding amount ¥» of the elastic resilience

of the clamping and the clamped parts and of the force ratio &. {(see

Sec. 3.1.1. and 3.1.2.)

Embedding amounts according ta Table 7!

Tz = & um for four interfaces (incl. threads).

Because of the fact that the bolt used is non—-standard, the
resiliencies of the clamped parts and the force ratio cannot be
'aéterminéd_airectly a::cédiﬁg'tc Tables 8 and 2., but rather are to be
calculated individually.

Resilience of the bolt according to Equations (2T), (26) and {27)

Sdm = 3.7 - 10-= um/N.
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Resilience of the clamped parts!

In the case of the determination of the resilience of the clamped
parts, the slight ecﬁontricity cf the bolt (£ = 0.3} is not considered,
thus not 6~", but rather 5= is determined. The initial preload force
which conditions the smbedding acts concentrically.

With Q... according to Equation (29) this becomes with Eguation

bm = 2.6 - 10~ ym/N.
Force ratiao & according to Eqgquation (53):

g = B = 0.41.
b + ba

With that the preload force logs as a result of embedding becomes

Fz = {2 @ = O.79 - 10= N.

-
S 5, Determination of the force ratioc 8.

The transmissiocon of bending moments and normal forces in the
interface leads to & bolted joint with eccentric locad application.

Besides this, the load imtroduction does not take place under the bolt

head and the nut but rather within the clamped parts. Since the largest
part of the bolt pipe of the small—-end Mole can be considered as a
clamping sleeve, P = 1/3 is estimated here.

Corresponding to Equation (48) this becomes with

s = Q.3 mn, & = 8.2 mm, RBn = 171 mm= and fAemrw = TS5 mm=:

Baen = 1 b (1 + 3/5 1) = 0.15
Om + S (1 + A2y,

ired bolt =size,

S 6. Determination gof the regu
According to Equation (9) (see Sec, 2.1.) the maximum initial
preload amounts to

Fﬂmqn=aﬂt [Fh'uf-f*(l-anﬁ} FA+FZJ=GQFM-;!~-




Page 98

For the case of hearing cover bolting, fem i~ must still be
increased at the amcunt F_ which is reguired for the elastic and plastic
deformation of the bearing bushings in order to cvercome the bearing
exCess.

For overcoming the bearing excess, an axial force of 6.2 - 10= N
per holt is necessary according to Roewer [20].

Thus valid for this case is:
= &

FH e

= 1.6 (9.94 + 3.15 + 0.79 + &.2) - 105 N = 32.1 - 10™ N.

If we accept & friction coefficient uUe min~ = 0,123 according to
Table 5, we obtain for the bolt M? X 1 of the strength class 12.9
according to Egquation (118) a tension force of

Fapm = 45,1 - 10® N > Fru man
and a tension moment according tc Egquation (124) where ux ma~ = 0.125 of
Moo = 68 Nm.

For the assembly, then, the mean tightening tordque is obtained:

e = 09 - Muyg

Mo = &1 Nm.

Thus the bolt is correctly dimensioned.

8§ 7. L(The check for Il. / d can be eliminated since thess values were
already accurately determined.]l
3. 8. Test for compliance with the maximum allowable baolt farce.

Ban Fa £ 0.1 Co.= B~r

(o]

=15 - 3.7 - 10 < 0.1 - 1082 - S4.8

55T < I800.
8 9. Determination of the dynamic fatigue stress of the bolt.
The bolt is stressed due to eccentric clamping and loading by

tension and bending.
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i According to Equation (100) (see Sec. 3J.2.4.3.):

1+(1 __:_)1.: f£a 2 7 335 | B Fa
Tesos = D 4 P QP EpSQ- k= F- 2.

follows with the measurements from Figure 35 and

Barn = 0.15, le / lrm = %, A = 171 mm=

Fr = T.7 - 10= N, €a / Emw = 1, Ip = 2445 mm™
and ko= = 14 mm=
on the tension side:

Comac = (1 + 3.96) 12.1 N/mm= = {2, 1 N/ma= + 47.9 N/mm2 = 60 N/mm=.

With extention measuring markings which were placed on the bolt
shaft in the vicinity of the interface, a2 tension variation was measured
in the case of a minimum prelocad foers = 1Z.1 - 10™ N after application
of the axial force Ffao = 3.7 - 10™ on the tension side as opposed to the
preload of 52 N/mm=, and on the pressure side *here was a preload of -I2
N/mm= measured. From this there is a termsion clamping portion of 10
N/mm= produced (12.1 N/mm2 was calculated), and a bending clamping
portion of 42 N/mm= (47.9 N/mmZT was calculated).

Figure I6 shows the comparison of calculated and measured tension

distribution in the interface plane of the boit.

~
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Jtraction
‘-ﬁ ‘a N/mmd
HRER
| 1% +pressure

==
I
L

measured

----- calculated

Figure 24 Tension distribution in the interface planes of the
balt.

The dynamic stress fatigue of the bolt on the tension side amcunts

to

O = Toane = :30 N/mm=2

2

From Table 13 we can obtain an endurance strength on the dotted
auxiliary line plotted for torque controlled tightening of at least:

Ta = + S5 N/oam=,

Therefore:

6-. { JAQ

S 10. Calculation of the contact pressure under head and nut.

P = Fup /0.9 = 772 N/awm=
-

- p./ - —_ A Py

L Po = FO0 N/mm= according to Table 14,
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23 S Sy 0 2 Eccentric
Cl i adin
5.'. o

The belted joint between a cover and a hydraulic cylinder which is
internally pressurized is tc be dimensicrned. The cylinder is
constructed out of steel SO, the cover cut of C 45 V. The greatest
internal pressures amounts to

Pmare = 20 N/mm=,

It can decrease in the course of functioning to

Pmg o~ = & N/mz.

.
R AR

— -

Figure 37: Bglt arrangement for the cylinder joint.
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The folloming quantities are based on a primary design (see Figure

3

Internal cylinder diameter D. = 140 om
Exterral cylinder diameter in the
area of the cover bhalting D, = 210 mm
Number of bolts i = 13.
In the case cf maximum pressure, the residual clamping force per
bolt amounts to at least
Fum = 3000 N.
The bolts should be tightened with a gauged torque wrench.
With that we ar® able to calculate!
~emgxternal diameter aof the clamped sleeves
Da = 1/2 (D, = D.) = 2% mm;
-—the greatest axial pressure force in the cylinder
Fonw = T/8 0,2 po.. = 308 « 103 NE
-+~—the smallest axial pressure force in the cylinder
Foren * T4 0= prym = 92.4 - 10 N3
~—-wOrking loads on a bolt

Fo mm ® Famo & Fmaw = 20.5 - 10= N
2

F’FIH=F~4=F@‘n=6-16' 10= N
F4

5.5.2 lati Process
Q_L% Rough determination af the bolt diameter d and the clamping_ length
ratio I. / d.

We are dealing with an eccentrically loaded bolted jeint produced
by the perimeter moment of the bending of the circular plate of the
cover. The dimensioning af the bolts is selected under the assumption

of a bending-resilient cover which is firmly clamped in the halt plate
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{the system line of the end Ccylinder). The cover is & circular plate
with constant plate thickness. Local contact resiliencies and the
bending resiliesnce of the cylinder in the since of the theory of
Circular cylinder bearings are naglacted. Additionally, we carn consider
an eccentric clamping due to the differentiating situation of the axses
of ratation of the collaborating pressure body andg the b-nding'body.
Given these assumptions we are on the safe Side when dimensioning the
bolts.
The following balt sizes are produced for Fa = Feo with the aid of
Table & for dynamically and sccentrically loaded bolts in the direction
af the axis and for tightening with a gauged torgue wrench:
A with 25,00C N the next greatest bolt strength
Fa = 25000 N > 20,500 N,

B with two steps for a dynamic and eccentrically acting
working force Fu min~ = 63,000,

C with one step for tightening with a torque wrench now
Fr mme = 100,500 N,

D with Feu man = 100,000 N from column 1 a bolt
size of M20 DIN 912 ~ 8.8

where

de. = 30 ma and

Dew = 22 mm according to DIN &9

dw = 22.84 mm according to DIN <912,

Determination of the clamping length and the clamping length ratio:

1, =21 am

Iz = 14 mm

I 2 1, + 1l = 3% mm
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Calculation of the contact pressure under the bolt NMesad?

p = =

Fap = 117 « 10™ N in the case of us = 0.12% from Table 1

Am = T/4 [du? = du=] = 312.7 ma=

P = 415.7 N/mm™ < py = 900 N/mm= according to Table 14.
S 2. Determination of the tightening factor &..

Co = 1.6,
S 2. Determination of the required minimum clamping force.

The minimum clamping force is determined on the one hand by the
required residual clamping force established in the problem:

Frmrs = 000 N
and on the other hand by the clamping force which in the case of
eccentric clamping and loading directly prevents cone-sided lift-gff in
<he interface, namely according to Equation (78}

Frowrez = (@a — 5) u * Fa
kn= + 5 - u.

With the division

t =0, + Dn -7 = 34.7 mm
1

we obtain according to (183

[ (2 s]c
@ = S5 T Depenn 02 2 - Da + T } = 29.8 mm

32 7 Fam

In order to keep the amount of calculation effort as small as
possible, the annulus sector is replaced by a plane~like suspesnsion

frame (see Figure 37).
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vith the measurements of this suspension frase we get?
Yo = 14,37 e
£ m 16.% - 14.3 = 2.2 mm
B = 852 mm=
In = 89.784 - 105 pme

I = 10%5.33 mm=
kn= = Qg

a = (@ = 5) + 5 =mw 29,8+ 2.2 = 32 mn
u = 17.5 - 2 + 2.2 = 17.7 o
Therefore
Fruwms=n = 75,8 - 10 N.
8 4. Determination of the prelaoad force loss.

Fzzfz@
[- 1=

According to Table 7, we obtain for three interfaces (imcluding the
threads) and a clamping length ratio I. /7 d = 1.75
Fre = 4,5 um.
According to Table 8, 8. is determined as
& = O_324
(interpolated for Ja /7 de = 1.167)
and according to Table ¢
bp = 0,437 - 10~ um/N
(interpolatec for the parameter ¢ = 20 mm, I, / ¢ = 1.75 and Oa / & =
1.167).
Therefore Fz = 3.34 - 10= N,
€ 5. Determinmation of the force ratic.
Ourn " 7 b (1 + & / 5 i3
« *+ 0= (1 4+ A=)

with n = 0.% and
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Oa = &5u + 61 + 852 + 60 = 0.83 - 10— um/N
as well as
A= 0.14 according to Egquation (33). then
Gun = 0,22,
2 6, Determination of the required bolt size.
First the maximum initial prelacd is determ ined as

Fro man = %gq [Fiwres * (1 =~ Barn) Fao + Fz]

]

132 - 10= N
According to Table 1 i1n the cas® of Us mi~ = 0.125,

M 20 DIN 212 - 10.9

is selected as the proper bolt with F., = 144 10T N > Frr cmeam =
Therefore the clamping moment for Uew mi~ = 0.10 (Takle 5) according
to Table 1 becomes M., = 600 Nm, and the tightening torque becomes Mo =
0.9 * M, = S50 Nm.
g 7. The exact determination of the clamping length ratio and the
control of &. and 6~ can be eliminated since the bolt size does not
deviate from the cne originally selected.
S 8. Test for compliance with the maximum allowable bolt strength.
According to the relatiocn,
®en - Fam £ 0.1 - Co.2 ° fAm
then
V.22 - 20.5 - 10T < Q.1 - 220 - 10=
4.351 - 10 < 22 - 103,
This condition is fulfilled,

8§ 9. Determination of the dynamic fatigue stress of the bolt.

In the case aof given eccentric loading with raised tension
amplitude due to the «ffect of bending, the folliowing must bhe calculated

according to Eguation (100):
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Toae = [14-(1 ’i) ld £ 2 g™
 y— 2/l mrn Er 8 By ke=|-

- ﬁﬂn (Fao = Fﬁ}l!

Where
d= = 16.93 mm
Az = 225 mm=<
I, = 14 mm
I = 21 mm and

lwrw = 36.42 mm from Equation (91) becomes

Tone = T9.8 N/mm=

(= = 0.5 - Oman = 29.9 N/mm=2 < g, = 44 N/mm=
according to Table 13 on the dotted lime plotted for torgque controlled
tightening.
S 10. Calculation of the bearing stress under the bolt head.

Fo.z - As = 220 - 10® N according to Table 11
B = T8 [de= — (Dp + 2 - 0.2)=] = 312.6 mm=
p = 704 N/ mm= < pn = F00 N/mm=,
S.6. Calculation of a Flange Joint as an Example for Bolt Calculation

in the Case of Non-directlv Stacked Plates

Here we are calculating a pipe flange jeoint N 200/ND 40, Figure

I8. under the following conditions:

Forces Means of Pressure
al) free of axial force water
B> with additicnal axial force water

c) free of axial fgrce steam (300« ()
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Standard prewelded flanges of the pressure level ND 40 actording to

DIN 2635,
d=
a
e
]
P
d=

&

which are being used here, have the fgollowing dimensions:

206

mm

e

mm

holes

mm

mm

mm

In this case the calculations are performed to determine

———whether the stress can be taken up,

~—whether the scught sealing property is suited,

-—whith bolt force is reeded for assembly.

Figure 38: Dimensions on a pipe flange joint with flanges according

to DIN 2635

(bolt removed!).

These calculations are not strictly schematically feasible

accarding to the calculation steps in Sec. 2.2.
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S. .

As a seal, It-material is considered in all three cases. With
consideration of :onaitions c), & good quality is selected. The
following are the dimensicns (Figure 38):

b = 2 mm

be = 20 mm
and therefore

do = 220 mm and

@ = SO mm.

The sealing characteristics are cobtained accarding to DIN 25035
water as

ke Ko = 1.5 bp = 30 kp/mm JO0 N/mms
for gases and steam at

ko - Ko = 20 Yoo/hp = 63 kp/mm % &30 N/mm
as well as

ki = pp = 20 mm for water or

ki = 1.Z bp = 26 mm for steam.

The decisive forces are obtained as

———working load Ffa = _®dp= - p = 152 » 10™ N
4

~—-minimum sealing force Fop man = Tde &k, p 5

Fo min = 83 - 10™ N for water ar

Fo mim = 108 - 10 N for steam

(in the case Of a safety factor & = 1.5 accordihg to DIN 250%).
~——minimum initial compression force of the sealing property:
Fo mam = Fdp ko K
Fo mam = 207 - 10 N for water or

Fo mam = 435 - 105 N for steam.

faor
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The additional axial force is sS@t with f_ = S00 - 10T N: the
tightening factor at &, = {,7 (tightening with torque wrench [see Table
17133 the embedding amount 7z = 0.1 mm for water and 7z = 0.2 mm for
steam (see also DIN 25035). The friction coefficient in the threads is
Ay = 0. 14,

The bolt dimensions are consistant through the normal flange with M
27. A reduced shank bolt is chosen according to Figure 39.
Seb.L. Determination of astic Resilienciaes

The elastic resiliencies of the participating elements are produced

as follows:

For reduced shank bolts M 27 (Figure 39) with the dimensions

dh", = 27 mm
dr = 21 mm
1 1 = S mm

I = 55 mm
I= = 10 mm

the following cross sections are obtained

A = Ay = £,=T = 573 mm=2
y-3
Rz = de=T = I76 mm=
- 4

Am = 459 mm~™ (tension cross section) and accordingly

6m L(5¢+12+13+2-0.4d)
[

2 \A. Az Fe Ar
e = 1.10 - 10~% mm/N for 20° C or

s

0= 1.10 - 2.; * 107 am/N = 1.28 - 10~ ma/N for 3I00= C.
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- Poy
t 4
r =
e o
I |
ohoe
-l

Figure 39: Dimensions of the reduced shank bolt for the pipe
flange joint.
For the flange, the resistance moment with Equation (4Q) becomes

b= 1 (0o + s) 52 « _] (de = dez ~ 2 dlT) he™
12 12

A= 19.6 - 10% mm>g
the inverse resilience with Equation (38) and Ha = 72 mm (Figure

>8) becomes

¥ = G + d= = 0.157 - 10— 1/Nmm
4T £ ba W

and where @m = &k = da — 5 = 556.8% mm, the resilience for 20= C
2
becomes
&, = ¥ @™ = 0.393 - 10-% qm/N
52 = ¥ ap a8 = 0,447 - 10~ mm/N

b= = ¥ {@m — @p) ap = 0.058 - 10-* mm/N
and for 300 C correspondingly

6, = 0.458 - 10-> mm/N

6z = 0.521 - 10— mm/N

&s

0.0683 - 10—* mm/N.
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The resilience of the seal is determined with Eguation (31),
whereby the elastic deformation {(shortening) of the flange plates is
neglected. Young's modulus of It-material is approximated in the area
cf interest as the secant modulus ag
E€p = 1300 N/ma= far 20° C and
Ep = 2200 N/am= +for 300°,

The following equations ar2 thus cbtained:

br = ho = 0.111 - 10—> mm/N for 20° C
Eoﬁ o bon

and

6r = 0.111 - 107 - 1.3 = 0.046 - 10 ~* mm/N for 300= C
o] = termination of tie Force Ratio and of the Force Loss dus to
Embedding

According to Equation (1046) the following are determined for 20° C

By = éF -2 6;3 = 0,003 and

ba/m + b + 2 05 - 2 b

1 = Ory = 1 ~ 0.003 = 0.997
as well as for 300= C

B, = —0.055 and 1 - &w, = 1.0SS.

If, for operaticn at 20<, according to Egquation (47), instead of &«
+ 6w in the demoninator we put in

bu/m + 2 61 + 6~ = 0.989 - 10— mm/N,
then we can determine the force loss due to embedding as

Fz = . = Q.1 mm = 101 - 10= N
Su/m + 2 &, + Ep 0,989 * 10~= mm/N

Since the resiliencies change at 5002, the graphic determination is
simpler (see Sec. 5.56.4., Conditions ).
5.6.4. Determination of the Maximum BHolt Preload

For the conditions al) the follawing is obtained according to

Equation (9)

Frai mmn = 4 LFp mim + (1 = Bey) Fa + Fzl = S70 - 10= N.
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We arrive at the same result if we draw the joint diagram according
to Figure 40. From Paoint P onward, the increase aof the seal

characteristic is plotted with &~ = 0.111 - 10-> mm/N. Point M lies in
the lavel of fo min = 83 - 10%; vertically over it, in the distance Fa =
132 - 10¥ N, lies Point K. For any force F,* (Point V’)—but here taken
logically at 200 - 10%——we calculate for complete unloading of the seal
Point M* with Fa™ = FLr/(l = Bpy) = 201 - 10=

= _J

N. If we draeaw the
parallels to Point V’M* through Point K then we get Point V of the

diagram as a sectiocm with the seal characteristic. The rise of line SV
is produced from the resiliencies of the clamping parts fu/a + 2 6,

=0,878 - 10~ mm/M, and thus Point S.

80 VM
N
Jo0 r”r
m-
200
hated O
100k P
50
by gl &
a [ (5 a3 Q4 mm Qf

Z

Figure 40: Joint diagram for conditions a).

Faor consideration of the embedding amount parallels are drawn
thraough Point 0O to SV and PV which include the line 7= = 0.1 mm on the
new base line S'V" of the clamping diagram. With this we can read the

minimum preload Fo mia = 335 - 105 N (Line 0O°V*). From this follows, as
calcul ated

Foa mamw =% Fru mam = 1.7 - 335 - 10 = 570 -

=5 10 N (as above).

Pt e
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In the case of twelve bolts, e@ach bolt is loaded with IZ70 - 10=,12
= 48 - 10~ N.

Rccording to Table 2 we get a clamping Forc@ OFf Fap = 1592 - 10> $or a
reduced shank bolt M 27 - 8.8. The bolt size is therefore sufficient.

For the conditions b) the following is produced

Fou man = %a [Fp min + (1 = Bpy) (Fa + FLY + Fz3

= 1.7 + 105 [82F + 0.997 (152 + 500} + (011 N

Fr max = 1418 - 105 N,

If we plot the joint diagram in the same way as for conditions a’,
Figure 41, we reach the same result. The locad per bolt at 1418 » 107/12
= 118 - 10> N lies beneath the dependable limit of 143 - 10 N for the
quality 8.8.

The calculation of the value Fm wa- in the case of conditions ¢) is
made difficult due tc the various resiliencies for 20° € and 300= C so
that a graphic determination is simpler. The joint diagram, Figure 42,
is designed with the resiliencies for 300 € in the same way as Figures
40 and 41 to Point 5°. Corresponding to the higher embedding amount as
a result of the creecage of the seal, Point S° lies rather far to the
left of 8 {(Note: Depending upon seal condition, there can be even
essentially higher embedding amcunts, @.g., 0.5 ma.) If we put in lines
through S and P® with rises corresponding to the resiliencies for 20-
€y then we get Point VY from which the minimum preload Fo ain = 470 -
10 N is produced. In operation it falls to 440 - 10 N (Pgint K) and
climbs in the cold state (pressureliess) again to the value Fu mim = 470
= 10 N {(Point V"). Iin the case of each additional loading the bolt
strength alternates between Points K and V", thus with an amplitude of
-

30 - 10%/2 = 15 - 10 N/mm=. The maximum loading per bolt ts praoduced

at 1.7 - 470 - 105/12 = &7 - 10= N.
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Figure 41: Jeint diagram for the conditions b,

Figure 42; Joint diagram for the conditiocns c.
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While under the conditions a) and bB) the oscillation range (the
difference of the forces at Points K and V in the Figures calculated as

Foa = Bmwy Fa Or Fom = 8ey (Fa + FL)
at 460 N o 1960 N) is slight, and the fatigue strength is not
considered, this range is higher in the case of conditions <) with 30 -
105, The amplitude of the nominal tension is cbtained as

Ca = Fma/2Z @ Av = 30 - 105/2 - 12 - 3847 = 3.6 N/mm=.

Generally even this will cause no difficulties as long as no
additional forces occur. The bending tension of the bolts connected
with the tilt of the flange is nevertheless hardly noticable in the
oscillation amplitude since the tilt hardly changes with the pressure.
S.6.6. Calculation of the Ssal Charagteristic

The farce fou mim = 207 - 10 N (a ad B) OF Fu man = 435 - 10T N
necessary +or the deformation of the seal is produced in all cases by
the minimum prelocad forces.

Additionally, the strength of the flanges must be checked since
these would cause stronger embedding due to plastic deformation in the
case of overloading. This occurs with the help of the relation

o = M/W” 2 Fra man @p/{2 71.5 M=

= Fra omax * 0.27 - 105 N/mm=,

The greatest value is qbtained for the conditions b) as

O = 1418 - 10 N - 0.27 -

10=% 1/mm= = 383 N/mm=

50 that & flange material with an elastic limit of 1.8 - 383 N/mm™= =

L]
~J
b

N/mm* jig necessary.
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CALCULATION TABLES

The fallowing pages represent keys to the tables
All commas

{Translator’s Note:
found inm this guideline and should be used with them.
@.g., 14,56 =

between numerals are to be read as decimals points,

14.36.7
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Table 1: Clamping Forces reas and Tightening Torque M., faor Full Shank
Belts
with Standard Metric Thread According to DIN 13. @. 13.

Column 1 = Diameter

" 2 = Class

3 Clamping forces fa. in N for us

" 4 = Tightening torque M., in Nm for e

Table 2: Clamping Forces f.., and Tightening Torque M., for Reduced

Shank

Baolts with Standard Metric Thread Accerding to DIN 13, p. 13.

Column 1| = Diameter
* 2 = Class
M3 = Clamping forces Fus in N far‘ua
" 4 = Tightening torque M., in Nm for de

Table JF: Clamping Forces fa- and Tightening Torque for Full Shank Bolts
with

Fine Metric Thread According to DIN 13, p. 135.

Column 1 = Diameter

" 2 Class

!

3 Clamping forces F.. in N for Ue

1 4

Tightening torque Ma. i Nm fOr U

Table 4: Clamping Forces Fan and Tightening Torque M., for Reduced

Shank

Bolts with Fine Metric Thread According to DIN 13, p. 135,




Column

Table S:

Conditdi

tMain column 11

1 = Diameter

2 = Class
S = Clamping ?ar:es Fap in N for do

4 = Tightening torque M., in Nm for uw

ons. ¥

Surface I ~— a) u-: bolt head

[Minor
Steel,

Column

"

LMinar
Col umn
»
CWords
leicht
trocken

mit Kle

fMajor column 111

b)) de:

columns 1-31

bolt thread

or nut

darkened or zinc phosphated

1 = pressed, rolled

2 = turned, cut

3 = ground

columns 4-57

4 = Steel,

5 3 H

running

gealt

ber =

vertically in left marginl

cadmium—-plated & um

zinc—-plated

lightly ociled

dry

LN

ot adhest .

Surface II -— toward material

toward nut thread

LLevels in descending orderl

Level 1

= Steel,

rolled

& um
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Friction Coefficients for Various Surface and Lubricant
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planed, milled, turned, cut
ground
Level 2 = Gray cast iron, planed, milled, turned, cut
Black malleable cast iron, ground

Level 3 = Steel, cadmium-plated & um

" » internal thread
zinc-plated & um
" " internal thread

(ground, ralled), phasphated
(machined}), phosphated

Level 4 = Al-Mg alloys

Level & = Steel, cadmium—-plated & um
" " internal thread
zinc-plated & um
" " internal thread
Level & = Steel, gray cast irom, bBlack malleable case iron

cut

* The friction coefficient U« m.~ for the determination of the
appropriate clamping moment M., (MaAsS0.9 M_._.) and the friction
caefficient Ue mi~ for the determinatio& af the clamping force F., can
be found in Tables 1 to 4 (OF Ugww ~i~ 1F & = iUw,.).

#*% for synthetic lubricants and micro-encapsul ated adhesives
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Table &: Estimation of the Diameter Range of Boltis.
[Boxed chart in upper leftl
Column 1 = Force in N
Columns 2~4 = Nominal diameter in mm
Strength class
[(Directly below boxed chartl
Example:
A joint is dynamically and eccentrically locaded by the axial force
Fa = B500 N. The bolt with the strength class 12.9 should be installed
with a torgque wrench.
a4 10,000 N is the next-greatest force ta Ffa in column 1.
B Twao steps for an "eccentric and dynamic axial force” lead 40 Frm mim =
23,000 N,
C One step for "tightening with a torque wrench" leads t0 Frm masx =
49, 000
D FOr Fm mern = 40,000 N we find in column 2 (Strength class 12.9): M
i0.
CTop rightl
A Frem coclumn 1 choose the next—greatest force to the working load £,

being applied on the joint.

B The reguired minimum preload f~ min~ is produced by proceeding further

from this number at:
Four steps for static or dynamic transverse force
Two steps for dynamically and eccentrically acting axial force
or

One step for dynamically and concentrically or statically and
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eccentrically acting working load

or

No steps for stati:ally and concentrically acting force
C Tha required maximum preload Fu e~ is produced by proceeding from
the forte Fem min atd

Twe steps for tightening the bolt with a simple wrench which is set

cvar the tightening torgue-—or

Sne step for tightening with a torgue wrench or precisicon wrench
which is set and determined by means of dynamic torque measuring

or length measuring-—-ov

Ne steps for tightening over angle contrcl into the elastic area or

by means of elastic limit-¢entrolled tightening directed by computer.
D The required bolt dimension in mm for the selected strength class

is in columns 1 to 4 next to the number located.

Table 7: Optimum Values for the Embedding Amount per Interface for
Temporally Alternating Working Loads. (For restrictions see Sec. 4.4.).
The thread cocunts as an interface!

CTop leftl

Number of interfaces {including thread)

ETop rignhtl

Embedding amount in um for the clamping length lw/d =
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Table 8: Force Ratio Q.. -
{Top leftl
Full shank bolts
LTop rightl
Reduced shank bolts
[Vertical in left marginl
Farce ratio @
[Vertical in chartl
M12 with lw = 42 mm (see Example S.1, S 4}
[Vertical under chartl
Al-l.g = Aluminum alloy

GG

1

Gray cast iron
Stahl = Steel
Werkstoff der verspannten Teile = Material of clamped parts
{Centered under chartl
Clamping length ratic l./d Larrowl
Presented function derived from Equations 2%, 27, 29, 30, 31, 53
log (1 - 1) + log Eq -~ log 1.8 =
S E.

(omly for reduced shamk bolts)

log {h.z +C 0.31 1. + 1=2>] (1 +1.25 ol
- 2 d 100 ) oy

with C = (Do -1} and the mean values in the dimension area M4 tao M30O

= 1
-

L
—

(43

e
.
]
3
|
[ ]
L]
ey
[y
c
R 1]
L
N
3
1]
(&)
L ]
[
R
o
=0
[}
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[able 9 Resilience of Clamped Parts.
EVertical in left marginld
Resilience = in 10== gm/N.
EDiagonal in chartl
Thread diameter d = 30 mm
(s.Beispiel S.1 R4) = (zee Example S.1. S &
[Vertical in right marginl
Clamping ratio I, s &
fVertical below chartl
Al-Lg = Aluminum alloy
GG = Gray cast iron
Stahl = Steel
[Horizontal below chartl
Sleeve — Plate
Presented functions derived from Equations 29, 30, 3i:
log 6w = —=(log d + 10g Ee« + log y) with

y =7 (1.2d_+C0.31 +C 1. ) and C = (Da - 1)
4 1w 2 200 d G

and from mean values in the dimension area M4 to M3I0 by deem = 1.56 d and

Ppw = 1.11 d.

Table 10: Length Ratio for the Interface of the Eccentric, Clamped and

Non—~loaded Joint.
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Table 11t Pitch, Tension Cross Section, Core Cross Section ang Forces

Fo.z for Full Shank Boits with Stancdard and Fine Metric Thread According

te DIN 13, p. 1Z.
Column 1 = Diameter

* 2 = Pitch p mm

L1

L}

3 Stress area A. mmT

" 4 = Core cross section 8- mm=

Columns S~7 Force at the minimum elastic limit Fo = = Fo.2 A with

strength class according to DIN/ISD 898.

Metrisches Regelgewinde = Standard metric thread

"

Feingewinde Fine i "
Table 12: Pitch, Reduced Shank Cross Section, Core Cross 3Zection and

Forcas fo,zz for Reduced Shank Bolts with Standard and Fine Metric Thread

ARccording to DIN 13, p. 13.

Column 1 = Diameter
" 2 = Pitch p mm
" 3 = Reduced shank diameter d+ h 13 (0.9 - dx) mm
ad 4 = Reduced shank cross section A+x wi~ = B mm>
Columns S-7 = Force aof the minimum elastic limit Fo,2 = Ta.2 Pe with

strength class according te DIN/ISO 898.
Metrisches Regelgewinde = Standard metric thread

» Feingewinde = Fine " "
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(: Jable 1Z: Optimum Values for the Fatigue Strength of Annealed Bolts of
the Strength Classes 8.8, 10.9, 12.9 {(Haigh Diagram).
[Vertical marginl
Fatigue strength + ga
CHorizontal below chartl

Relative mean tension gﬂ 100
De =

CIn chart referring to dotted line on rightl
Preload in the case of elastic limit or angle of rotation—centrelled
tightening procedures.
LIn chart referring toc dotted line on leftl
Upper limit of preload for torgque-controlled tightening
C0Bn diagonal lines in descending orderl
M4 to M8; M10 to Mié; MiI8S to M3O
{ CIn box in lower left cornerl

For rolled bolts we can calculate with appox. doubled values.

Iable 14: Allowable Bearing Stress pe in N/mm™ for Compressed Parts of

Various Materials.

Werkstoff

L}

Material

AnTiehen

(]

Tight®ning {(procedure)

motorisch/von Harndo

maotorized/by hand

Ge 25 = gray cast iren 25
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Table 15 Factors which Influence the Fatigue Strength in the Positive
Sense.
1. Clamping Ratic.
1.1. Expanding the lengthening and bending elaaticity by!
reduced shank beolts,
long bolts,
high strength bolts,
through—-bolts with nuts,
attaching a sleeve,
reducing Young’s modulus.
1.2. Reinforcement of the clamped parts by:
design measures,
using materials with great elasticity as well as by separating
bearing and sealing functions.
1.3. Aveiding bending by:?
reducing the eccentricity,
raising the preload.
1.4 Maintaining the residual clamping force by!
avaiding embedding,
avoiding conditions which cause unbelting.
2. Bolting Conditions.
2.1. Egual distribution of tension by!?
bolt material with low elasticity.
suited nut types,
suited thread profiles,
pitch differential between bolt and nut threads,

high prelcad,
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elastic thread liner.
2

e2. Thread teolerances

(sufficient play in thread).

. Fatigue Strenqgth of the Bolt.

-

S.1. Shape influences at the head and shaft caused by:
increasing the head tensile,
large radii,
threading in the bolt hole.
3.2. Shape influences ir the thread caused by:
large radii,
heel thread,
soft end thread.
4. Materials and Production.
4.1. Materials:
great durability,
high strength,
avoiding de- and recarburizaticon as well as sgaling ,
uninterrupted thread flow.
4.2, Surface improvement by:?
strain—hardening.
burnishing and palishing,
applying internal pressure,
aveoiding electropolishing.

Z. _ Chemical Surface Conditions.

S.1. Avoiding corrosion.
{(However, unfavorable influence dus to galvanized prsotective

lavers).



Page 132

Table 16: Recommended Minimum Engagement Depths for Blind-hole Thread.
Schraubenfestigkeitsklasse = bolt strength class
Gewindefeinheit d/P = fineness oOf thread d/P

GG-22 = gray cast iron 22

Table 17: Optimum Values for the Tightening Factor &,
Anziehfaktor ¥, = tightening factor .
Anziehverfahren = tightening procedures

comments

Bemerkungen
(1) Elastic limit-controlled tightening (powered).

(1) Angle of rotation-controlled tightening (powered or manuall.
[Commentsl The preload scattering is overwhelmingly determined by the
scattering of the elastic limit in a given bolt lot. The bolts here are
dimensioned for Fm w.~- The tightening factar %, therefore drops out
for these tightening methods. The values in the paren£h9595 serve to
compare the tightening precision with the follawing procedures.

1.2 Tightening with length measurements of the suited bolts.

EComments] Complicated procedures only applicable in very restricted
cases.

1.4 to 1.6 Torque—contirclled tightening with & torgue wrench or a

precision wrench with dynamic torque measuring.
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torgque on the original jcint part, e.g., by lengthening
measurement of the bolt.
[Specitic comments for these methodsl

i,ower values for:
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——great number of adjustment or checking attempts (e.g. 20).

——sglight scattering of the given moment.

—elaectronic torque limitation during assembly in the case of

precision wrenches.

1.6 to 1.8 Torgue—controlled tightening with a torque wrench or a
precision wrench with dynamic torque measuring.
Datermination of the specified tightening torque by
estimation of the friction coefficient (surface and
lubricant canditions).

[Specific comments for these methodsl

Lower values for:

-———precise torgue wrench (e.g., with a meter).

-—=uniform tightening.

-—~precision wrench.

Higher values for;

—-——torque wrenches with signal device or which bend.

1.7 to 2.3 Torque—contraolled tightening with wrench.

Adjustment of the wrench with tightening torque which is
.formed from the specified tighening torgue (for estimated
friction coefficient? and from-an extra allowance.

CSpecific comments for this methodl

Lower values for:

-——great number of checking attempts (tightening torgue).

~——wrenches with disengagement devices.

2.9 to 4 Impulse-controlled tightening with impact wrenches.

Adjustment of the wrench over the tightening torgue—-—as

above.




Page 134
[Specific comments on this methodl
Lower values for:
——=great nuaber of adjusty»ent atiempts (tightening torgue).
——on the horizonmtal branch of the wrench characteristic.
——impulse transmission which is free from play.
[General comments for all methods frem 1.4 to 417
Lowar values far!?
~e=~glight angle of rotation, i.e., relatively stiff jaint.
-———relatively soft apposing plane.
-——gpposing planes which are not prone to binding, e.g.. phosphated.
Higher values for:
-—-high angle of rotation, i.e., relatively resilient jocints as well as
fine thread.
-—=~great hardness of opposing plane connected with a rough surface.

~=~deviations in shape.
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Takle 18 K Factors for the Quick Calculation of the Tighteming Torqgue
for ue and uw.
[Dircetly above numbers in chartl
Head friction coefficient aw.
LVertical in left marginl
Thread friction coefficient ue.
LAt bottom of chart]
Maximum tighterning torgue o max = K - Fm - & in Nm.
CBelow chart]
Fa in N is the desired preload if 90% utilization of the elastic limit
is predicted. Insert Ff.. from Tables 1 to 4.
d in m is the nominal diameter of the bolt.

R = standard thread, F = fine thread.



' Tafel 1. Spannkrifte F,, und Spannmomente M, fir Schaftschrauben mit metrischern Regeigewinde nach DIN 13,BL13

Abm. | Kise | Spennkrafre £, in N tir g = mu”mmwu‘-
0c8| o10] 0125] 015| ©16]| 020] 025]008]0.10]0.125 0.1¢[0.16}020]025
83 4400 4250 -0 3900 3750 3450 3100 2.4i 26 29 33 33 3.3‘ 4.8
ma (108 | e200] secof 0| s%00{ S300] 48s0] 4350f 34 37| 41| as| 46| S3| 62
129 | 7400 7100] 6200| 6800| 6300 5800| S5200| 41| ea| 49| 52| 56| 64| 74
28 | 70| es00] eeco] saw| 6100 seoo| s100| 48| s3| s9) e2| 67| 76| 87
ms [109 | 10100[ o700| 9300f so000] 8s00| 7900 7100| 67| 75| 83| 87| 94107122
129 | 12100| 11700 11100| 10800 10300| 9s00! 8600| 21| 29| 100 ] 105|131 120|145
i
&8 10100 9700 93¢0 9000 8500 7300 71001 8.1 89, 99| 105 (112]130}145
mé [109 [ 14200 13700{ 13000( 12700{ 12100 11200 10000{ 114|125 | 140 | 1501601 180 | 205
129 | 17000{ 16400 15700 15200| 14600{ 13400/ 12100{ 125! 150|165 17.5| 190] 215|280
as 18600 17900 17000! 16500( 159007 7146001 13100 15 21’ Zdi 25 27 31 35
M8 |108 | 25000] 2soo0| 24000{ 23200; 22300| 2osoof imsco| 28| 3o 34) 35) 38] esl 50
129 | aisoo| 30000 20000| 28000f 270001 24600f 22200 J| 38| «o| a3) 46| s2| 60
a8 | 29s00| 28500/ 27000| 26500 2ss00l 23200) 20900| 39| e21 47i sof s3; &) 7o
M 10| 1039 41500; 40000f 3IWOOC| 3I700( 3ISSC0I 32500] 29500 S5 60 €6] 70 75| 8% 98
129 | 50000| 8000] 4g000] 44s00| 42s500i 3voco| 3sso0| esy 72l 79! 84 so! o3| 118
88 | 43000| 41500/ 39500 38500 37000i <000l 0s00| 67] 74i e2| ael 93| tos| 121
m12]109 | 61000/ sS8000| s6000| 540001 S2000 47500: «3000{ 95i 104; 135 121! 30| 150] 170
129 73000} 70000| S7000| 6S000) S2000i S‘TOOO! 52000 1145 1241 140} 145; 1551 180] 208
1 b 1 I
88 | 59000/ s7000| ss000] 53000i s0cooi 4ss00| 42000 1071 1170 130] 135y 145] 185] 190
m14 109 | 83000| 80000i 76000; 74000| 71000| 65000f 58000| 150| 1651 180) 198 208| 235! 270
129 | $8000] 96000 91000| 29000/ 85000 78000, 7t000| 180| 195, 220| 230 250} 280/ 320
88 81000 78000 75000 nmo] 70000! smooi 53000 155i 180! 200! 215! Z30 ZGOI 300
M16 [ 109 |114000} 110000] 105000 102000] 9B8000; sooca| s2000| 23| 2601 280, 300: 32 70| 420
129 |137000| 132000 126000} 123000| 173000| 108000| 98000| 280| 310; 3s0| 3601 390| 440| 510
88 | 98000| 9s000| 91000| esooe! ssococi 78000l 70000 230| 2s0; 8ot 290 0| 380 410
18 (109 |138000/ 134000] 127000] 124000| 119000| 109000 9B000| 320 350i 300{ 410| 440| 500 580
129 | 166000 160000 153@’ 148000 1420003 13100G! 118000 350; ‘20:. ‘70% ‘90! 530 600{ 690
B ' ' ] :
88 |127000! 122000| 117000| 113000 1090001 100000 90000| 320| 250! 0| 410! 4s0! s10i sEO
M320 {109 |3178000( 172000{ 164000| 160000 1530001 141000] 127000 4501 S00; ss0! s$80° 630! 710| 820
129 |214000] 207000} 197000| 192000 15‘@1159@51530@ 550 SWQ 660! 700: 7501 850 980
88 |158000| 153000| 146000 | 142000{ 1360001 125000 173000 | 440} as0| sso| seoi o] emo! 790
M22 {109 |222000| 215000 205000 | 199000 1910001 1760001 159000| 620 6801 7501 790! 850, 970| 1110
129 |285000] 250000{ 245000 239000 | 2300001 217000 191000 740| 3101 900| 95010201 1163|1350
88 |183000| 176000| 168000 164000 1570001 1450001 130000 | sea{ &10] €70} 710! 770! @70 1000
M24 {109 1255000 248000] 237000 | 230000 | 2210001 203000] 183000 780 860| 950 1000 1080 1220} 1400
129 |310000| 300000| 285000 | 275000| 265000 | 244000{ 220000| 940! 1030! 1140} 1200 1300} 1450 1700
88 1239000 232000) 221000{ 215000 | 206000 | 1500001 172000 | 220| 80| 990 1650 1130] 1300 1480
M27 | 109 (335000 325000| 310000 | 300000 | 290000 255000!2‘1000 11504 1250, 1400 1 1‘50*1500]13)0'&50
129 405000 | 290000] 375000 | 36500¢ | 350000 | 228000 | 290000 | 14001 1500 1650 | 1750 | 1300 | 150 |
{ d ) '
88 |290000| 280000] 270000 | 260000 | 250000 1 231000{ 209000 | 1110{ 1210 1250 | 14001 1550 1750 | 2000
M30 (109 {410000 | 35000 | 380000 | 70000 | I55000 | 325000 ¢ 295000 | 1550{ 1700] 1500 | 2000 | 2150 | 2450 | 2800
129 |480000 | 475000 455000 | 440000 GZSDOOIJSOOOO%JSQMO 1350 2350’2250! 2400 2600 | 2850 | 2400




Tafel 2. Spannikrafie £, und Spanamomente M, fir Taillenscheauban erit matrischem Regeigewinde nach DIN 13, B1.13

Abm. | Kiasse] Sosnnkrifte Fgin N firug = Soensmomente Af__in Nm fir uy =
008 | 0iC | 0425] o4 016 020] 625[008 |0.10 [0125] 04 [0.16 [020 028
23 | zoso| 2vs0| 2800| z700| 2600| 2zsa| zvoo) ves 18| 20| 298] 23} 28] 36
ma [109 | a4m00] 4150| 3900 3800| 3650| 3300] 29%0| 235 26| 28| 30| 32| 37| 42
129 | 5200| 4950| 4700| 4550 4350; so000| 3ss0f 28| 31| 34| 35| 39} a8 sa
88 51001 4500| 4850| 4500| 4300| 3950| 3ISBO0f 34| 37| 41 | 44 | 47| S&| 62
s [109 | 7200 es00| esoo] 8300| s100| ss00] 49s0| az|s2| sz |e2]|6s| 75| 27
129 | 8600| 8300| 7800| 7e00| 7:00| e700| eooof 57| 62| 89 | 7.4 | 79| 91 105
88| 70| ss00| esx| 6an| 6100| se00| socoo| 53| 63| 70| 74|80 91104
mé (108 | 10100{ 3700| 9200] 900 sson| 7800 7omo| 82| 89| 98 |104 112|130 |1as
129 | 122307 11700| 11100| 10700 10300 9400| 8400| 98 [108 |13.8 [125 135|155 {475
83 | 13200! 12700 | 12100| 11700 | 11200 | 10200| 9200}140 | 155|170 | 180 {195 | 220! 280
M3 [109 | 13600} 17900 | 17000 | 16400 { 15700 | 14400| 12900195 {215 |260 | 250 |27.0 | 31,0 380
129 | 22300} 21500| 20400| 19700 | 12900 | 17300| 15500 |35 {260 {29.0 |0 |:6 | ;| B0
88 § 21000] 20200| 19200| 18600 | 17800 | 16300| 34600 27| 30| 33! 3s{ 3| a3] a0
M10 {109 | 29500 | 28s00| 27000| 26000! 25000 | 22900| 20600| 29| 42| 47| sof s3| 0| 7
129 | 35500 34000 32500| 31500| 30000 | Z7soo| 24700| 48| s ssl ea| ss| 73| =
a8 | 31500 30000 28500) 28000 | 26500 | 24400| 21000| 49| s3| so| e3( 7] 76f se8
M12 |109 | 42000| 42500 40500| 20000| 37%00| 34500| 21000| 63| 75| 83! 88| 95} 108| 124
129 | s3000| 51000{ 48500 47000 45000 | 41000, 37000] B3| so| 100 06, 114| 13| 1m0
88 | 44000 42000, 40000 29000 37000 34000| 30500] 79| avl 96| 101} 100| 124] 140
M14 {108 | 62000} 55000 | S6000| 55000 | 52000 | 43000| 43000 11| 122| 13s| 14s| 1s5| 17s| 200
129 | 7a000| 71000{ 68000 s6000| &3000| sBOOG| S20m0{ 35| 145 163 | 170| 138 210| 240
83 | 58000} 56000 | 53000 51000 | 49000 | 45000 40500 | 117 130( 140 | 56| 160} 185 210
m16 |109 | 83000| 78000} 74000] 72000 | 6800C | 63000{ s7000| 165| 180| 200 | 20| 230| 280| 300
125 | $8000| 94000 | 89000| 87000 | =3000 | 76000! e@o00| 200| 215 240 | 2s0{ z70| 30| 380
3 88 | 73000| 70000 | 68000| 64000| 62000 | ssoon| s1000{ 1es| 18s| 205 | 215| 230 260[ 300
: w18 {109 | 102000 | 88000 | 83000| 91000| 87000| 79000| 71000 235 260 7m0 | ol Wo| 370 420
\ 129 | 122000 | 118000 | 112000 | 109000 | 104000 | 95000 | 86000 | 280| 310| 340 | 360| 390| ae0| S0
88 | 91000| g7c00| s3000| e0000| 77000 70000! 63000| 23| 250] 280 ] 290! 320{ 360| 410
m20 {109 | 127000 { 123000 { 117000 { 113000 | 10800 | 99000| @90co| 320| 3%0| 90| 410| 440] 00| 580
129 | 152000 | 147000 | 140000 | 136000 | 130000 { 119000 | 107000 | 30| 420| 470 | s00| s30| so0| 700
88 | 117000 | 113000 | 107000 { 104000 | 100000 | 92000 82000 | 320| 3s0| 200 | 420| 4s0| sw0| se0
M2z | 109 | 165000 | 159000 | 151000 | 147000 | 140000 | 129000 | 116000 | «50| 00| =s0 | sea! €30 70| 820
129 | 198000 | 197000 | 181000 | 176000 | 168000 | 154000 | 139000 | sso| 00| es0 | 700| 50| sEa 90
88 | 133000 | 133000 | 127000 | 123000 | 118000 | 108000] 97000 420| 4s0| st0} se0| sso| eso| 7s0
m24 | 109 | 1920001 187000 | 178000 | 172000 | 165000 | 152000{ 136000 | s0i 40| 710 | 750 | 810 920] 1060
129 { 233000 | 224000 | 213000 | 207000 | 198000 | 182000 163000 | 710} 770! 880 | 910} 70| 1160|1250
88 | 179000 | 172000 | 164000 | 158000 | 153000 | 140000 | 126000 | €10] e60] 72| 7m0| s40| ssol 1080
M27 {108 | 250000 | 243000 | 231000 | 224000 | 215000 | 197000 | 177000 | 850| 930 1030 | 1080 {1170 1350 1550
129 | 300000 | 290000 | 275000 | 270000 | 255000 | 236000 212000 | 1020 | 1120 | 1240 } 1300 | 1200 16001 1850
8.3 | 214000 | 208000 | 196000 | 190000 | 182000 | 167000 150000 | 10| 88| s80 | 2060 i1110{ 1280{ 14%0
M30 | 109 | 300000 | 290000 | 275000 | 265000 | 255000 | 225000 210000 { 1140 | 1240| 1400 | 1450 | 1550{ 18001 2080
~ |129 | 380000 | 345000 330000 | 320000 | 305000 | 280000 255000 [ 1250 | 1500 | 1650 | 1750 | 1900/ 2150} 2450




Tafel 3. Sparmkrafte Fw:mdSaormnnan,, for Schafnchrauben mit metrischem Feingewinde nach DIN 13,B1.13

Alyer. Klasaa | Soennicrafie £, in N for o = m.uﬁmmnfur
008 | 030 | 0.125{ 014 | 0.16 020 ©.25 om[o.wlo.usso 14 [o 16 'o.zo lo.2s
ge | 20300| 19s00! 18700 1uoc| 17400{ 16100 14500 21| nl w7 B B W
MBx1 109 | B500| Z7500| 26500| ZS500| 24500| 22500| 20500 x| 381 2| 1] 471 s
129 | 34000| 33000| 31500| 30500| 29500| 270C0| 29500} 38| 29| e 0| s7| 65
88 | 31500 305001 29000 2B%00f 27000| 25000 2600| 41| 45 solﬂlw ssi 74
MI0x1.25/10.9 | 44500] 43000 41000! 40000( 3B8500| 35000{ 32000f 58 70, 7al 80| 91} 105
12.9 | 53000| 52000 43500| 4B000| asoon| «z500| 3moo0|{ 9| 76| 84| mal 6| 109 1z
88 | 48000] 45500| 44500| 43500| 41500| 38500 34500f 73| 81 89| 95 102 116[135
M12x1.25{109 | 63000] 66Q00| 63000| 61000/ S500C| 54000| 48500} 103{ 113 125 | 130 14| 1651 120
128 | #1000{ 7sooal 7soool 73000{ 70O00| €5000) 580001 124| 135{ 1s0 | 1601 170 195! 228

hd 1 : A
88 | 45500] <4000 42000| 41000! 39000| 25000| 32%00| 79| 77 eS| er{ o7i 11 13g
M12x1,5 |10.9 | 64000| 62000 $3000! 57000 55000] $1000! 45500} 931 108t 120 175| 735 185 180
129 | 77000 nooo| 71000| 63000) 66000{ 61000) 55000| 119} 130] 145 | 155{ 165] 185 215
M ]
| 8.8 | 65000| 63000} 60000| 59000i S6000| S2000)| 47000| t16] 125) 140 | 150 160 tssl z10
M13x15 109 | 92000{ 8800C| 85000{ S3000! 79000| 73000! €6000) 165i 180! 200 | 210 zzsl 200
t129 [110000 107000| 102000( 93000! £5000| 83000| 79000| 195: 215| 2¢0 | 250| 270! 370 | 360
! 88 | smo00| @sooo0l s1000| 73000 160001 70006! 63000| 175i 195, 215 | 230 2¢5| 280 220
M16x15 |10.89 |124000 1zooou=nsaooln1ooou 1070001 ssooui 89000{ 7SO 270! 300 320| 340{ 290 | 450
129 (148000 1«000'137000; tmooo, 128000 | naooononoo 300! 3301 360 ! 380! 4101 470 s<0
88 §114000{ 1130001 106000] 10300C| 99000{ 92000! 83000] 260} 2807 310 330! 360| 410 a%0
M18x15 |10.9 |161000| 156000| 149000| 145000{ 1400001 123000{ 116000} 350 3901 440 | 460! 5CO| 570 | €60
129 193000‘ 1570001179@‘1740001 1570031 154000 | 13900G| 43Q| 47G| sao‘ 560 | 600 ssot %0
8.8 |145000| uoooo"xsaoooimoocuzsooornsooe 105006 360; 3901 430 i 4601 500 570 | 620
M20x1,5 |109 ]203000| 197000 | 189000 184000] 1770001 163000 | 147000] 5001 5501 610 | 650! 700 8001 920
129 [244000! 237000 zzvooo,muoorzrzooojwsom 17700C| €00 650! 730 | 780 =20 ssoinco
88 |178000| 172000 | 16£900! 1610001 155000 143000 | 129000] 4801 530] 530 | 6201 670] 760 | 830
M22x1.5 109 |250000} 242000 | 2320001 226000 2170001 201000} 181000} 670! 740! 820 | 8701 940 1070‘:2&0
129 aooooogzsoooo,zsooooimooonsoooo‘zuooomsooc‘ 810| 890/ 990 }1050;1130!1300|1500
88 zo:oon{ 197000 -:sannopa:ocolwscooits:uoclmeooo 600! 680} 730 | ml l ssu!n::c
M23x2 [109 |285000| 275000 | 2550001 2550001 247000 228000 206000f es0| $30} 1030 | 1080 { 1170 1380 | 18850
129 | 340000} 330000 315m131om|mmo|2750m|2¢7000 1020} 1110) 1240 | 13C0 | 1400 | 1600 {1850
-3} zssuon{zssono zasooo':sauoo:zzsoooiznoon 191000| a70| esoi 1670 {1120 {1220 | 1400 {1600
M27x2  |10.9 |370000( 350000 | 345000} 3350001 220000 295aoo‘ 000| 12301 13801 1500 1600 {1700 | 1950 | 2250
129 |44%5000| 430000 | 415000( 400000 385000 ::ssoool:zoooo 15001 1600! 1800 | 1900 12050 2350 | 2700
88 | 330000] 220000 210000] 300006| 290000 265000 240000} 1220 1350} 1800 1600 | 1700 | 1950 j2zso
M30x2 |10.9 |465000] 450000 | 435000 | 420000| 405000+ 375000 | 340000] 1700 1900| 2100 2200 | 240¢ | 2700 {3150
129 moooisaoooo szoooo|5osooo'¢ssooo|tsoooo 405000 2050| 2250| 2500 | 2650 | 2850 | 3250 | 3753
t A




Tafei 4. Spannkrifte £, und Spannmomente &, fir Taillenschrauben mit metrischem Feingewinde nach DIN 13, B1.13

Abm. 1Kaaese| Scennkratre £, in N fir up, » Sosnnmomente A7_ 0 NM 0r uy

008 |o10 [oa2s fota lote [o20 ‘o,zs 0.08 | 0.10 | 0.125 0.14 | 056 | 020 | 0.25
83 | 15000l 14400| 73700 13300| 712700 11700] 10800{155 |17.0 | 190 | o |5 )2es (2o
M3t [109 | 21000| zo300{ 19300} 18700f 17900l 16400{ 4700|720 (240|270 | 20 [ 3001|340 {san
129 | 2s000| 24300| 23100 22400[ 21500| 19700| 17700{26.0 |29.0 320 | 340 {360 | 41.0 !a80
88 | 23200 zz2400! 21300} zoe00| 19700| 18100 1s200] | | :w! 28] a1l 47| =
M10x1,25) 109 | 32500| I1500| 30c00| 29000 2Wooc! 2sso0| 22800| 42| 8| s1| s s8] es| s
+29 | 29000/ 373500| 3s000| 35000| 33500] 30s00| 27s00| 0| 55| 61| esi o 9 9
88 | 3so00| 34s00] 33000| T2000] 31000} 23000 Z8m00f s¢| &) e8] 70| 7| = @
M12x1,25{ 109 | 51000/ 490001 46500] 45000| 43s00| 39s00) assc0f 77| 8a| 93| 9| 06| 121’ 140
129 61000! $9000f 56000] 54000{ szooo; 47800| 42500 92| 103 12 119 130! 145! 170

* - T - i
g8 | 33s00| 32000{ 3cs00| 29s00i 28s00! 25000| 23300 s1l ss| &2 e 71l wm =@
M12x1,5 | 109 § 47000| 45000 43000] 415001 40000) 3EB0O| 32s00| 72| 7Te| 87] s21 el 113! 130
129 | 56000/ 54000] 51000 50000i 48000] 440001 39500| 86| s+ 05| 11j 119] 135 185
28 | «9000! 47500] «so0o| asoooi sz000| 38s00| 34300| ST o8| 108! 1r2| 120! 133 160
M14x1.5 | 109 | 690001 67000{ 64000| 62000 %9000 s4000! 48s00f 122| 1as| 1%0{ 18| 70| 195 2™
129 | 830001 €0000| 76000} 740001 71000| 65000! 58000 145 160{ 180] 180! 208! 230! 270
83 | e4coo; ezocc; ss000) S7000! s5000| S0000| 4s000i 130{ Taof 1ss| tesi 17s| 200, 35
M16x1,5 | 109 | 90000i 87000! 83000, 83000 77000{ 71000 63000| 180! 19s} 220| 230{ 250} 280! 330
12.9 | 103000| 104000 99000| 96000| $2000! 85000| 76000| 220| 22%| 260] 2801 00| 40i 3%

v ' : 1 R ' . N
88 | 87000/ 84000 80000 77000| 74000| esoca| s1oco| 190 z0i S| zs0i 270i 300! 30
M18x1.5 | 109 ]1220001 118000i 112000| 109000 1050001 96000| 86000§ 270| 200i 2381 350| 380] a30{ 490
129 | 145000] 141000] 135000] 131000} 125000] 115000| 103000| 320{ 60| 400! 4201 450 si10{ 500
88 | 113000i 109000 104000| 101000 57000| s9000| So000f 280! 300! 340i 3soi 3%0f asoi st0
M20x1.S | 10.9 | 158000; 154000] 147000( 142000; 137000] 126000| 113000| 380| 420{ 48| 500! S40{ €201 710
12.9 | 191000} 184000; 1760001 171000} 164000 161000| 136000} 470| s10| 70| 600| 650! 740! 860
a3 | 134000} 130000 124000 121000} 116000| 106000 9500c| 380! 200! 440i 470| s00] S70; ss0
M22x1,5 | 109 | 188000} 123000! 175000( 189000 163000{ 143000/ 134006{ 510/ s60{ 620! esa| 7o0| sco! @3
129 | 2270001 219000{ 209000 203000( 195000( 179000 161000 610| €76| 740| 7o¢| 8%{ 97011110

’ . | 8% .

. ] [ i R
a8 | 157000 151000 144000{ 140000] 132000| 123000} 111000] 60| St0! S60| 600] 40| 70 210
M24x2 109 §zxooe! 2130001 203060 197000] 189000| 774000} 156000| 650{ 710l 790| 820| 90C! 1030’ 1180
129 | 265000] 285000| 244000 238000| 227000 208000| 187000| 780 | 250 9s0| 10101 1080/ 1230 1400

H ] T
22 ]201000] 194000] 185000 1800001 172000] 158000| 142000{ 660| 730i 810! seo! 9201 10501210
MZ7x2 | 109 |2B000C! 275000( 260000 255000 240000 225000| 260000] 930 | 10204 1140 | 12001 1300| 1500 : 1700
129 | 340000/ 325000| 3:0000| 305000| 290000| 265000} 240000 1120 | 1230| 1350 | 1450} 18501 17501 2080
a8 | 260000| 250000} 241000| 234000] 224000} 205000| 185000| 9501 1050| 1160 | 12301 1350] 1500 | 1750
M30x2 | 109 |365000i 355000} 340000| 330000! 3150001 290000 260000} 1350 | 1450| 1650 ; 1750| 1850 2150 | 250
129 | 440000} 425000] 405000 395000| 380000} 350000| 315000 1600 1735 1950 | 21001 22501 2850 | 2950




Oberfliche | Qoerflache it
a) g SChwaubenkopf- und MuTter gegen Werkstuck
Bl jig;: Schwaubengtwinds 900N Muttergewsnae
Statl, gusctwearzt oder Zn-phosphatiert Soaht Staht
e A " 6 um & um
geored: gedratn guachiitts
0,73bis0,79 | 0,100 0,18 | 0.16Dis022 | 0.08bis0.16 | 0,10 0.18 | Stani. geweirr
0.10bis 018 0.100i10.18 | 0.10b30,16 | 0.100s0.18 genobatt, gefrast, gedrett, geschmtien
0,16bis 022 | 01008 0.18 | 0.166is0,22 | 0,08b= 0,16 | 0,100,718 guachiiffern
0,31Gtws 0,18 6,10 Q.18 0080i 0,16 0,100,718 GG , perobeit, getrast. W‘"‘. . geIChautTen
~Joistisc22 | 0.10D90,18 | 0.160i0.22 | 0.0850,16 | 0.100 0,78 | GTS. geschiviian
2
Z[0.080is0.16 | 0085 0,15 | 0.08bis0.18 | 0,12bs020 Stahd, verkadmet 6 um
] 0,128 0,16 verkadrmet, [nnengtve ol
K
0.100¢1 0,18 | 0,302 0,16 | 0.100i 020 0,98 s 0.20 varzkt 6 um
0,105 0.18 verzinkt, innengewsnoe
9,124 0,20 0,30 bws 0.20 {guschidien, gewslZTL.ohosohatert
0,104 0,18 {508neNnd DEWDMITET, DNOSONSLIENT
0,08 bis 0,20 % 0,08 s 0.20 ALMg-Legutungen
= [ 0.080is 0,36 0080is0.16 { 0163024 Stant, verxsomer 6§ um
=|008pn0.14 00805014 | 01255016 verkadmat, innengewsnde
€10,70b:30,28 0,10 0,18 0,20 bis 0,20 verzevhi 6 um
“lo08 Q16 0,08 b 0,16 0,12 s 0.20 VerZInkt, innenatveade
z
*»1 01308030 Subd, GG, GTS
E .’, Fm“m

*) In den Tatein 1 Dis 4 sing fir G Ermttiung aer Scannkraft £, die Reibungszahi ug - und fur die Ermittiung

cmzuwhwmnmu“ A, = D,SMHI die Anbungszetl uye . 2u Grunde zu legen (b2w Boas mua WIPT W = Lyt

**) fur FIEsSQkuntIsTortie und Microverkagseite Kieber




Tafel €. Abschitzen des Durchmesserbereictn von Schrauben

la

1 2 i3 |
Kratr Nennckarchonesser' )
N in mm
Festighaitsiclane
129 1109]88

250

400

a0

1000

16004 3 3 3
250} 3 [ 3 1 @
400} &4 | 4 | S
€x0t & |5 | 8
10000 5 [ 8
16006 6 8 ! 8
7000 8 [10 10
40000 : 10 ;12 14
6300012 (14 |16
10000016 :16 |20
180000 |20 (20 |24
20006 |24 |27 |
200000 | 'as
630000 | 36 |
Borspiel:
Eine Verbingung vwird dyne-
mvsch und exzertrisch duech

e Axistiratt £, = 8500 N
belaster, Dis Schraube mit der
Festighgitskiasse 12.9 soil mit
Drebhmomentacihdussél mon-
THIFT warcen.

A 10000 N st die nichst
grofere Kraft ru Fa in
Soeite 1

B 2 Schrites fir extemn-
sche urnd dynarmsche Axisi-
wraft”™ tubeen 2u Fypomn ™
= 25000 N

C 7 Schritt fur AnZiehen mit
Orehmomentichiissel fllwe
U Fogrran ™ 40000 N

D Fir Frymae ™ 40000 N fin-

det man 1t Soaite 2 (Festrg-
wpirshisgen ¥2.9): M 10

A Viahie in Sgaite T die nacivz griere Kraft Tu o 3n den Verscrrsudungen an-
grevienden Betrisbakratt 5.

8 Die erforgeriiche Mindestvorspennicraic £y, #r0iDT SiCh, inGemM man von digser
Zahl weertergeint urn:
4 Schritts fur STAUChe oder dynamache Querkrafy £ ——

oder -
2 Scnritee fir Oy isch ung iseh angreifence Axiaticraft
e —
e —adli 20
T Schritt fiir dynarresch und zemrisch oder statisch und exzentrach angretfende
Bewrssoskratt
gh tis
| I 14 1 |
s oo 3
—!i':?‘ —— R
ocer
O Schritie fur SIITISCN und ZeNtrHCh NGTEITENae Axsikraft A
TF;

C Dia erforderiiche meximede Vorspennkraft £ ergibt sich, «ndem man von
DI KT F g, WIHTEIDENT UMY :
2 Sciwitte fir Anzishen oer Schrauoe mit snfachem Orehschrauber, oer Uber
Nachziehmoment asngentelit wird — oder
1 Scheite fir Anziehen mit Drehmomenteeh! sl oder Prazisionsschrauber, der
mitrels dynamischer Drehrmomentrmestung oder LINgungsmessung aee Schwaute
engestailt und KONtrollert wwd — Oder
Q Sehwrtte fur AnZiehen Uber Winkikontrolie ;o den ubereisstschen Bereich
O0er mittels Streckgrenzxontrotie durch Computersteusrung.

D Neven der gefuncenen Zan steht in Soaite T bis 4 die srforderiche Schrauben-
someTung in mm fir die gewehite Festigkensilasse der Schraube.

Tafel 7. Richtwerte fir den Setzbetrag pro Trennfuge
fiir zeidich veranderliche Betrisbskrafes {Einschran-
kungen s. Abschn.4.4}. Das Gewinde zihit als Trennfuge!

Anzani der Trenntygen Setzherrag in um fur Kiemm-
lei ielllich Gewinde) {lengei/d =
1 J2s]s |owe
2ois3 1 Sz | 25
s 075 {1 | 135 | 15
b ? es |07 l os | 1

b by il e o s



Tafel 8. Kraftverhaltnis P °

Schaftschrouben Toillenschroyben
875 065 - I %% tes
0Ss — - 0.35
0.7 i a E ; ass |
G ; ﬁ o ass
= .
0S54 085 o, _ = i "84 Las
b4 po2s
a5 4 05 o y, £ 7 -0.35 kacs
035 - =
3,55 - 0.45 + 03 :.:; -3.2 L 2.3 b 3. @
. i - 0.18
4 04 4 5
s , —z—— fois fozs [%¥9
Q<5 4 N
X“Ls— 25 4 - -
- 0.25 014 2.3
W e — 0.2
2L J oz o Y - 0.12
‘_-s “ &3 & [ \ S -3.38 L0.25
= 018 o =11 l
T 235 1 o NN L 2.5
o 0.25 4 2.16 4 P 2 AN
> SR + AR - 0,76 0.2
et - heeya = - R \ ’
=., o d i T sl | AN . Foos
o - —_—r— o \ N\ A . L0.18
bl 02 P wio ' — - 012
x B 392 < ¥ H g ’ \, ——
L1 : . §l : \ l\" fanTi<ing = 3,15
2254 0.8 4 Foon él ' A\ }\ -0.05 + 0,1
ere 4 31 1 : | i La1e
— t 3
32 4 034 - | RS E ‘ | :\ -o.08 [0°2
sos | iyl of oSl DTN
318 - - B3R P l !
012 = ‘} [ Vo, % b [ E -J.0L -0.‘.'
—3.!&'. T - Pr—— . . by * B " - - L — -
-_ - @ VN To@®o VOB, np @ ,°_ o~ :1222 —-— —_
- ~ I =L ~
g =IE TE ° ..PN ~eo . . & £ E
zlg € =|g Klemnmldngenverhdltnis 1k /d zlg =g =g
o =3 ———————ip— o [—J o
g 8 2 g8 8 3
P o w 3 -4 o
s - < e = w
" " " Dargesteite Funktionen. abgeleitet cus den " 2 &
- L - Glercnungen 25. 27 29. 30. 31, 53: ) w - s
> = Lt . Ee I - ¢t Wt e -1 = - . S
by s loglyy - )vtea g ~tegnButeg 4 12 S Lo ) lerze 20} S - B
< e & " S Wz i - - ) ) <

. Ca nur fur Toien sene
it ColZ=-7) unda den mittteren Werten 1m Abmessungss
Sererch ML tis M3G (Regelgewineal van dyms1.54; Soms 111a . . -
d2m=051a; d3ms0.83¢; ura .02 frese Gewindalange ve:sacnnten Teile

WVerwstott dar
verspannten Teile

Wwerkstoff cder



Tafel 3. Nachgiebigkeit der verspannen Teile

‘ |
i
g3+ .| ¥ : 4
0z + !
Q.L+ 05+ o‘ﬁ‘l ‘/,’ !
5T ot o i
cel 6as T /_/ P
gﬁ 51 o3 // .
T1oer |l // / i
07 + oL 4= —
0.8 + ! . Z / s
MR <\s//////// v
L 2& 1+ ///{//// / Iy
2 T 0.7 4= >
—— ﬂ,\. »/_, —
z 254 L 38T ‘f;:/ i o v
g R
ETL,L1T 5 ’,////,_@// -
t&&v // // n) |
T ot a5l s &/ 7 / > |
sttt i 1
c n i
- § 4 2 = %
=51 ¢! /M/f/////// i
- 87 = il L L L LS r—Z -1
el il EY
9 w0+ g4 //// / / Y, =1,
S N g[ il
2 - e e =
T T,
¥ 204 L W/, 7 // / e A L. 2
=z g Py . -
%5+ 1% 4= 9 o ///_/ S §
“t Wl *T 777 777 T] [, 2
1 Ay | TS5 %
L0+ 25t 15 y A A AR | e 3
ot oy 7/ 77 1
50 - BT % & xf 1 ] H L1 £
T C%T.s 1 &/ 3/ = 2 o [ (4 &
5ol T 3 L4 PR i o "l i 16
wl ol T ST & A S
- s “~ ’ Hﬁl;n Platte _._l_': gy
SHE T -t 0 o
e . .
g § g Dargastatite F:nutlioncgp,anlq:glt;t,n;.a:s den Glaichungen 29, 30.3%:
- ’ = - » O L d
w :'-‘ E ;?.f;{t.z(zgoC—%ﬁ -C me ——}ung C= (:—A-’}
- - l
:c." Y ‘-e.-'-: und erctter:(n ‘Werten im Abmessungsbereich M{ big M 30
< Py 4

¥0n gy s 1.568 uad Dgm = 1.717 4,



Tafel 10. Lingenverhiitris %Gr die Trermfuge der
exzermrischen vorgespannten und aicht belasteten

Vertendung

Tafel 11. Steiqung. Spannungsguerschnitt, Kernquer-
schrutt und Krafte £, 5 fiir Schaftsehrauben mit metri-
schemn Regel- ung Feingewince nach DIN 13, 8113

o s TE

Tafel 12 Steigung, Taillenquerschnite, Kemauerscnnite
und Krafte £, ; fir Taillenschrauben mit mertriscnem
Regei- und Feingewsnde nach DIN 13, BI.13

Ab | Seei- | Sgen- | Kern- | Kraft ancer Mtiecest-Streex- At | Sce| Tasllen-| Tanien- Kratt an cer Mingest-Streck
rer | gung [ruage | quav | grenze Fg o= g 2 Ag ™ot | QUAG] QUICHh- | Quer- wenIe £y o = 1g g Ag
sung auer- | schwitt | bei Festigkavsaiasse wng MESIBr | sCAMmTT bev FestigeTskiasse nach
schente DIN/ISO 898 drm1aj [DIN1SO 898

r o lag  lag 8.8 109 lru ? lagayAtma=3s|88 109 |29

mm (med | med (N N ] mmlrnm lr\'m'r2 N N N
Ligtraches Regeigeveaos Macriaches Regeioewsace
va |07 sra| 7: 5600( 7900 9%00 ma for | 28 6.2 3ssa) seco| srm
Ms |03 142 127 9100 | 12800 15300 MSs |o8 | 38 10,2 6500] 9200{ 17000
w6 |10 20.1 7.5 712900 | 18100 | 21700 mMs j1.0) 43 145 9300{ 13000 15700
{M71] 1.0 239 6.2 18500 | 26000 ;| 31C00 o | 52 1.2 13800 1910Q| 22900
M3 (125) 366 | 328 | 23400 330001 39%00 M3 |125] 52 264 16900 23800/ 28500
M10|18 | S30 [ S23 | 37000| 52000 | 63000 MT0[1S5 | 7.3 41.8 27000] 237%00! aso0c
MI2]175 ] 843 76.2 S4000 ] 76000 | 91000 M12|1.75] 89 62.2 000G SGOOOi 67000
M14i20 | 1185 105 74000 | 103000 ! 124000 Miat20 {1058 86,5 55500 78000! 92000
M8 20 |157 144 100000 | 141000 | 170000 MiI16{20 {120 (113 72000 | 102000 ! 122000
migl2s [193 175 122000 | 174000 | 208000 M18|2s {135 142 92000! 129000 ' 154000
M20i 25 (245 25 157000 | 720000 | 265000 M2012% (15 77 $13000: 159000 191000
MZ2{25 :303 zaz | 194000 | 275000 | 325000 M22[25 |17 27 | 145000 | 304000, 245000
M2£|30 |353 24 226000 | 320000 | 33000Q M2¢|20 (185 269 j 172000 242000 ! 290000
M27 |30 (4%9 421 295000 | 415000 | 495000 M27{30 |21 348 | 2210001310000 275000
M30|35 |56t 519 360000 | 505000 | €Q5Q00 M30§35 |23 415 !265003!375000‘450000
Retrrsches Feingsvwnas Metrisches Fewngewnoe
w8 |10 | 382 | 380 | 25000| 3ss00| s2s00 Mg e | &t .2 | 18700| 26500 31500
410] 125 | 61,2 Se3 39000 | 55000 | 66000 M10{1.25| 7.6 453 | 2W0C00| 41000: 490700
M1211,25 | 921 860 | S53000| 83000 | 99000 M12|11.25( 94 | 694 : 44500 62000) 75000
MI12|15 88.1 Bt,1 $5000 | 79000 | 95000 M12(1s | 9.1 . 650 : 41500! S3000! 70000
M14{15 |128 118 80004 | 112000 | 135000 mrai1s (110 | 950 ' 61000! 85000103000
M16{ 1.5 167 157 | 107000 ; 150000 | 180000 M16i18 125 113 ' 79000: 111000 132500
Mig8:1s 1216 205 | 123000 | 194000 | 233000 M18{1S ‘145 (185 ; 106000 . 148000 . 178000
M20:15 {72 759 | 172600 | 245000 | 295000 M20I1S (165 |214 137900, 193000 - 231000
MZ2;1.S 1333 319 | 213000 ! 300000 i 260000 M22(1.5 180 253 ;163000 229000 . 275000
M24420 384 | 365 | 246000 345000 | 415000 M24/20 1195 298 191C00 270000 320000
M27:20 |46 | 473 | 315000 | 445000 ; 535000 M27,20 ;220 ;380 ‘233000 330000 . 410000
M30!20 ‘621 ‘596 | 295000 ' 560000 : 570000 M30i20 1250 lso ‘315000 440000 520000
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Tatel 13 Richtwerte fir die Dauerhaitharieit von schiufi-

vergiteten Schrauben der Festigkeitsiiassen 8.8, 10.8,
12.9 (Haigh-Diagramm)

il e
A PO N Pl
Gt s gl

Tafel 14. Grenzfiachenpressung p. in N/mm?2
for gedruckte Tevie verschiedener Werkstoffe

Werksotf | 2 Anmiehen

537 200 300
S50 330 S0o
casv 600 900
GG-25 500 750
GOMgaAsg 80 120
GKMgAIG 80 120
GEAIS6Cus 120 180

Tafe! 15, Faktoren, die die Dauerhaitbarkeit im pasitiven Sinne beeinflussen

1. Vertpantwrigavertuitive

3.  Dauerhaitharkert det Schravde

1.1, Vergrolern ger Lings- una B.ege-Elastizitet aurcn
Dehmschrauten
tange Schvauben
nochTeste Schvauben
Durchstackschrauden mit Muttern
Aufseczen siner Mulse
Vermingdern des £-Moauls

1.2, Verstrten Ger veripannten Teve durth
konstruktive Madaahmen
Varwenoen von Werkszotfen mit grolem E-Mocul sowe
durch Traneung von Trage und Dichr-Funktionen

1.3, Vermunden von Biegurg durch
Verrmindern der Exzentrizitat
Ernchen ter VOripanmiraft

1.4, Ertwiten ger Restkigmmirsit curch
Vermeicen von Setzen
Vermeden von Losgrehwvorgangen

3.1, Formeintiysse an Kot ung Scnatt ouren
Vergrolarn oer Kopfriet:get
grofe Radier
Faten am Durchganjgsioch
grole Ragien
arn Fuld tragende Gewmndezahne
wchar Geveindesutisuf

4. Werkstoffe und Merstaliung

2 Eimchrovbbedingungen

2.1. Glgicnmalios SoenaungIverteilung dureh
Schrpubenwerkstotfe mit kiginem £-Modui
geeignete Myutterformen
geergnets Gewandeorofile
Sterguagdifferanz zvwichen Schrauben und Muttern-
gawince
hohe Vorsparmkrafry
elastische Gewnndennatze

2.2, Gevndetoleranzen
(Busrecnencs Gewenaesomel

4.1, Werkstotte
grole Zahighait
hohe Festigkeit
Vermeiden von Ent: und Autkohlungen sowe
Verzunderungen
ufuatirbrochendr Faserveriauf

4.2. Obertiachenverbesierung durch
Kaltwartestigung
Glitten und Poligren
Auforingen von Eigenspannungen
Vermewian von Elextrogoliersn

5. Chemeche Cherflachenamti

5.1, Vermewden von Korrosion

{1000cn ungunItger Emtull von cwvanischen
Schutrscwenten)
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Tafel 18, K-Fakioren fur die schneile Berechnung des

Anziehrnomentes fur pe und o
( o )
Fator K = 0.13"0,942'516!- T“‘ -1
Kooireibungszant ..
008 ‘o,-xo aazs{o.1s [0.16 Jo2o [o2s
oos ® u.ns*o:z:: o.us’o.tss 0,171{0,198{0.231
F{0.112]0.125,0,142| 0,152]0.166| 0.192} 0.226
o0 P|0128]0.14210.159]0.169/0.18210.209| 0242
F|0,123] 0,738] 0.153] 0,163| 0.176] 0,203} 0.237
£ 0.125 R|0-142] 0.155/0.1721 0.182| 0.195| 0.222] 0.255
z F|8.137]0.150{9.167{0,177|0.190{ 0.217( 0.250
35' a1a R|0.750|0.163{0.18010.190{0.2030.230! 0 263
3 F {0,745/ 0,158{0.175| 0,185 0.198| 0.225| 0.258
g oss R|o-160i0.172/0,190] 0,200/ 0,2141 0,240} 0.278
3 £ |0.158] 0.13910.186{ 0.196{0.209| 0.234| 0.269
oz B[o181|0.195{01 02N 0238 0261/ 0298
F10,17710,191|0,208{ 0,218 0,237 0,2S81 0.291
oz P 0.208| 0.221|0.238} 0.2480.261] 0288} 0.231
F0.205|0.218{0.235{0.245| 0,258/ 0.285| 0.313
Maxirmsies Anziehdrehmoment My .. = K Fy, din ium

Frq in N gewenachte Vorsoannicratt, wann 90 %igs Screck-
vorgesehen st.

YENZENSUINUTIUNG
Foo s Tateln 1 Dis 4 sineetzen.

d in m Nenndurchmesser der Schraube
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Page 136

Symbels and Termingleqy.

o Cross sectional area, general.

A Cross section, cross sectional area cof bolted prismatic parts when
they fulfill the conditions of a “bending bady® in the case of
eccantric ¢lamping and loading.

Rer= Substituticonal area, cross sectional area of a hellow cylinder
with the same elastic resilience as that of the clamped parts.

A, Cross secticnal area of a cylindrical element of a bolt.

A Naminal crass section.

A Bolt head or nut bearing area.

Aes Stress area of the bolt thread according to DIN 13:

o =2 - (dayxdz)=

B~ Cross section of reduced shank area in a bolt.,

Ao Smallest cross section of a bolt shaft.

A Cross sectionai area at minor diameter of bolt thread.

c Spring Constant.

D External diamster of a clamped sleeve.

Oy Hole diameter of the clamped parts = internal diameter of the
substitutional cylinder.

Dem Effective friction diameter of the bolt head or nut bearing area.

& Young’s modulus.

Epr Young®s modulus of clamped parts.

Eq Young’s modulus of bolt materials.

F Force, general.

Fa Axial force, axial working load aor axial zompenent of the warking

.. _load fps. ’

Faws Eccentric axial force at the lift—off limit.

F o Upper limit value of an alternating axial force fa.

F o Lower limit value of an alternating axial force fa.




Fa
Fr
Fr-c.-::

FF{.-—-F

FKR

Fra

FM menr

FM i

Fra

Fa

Fe
Foa
Foam

F‘!!m

Fo
FVMB

* . Ak

Fom

Fx

Fo.=z

Page 137
Working load in any direction.
Clamping force.
Clamping forece at the lift-off limit.

Clamping force which is necessary for sealing functioas, frictian
ceontact and prevention of one~-sided lift—off in the interface.

Residual clamping force in the interface in the case of unloadzng
due to Fes and embedding during operation.

Initial preload.

Initial preload for which a baolt must be designed so that in
spite of imprecision in the tightening procedure cor expected
embedding the required clamping force is achieved and maintained
in the joint.

Smallest initial prelocad which adjusts itself in the case of
Frm me= as a result of imprecision in the tightening procedure.

Partion of the axial force which unlocads the clamped parts.
Transverse force, working force directed transversely to the bolt
axis or the transverse component of a working lcad fm directed

in any direction.

Bolt force.

Paortion of the axial force fa which additionally loads the bolt.

Alternating loading of the bolt by the additional force Ffsa.

Mean value of the bolt force in the case of alternating working
load.

Axial clamping force of the bolt with F0%L utilization of the
elastic limit By Grwa [F0% vield loadl.

Prelcad, general.

Preload at the tift—off limit.

Least preload which is necessary for sealing functions, friction
contact and the prevention of one—sided lift-off in the interface
under observation of unloadimg by the working force.

Mean prelocad.

Preload loss as a result of embedding in cperation.

Bolt force at the minimum elastic limit.
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Page 138
Moment of inertia of the area As.
Moment of inertia of any area.
Moment of inertia of the core cross scction of the bolt thread.
Tightening torgque for assembly.
Effective bending moment at the bolting pasition.

Bending moment at the bolting positian from the eccentrically
acting axial force fa,

Effective part of the tightening torgue in the thread.
Friction moment in the belt head bearing area.

Portion of Ms which is taken up by the clamped parts.
Portion of My which is taken up by the bolt.

Tightening torque to produce preloading of a bolt equal to F0% of
vield (Fun).

Effective torque at the bolting position in the interface.
Pitch of the bolt thread.

lLocation for o = Q.

Folar resistance moment for the surface A..

Resistance moment of the core cross section of the bolt thread.

Distance of the force line of application from the axis of
rotation for the area fm.

Expanse of the interface.

Bolt diameter = external thread diameter.

External diameter of bolt head or nut bearing area.
Diameter for the clamping cross section Ag.

Shaft diameter in the case of reduced shank bolts.
Diameter at the smallest Coss section af the belt shaft.
Pitch diameter of the bolt thread.

Length change under & force F.

Length change of any part i.
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Length change of the clamped parts by Fea.

Length change of the clamped parts due to load irntroduction
over the clamped parts.

Shortening of the clamped parits due tg Fn.
Lengthening of the bolt due to faa.

Lengthening of the bolt due to Faan in the case of losad
introduction over the clamped parts.

Lengthening of the bolt due to Ff..

Plastic deformation due to embedding, embedding amount.
Plate thickness (see Figures 6, 19 and 20).

Radius of gyraticn for the area As.

Length, general.

Substitutional length for a belt with threading cver the entire
length with the same Bs as any bolt.

Length of a cylindrical individual element of the bolt.

Clampirg length.

Number of bolts in & flange joint.

Factor, which when multiplied with the clamping length Iw., gives
the thickness pf the areas of the clamped parts unloaded by the
axial force fa.

Bearing stress.

Allcwable bearing stress under the bolt head.

Distance of the belt axis for the axis of gyration for the area
Fm.

Canfiguration of the bolts in the case of a multi-balted jocint.
Perimeter distance in clamped prisms from the axis of raotation for

the area #w {in the direction A-A).

Perimeter distance in clamped prisms from the axis of rotation for
the area Am (opposite the direction A~A).

Angle of pressure of the bolt thread.

Tightening fFactor Fo max ¢ Fu micme
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Elastic bending resilience.
Elastic bending resilience of any part of the bolt.
Elastic bending resilience of the screwed—in thread.
Elastic bending resilience of the bolt head.
Elastic bending resilience of the clamped parts.
Elastic bending resilience of the bolt.

Tilt or angle of inclination of clamped parts as & result of
eccentric locading.

fAngle of inclination of the clamped prisms.
Angul ar deformation of the bolt.

Elastic resilience.

Elastic resilience of the screwed—in thread.
Elastic resilience of any part i.

Elastic resilience of the bolt head.

Elastic resilience of the clamped parts in the case of concentric
clamping and concentric loading.

Elastic resilience of clamped parts in the case of eccentric
clamping.

Elastic resilience of the clamped parts in the case of eccentric
clamping and eccentric loading.

Elastic resilience of the bolt.
Angle of rotation in the case of tightening of a bolt.

= 5§ /7 Ko

Length ratic far the interface of the eccentrically clamped and
non—-loaded joint.

Friction ccefficient in the thread.
Friction coefficient in the V-thread increased opposed to «.

Mean friction coefficient for thread and head bearing area.

Friction angle to «°.
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Stress amplitude of fatigu~ strength.
Fatigue loading Calte nating or cycling stressl of the bolt.

Tensile strength of the bolt, minimum value according to DIN 274,
g. [Blattl 3.

Cr me~ Tensile strength of the bolt, maximum value according to DIN
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Force ratio in the case of flange-like joints.

276, p. C[Blattl 3.

Fatigue strength or durability.

Normal tension in the thread as a result aof f,.,,
Mean tension.

Combired tension and torsional stress.

Tension caused by the portion fpa of the axial force in the core
cross section of the bolt.

Tensicn in the bending traction thread of the bolt thread
caused by the axial force portion Fsa and the bending moment
M., in the case of eccentric load application.

Like Cman, but on the bending—-compressive side of the bolt.

Tension at positicon x.

0.2% off—set yield strength (minimum value according to
DIN 267, p. [Blattl 33.

Torsional stress in the thread as a result of Mga.

Force ratio fea / Fa.

Force ratioc in the case of eccentric application of the axial
force fa.

Force ratic &. for load intreoduction under the bolt head and
nut areas.

Farce ratio 3., for load introduction inside the clamped parts.

Force ratio for concentric load introduction under the bolt head
and nut areas.

Force ratieo in the case of pure maoment loading by Ha.

Force ratio for concentric introduction of the axial +crcé Fa
inside the clambed parts in levels at the distance n» 1..

FPitch angle of the bolt thread.
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Inverse resilience in the case of flanges and flange-like parts.

For geometric quantities in the case of flange joints see Figures 9
and 10.



