
ORUL-tr--S055

DE8~ 0034~7

ORNl-tr-5055

VOl 2230: SYSTEMATIC CALCUlATION OF HIGH DUTY BOLTED JOINTS

VOl SOciety for Desi gn and Development, Corrmittee on 801 ted Joints

Translated from the Gennan.* Issued by the Verein Deutscher lngenieure

(VOl), VOl Richtlinien (DUsseldorf), October 19n, 56 pages.

DISCLAIMER

This report was prepaRd as lIII acc:ount of work spoasorcd by an agency of the United Stata
GowmIment. Neither the United Stata GovuDmcat DOl' any agency thereof. DOl' any of their
cmp1oyccs. makes any warranty, expras or imptied. or __ any legal liability or rapoasi­
bility for the ac:curac:y, compldcoess, or useCuIDess or any iDformatioa, appuatU, proclact, or
1XOCCIS discIoscd. or represalts that its use woaId DOt iDfriDF privately 0WDCd riabts- Rd'er­
_ beRiD to any specifIC c:ommercial product, proa:ss, or service by tndc II8IDC, trademark,
manu£adurer, or otherwise docs DOt nec:essarily c:oastitute or imply its eodorsemeat. m:om­
IDCIIdatioa. or Ca-.oriDg by the United States Govemmcat or any aPY tIlcrCOt the vieWS

U

and opinioas of authors cxpRSSCd beRiD do DOt nec:essarily state or rdlect tbaK or the
United Stata GovuDmcat or any agency themJf'.

.. '.. " .;,.... ':. .....~-~ .......... ,:.-.;

* By LANGUAGE SERVICES. Knoxville, Tennessee

NOTICE
PORTIONS OF THIS REPORT AGE IlLES:SlE. .

It has been reproduced from t.'1e best
available copy to permi.~ tbe troatiest..
possible .avaU3bility.

.-. J1\~--f
DISTR1BtmGN OF TillS OOCL!ME.~r IS UNL~!TE!l



VDI=GUlDEblNE VOl 2230:

Joints

Can~en~s:

Foreword

Sys~~~ic Cal.ula~ion ~ High Du~y Bol~ed

4

1.

2.

Scope

c.alcul.~ion

2.1.

~ ~......
Calcul.~ion Process •••••••••

Steps in c.alcul.~ion

10

3. Load and DeTor~~ion Analysis .nd Derivation OT

The Principles OT c.alcul.tion 20

3.1. Elastic Resilience or Spring Constant 21

3.1.1.

3.1.2.

R..ilienc. of Bolts ••••••••••••••••••••••.••••• 21

Resilience OT Directly-stacked~ Clamped

.-
\.

3.1.3 .

Sleeves and PI.tes

Resilience of Bent Plates .nd Flanges

23

31

3.2. Lo.d and Deform.tion Conditions in

Dir~ctly-&tacked Parts ••••••••••.••.••••.••..••...•.. 34

3.2.1.

3.2.2.

::>.2.3.

Conditions in AsllUtmbly Stage ••••••••••••••••••• 34

Variation in Initial Clamping Force

Resulting Trom Remaining Deformation

by Embedding

Effects CauSed by th~ Type of Load

3.2.4.

Introduction

Eccentric Clamping and Loading

36

44

(

3.3. Force and Deformation Conditioning in the Case of

Non-directly Cl.mped Pl.tes



3.::.1.

... .,. ..,

..,.).~ .....
Joints •..•..•..•......••.•..•..•..•....•......... 58

Joint Diagrams for F~~9R Joints ••••••••••••••• 00

4.

4.1. S~r~o~h elAS'" •••••••••••••••••••••••••••••••••.

4.2. Minimum Eng&gement Depth; Strength of Bolt-Nut

4.3.

64

6:5

4.4

4.5.

Emb8'dd i ng ••••••••••••••••••••••••••••••••••••••••••••• 6:;

FatiguR Strength

4.6. Tightening th. BoltRd Joint~ 67

4.6.1. Bolt Stress in Tightening 67

5.

Tightltning

80

:5.1. Calculation of a Bolted .Joint betw-een Piston

and Piston Rod in a Hydraulic Cylinder as an 8:ample

of Concentric Clamping and Concentric

Loading •••••••••••••••••••••••••••••••••••••••••••••• 80

:5.1.1.

:5.1.2.

Basic Conditions

Calculation Process

80

81

5.2. Calculation of Bolts of a Positive-acting Clutch

as an ExamplR of Bolt Loading with Transverse Force••• 85

~ ..., "oJ ........

:5.2.2

Basic Ccnditi~~s

Calculation PrOCRSS 86



3.3. Calcul~tion OT ~ Flywh..l F~stgnin9 Using ~ Cent~~l

Bolt as Example o-f Bolt Loading with Torsion

Shearing ••••••••••••••••••••••••••••••••••••••••••••• 89

5.3.1. Basic ConditiOns ••••••••••••••••••••••••••••••••• 89

5.3.2. Calcula~ion Proc&Ss ••••••••.•••••••••••....•••••• 90

3.4. Calculation o-f a Big-end Bea~ing Cov~ Joint

as an Exampl& oT Eccent~ic Clamping and Eccentric

L.oad i ng •••••••••••••••••••••••••••••••••••••••••••••• 93

5.4.1. Basic Conditions ••••••••••••••••••••••••••••••••• 93

5.4.2. Calculation Precess •••••••••••••••••••••••••••••• 95

5.5. Calculation oT Cyli~der Cov~ Joint as Example

Tor Ecc&nt~ic Clamping and L.oading •••••••••••••••••• 101

5.5.1. Basic Conditions •••••••••••••••••••••••••••••••• 101

~.~.2. Calcul.tion ProcRSs •••••••••••••••••••••.••••••• 102

5.6. Calculation oT a Flange Joint as an Example of the Bolt

calculation for Non-directly Stacked Plates ••••••••• 107

5.6.1. Basic Conditions •••••••••••••••••••••••••••••••• 109

5.6.2. Dete~mination oT Elastic Resilience •••••••••••.• 110

5.6.3. Determination oT Force Ratio and Force L.oss

due to Embedding •••••••••••••••••••••••••••••••• 112

5.6.4. Determination oT Maximum Bolt Preload

For-ce ••••••••••••••••••••••••••••••••••••••••••• 112

5.6.5. Fatigue Strength Testing •••••••••••••••••••••••• 116

5.6.6. Calculation OT the Seal Cha~acte~istic •••••••••• 116

Re-ferences "........... 117

Calculation Tables •••.••..•..•••••.••.•••.•••••.•..••.•..••• 120

Symbols and Terminology ••••••••••••••••••••••••••••••••••••• 136

VOI Society for Design and Development



Page 4

Diviaion ~ 0..19"

Committ.. on Bolted Joints

VOl o.si c;n ~dbook

Foreword

Thv prlnitmt guidttlin4P (VOl 223V) is intttr:d4Pd to inferm pr...ctic:<al

of bolted joints~ ...nd~ with thv r.commend<atian of ... systvm<atic:

c:alc:ul ...tion procvss, to offer thRm ... id in the often dlf.icult t.sk of

correctly designing bolted joints.

Along with thv tre...tment of thv f ...cters in conc:entric:ally c:lamped

...nd concentric:... lly lo...ded bolted joints norm<al1y prvsented in th~

literature, solution formul ...tions .are developed here for eccentrically

"cl<ampltd .and/or .c:centr-ic.lly lo.ded jointa~ which occur much ITlOr'V

frli'quently in pr.c:tic:e; the formul ...tions h...ve been supported by

measurements .and r-SCltnt r-......rch. Tabl..~ diagr..... .and .x...mplliiPS

facilitate the suggested systttmatic: calc:ul ...tion proc~s.

Due to the great number- of possible configur...tions and

interactions, thliiP determination of ttxternal forces <and moments .ffec:ting

bolted joints could not be tr-eated in this guidli'line. On the other-

hand~ the effects which r-esult from the scatter-ing of the initial stress

forcRs wh.n bolted joints ar-e tightened wet"'fi' consid&t""ed~ whereby the

given values ar. bas.-d on series of measurements.

The guideline VOl 2230 is ~he r-esult of many years of c:ollabor-ation

in the Committe. on Bolted Joints of the for-mer- vor Design Sr-oup (ADKI)

and of the Design Division of the pr-esent VOI Assoc:iation for- Design and.

Development. The pr-esent sec:ond edition r-epr-esents the revision of the

first edition of December- 1974 and takes into ;account the experienc:e and
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findinqa ~quirltd in wcrkinc; ..i~ ~h. 9Uideline. The l.aderl5hip oof ~he

c:oaei~~.. lay in ~e h..nds oof Dr. G. Junker oof Koblenz. To hilft and the

followinc; 9"'~1...", ...no -.de i~or~an~ c:on~ribu~ions to ~h. developaNimt

aT this quidelin., are dua thanks for ~heir voluntary ~forts:

Dr. W. Benz" Nartingen

Mr. ~~ Dreqltl"', Herborn, Grad. Eng.

Prof. K. Fltdern, Berlin, O. Eng.

Dr. A. Gr~ltWOhl, WolfsbW'"g

Dr. E. Haibac:h, Oarm.~adt-EbRr'.~adt

Dr. K. H. Illgner, Neuss

F~OIft ~he VOI Offic:e:

M!'". P. S.lbmann, DUsseldorf, Gr.d. Eng.

Mr. M. Uh~lftann, DUsseldorf, G~ad. Eng.

VEREIN DEUTSCHER I NGEN I EURE

c: SOCIETY OF GERMAN ENGINEERS J

1. Scope

The guideline VOI 22~0 deals with bolted joints which a~e to bea~

static or altern.ting working loads and which ~e to be c~eated using

high-strength bolts. The guideline should be used above all for joints

the f.ilure of which can cause serious damage.

The specifications in this guideline are valid for steel bolts

within the tempera~ure ~ange of -40° C to +300° C in which neithe~

embrittlement due to colj nor creep stress of the bolt steels is
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exPlK:ted. Above 120- C the .adjusted III<iIteri.al c:h.ar<ilCtll'risti~s IM.lst be

usad ~or c.alcul.aticns.

Extreme oper.ating stress such as high .and low tecnper.aturltS outside

th. giv~ limits, corrosion, .and non-detll'raain.able imp.act stress .,.e not

tre.ated in this guidelin••

The ~ollowing DIN standards, guidelin~ .and speci.al publications

c:an be consult~ i f necRS~ry:

DIN 105, 6.06: Steel in Building Construc:tion, Calc:ulation and

Structural Design;

DIN 120 Bl. 1, 11.36: Calculation Principles for St~l Structural

Parts of Cranes and Crane Runw.ays (DIN 15018 in prep.ar.ation);

DIN 2505, 10.64: Tentative Standard: Calculation of Flange Joints;

DASt-Guidel intni 010: Appli~ation o-f High Ten.i IEl Bolt:: in St~l

Construction (Publish~ by the Deutscher Aus~huB fur Stahlbau,

Stahlbau-Verlag GmbH., Cologne: 1974);

AD Bulletin B 7, Jan. 68: Calculation of Pressure Vessels: Bolts;

TRD ~09, Techni~al Rules for Soiler.: Bolts (Published by the

Vereinigung der Techni~hen Oberwachungsvereine e. V., Essen,

Beuth-Vertrieb, Serlin, Cologne);

DV 804 (BE) Ausg. 1960: Servic:e Regulations of the German Railway

System: Calculations for Steel Railway Bridges.

2. Calc:ulation

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 load must be

dimensioned so that the resulting joint fulfills the intended function

and withstands the working loads that oc:cur.

Examples:
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-I~th4r c:... O'f tM boltin9 O'f 'the httad of a pr~. VltSsel,. the

c:l..-ping +orc:e O'f the bolts is to be tntmlished such that the l«rking

load C:4U.lsed by the intern.l prvasur. is &bsQrbed,. .and the desired

..aling func:tion is attained.

---In big-.nd b.aring c:over bolted joints SuDjec:tect to vibrations in

rRCiproc:ating ItnginliitS~ the c:l~ing forc:e 0+ the bolts I2M.lst b. set so

high that und...- in...-tia forc:va no one-sided lift-off on the interfac:fit or

slippage occ:urs. Both would trigger progressive d..truc:tion, fittc:., by

automatic: unbolting and by fatigue failure of the bolt~. Sinc:e the

cl.mping forc:1itS must also cause the dEtformation of the stressed bearing

bushings until they c:~l.t.ly rest on the interfac:e, the clamping

forces c:an be a multiple of the working loads resulting from the inertia

forc:es.

---In the c:ase of front-end bolting 0+ a disk flywheel on an axle, the

clamping force of the bolts must be sufficient to produce with certainty

friction contact in the interfac:e necessary for the transmission of the

resulting moments.

The c:alculation of a bolted joint is based on the working load F"

which ac:ts 9xternally on the joint. This working load and the elastic:

deformation 0+ the struc:tural part caused by it bring about at the

individual bolting point an axial load F~, a transverse forc:e Fa, a

bending ~t M~, and sometimes a turning moment (torque> MT • Due to

the variety of designs for structural parts and bolted joints, the

difficult and generally complicated load and deformation analysis which

leads to the determination of these basic: variabl~ cannot be the Object

of this guideline. This task must be solved using the tools of statics

and elastomechanics C22;Z3;24J. This is especially true for

multi-bolted joints. Only in the case of simple, symmetric, and
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41n411Yliis O'f the -=rkirn;l lO4ld. ~ b4l1~ic "ariel.. F ...~ FQ~ IIB~ 4lnd lifT

.are ••swaed froe now on to a known v.1u....

b)

F:Lgur. 1: ~o:l.nt di~r.am. for .a
joint without ~tRrn.1 working
lo.ad
A' with clAmping to an initial
prelOAd F...
b) with 10$5 of preload FZ due to
emblPdding
c) with deviation~ of the initial
pr.load due to tightening scatter
.and lO$S of preload by embedding

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

I
/.---........--- ~

/"-/-/-/-----+-~~---J ,'~

~:--------~---------11
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Th4r object of ttw c.lculation of the bolted joirrt is to det.....i~

the n.-c:«"S~y bolt dilDensions by a:lnsid....-ing the ofollowinq inofluencinq

of.actors:

---St~ength cl ••• of the bolt;

---Reduction of the inlti.l cl.-pl~ l~ in the int..,.f.c. or p;;arts of

the int..,.oface by tn. werking lo~ C1,2,3~4J;

---Reaw::tion of the initial cloaeping lo.ad by 1Mbedc1ing ph~omena 0,:51;

---SC.tt..,.ing o~ the p~ela.d during ti9ht~in9 (1,6J;

---Endu~ance st~ength with alt..,.nati"9 la.d (1,2,3,4J;

---cocap~lKsive st~ItSS o~ claapltd p.arts by bolt head .and/or nut (7J.

For eec~t~ically lo.aded joints no generally valid methcd o~

calculation can be given according to the cur~ent state of knowl8dge

beeaus- the available calculations and measurements oof ~isting joints

havw not yet been converted into p~actic... lly applicable m.thods of

computation. For certain joints, hOWlitv..,., mathematical formulations

which have in pa~t been va~ified experimentally ~e desc~ibed in this

guideline under simpliofied assumptions. I. the given conditions a~e not

met or if the simpliofied assumptions do not hold up to a ch~k in the

individual case, then the necessary p~elo.ad aust be determined through

experimentation. This can be done by lMtasuring the changes in the bolt

force occu~~ing under the working load using wi~e st~ain gauges and

applying the equations and diag~ams contained in this guideline (see

Sec:.3.2.4.:5.). Such measurements c.an IPVrtn be done in the dlPVelopment

simila~ly formed, eXisting p~ts can also lead to conclusions. Special

cases also can be dealt with using the finite elements method,

especially if they can be ~educed to two-dimensional p~cblems.

In Sec. 2.1. the calculation p~ocess is developed, and in Sec. 2.2.



it i5 d::'vid.a in:to steps -for pr.ctic.al ~lic.ation.

The ~iv.tion of ~tiats Tor the diofof~."t quantities ~

factors is not taken up until Sec. 3. to previ.a • b.tt~ vi,"" of thlt

calcul.ation process. Rtrf.,.."CIt1i to cc:rr.-spondinq substre:tions, equations

.and diagr&e& in this -.etion Ar. ~••s n.-cl.c1 .t .ac:h c.alculation

stvp.

2.:. Calculation Process
The calculation process .and the devltlopllMiPnt of the dimensioning

~quations c.an be illustrated by the joint di.gram which is given in its

classic form in Figure 1; its modiofications for var~ous stress

conditions (cof. Figure 2) are more precisely derived and described in

Se!c. 3.

If a bolt is tight~&d during assembly to the lniti~l clamping load

F ... , then it is elongatli?d by r_" whereas the bolted parts are shortened

by r~M" Figure 1a. After completion of assembly" embedding phenomena

.appear (especially undet"" the effect of alternating working loads) az; a

result of the smoothing of technical roughness. The elastic length

v~riation f 5M + f~ is reduced by th~ amount of embe~ding fz. As a

rt"!1i>1..l1t, the initial clamping load F... decreases by Fz." Figure lb (see

also Sec. 3.2.2.>.

The initial clamping load F... is subjected during

t.ightening--depending on the method of tightening and the friction

conditions--to a scattering of the values between F M _~~ and F ... __M (see

S@'C. 4.Ch2.'.

A measure oof this scatt..... ing is the tightening factor a A" Figure

lc:

(1)

IT a joint is clamped at the least initial clamping load F_ _ ~~ and
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~ drop in the ini~i.l ~l.mpinq load F z occurs due to embedding~ there

r~ins in the worst c~S& ~ preload Fv • The efficient ~lamping force F k

in the interface is equal to the preload F v •

In oper~tion, the bolted joint loaded with Fv receives additional

tension from the ~x1_l component FA of the working load F~~ Figure 2.

Thereby the resilience conditions chanqe in general, and with th..m the

pitch and form of the deform.tion charateristics ~s compared with Figure

1.

--..
~~ The ~ial force FA causes the additional ferce Fa- in the bolt and

-',

a reduction of the clamping force FK at F~A on the residual clamping

force FK~. The additional load FeA is proportional to the axial

component FA of the working load. The proportionality factor ~ is

cal:ed the force ratio and is dependent upon the elastic resilience of

the clamping and clamped parts and accordingly on the stress conditions

(load introduction, eccentricity of the clamping and loading). Thus the

following summations:

F_ = ~ FA

FA = Fe... + F......

F"A = (1;) F ....

(2)

(3)

(4)

(5)

The bolted joint is designed in such a way that the residual

clamping force FK~ is at least equal to the required clamping force

FK~4 ~hich insures the f~,cticn o~ the bolted joint. This fo~ce must

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

requirements or friction contact. Thus:

(6)

Analogously we can define a required clamping force Fv__~. For

this:



(7)

Figure 2):

(8)

Taking into consideration the scattering during tightening, the

maximum initial clamping force for which the bolt must be designed is

The required bolt diamet~ is det~mined such that, considering the

selected strength class and the friction ~atios in the th~eads (see

Table 5), the axial clamping force of the bolt F.p is equal to o~

greate~ than FM __M. He~e F_p signifies the app~opriate clamping force

fo~ the bolt which has =aen chosen as the measuring standa~d. The

clamping fo~ce. together with the to~sional st~ess occuring during

tightening, utili:e. the minimum elastic limit to 907. (~~_d s 0.9~O.2;

see Sec. 4.6.1.).

Thus:
)

F.p = F M (10)

Tables 1 to 4 contain the axial clamping fo~ce values fo~ 907. of

the elastic limit utili:ation due to ~~_d, and indeEd for full shank and

~educed shank bolts of the st~ength classes 8.8, 10.9 and 12.9 in the

dimension ~ange of M 4 to M 30. (Note: The nominal values for the

elastic limit fo~m the basis of Tables 1 to 4 acc~ding to ISO/DIS 898

Pa~t (Teil) 1 which supercedes DIN 267 p. (Blatt)~. The nominal values

have a security ~ange from 1.67. to 47. against the minimum values. For

the use of the tables, see also Sec. 4.6.2.1.J

The tightening torque M_p belonging to the cor~esponding F_ p can be

taken from the same tables. If we must be sure that this torque is not

to be exceeded because of the imp~ecision of the torque wrench, a lower
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tor-que lDUst be g1 ven as the assembl y torque.

In the case aT determining the tightening factor ~A, ±107. has been

accepted for- the partial error for the tightening torquR. Therefore the

assembly torque /fA can bR determined as

If such a designed joint, which is clamped at F_p = F~

(11)

fft....... , is

being loaded for the first time, and if the initial preload is not

diminished by embedding procedures, then the maximum bolt strength is

(12)

Since according to the dpfiniticn the bolt has be.n loaded to 90X

aT the elastic limit by F~, the bolt is not stressed b~/cnd its elastic

limit at the initial loading of the joint if the following is true:

F.. = ~ FA ~ 0.1 ~O.2 ~s. (13)

In the case aT reduced shank bolts, ~s is replaced by ~T. If FSA is

greater, then the design of the joint must be improved if possible. or a

larger dimension, a higher strength class for the bolt or 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 £li~ht

over-extension of the elastic limit is permissible in the individual

case. 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

c&~ween the upper force limit FAo and the lower force limit FAu , then

the bolt is alternately stressed by the force:

(14)

which fluctuates around a mean value:
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Fe- = F v + If) !ea + ~
Z

(15)

In the s1mpl8St~ase of a working le-d in~reasing from zero to FA,

the .q~tions are simplified a5

(16)

and

F.~ = F v + If) ~ (17)
2

The enduran~e strength of a bolt must not be ex~eeded. We must

keep in mind that bend1ng deformations of the bolt ~an be caused by

distorted load-bearing surfaces which can result in additional

alternating stress on the bolt Csee sec. 3.2.4.3.).

In order to avoid a preload loss due to ~reep of the clamped

m.terial, the conta~t pressure under the bolt head or the nut, in its

bearing ar~. ~~, must not surpass the lim1t of ~onta~t pressure Pw of

the clamped material (s••, Sec. 2.2., Calculation Step S 10). Since

ac~ord1ng to the equations (12) and (13), the elast1c limit of the bolt

material is not .xceeded with the maximum bolt strength F. ~_M' the

calculat10n is ~hecked with:

I 0.9 ~ Pm (18)

Under ~ertain conditions, tightening procedures whi~h reach or

exceed the elastic limit can be used for assembly (see Sec. 4.6.).

Their introdu~tion leads to a situation in which the bolt is further

length~ned plastically by application of the working load (similar to

Fig. 1S). Therefore, special demands must be pla~ed on the ductility of

the material and on the free extension length. In lieu o~ the check Fe
(

~_M = UO • 2 ~. ac~ording to equat10ns (12) and (13), the test must show

how-far the bolt is plastically lengthened by the working load and how



O'f~en rttuse Cian be permi~~ed_

In ~he case O'f ~his ~igh~Rning process, ~ne scat~ering aT the

preload is produced only Trom the tolerance oT ~he ela$~ic limi~. Since

the elastic limit is reached or IPXciHtdec:l by ~he combined tension and

torsional stress Q"'__ caused by ~he clamping load and thR thread ~orque!J

only a nRgligibly small eTTect oT scat~li'r"ing aT the Triction cOeTTicien~

- appears. The required bol~ dianMtter is ~hen d.~li'r"mined ....ithou~

consideration aT ~he tightening Tac~or ~A Trom F M _L" according to

Equati on (8).

Since the values in Tables 1 through 4 are designed Tor ian axial

clamping Torce with 907. utili~a~ion aT the elas~ic limit, the required

bolt dimension Cian be chosen Tram these tables, ~aking into accoun~

~he selected strength class and the given thread Triction cOeTTicients,

Tor:

F. p /O.9 ~ F~ _L~. (19)

The greatest possible clamping Torce in such an assemblec:l joint is

attained with bolts whose elas~ic limit lies on ~he upper end aT the

standardized tolerance range.

For all considera~ions concerning SUr"Tace loading and elastic

deTormation oT clamped parts (e.g_, bearing housing deTormation), the

clamping Torc~ Tor the selected bolt, multiplied by the ratio aT maximum
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to minilllWA Itl ••tic limit, must thltr'ltTorlt be thlt b.so.is O'f th.. ~x11ft&11y

possible bolt strength Fa _M.
F • .....'" = (Tp - men F-.p / 0.9

~o.:z.

2.2. Steps in ~lcul.tion

(20)

Thlt working lo&d Fe with its components FA and FQ &t the ~olting

position must b. giv~ &s thlt b&sic conditions.

The dltSign and &ssembly conditions &ra O'ften arbitrary or

in~luenceable; they determine the needed values for embedding and for

scattering of the preload. Under observation of the many derivations

and comments in Sec. 3., the calcul.tion process can be accomplished as

follows in steps §...1. to ~.

~. Rough determination of the bolt diameter d (occasion.lly with the

aid of Table 6), of the clamping length ratio lk/d, and rough

determination ~ ~he medi.n be.ring strQSs under the bolt head with

P = Fan / 0.9 ~ P~
R..

F.p is found ~rom Tables 1 to 4 for the appropriate bolt dimension and

strength class. Recommendations for the allowable bearing stress Po of

several materials are contained in Table 14. If Po is exceeded, the

design conditions must be ~ltltred (if need be by means o~ the placement

of a washltr of sufficient strength and dimensions). In this case, IK/d

must be determined again, and the rough dimensioning must be checked.

S 2. Determination of the tightening factora A , taking into acc~unt the

chosen tightening procedure and 1ub.. ication or surface condition·

according tc Table 17 (is not necessary for any tightening procedures

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

4.6.2.3.).
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~. Determination aT the required minimum clamping ~orce FK__~, taking

into account the ~ollcwinq individ~l conditions:

Friction contact ~or taking up any present transverse ~orce

component Fg or ~or taking up any present moment NT.

Sealing ~unc~ions ~or known pressures and sur~aces as well as

ma~erial characteristics aT sealing elements.

No one-sided li~t--o~f wit~ eccentric loading and/or clamping. With

simpli~ied assumptions a ~ormulation ~ur F~__~ is possible (see Sec.

3.2.4. with Equation (78».

The maximum value determintitd ~or Ft<__ ~ shc'uld be put into the

dimensioning equations.

~. Determination o~ the embedding amount f z ~rom Table 7, and rough

determination o~ the ~orce ratio ~K for load introduction under the head

clamped parts from Table 9 or Sec. ~.1.2. For other rigidity

conditions, as presented in Figure 5, intermediate values can be

interpolated.

Thus determination of the preload loss by embedding:

F z = 'F z ~
6p

hereby neglected.

The effect o~ eccentric clamping andlor loading is

S 5. Determination o~ the force ratio ~.

a} In the simplest cases of concen~ric clamping and concentric

~xial loading of the joi~~ i~ must be assumed ~hatthe axial ~orce FA is

in~roduced in half intensity of the clamped parts. There~ore according

to Sec. 3.2.3.2. and Figure 17b and with n = 1/2, the force ratio

becomes ~ = ~" = n ~K = 1/2 ~K.

b) In the case of axial load application, an assessment of the

load introduction zone can be possible or even necessary on the basis of
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the gPOmetric Torm oT the clamped parts in sp.cial cases, Figure 17. IT

thereby nIt< is the p/?rtion aT the clamped parts section which is

unloa~ed by the working load, then ~ =~" = n ~; (0 < n < 1) (seQ Sec•...
3.2.3.2.)

c) In the case oT eccentric clamping and/or eccentric load

application, the Tollowing is true:

CfI = CfI..... = n

(se& Sec. 3.2.4.1. ~quation (6Sb».

In the event that an assessment cT the situation aT the load

introduction level is not possible or necessary, then Tor simplicity n •

1/2 can be set likewise.

d) In the case of flange-like parts which are not in contact, the

inverse resilience OT th. flange or of the covering plates (also

cylinder head) is to be considered. Thus ~ = ~~~ (see Sec. 3.3.1.

Equations (104) to (106».

~. Determination oT the required bolt dimension.

a) For all tightening procedure- in the elastic Tield oT the bolt,

the Tollowing is valid:

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

Tor which

IT Tables 1 through 4 are not applicable Tor specially Tormed bolts (see

Example 5.3), then the clamping Torces must be Calculated according t~

Equations (114) to (11S) and the assembly torque according to Equation

(124). Here the Triction coeTficient is dependent upon the selected

lubrication and surface conditions (Table 5). SimUltaneously, we can
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look up in the tables the tightening torque N.. associated with the

clamping force F~. For assembly, the mean tightening torque

is suggested.

b) For tightening procedures which reach or which exceed the

elastic limit, the following is valid:

Seek a bolt (dimensions and strength class) for which

Sin~_ the scattering of the friction coefficient is negligible, the

clamping force values in Table 2 (for a mean friction coefficient ~o =
0.125) can be used (for comments, see Sec. 4.6.).

~ Precise determination of the clamping length ratio l~ / d and

controls of ~k, and op (Tables 8 and 9) or repetition of S~eps ~ and ~

e..
~ Test for compliance with allowable bolt strength.

The allowable bolt strength is not exceeded if ~ FA < 0.1 ~O.2 ~s

(~9.2 As see Tables 11 and 12). Fer reduced shank bolts, the following

In the case of tightening

procedures which reach or exceed the elastic limit, this test is

replaced by another which tests whether an additional plastic

lengthening of the bolt by means of the working load can be permitted,

ho~ long the bolt is plastically lengthened, and how often it can be

reus_e~.! (see also Sec. 4.6.).

~ Determination of the dynamic fatigue stress of the bolt

(A~ core cross section)



--- ------

Page 20

In the case of RCl:l!ntric loading, the bending tlmsion must also b&

considered (see Sec. 3.2.4.3. Equ.ation <100> Tor a'_b).

In the case of increasing ~~1ng load, this step is simpliTied to:

Optimum values Tor the allowable stress amplitude aA oT the

endurance strength a_ ± a_ can be taken Trom Table 13 (SQQ Sec. 4.5.).

IT this condition is not TulTillvd, then the d~ign must be improved

whenever possible by using a bolt of a larger diameter or OT greater

endurance strength. Greater endurance strength can be achieved, Tor

example, by tempered threading.

~. Calculation OT the bearing stress under the bolt and nut heads

according to Equation (18).

p = Fan / 0.9 ~ p~
R...

In the case of determination oT the bolt or nut head bearing area

R~, the chamTering in the hole must be considered.

Recommendations concerning the allowable bearing stress p~ oT

several materials are contained in Table 14.

For tightening procedures which reach or surpass the elastic limit,

the Tollowing is valid (see Sec. 4.6.2.2.):

p = Fan / 0.9
R~

t:'fr>.;;: mots ~ Pes
do.:::.

3. Load and Deformation Analysis and Derivation of the Principles of

Calculation

In this section, the quantities which are used for the development

of the dimensioning Equations (8) and (9) in Sec. 2. are derived and

their modifications which depend on stress conditions are described.

The force and deformation conditions of the bolted joints are
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investigated; both the el ••tic and th. plastic behavior ~ the .1emRnt.

used will be considered.

3.1. Elastic Resilience or Spring Constant

The elastic behavior ~ the elements ~ a bolted joint is

characterized by the elastic resilience 6 or by the rigidity C.

In most cases, the elastic deTormation f of a body is proportional

to the loading forcp F:

f = of. (21)

The proportionality factor 6 is designated as elastic resilience

and is determined by:

6 - ~ I F. (22)

The reciprocal value of the elastic resilience is called the spring

constant:

C = 1 I 6 = F I f. (23)

Depending on the application (series or parallel connection of

elastic elements), the usage of 6 or C leads to formally simpler and

clearer equations. Since in the case of bolted joints tandem

connections of elastic elements are most commonly found, preference is

given to the elastic resilience 6 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 of single elements which are easily

replaceable by cylindrical shapes of varying length 1 .. and varying cross

section ~ .. , Figure 3. If Eo is YoungPs modulus of the bolt material,
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th~~ the following is v~lid for the el~stic .long~tion of such ~ singl.

element under force F:

(24)

Figure 3: P~rtition of ~ bolt into single prismatic elements~ for
which the resilience 6 c~n be determined.

With the Equations (22) ~d (24), there follows for the elastic

resilience of a cylindric~l single element:

6 ... = !.J.. =
F

(25)

In the c~se of the bolt~ the cylindric~l elements are connected one

addition of the resiliencies of the single cylindrical elements:

(26)

Here 6~ is the elastic resilience of the head and Om is the elastic

The resilience of non-screwed-in threaded parts is determined by using

the core cross section R~. Based on experience, the elastic resilience

of the head of standardized hexagonal and hexagon~l recess bolts and

that of the screwed-in thread which participates in the deformation is



.are obt.ained iAS:

60< - 6e - 0.4 d
E. ~....

<27>

In Equ,ation (27) ~N • d 2 '1114 is t~ noaainiAl cross section·of the

bolt.

st.andiArd bolts must blP considered by iA correspondingly modified fiActor

(:to. 4) •

3.1.2. Resilience gf Pi rtct1 y-stacked' Clamped Plates

3.1.2.1. Cross Sectional Ar&as OT Substitutional Prusur"'. Bodin in

Sleeves and Plates

<28>

.and Young~s modulus E~ of the sleevlP material must blP inserted into

Equation (25).

The resi I hmce of pI atIPS wher"e D-. > dt<, Figure 4, cannot be

prlPCisely calculated in a simple fi15hion even in the case of concentric

loading. On massive bodies and fir"'mly 5t.cked PiArts, voariou5 authors (8

to 13] have m&asured the de-formation5 under conditions of concentric

loading. Thereby resiliencies resulted which appr"'oximately corrlPSpond

to those of cylindrical 5ubstitutional pr"'essure bodies, the cross

sectional areas ~ of which can be calculated for two fields fr"'om DA /

dt< to a clamping length 10< = 8 d with a high degr"'ee of precision in the

following way, Figure 5 :



Page 24

3.1.2.2. Rtsilicnee with Concwntrie Bolt Arr@Ogement .nd with

ConCentric Load Introduction

~ al.stic resilience o~ aT thv concentric.lly clemped p~ts is

produced from the rel.tion

6,.. lK
R__ E~.

(31)

The condition aT the dlt'foraa.ation 0+ II'Is..ive bodi......

prerequisite for the validity 0+ this derivation is generally only v.lid

fer firatly stacked p.erts .nd nat for thin layttrs aT W ••tttr number which

<lIr1t not c:ompletely lfJVel. In this c.~ the lonqitudin.l rRSilience 6~

incre.S4I'S end can be expariaMlnt:ally determined, iT nec.-serY\t depending

upon th. l~d.

FiCilur. 4: Plate C:onlprassed on the hole edge •• if by bolt he.d or nut.

3.1.2.3. ~2Silience with EccPOtrie Bolt Arrangement .nd Concentric or

Eccentric Load Introdyction in the Bolted Joint

An eccentr1c loed app11c:.tion on • bolted joint eausttS\t .long with
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the longitudinal deTormation OT the substitutional pressure bodyl' a

bending deTormation OT the clam?ed parts which p~oduces an additional

longitudinal deoformation and thus increases the longitudinal resilience

aT eccentrically clamped plates and slgeves as opposed to concentrically

clamped ones. In order to demonstrate the tendenciesl' Tormulations are

made under the Tollowing conditions and simpliTied assumptions:

---The clamped parts Torm a prismatic body.

---The clamped parts Torm a "bending body" in the interface cross

section in which the interface pressure on the stressed bending side is

greater ~han zero.

---All cross sections of this prismatic body remain plane under loading.

A distribution of tension takes place in them.

---The bending rigidity OT the bolt is much less than that of the

substitutional bending body and is neglected.

These simplified assumptions are ganerally only allowable for

bending bodies whose cross dimensions lie within the diameter d K + hm~"

of the interTace area.

The bending body is depicted in Figure 6. It can be a section from

a multi-bolted joint. The lateral distance b is then given by the bolt

arrangement or by d~ + hm~".

There are investigations concerning the distribution of the

interface pressure in eccentrically clamped joints C4J. According to

these, calculations can be made on the stress_e_d~~nding side of _the

bending body with interTace pressure, if the external contour in the

area of the interface i~ not more than CdK + h_~") I 2 away from the

bolt axis 8-8. Here hm~M signifies the thickness of the thinner of two

clamped plates. The interface area ~D of the bending body depicted in

Figure 6 is under interface pressure if the bending body is preloaded by
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the bolt e~~entri~ally arranged around s at its axis aT gyration 0-0

with a preload Fv • The area R. ~an be presented and ~al~ulated as a

rectangle b·c minus the bolt hole. The axis oT gyration at the area R.

is 0-0. The area Re with the appropriate moment aT inertia Ie = k.2 R.

is needed in S.~. 3.2.4.2. Tor the ~alculation OT the clamping.Tor~e

FK~~ whi~h is required Tor the prevention OT one-sided liTt-oTT.

CNote: With the use oT R., the bending resilience of the bolt is

negle~tl!Jd.J

:-~-d..r-=-----'"
; .' I

Figure S: Substitutional ~ompression body Tor cal~ulation of the elasti~

resilien~e OT ~lamped sleeves and plates.

Given these assumptions, we get the following resilien~ies whi~h

usually are valid for the deformation in the bolt axis S-S. These

resiliencies are for the loading situation depi~ted in Figure 7:

a) In the ~ase of ~on~entri~ ~onfiguration of the bolts (distance

oT the bolt axis S-S from the axis oT gyration 0-0 of the bending body s

= 0) and, simultaneously, ~on~entric load introdu~tion (distance of the

load point oT appli~ation from the axis of gyration ~ = 0) corresponding

to Equation (31):



-_.._-----

6,. = f = Irs
F R.--_ E,..

b) In the case oT eccentric bolt conTiguration in the distance s

Torm the a>;i5 aT gyration 0-0 aT the bending body ~d load introduction

in the &~centrically lying bolt axis s-s, thus a = s:

6,.- = 0,. (32)

With the introduction oT a length ratio A for the eccentrically

clamped, unloaded joint

A = ;$ I kn

Yfle I fI....._,

E~uation (32) is simpliTied to

6,.- = 6..- C1 + A2 )

(33)

(34)

c) In the case of eccentric bolt conTiguration in the distance s

Trom the axis oT gyration 0-0 oT the bending body and of a load

introduction in the distance a from the axis of gyration as the most

general case:

(35)

where, 6,.-- is the quotient of the plate deTormation '''A in the bolt

axis and from the external force FA being applied in the distance ••

With the introduction OT Aaccording to Equation (33) this becomes

(36)

Here the distance. must always be put in as positive.

ihedistance s is to be put in as positive if the bolt axis S-S and

the load point of application A-A lie on the same side oT the axis OT

gyration 0-0 and negative if the load point of application and bolt axis

are located on opposite sides oT the axis of gyration.
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.substitutional compression
bodytIhere

,lwr-t!(4tr. ~r-oiJ
I interfacial pressure
due to preload Fv

b.(t1.K.h.m;,,)
fiirt>(d.I(·hminJ

bet
&t S(d.,r.h."w,)

Figure 6: Bending solids and interfaces under interfacial pressure
with eccentric clamping and loading.
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-~

.~

elbl

r I:ff

o·s

F

a) concentrically compressed
in the bolt axis

b) comprsssl2d in
eccentrical
bolt axis

c) eccentically
loaded

Figure 7: InTluence OT the line oT Torce on the elastic
deTormation oT a "bending solid" according to

. Figure 6.

J
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One must keep in mind th.at wi th W1T.avor.abl. cross Sttc:tion

cenditi ens small ec:cRrTtri citiQS ~ the 1c.ad i ntroc!ucti en ~use

consid.,..able l.at.,..al tilt due to which the resilience aT th.. cloamped

parts constantly increases.

IT by the .ccentricity ~ the pr.lo.ad F y .and aT axial bolt strength

FA the unloading in the interTace on the stressed side becomes greater

than the pressure preload, then a one-sided liTt-oTT begins, whereby the

elastic resilience OT the clamped parts progressively increases. This

condition is not considered in the case oT the calculation of resilience

and that oT the Torce ratio derived Trom it because it is the purpose of

this guideline to recommend the prevention oT one-sided liTt-oTf by the

introduction of a sufficient minimum clamping force. The determination

oT the difTerential Torce FSA and o~ the force ratio ~_ 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 surf.aces of the interface under pressure and of

the contact resilience in the sense of leveling of microgeomtrical

roughness OT these surfaces. These effects are of essential importance

in the case of bolted joints which Torm a 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. The one-sided lift-ofT occurs earlier in opposition hereto

by the ~ontact resilience in the interface. A calculation which takes

these effects into consideration is basically possible; however, the

calculation can be very complex.

----~-----------
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3.1.3. Resilience aT Bent Pl.tes .nd Sleeves

In Figure 8 a ~ymmetric plate under bending ~orces is depicted.

Forces are .cting on points A~ P and S.

[~
I...-

~....-_--+---,,~-

......r----:--I·--i--~..;....,.
I

Figure 8: Stressed symmetric plates.

Forces ;:
being applied
in the Points

. ---I
!

De~inition of
the Elastic
Resilience

1
------,--

i

Relative Shi~t

o~ Point S
opposite
Point P
cau!Ded by
the Forces F

Case

a P and S

b

c

A and S

A and P

0 2 = f 2 I F

0'3 = f'3 I F

The resiliencies 0 1 , 0'.2 and 6~ are defined according to Figure 8.

They .r~ necessary for the calculation of the force ratio (see Sec.

3.3.1.). The calculation of the 6-values -is--ve~c-omplicated. For

definite forms there are experimentally established approximate

solutions to which we will refer in the following:

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

can also be thought of as working in circles around the flange axis.
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The elastic thickness variation o~ the ~langQ is much less than the

deTormation as a result oT inversion and can thereTore be neglected.

The elastic resilience oT the ~lange can be described by a single

quantity ~ which is designated as inverse resilience. In the case o~

~he loading o~ ~he flange by the force pairs FF, Figure 9, ~he cross

section experiences inclinations at the angle 7. With 7 = f I a~ it

becomes

'1'=L=.L =
JfI Fapr

(37)

From Equation (23) o~ the speci~ications DIN 2505 (Tentative

Standard, pUb. act. 1964) ~he inverse resilience can be derived as

." = d .. + d::z
4rr E h /11

(38)

whereby according to Equation (27) in DIN 2505 for the loose flange

(39)

and h = h~.

Figure 9: Circular loose flange.

For ~he firmly prewelded flange, Figure 10, Equation (38) can be

used as well; however, /11 is to be calculated ~ith
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and h = h A is to be put in (see DIN 2S05 (Tentative Standard, pub. Oct.

1964J Equations (24) to (26)>.

Figure 10: Firm prewelded
flange

Thereby for the nomin.l distances

NM > 500 : dL.' = dL. I 2 (41a>

NM < :;00 . d ... ' = (1 - NW ) dL. (41b).
1000

(Note: All quantities in mm.J

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

1 = f' I .2'D,

and in connection with the Equations (37) to (40) the elastic

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

(42a)

C42b)

(42c>
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(Furtne~ tips on calculation in (14J).

3.2. Load and DeTormation Conditions in Directlv-stacked Parts

In this section tne ~titi&s given in Sec. 2 ~or tne dimensioning

equations and ~or the various cOillculations will be derived T~om the

elastic resiliencie5 oT elements involved in a bolted joint for diverse

loading conditions. Also the .T~ect of plastic daTormations will be

observed in dependence oT the ~esilience of tne joint.

Tne joints discussed consist oT plates, sleeves o~ otner parts

which in level interfaces (the preload in all the participating bolts in

the joint has just been applied) lie directly on one another and nave

metallic contact.

3.2.1. Conditions in the Assembly Stage

In the case of a bolted joint the clamped parts are pressed

together by the clamping parts. Thereby the bolt preload force Fv is

equal to the p~eload fo~ce in the clamped pa~ts but is di~ected

oppositely. In the assembly stage without exte~nal loading, the

clamping p~eload fo~ce in the bolt is identical with the bolt strengtn

Fe, and the clamping preload force in the clamped parts is identical

with the clamping fo~ce F~.

In the simple case (without working load), Figu~e 11, the bolt is

merely the clamping pa~t while tne plates with thei~ full thickness

represent the clamped parts. During tightening, the bolt is lengthened

elastically by the p~~load force FM by

while the clamped parte are pressed togethe~

'f"'M = 6,.. F ....

(43)

(44)



Figure 11: Simpl~ bottac joint following assembly; traction force
in th~ bolt FM (~ ~) = pressure force in
the cl~ed parts FM (~ ~).

In S~=. 2.1. we have already seen in the joint diagram a graphic

representation of these conditions for the preload force F M , in which

embedding procedures are not considered (see Figure 1a).

For the general case the sum of the deformations in the bolted

joint under preload force FM becomes:

(45)

In the joint diagram, the increases of the deformation lines are

inversely proportional to the resiliencies.

3.2.2. Variation in the Initial Clameing Force Resulting from Remaining

Deformation by Embedding

In addition to ~he elastic deformations, embedding phenomena gGc~r

in a bolted 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 f z (see also Sec. 4.4.' reduce

the elastic deformations so that a new state of equilibrium is
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established. The....eby the p ....eload -fo....Cli" F ... is ....educed by the p....eload

-ferce loss F z. as a ....esul t o-f embedding.

The connection betweem the p ....eload -forCli" loss F z and the embedding

amount f z is obtained Trom ....elations between similar triangles,

according to Figure 1b, as

E..=
F...

'7 =
f e .... + f_

(46)

F....om this it Tollows that:

or--anticipating Equation (53)--:

(47)

F z = (48)

~~ can be taken Tor the va.... ious dimensions o-f bolted joints -f ....om

the nomogram in T~le 8; 6~ can be takc~ f ....om the nomogram in Table 9.

I-f greater plastic d.for~tions of the clamping and clamped parts

appli"a.... under the working load, then there is also in this case a p ....eload

loss which can be determined according to Sec. 3.2.3.1.

3.2.3. Effects Caused by Type o-f Load Int ....oduction

External forces are gene....ally introduced into the joint th....ough the

clamped parts. The ....esilienc. conditions change with the situation o-f

the load introduction level in which we can imagine the load

introduction.

3.2.3.1. Application aT Force on the Bolt Head and Nut Bea.... ing A....eas

The introduction oT the axial force FA (axial working load 0 .... axial

components of a wo.... king load in any di ....ection> in levels by means oT the

bolt head or or nut bearing a ....eas is only theo....etically conceivable (sli"e

Figure t7a)~ However, this case is suited Tor the derivation of basic

....elationships between Torces and defo....mations.



longer, as cocrapared with the assembly conditi?", by the same· amount ,,_

= "~A, Figure 12. The bolt !DUst take up the entire Torce F., which is

F_ greater than the preload Torc. F y • The clamping Torce in the

clamped parts is simultanlL"OUsly rltduclld by thit amount F_, so that the

---:&~-

! A --.--.

~J. :1'~i
F... i
. I

for~------~:---~,.,... ~

o ~fy , d,>F,--':"

Figure 12: Joint diagram Tor
Tor the theoretical
ca5e OT concentric
introduction oT an
axial traction Torce
at the bolt head
and nut bearing area.

The diff....ential forc,"" F_ in the bolt and F"A in the clamped

parts which occur in loading oT trn. joint cause the variations in

length:

(49~

Equating them provides the relation:

(SO)

Furthermore the Tollowing is valid (see Equation (3»:

F .... = Fe... + F......

From Equations (3) and (50) follow:

F_ = 5= FA = ~K FA
0 ... + b..

(51)

(52)

Thus the Torce ratio introduced in Sec. 2.1., Equation (2), for the

theoretical case oT load introduction in the bolt head and n~t is



rlt'fll'l'T.cI back to the elastic r~i1 iencill'S with:

($)

68 + 6..

Fur~~ t~. follows for th. ca~ of coaaplltt. lift-O'ff F'-A = F..,

and there-fore (1 - ~) F... == F..,.

Thus the .xi.l fore. which l-..ds to lift-off ~ts to:

F_ • 1 F..,
1 ~

(:54)

If F. is • concentrically acting compressive forc.~ then it should

be put into the ~tion with. negativp sign. Fe- And F~ are then

negative; that means that the loading of the bolt decreases and that the

clamped parts are additionally compressed.

Figure 12 shews the joint diagram for F"", as a tension force:- Figure

13 the joint di&9ram for F... as a compressive force. F... is in both cases

put between the two do-fcrmaticn I1nlPti--prcceecling from the d~orlT.aticn

lines for the clamped parts.



Fe _~ F.c.-F,..
- " z
_"k.!2..

ft Z Z

Figure 13: Joint di~gr~ for the theoretic~l

c~ae of concentric introduction oT ~n ~i~l

compressive lo~d in pl~.s through the bolt
.anC= nut beari ng are~s.

Figure 14: Possible c~sas of alternating
.tre.s oT a bolted Joint.

·f'-'I"i!:-------o--~D

Figure 1~: Joint diagram for the case
of .tress on the cl~ping p~rts by the working
load into the pl~stic are~.

In the case of bolted joints which are undergoing an altern~ting

working lOAd, Figure 14, the bolt ~lso experiences ~n ~lt.rn~ting

stress. From the v~lue5 Tor FA ~5 well as the upper limit Torce FAo ~nd

~ccording to Equ~tion (~1) as



F eM = F~ + ~ (Fea + Fey)
:z
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(56)

Since the continually bearable tension amplitude oT the bolt,

calculated Trom FeA and Trom the core cross section R 3 oT the thread, is

small (see Table 13), we must strive to keep the load portion assigned

to the bolt as small as possible. This can be accomplished, a~ong

other things, by great elastic resilience Oe oT the bolt and by slight

elastic resilience 5~ oT the clamped parts (see also Table lS'.

The joint diagrams express the aame thing. The Tlatter the

deTormation line oT the bolt ~nd the steeper that oT the clamped parts

run, the smaller FeA becomes.

IT the bolt is plastically deTormed by the tension Torce Fe, then

its deformation line runs as a curve as per Figure 15 to point K. The

deTormation in the case oT unloading runs along the line KB and cut~ OTT

the plastic deTormation ~fe on the base line. For the subsequent

equal-si%ed or smaller loadings FA~ the joint diagram DBCK is

applicable~ in which the preload Torce is reduced by F z as compared with

the assembly state. Analogous conditions exist iT the clamped parts

are plastically deTormed by a pressure Torce Fe~ Figure 16. From

Figures 15 and 16 we obtain the preload reduction that occurs as a

result OT plastic deTormation, as in Sec. 3.2.2.,

as

Fz = .6 f_ or (57)
be + b~

.. -= /l -'f.. (58)rz
he + h ....
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K

s

Figure 16: Joint diagram Tor the case oT the stressing oT the
clamped parts by the working load into
the plastic area.

3.2.3.2. Load In~roduction within the Clamped Parts

The general case oT load introduction through the clamped parts is

depicted in Figure 17b. The assumed load introduction levels are

thereby 2-2 and 3-3. FA causes an unloading OT the parts lying between

load introduction levels 2-2 and 3-3 OT FPA~ while~ due to FA~ the

remaining parts~ which lie in the Torce Tlux oT the bolt between the two

load'introduction levels, are additionally loaded by FeA • These are the

parts oT 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 simpliTied assumption oT Sec. 3.1~2.1.~ the elastic

resilience oT the parts between the load application levels 2-2 and 3-3

can be assumed as D6~ as a part oT 6~~ whereby D < 1. For the parts

between levels 1-1 and 2-2, as well as 3-3 and 4-4, the elastic

resilience remains.

With these elastic resiliencies, FeA causes the Tollowing

deformation between the load introduction levels 2-2 and 3-3:

7~ = F SA [Oe + (1 - D) 6~J (59)
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and F~A causes the d~ormation:

(60)

As long as no liTt-oTT occurs, both d~ormations must be equal to

one another. This leads to the relation:

,.
(61)

(Equation (61) i$ analogou$ to Equation (50) in Sec. 3.2.3.1.).

In addition the Tollowing equilibrium condition appears (see

Equation (3»:

FA = Fe.... + F~.....

The desired Torces are obtained as:

F~A = 6~ + (1 - n> o~ FA =
be + (5~

= (1 - n ~K) FA = (1 - ~") FA

In Equations (62) and (63)

~" = n ~K = n 6 e
005 + 6~

(62)

(63)

(64)

In place OT the bolt resilience 0 05 in Sec. 3.2.3.1. the resilience

0 05 + (1 - n) Op has appeared. This is the elastic resilience oT 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 oT b~, nap

appears. This is the elastic resilience OT portions oT the clamped

parts lying between the intended load appli.cation levels 2-2 and 3-3.

Figure 17 also contains, along with the general Torm of the load

introduction within the clamped parts, Figure 17b, the two theoretically

conceivable bounding cases, Figures 17a and 17c.

Depending on the situation oT the load introd~ction levels, the
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differential force F_ can lie between 0 and if)>< FA in tjle case of a

bolted j~int according to Figure 17 with loading by FA.

c)

Figure 17: Load introduction in the bolted joint.

I I
~--G,Fv ----i-6,Fy

~-+--[6,""-~Fv----J1I.4,F'f­
l----f6,-/'JFv----+---l

1-----(6,./,JFv----..l

Figure 18: Joint diagram for a working load introduced inside
of the clamped parts.

In Figure 18 the force and deformation conditions in the joint

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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3.2.4. E~~en~ri~ Clamping and Loading

The case oT a ~oncentrically clamped and conce"trically loaded

bolted join~ treated in Sec. 3.2.3. is realized i~ d2sign only very

rarely. In most cases, the line oT ~ontac~ of ~he axial force FA will

not lie in the bolt axis, and the bolt axis itself will not fall

together with ~he axis of gyration oT the ~lamped parts (to be-exact, of

the bending body, Figure 6). Due to eccentricities, a resulting bending

moment is produced in the bolted joint. Along with the t~~sions

produ~ed by the forces F y and FSA , bending tensions become effective in

the bolt ~ross section which must be ~onsidered when testing for

endurance strength. Over and above this, eccentrically loaded bolted

joints tend toward one-sided lift-off aot the interfa~e if the a:dal

force FA exceeds a value dependent upon the preload F v and the

eccentricities of both forces. One-sided lift-ofT causes a sharp

increase in bolt tensions from axial Tor~e and bending. The requirement

to avoid one-sided lift-off and ~t~ d~trimental 60nsequen~es Tor the

security of ~he joint determines decided:y the quantity of the preload

Fy to be applied and therefore al~~ influences the dimensions of the

bolt, for whi~h endurance strengtn is to be demonstrated with alternating

working loads.

In the case of ec~entri~ally clamped and eccentrically loaded

bolted joints, elastomechanical problems involving a considerable amount

of calculation, due to the design mul~iplicity, for a ma~hematical

treatment.

The following derivation of the calculation equations is based on

the elastic resilien~ies which were given in Sec. 3.1.2.3. and is

subject to the simplified assumptions made there. The user of these

equations must ~heck the dependability of the simplifications in each
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case and, if necessary, mu~t mAke additional calculations (in this

regard, cf. (4J). The consideration of eccentric load applications will

lead to a greater accuracy of goal with the measurement of bolt~ than

the use of simple equations for concentric clamping and concentric

loading.

3.2.4.1. Forces and Deformations up to the Lift-Off Limit

An eccentrically clamped and also eccentrically loaded bolted joint

is depicted in Figure 19. During assembly, the bolt was tightened to

the preload force Fv • For this joint the conditions and assumntions of

Sec. 3.1.2.3. will suffice, i.e., it can be defined as a bending body

with the axis of gyration 0-0. The bolt axis S-S lies eccentrically to

the axis of gyration 0-0 by the amount x = s. 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 gyration 0-0 fixes the %ero

point of the x-axis. Moreover, the value x = ~ should always be

positive, as for Equation (36). The value x = s is then likewise

positive if the bolt axis 5-5 and the load line of application A-A lie

on the same side eccentrically to the axis of gyration 0-0. If they are

located on opposite sides of the axis of' gyration, then x = s is

negative. It is further stipulated that in practice ~ > s always.
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i
q

I II

-F,..-'S-fA-q

F'Kr.r-f$s-lJia-o

4/;<-sFi-
ZK- F:-f,c

F'1I~(~~f)
zK- f".F.4 (~m-1) $

Figure 19: Eccen~ric clamping and eccentric loading of a bolted
joint ("bending body" according to Figure 6).

If the bolted joint, which has been preloaded with F v by

eccentric~lly arranged bolts depicted in Figure 19, is additionally

loaded with the eccentrically functioning force FA, then the bolt load

increases by Fe....

Since the elongation of the bolt f~... is equal to the elongation of

the cl~mped parts f~... , then:

feA = f~A

6... - Fe... = h.. . F~...

6 ... - Fe"" = 6,.. (FA - Fe",,)

6 15 - Fe... = 6,.. . F... - 6.. - F_

This equation is valid primarily in general cases. For the case of

eccentrically loaded and eccentrically clamped bolted joints this

equa~ion goes over into:

6.... • Fe... (65)

because 6..-- can be se~ for the resilience in the eccentric force line

of application A-A, and &,..- for the resilience in the eccentric bolt

axis S-S.

.
--
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In 'the c.ase of lo.ad in'troduction in bolt ha.ads and nu'ts l• WCP obt.an,

solved .according 'to FSA,

and -from tha't:

(66)

By SUbstituting b~- and 6~-- according to Equations (34) and (36),

we ge't 'the -force ratio ~~ Tor the eccentrically clamped and

eccentrically lo.ded join't wi'th the load introduction in the lev~ls OT

the bolt head and nut:

~_o< = 6,.- =
oe + 6~-

b~ (1 + ./s X 2 )

bs + 0,. (1 + ~2).
(67)

In the case oT an introduction OT the Torces FA, FeA and F~A within

the clamped parts a't the height oT levels 2-2 and 3-3 at a distance nlo<,

according to Figure 17b, Equation (63) should be written .s Tollows, as

in Sec. 3.2.3.2.:

Cbs + (1 - n) 6,.-) FeA = n6~-- FA - nb~- FsA •

From this follows th.at

where

~..... = FeA / FA

(68a)

~..... = n 6,.-- = n
Os + 6~-

6~ (1 + ./s A2 ) = n ~_o<

6 e + 6~ (1 + 1 2 ).

(68b)

Equation (68b) can thus be also purely formally derived from

Equ.ation (67) by replacing b~-- by no,.--.

According to Equation (3) there follows, using Equation (63):

(69)

In the case of the force ra'tio i_n according to Equation (68), the

longitudinal forces oT an eccentrically clamped and eccentrically loaded
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bol'ted join't, undRr obStRrva'tion o-f the sign rul. TOr" s according to Sec.

3.1.2.3., can be calculated analogously to those OT a concen'trically

clamped and loaded one, as long a~-cne-sided liT't-QTT in the in'tRrTace

is prevented by a 5uTTiciently great preload.

3.2.4.2. Forc&s and PeTormations at th. LiTt-oTT Limit

IT the axial Torce FA in an eccentrically loaded bolted joint

surpasses a limit value FA _ b dependent upon a preload, then the clamped

par'ts unilaterally liTt off in the intRrTaCe beginning at the position x

= ", Figure 19. The one-sided lift-off begins when the resulting

pressure tension in the interface becomes zero at the position x • u.

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

tension distribution in the int~rTace is approximately:

a (x) = - F
R."

where:

x (70)

and

Therefore

5 (x) = - F.., - (1 - ~.~> Fe +
R."

(71)

(72)

Fy ~ x (73)

or

Q (x) -R~-[F'"-U-.... «I..... )

+ F Po <_ - eft..... s) F y s x]
k.,,2

(74)

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

becomes Q Ca) = O. If FA is a tension force and _ > s, then the



liTt-oTT bvgins in the lKIge Tib.,- next to th. Terce line aT ~plicaticn

A-A (Poin~ U in Figure 19>. In this case the edgQ fiber distance u can

be put in as a positive v.tue TO~ x. IT" < s~ then ~h. liTt-oTT bvgins

in Point V. The edge -fib.... distance Co' can b. t:hen put in as a negative

value. In ~he caSQ aT • p~essur. Terce FA which acts a~ a sufficiently

g~eat distance., and which can be put in as negative~ the lift-oTf

begins likewise on the opposite sid& aT tt'le c~oss section (Point V in

Figu~e 19>. This is taken into account if the edge Tibe~ distance to

Point V is put in as a negative value Co' in the place oT a in tt'le

othe~wise unalte~.d equations.

By substitution OT x • u in Equation (70), the condition 0 (u) = 0

leads to the lift-cTf-c:ausing axial fo~c. FA _ b as a Tunction of the

applied preload Fy :

FA.b = Fv

(1 + .;lU ) : (1 + su )
\ k.,% k.2

-41..... ('75)

Fo~ a given axial Torce FA' we get conversely ~t'lat very p~elo.d

FV _ b , at which one-sided liTt-oTf occurs:

F V _ b = (.;l s) U FA + (1 - dl_~) FA
k.,2 + S U

(76)

Thus the clamping Torce p~...nt at th& lift-oTf limit is:

FK _ b = (.;l - s) U FA
k.,2 + S U

(77)

IT it is to be conTi~m.d that no one-sided liTt-off occurs under

the ec:c&nt~ically acting axial fo~ce FA, then a required clamping Torce

FK__~ must be inse~ted into the dimensioning equations (8) or (9) which

is at l&ast equal to the clamping To~ce FK _ b present at the lift-oTf

limit, i.e.,

FK~~ = (a - s) u FA
k.2 + S !.,

(78)



Th~ dimensioning lIPql.Uticns ca> .and (9) -for the detltl""min.ation 0+ the

bolt si:::es are applic:able to the ecc:entric:ally lo.aded bolted joint under

the restric:tions given in Sec. 3.2.4. i-f the -forc:e r.atio ~~ acc:ording

to Equ.ation (OS) .as well .as .a requirRd c:l.amping -forc:e .acc:ording to

Equation (78) .are substitutRd. I-f this value 0+ ~he cl.amping forc:e

FK__~ is not su-f-ficient to take over the required -fric:ti~ cont.act or

the required liHial ing -functions, thlPn .... must reckon on thliit highest

value Ft«:__~ required in Equ.ation (a> or (9).

Spec:ial Ca~

a) Bolt strength and external forc:e work ecc:entric:ally on the

c:lamped parts. The clamped parts are prismatic:; however, they are so

thin that the i~terfac:e area R~ becomes more or less equal to ~ers

F K-.- ~, however

~~ = n 5~ (1 + s./ke 2 )

6e + b~ (1 + s2/ke 2 )
(79)

b) The bolt is c:onc:entrically arranged (s = 0); the external forc:e

works ec:c:entric.ally C. ~ 0>. For the rest, the general c:ase with the

c:onditions described in Sees. 3.1.2.2. and 3.2.4.1. is valid. The force

ratio ac:cording to Equation (OS) is reduc:ed as a result o-f s = 0 to:

~-n = n be = ~~
6 8 + (),.

and this does not di-f-fer -from the c:ase of the c:onc:entric joint; but the

ec:c:entrically loaded to:t experi&nc:liits an addition.al bending stress. For

the prevention o-f one-sid~ 11-ft-off, a minimum clamping -forc:e FK__ ~ is

needed whic:h c:an be c:alc:ulated as -follows:

(SO)
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subst1 tutianal
pressure body

c) In the case of a pure moment loading~ the force variable ~_ and

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

conditions defined in Sees. 3.1.2.2. and 3.2.4.1. From Equations (Q6)

and (67) this becomes:

F_ ... 6.. 12

Oe + 6 .. (1 + ).,2)
• Me

.s
(8U

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

e_ = 6.. l:z
ell"" + 6.. (l + 1,2) J s/ k e

and therefore:

F"",.,. = ~_ M...
T;;

(82)

(83)

The minimum clamping force for the prevention of one-sided lift-off

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

F~_b = u Mo
k~2 + S U.

(84)

Ht'?re we must note that fo!"" the case of .a pure moment lOcading where



(85)

in place ~ the otherwi.. gener~lly v~lid Equation (4) and thus:

a Me - ~_~
+ s a k.

(86)

with <1_ in ac:cord.ance with Equ4ltion (82). In the case ~ gi ven F v~ we

c~n calcul~te ~rom this Me • e as the limit value of the external moment

which le~ds directly to one-sided lift~f.

For the special c~.. s ... 0 we Obt~in with l:Z ... 0 according to

Equation (~) ~nd with <1_ ... 0 according to Equation '82):

Fe.... ... -F...... ... 0

according to E~tions (83) and (85) and th~.fore also Fv = Ft<;.

For ~ rectangul~ cross section where k e 2 ... a/3 we obtain:

(87)

i.e., lift-off occurs as soon as the cl~mping force Fo<; in the interface~

shifted to the lll'ft by the extern.al moment Ife in the sense of Figure 19,

&merge. from the core ~ea of the interface cross section.

3.2.4.3. Moments. Angle Deformations and Bolt Stress

The bending moment ~cting ~ddition~lly on the clamped parts due to

eccentric loading amounts to:

If.,. ... FA ~ - F_ s = (1 - £.. ~..... ) ~ F ....
~

(SS)

Analogous to the longitudin.al resilience 5 for the calculation of

calculCltion of the bending driormation 1. It can be determin~d like the

longitudinal resilience (see E~ation (31» ~or the case of the simply

obserVed bending body (as long as no lift-off occurs) as:

p ... ... It<: =
I. E..

(89)
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Analogous to the longitudinal resilience (see Equation (26», but

with the simplification that the bolt is not treated in a strict fashion

as a bent tension member, the ~ollowing is produced for the bolt as the

sum of the partial resiliences~~ = l~ / I~ E_:

Pe = Po< + P:L + P2 + ••• + Po

The sum can also be written in the form

From this follows that

(90)

(91)

(92)

The angle of inclination of the clamped prisms under the portion

N~ of the bending moment Nb taken up by the prisms is obtained from

(93)

and the angle deformation of the bolt under the portion Meb of the

bending moment taken up by the bolt as

(94)

Since 115 = 1~ and Nb = Neb + N~b must be the case, then

Nf"'b = JJe Meb
~

or _ //feb = Mb

i + Jie/JJ~

Mb - ~//feb

(95)

(96)

(97)

Since in general Pe »p~, JJe/p~ is much greater than 1, so that the

moment which is to be taken up by the bolt can be written appro:<imately

as:

With Equation (88) this becomes:

(98)
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For the endurance strength oT the bolt ioan eccentrically loaded

joint, the nominal tension ~s-o to be calculated Trom the longitudinal

Torce FSA and the moment Neb Tor the highest stessed mantle Tiber oT the

core cross section at the Tirst load-bearing thread proves to be the

determir.ing Tactor. It is calculate~ Trom:

= 4J~ FA + &
7:r;; p.

(99)

and can be changed with the Tormulas oT the circular cross section R~ =

I~ / M~ = d 3 /2 into the relation:

[1 + (~~ - ~) ~:._ (100)

Here the exp~'ession to the right next to the brackets is the

tension alone from the diTTerential force F.A , and the bracketed

expression is its increase due to the additional bending tension.

3.2.4.4. Presentation of the Forces. DeTormations and Tensions in Joint

Diagrams

Even for the general case of eccentrically clamped and

eccentrically loaded bolted joints we can depict a joint diagram.

Figure 21 shows the joint diagram for the case of loading by an axial

force FA at the liTt-off limit (FA is thus slightly less than FA_b).

Under the preload F~, which in this case is equal to the preload Fy__ ~

required for the prevention of lift-off, the bolt is elongated by the

amount of SO = 6. F~, while the prisms are compacted at the position x =
s, where the bolt head and nut of the bolt make contact by the amount of

OP = 6~- Fy (6~- according to Equation (34».
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r ¥ ..-....-;:..~
_[~(7-n.}~· JF,--""";'-I

Fig~re 21: Joint diagram ~or eccentric clamping and
eccentric loading.

With that we can draw the ~orce de~ormation diagram SOPV ~or the

condition oT p~eload.

Furthermore, the joint diagram for the loaded condition should be

Tormed in such a ~_y that we can determine the load portions FeA and F~A

between two deformation lines with the insertion of FA.

For this purpose, one of the deformation lines should be the

characteristic of the clamping parts. This characteristic is not

identical with the bolt characteristic in the case of load introduction

over the clamped parts. It is determined in this case similarly to

Figure 18 by the Points S· and V.

The deformation line valid for the bolt strength (F v + FeA ) through

the Points S', V and L m~st 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 bolt axis. In the

case of load application in the levels beneath the bolt head and nut

this would be 6 e ; however, in the case OT load applicution within the

clamped parts at a distance of n l~ according to Figure 17b, this
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resilience chang~ according to Equa~ion (68a) into (6~ + (1 - ") 5~-).

There.forli'

S'O = COer + (1

with 6~- in accordance with Equation (34).

The reciprocal negative inclination scale of the deformation lines

falling to ~he right through Poin~ V which are valid for the additional

plate Torce betw&li'n the Torcli' a~plication levels 2-2 and 3-3, as pli'r

Figure 17b, is designa~ed, as in Figure 7c, as " " .......-Qpoo • It is not

necessarily assignable, sinc& th& line oT application oT the additional

pla~e force F~A is not known at first. Its distance q from the middle

n6............ =

line 0-0 of the prismatic joint which is to be used in the place of a,

results, however, from the following eqUilibrium conditions:

FA = F'SA + F.-.... ,

FA a = Fe.... S + F'-A q.

Therefore

and

where

c!I---. =" 0.-­
be + 6~-

according to Equation (68b).

With the substitution of a by q in Equation (36) and accordingly

the substitution of 6~-- by 6~--- we obtain:

"6,.. (1 + t A=:) _=_

= "O~ (1 + A2 a/s - c!I_~)
1 c!I~

and after short intermediate calculation where:
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c~ (1 + a A2 ) = h~-­
$

according to Equation (36) and 5~ (1 + A=) = 6~- according to Equation

(34) ,

n6~--- = [6e + 6,.- - no..-] Cb=c
1 - dl......

The de-formation line thus -falls -from V towards pit, whereby:

as has to be the case on the basis o-f the similarity relation

I-f the joint is preloaded ~t Fv = Fv_~~ to prevent lift-off of the

joint under the working load FA, then the joint would lift off at Point

H" i-f FA_I:> were-to be exceeded.

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

reasons of equllibrium (see Figure 19)

FA (a + Ivl) = Fa (S + Ivl). ( 101>

The relation is satis-fied by all points of the lines S'JJ" i-f:

VJ / va = $ + Ivl

a + Ivl

In the case o-f loading surpassing the li-ft-o-f-f point, the

characteristic VH" will continue more o-f less like the broken line and

will tend toward the line S"JJ". The exact course is o-f little interest

since the lift-of-f limit given by Point H should not be exceeded.

3.3. Force and De-formation Conditions in the Case o-f Non-directly

Clamped Plates

As in the previous section, the quantities given in Sec. 2. will

refer to the elastic resiliencies. The joints treated in this section
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will consis~ OT Tlanges and Tlangs-like pla~e_ which are no~ in direc~

contact even aTter applica~ion OT the preload.

3.3.1. Load Ratio Tor Flanges and Flange-like Joints

In the symme~rical bolted joint in Figure 22, the part. PP, which

are clamped with the preload Fy by means oT a plate with the bolts S,

are clamped to a base object said to be inflexible. The bolts· are

elongated at f s ; the ~langes are bent at 2 1 1 •

We are investigating force variations FSA in both bolts S, and F~A

in the clamped parts PP if the joint is loaded by the external force FA.

FeA and F~A cause the following deformations shown in Figure 22

Co-values see Sec. 3.1.3.>.

---Length alteration per bolt by loading

with FeA TeA =Oe FeA

---Deformation of the plate

(Shifting of the Point S with

respect to Point P)

by the force pair

f::z = 6 2 F_

by the force pair

F~A--F~A f~ = 6 3 F~A

---DeTormation of clamped parts

by loading wi~h F~A T~A = 5~ F~A.
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Figure 22: Forc&$ and deTormations oT clamped, non-directly
stacked plates.

As long as the parts do not liTt OTT Trom one another, the

Tollowing is true according to Figure 22:

( 102)

or according to a transTormation:

(103)

From the Equations (2) and (103) there Tollows for the force ratio:

cb"' 1 = F eA =
T;;""""

F",...
Fe... + F~A

= 1
1 + F~A

-r;;;;;:
= 1

1 + 0", + 6 2
6,. c5~

(104)

and similar to Equation (4):

(105)

As per the quantity oT the 6-values, FeA can be positive as well as

negative. The bolt load no longer increases with negative FeA in spite

oT tension Torce on the joint, but even decreases. In the case oT

the symmetrical Tlange joint with m bolts according to Figure 23, we

should observe that two Tlanges take part in the deTormation. However,

in the case oT two equal Tlanges:
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(106)

~2 or 6~ is the appropriate deTormation on the Tlange) and, as above:

ATter the insertion oT 6 2 and 6~ Trom the Equations ~42b) and (42c)

into Equation (106) we get an expression corresponding to Equation (31)

in DIN 2505.

Figure 23: Flange joint with m bolts.

3.3.2. Joint Diagrams Tor Flange Joints

3.3.2.1. Joint Diagram with Linear Defor~~tion Lines

Each bolt in Figure 23 is praloadad with 1/~ F~ and thereby

elongates at 1/~ 6e Fv • Both Tlanges bend under Fv at 2 h 1 Fv while the

clamped parts are compressed at h~ F~. This is depicted by the triangle

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

no~ on in such a way that the deformation line VP also serves as one of

the two characteristic lines in the case oT additional loading by Fv • A

second characteristic line--in the case of linear characteristics the

line VM--must still be determined. V is the point oT these lines for
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For the determination of the point M (in the ca~e with unpressured

seal) the following is valid according to Figure 24:

F..... = F..... (107)

If we sub$titute Equation (107) into Equation (103), then we get:

PM ,.. F... = F....

1 ""'1

<10S)

From Equation (104) there follows then:

1 - Ill... :>.

(109)

With ~ from Equation (108) or NM from Equation (109), Point M can

be drawn into the diagram.

F tS... and F ..... for any F ... are found by inserting F ... -HK. FA is

separated into both partial forces F8A and F'-A by the line VN (// OP).

Figure 25 shows the force deformation diagram for negative F~A or

for the falling characteristic line VM.

c
I

-Fv·o~

Figure 24: Joint diagram for a flange joint according to Figure 23
(Fe... as a positive or risinq-sealing ~haFa~teFistic).
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Figu~e 25: Join~ diAg~Am fo~ A flAnge joint According to Figu~e 23
(FeA as a nega~ive or falling sealing charac~eristic).

3.3.2.2.

Lines.

Joint Diag~am with Non-lineAr Deformation Characteristic

In the case of clamped pa~ts with a non-linear cha~acte~istic,

e.g., in the CAse of seals, the expQ~imentAlly determined unloading

cha~acteris~ic line of ~he seAl Appea~s·in the place of the deformation

line VHP.

Figure 26: Joint diagram fo~ a flange joint according to
Figure 23 wi~h clamped sealing and a non-linear characteristic.
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When d.rtermining the .appropri~'t. curved lin. VKM in Figure 26, wa

\. must rfrturn to Equ.a'ticn <102>. A-fter initi4lticn c-f deferm~ticns due to

F_ this reads -fer two flanges:

F_ (,; 6 cs + 2 6::) = f ~ - 2 0:: F......

From this follows:

FSA = f ... - 2 02 F=e
2 3 2 + 1 6 s

111

CliO>

(111)

I

\

The two ch~racteristic lines 4lre determined point by point. For ~n

~ccept&d f~, F~... is taken from the seal characteristic line (~xample:

JH) ~nd with it F CSA is calculated according to Equation {Ill) and

plotted in the diagram {Point K).

4. Influencing Factors

Besides the function quantities (tre¥ted in Sec. 3), which

essentially depend upon the design configuration of the building part

and tMe bolted joint, there is 4ln entire series of effects to be

design of the clamping parts and of the clamped are4ls, upon the shape

designs of the selected bolts wnd nuts, or on 'the assembly conditions.

The multiplici'ty c-f 'these effects will be treated in this section.
--

_4.1. Strength Classes

Strength and elastic limit greatly influence the bolt dimensions.

The strength classes have been standardized in DIN 267, p. CBlattJ 3,

pub. 1967, and corresp~nd to DIN/ISO 898. Decisive for the dimensioning

is the elastic limit; it Shoul~.p~'t.be.ex-c:-eeded by 'the nominal 'tension

when 'tigh'tening 'the bolt and under loading of 'the bolted join't in

general. Only under special preruquisites, e.g., during angle

controlled tightening (see Sec. 4.6.2.2.), may the elastic limit be
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exceedlXl. The rupturing elong.ation, the ten.aci ty O'f the bolt ha.ad!, the

notch-impact toughness, and, to a lesser extent, the ratio O'f the

elastic limit for the tensile strength .are criteri.a for the toughness O'f

the bol t mat.,-i.l. Therefore, toughness in the c.ase O'f bolts plays .a

signific;ant role because the thre.ads .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 bolts (beginning with quality class 8.8) can be

manufactured to be lighter ;and gener.ally less expensive, even if the

external material dimensions cannot be reduced.

4.2. Minimum Eng.gemsnt Depth; Strength of Bolt-Nut Combination

A bolted joint should be so arranged that t~e threads can take up

the full strength of the bolt without destroying the interacting

threading. In the case of overloading, the breakage should occur in the

free thre.ading or in the sh.aft. The .appropri.ate strength .arr.ngement of

the bolt and nut is given, according to DIN 267, pp. (Blatt] 3 and 4 (in

accord.nce 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 sever.al mechanical materials. Fin~ threads require greater

engagement depths or greater strengths of the nut threading. They are

more sensitive to damage and contamination. 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 bolts

with standard threads.
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4.3. S.ering Stress on Bolt HeOld Olnd Nut Sur~Olc"

t., In ttl" b.......ing surTac:es between the bolt head or nut an ane side

~d the cl4llJDPed perts an the ~h...-, no be......ing strfi'ii&e$ which cause

creepege processes due to .ith...- ·pr.la.d or to meximum Torce should be

ellowed. The be......ing stress celculet:ec:I -from the m.aximum -force should

meteri.l.

IT the bearing heOld aT the bolt or the nut is smaller than that of

the clamped meterial, th~ gre.ter be...... ing strvss can condition.lly be

a~lowed. Experimentally determined be.ring stress llmits are given for

severel mech.nicel materiOl:s in Table 14. In thee.:;e.. th.t washers .are

used Tar the reduction aT the bearing stress, sufficient strength and

thicknes'5 must be considered.

4.4. Emb5>dding

The assembly embedding emounts f~ occuring after assembly (see Sec.

3.2.2.>, which cause the reduction oT prel~d Torce, are smeller than

the surTac:e roughness aT the clemped interTaces leads us to expect,

since during the tightening process an extensive leveling is already

taking place and even in t~e case aT elternating working loads, the

contact alterations in the interfaces remain relatively small. From

this we can explain the results aT measurements which show that the

surface roughness of the interfaces in the case of the application of

usual preparation methods has little effect an the degree of the

embedding amoun~ following assembly. On the contrary, the ~mbedding

amount decreases per interface with an increasing number of interfaces

and increases with growing resilience of the clamped parts. Both

ph~nomena are explained by the fact that embedding is a process
,.-
\ comparable to relaxation: with a smaller number oT interfaces the



greater resilience more ~lowly.

If no embedding oamounts 4U"e present which 4U"e determined in the

prototype, the valuRS given in Table 7 can be used as optimum values.

These have been determined in massive joints with varying degrees of

hardness of the clamped parts and differQntiating degrees of surface

roughness of the interface in which there was full area contact in the

interfaces under applied preload. These optimum values are valid for

·the case that the values given in Table 14 for the contact pressure.
limit are not exceeded. Otherwise creepage of the clamped material in

the bolt head and/or nut bearing surface appears and the embedding

amounts can become uncontrollably larger.

According to Sec. 3.1.2.1., as opposed to clamped plate stacks, the

resilience can be essentially greater than in the case of massive joints

of equal clamping lengths so that experimental detemination of the

embedding amounts is recommended in such cases.

4.5. Fatigue 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 upon the design configuration of the joint.

Design measurps, which reduce this amount and thereby raise the

~nd~ance strength of the joint~ are listed in Table ~5~nder 1.

b) the fatigue strength of the bolts in connection with the mated

nut threads. Measures for the improvement of the endurance strength are

contained in Table 15 under 2 to 5. For standardi:ed bolts, like, for

example~ bolts according to DIN 931, DIN 933, DIN 912, the threading



determines the ~atigue strength.

Table 13 ~an be inserted.
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For su~h bolts7 the values given in

4.6. Tightening the Bolted Joints

~~ tightening pro~edure in~luen~es the required dimension o~ ~he

bolt be~ause, in addition to the axial ~or~e. torque must by taken up by

the bolt. However, the ~Te~t whi~~ comes Trom the variability o~ the

preload ~or~e in various tightening procedures is especially strong.

IT, Tor example, the bolt dimension Ml0 is suffi~ient for a bolted

joint with a determined loading. in the case that the bolt is tightened

according ~c the procedure dire~ted by the angle of rotation. then the

dimension M18 would have to 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 sele=ted. Here th~ number of assembly pieces should be

especially considered. We must take care that the tightening pro~edure

established by cal~ulation is used in assembly.

4.6.1. Bolt Stress·in Tightening

During tightening the bolt is stressed by the preload force FM in

tension and by the torque MOA acting in the threads additionally in

torsion. Decisive ~or the calculation is the combined stress d __e •

From the laws o~ mechanics ~or inclined planes we can derive:

where

MOA = F M d;;; tan ('f+/,")
:2

(112)

tan '4' = ...E-., tan f"
7r d:z

In the case of threads with an angl~ o~ pressure ~= 60~, we get ~"o

= 1.155 Acs_
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rn the c:ase cri the normally small angles'" and 1'" we c:an write the

Tollowing instead oT Equation (112):

/tIGA = FI'1 d:;:
2 (....L + 1.155 .oUc3 \

1rdz 'j
(113)

IT do is the diameter oT the smallest c:ore sec:tion ~o oT the bolt

then the stress rati~ bec:omes:and /II,.. its resistanc:e torque,

T = /tIaA ~o := 2 d ... ( P
d;. /II,.. FI'1 ~ 7fdz

+ 1.155 #13) (114)

The beginning oT the yielaing oT the threaded bolt and the

retention oT tension during tightening are inTluenc:ed by the

simultaneously ac:ting tension and torsion stress.

With the c:ombined tension:

( 115)

there Tollows for the c:ase that for this c:omparative tension ~~~<l, 90%

of the minimum elastic: limit ~O.2 oT the bolt is allowed:

1Y~:d =~ 1+ 3 CZ,f= = 0.9 ~:.2
and

( 116)

+ 1.1:55
( 117)

In the c:ase of the reduc:ed shank bolts with a reduc:ed shank

diameter dT, whic:h is smaller that the minor thread diameter d~, the

weakest c:ross sec:tion lies in the non-grooved shaft so that, for the

calculation of the tension loads F.p , the normal tension ~M c:an be

inserted with do = d T ac:c:ording to Equation (117):

( 118)

The tension load value F,p for reduc:ed shank bolts in Tables 1 to 4

were c:alculated with d T = 0.9 d~ in this way.
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As soon as the reduced shank diam&ter becomes larger than the

diameter d. = (d 2 + d~)/2 belonging to the tension cross section, then

the weak point in steel bolts usually ~ies in the reduced shank so that

yielding begins here. Since the thread of the bolt is a grooved part, a

multi axial stress develops in this area with stresses of different

levels--~~, ~2, d~--which cannont be readily calculated. Experiments

have proved, however, that we can calculate the intended edge thread at

the distance d./2 from the axis with the comparable tension dr_d

according to Equation (115) and with the diameter d. as a reference

quantity Tor the determination of w~.

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

d::s, ~... becomes

d'... = o. 9 ~o -

~l + 3 r. + 4 (P
I! d~/d2 i"'d';

and the tension force:

+ 1.155 ~~)J
(119)

Here the tension cross section As was based on the values. standardized

in DIN 13 P. [Blatt] 28 (pUb. August 1975). They are based on the

nominal values for the pitch diameter d-;;: and core diameter d~ and thus

correspond to the maximum of the tolerance position h.

Also, for the calculation of the reduced shank cross section, the

maximum core diameter where d T = 0.9 - d~ was inserted Tor the tolerance

position h according to DIN 13 P [BlattJ 28.

The tension forces determined in this way were rounded oTf in .

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

4.6.2. Scattering of the Initial Clamping Load in Tightening

By means of the tightening factor ~A = F... m __ / F... m~M, the error

of the prelc~d ferce desired when tightening is co~sidered in the

1,
L
v
j
I
I
I
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dimensioning Eq~ation (9) as opposed to the required minim~m preload

force.

This tightening" factor is c:alc~lated as:

~A = 1 + a Fy / Fy~ (121)

1 A F y IF",...

Here ~ F", for the vario~s tightening techniques is composed of

single errors, which can be added according to the law of error

propagation for random errors.

Table 17 gives optimal values for the tightening factor ex ... for the

various tightening procedures. Information concerning the particulars of

the most common tightening procedures are contained in C6J. For the

most important procedures, only such data will be given in the following

which are necessary for the use of this guideline.

4.6.2.1. Torgue-Controlled Tightening

Under torque-controlled tightening we understand generally

tightening with indicating or signalling torque wrenches. In principle,

however, powered tightening with automatic wrenches falls under this

category since a compressed air wrench produces a measurable and

adjustable torq~e.

The total tightening torque is a combination of the thread

tightening torque and the head and nut friction torque:

MA = MCA + MI<

M... = F ... _L~~ ~~~_( ~_+ ~') +~ tan r]
(122)

(123)

Given the condition = 60°, this equation can be simplified as:

M... = F ... CO.16 P + Ao 0.58 d 2 + D~r/2 JlI<J (124)

The tension torques Jtf_p in Tables 1 to 4 are calculated with M_ p =

Jtf... and Fwp according to Equations (119) and (120).
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Here the simpliTied ~ssumption ~o = ~K = ~Q__ has no longer been

made--deviating from the Tirst edition of the guideling VOI 2230 <pub.

Dec. 1974), as well as from the older literature. More recent

investigations with separate grasping by the bolt head and thread

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

a ficticious friction coefTicient ~Q__ is too imprecise, especially when

the Triction coeTTicients po and ~K are very difTerent, as can be the

case Tor modern self-securing joint elements.

The Tree combination OT all possible friction coefficients ~o with

all possible friction coeTficients ~K would lead, however, to

exceedingly extensive tabulation for the tension torque M.p. For the

plotting of the Table 1 to 4 the~~ Das been therefore a simplification

by which the tabulation remains limited to four table~. For this reason

we must take into account a maximum error of about lOr., which issm~ll~

however, in relation to the expected estim~ted error for the friction

coefficients Po and PK. The simplification is obtained from Figure 27.

I.

;t
I

I

Figure 27: Tightening torque M. p and clamping force F. p

<90r. yield load) as a function of thread friction
~C!I
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I~ we plot the required tightening torques N~ ~or the various bolt

head ~riction coe~~icients ~K above the thread co~~icient ~a ~or the

tension forces F~ determined by ~r-a according to Equations (119) and

(120), then the curves run approximately horizontal, i. e., the

tightening torques M_p are almost totally dependent upon the bolt head

friction coefficient ~K in the case of 907. elastic limit utilization due

The tightening torques N_p given in Tables 1 to 4 are consequently

calculated for a constant thread friction coefficient and particularly

for J.I.'3 = 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 required tension force F_ p and for the thread friction

coefficient ~a according to Table 5 from the appropriate left part of

Tables 1 to 4; followed by

---Location of the tightening torque M_ p which belongs with this bolt

dimension and strength class, and specifically from that. line of the

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

coefficient ~K estimated according to Table 5.

The calculation of M_p in Tables 1 to 4 according to Equation (124)

is based on the nominal size of the pitch diameter and friction radii

DK~/2 of the bolt head area corresponding to the head dimension of

nexagonal recess bolts according to DIN 9i2 or Draft Standard DIN/ISO

4762 (pub. Dec. 1975) in accordance with those of hexagonal bolts

according to Draft Standard DIN/ISO 4014 (pub. Dec. 1975) a bolt hole ~

according to DIN 69 (pub. Aug. 1971).- The values in the Tables are

rounded off in such a way that the rounding-error is less 'than 27..
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An even more exact understanding oT the diTTerent Triction

cOeTTicients ~a and ~K, particularly in the case OT very high thread

Triction cOeTTicients, is possible iT in Equation (124) we replace the

term Tound in the brackets with k - d and also express P and d 2 like

DKM/2 as a Tunction OT d, and insert the mean values Tor the diameter

group M4-M30 with the previously given basic dimensions.

Thus

T~ standard threads K = 0.0222 + 0.528 ~a + 0.668 ~K

for Tine threads K = 0.0151 + 0.545 ~o + 0.668 #K.

By this way we get the K values for any pairing of ~a with ~K

according to Table 18 with which the tightening torque MQ for any

initial preload F M or also the tightening torque M. p Tor the clamping

force F wp can be determined according to the Equations:

/
\..

( 125a)

C125b)

In Equation C125b) the yield load F.p for 90Y. 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 preload F M with the consideration OT the scattering of the

friction coefficient ~a and of the scattering of the applied tightening

torque MA • Additionally, FM is plott~d as dependent upon the thread

torque MOA for both values ~o and ~a ~~". Furthermore, lines of

(

equal, reduced tension (1..._d = 0.9 {To.;: and erO.2 are included. The maximum

initial preload F M ~_M is present in Point X in the case of M~A ~_M and

~O m1~; the least force FM ~~" is present in Point Y in the case of MCA
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~o'1.... o'1••oF,..-*-~ .:111• .:11'1"
~ 0'1.-....;.-----o 0'1.---- _

Figure 28: Tightening torque/preload diagram (with friction
scattering and tightening torque scattering).

During assembly according to instruction, 5~_d should not exceed

the amount 0.9 Uo.: in the case of torque-controlled tightening.

In the case of torque-controlled tightening with a torque wrench,

the total error is composed of the following partial errors:

---Error in the estimation of the friction coefficient; with the

estimated friction coefficient the maximum tightening torque M. p 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 coefficient can be restricted

ii the-aesignatec'torque on- the original part is determined by

elongation measurements on the bolt.

Fro~ 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 ~A in Table 17.
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In the case oT "torque-controlled" wrenches we must must

diTTerentiate between:

A) stationary wrenches which can be adjusted within a certain

range by regulating the pressure,

B) wrenches with automatic clutches on which the clutch releases

at a set torque,

C) precision wrenches with dynamic to~que 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 oT the wrenches like a) and b) can

either be done via retightening torque or the exact lengthening

measurement on the bolt.

The retightening torque is the torque which is speciTically

required to turn the bolt Turther aTter tightening is completed. It

difTers Trom the designated tightening torque for torque tightening by

the retightening factor, which, according to the type oT wrench and the

friction and elasticity conditions, can vary between 0.85 and 1.32 (6J.

The Tollowing partial errors arise:

---Errors when estimating the Triction coeTTicient Tor the determination

oT the designated tig~ning torque Tor torque tightening.

---Errors when estimating the retightening factor by which the

tightening torque diTTers Tor the designated tightening torque.

---Tool and reading erros when measuring the retightening torque.

---Errors Trom Taulty accuracy oT mean value in the case OT adjustment

attempts: the greater the number OT adjustment attempts, the smaller the

errors.
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lid jus't;11IeT1't; by Nay 0 f El oTlga1;i 01'1 M~ClSur~1IHn)1;

---Errors from elonga~ion measuring (tool errors, reading errors,

dimension and Young's modulus variations of ~he bol~).

---Sca~~ering of ~he preload force when adjus~ing powered wrenches.

The adjus~men~ of ~he wrench~s described in c)

should also 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 also the d~termination

of the designated tightening torque by way of elongation measurement 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 coefficient and tabular or

mathematical determination of the designated tighteni~g torque.

For determining the partial errors for bolts as described in c),

the same is logically valid as preViously stated for the tightening done

with a torque wrench.

The empirical values available to date C6J allow the recommendation

of optimum values for torque-controlled tightening with wrenches

according to Table 17.

4.6.2.2. Elastic Limit-Controlled Tightening Procedures

Elastic limit-controlled 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 HA I d~ * constant or d= MA I d~= = O. This

principle is realized in the following way in the case of the prototypes

of bolts developed currently:

An air-driven torque wrench with an electric control unit first
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tightens th& joint to a "liieti:ing torque" in order to bring all
(
'. interfaces firmly into contact. Beginning at this point, the

appropriate differential quotient is compu~ed and stored by way of an

adjustable length of chord of the HA,~-curve, Figure 29. As soon as

this differential quotient falls on a firmly set fraction of the maximum

value (A MA I AJ) ~_x when the elastic limit of the bolt material is

"reached, the wrench is disengaged by a quick release valve. In this way

the desire preload 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 Fy-curve in Figure 29). The plastic elongations, which the bolts

expRrience thereby, lie in the order of magnitude of the values with

which the uO.2-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 ~A is not needed for this procedure (see Sec.

2.1) since the bolts are dimensioned according to FM ~1n. For

comparison of the precision with other procedures, ~A = 1 is given in

parentheses in Table 17.

4.6.2.3. Tightening Procedures which Exceed the Elastic Limit

(Angl e-of-Rotati on-Control led)

Angle-of-rotation control of the tightening procedure is also used

today for power tightening in the practice of mass production. Control

c

oy way of the angle of rotation is indirectly control by elongation

measurement. Since in the case of 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 Torce F~T, and Trom that is Turther clamped at a certain angle~

in the plastic area oT the bolt, Figure 30. As in the case oT

elastic-limit-controlled tightening, a slight eTfect of friction is

produced by the Tact that the combined stress

exceeds the elastic limit in the case OT lower p~eload force values iT

the thread torque, and thereTore, likewise, increases as a result of

greater thread Triction.

1- scattering of the elastic limit
force in a bolt lot

~
2. preload F.... , tightening

~~ torque M....
~~ 3. preload F....,
~~ 4. tightening torque M....1).U s. disengagement point at I: see- :".

-< equationJ
6. pre-tightening moment

.h 7. angle of rotationJ

Figure 29: Elastic-limit-controlled 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 difTerence between this and elastic-limit-controlled

tightening consists in the fact that the greatest precision is specified

only in the case that the elastic limit of the bolt material is exceeded

and, due to this, greater plastic deformations of the bolt must be
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accepted. Due to this, the r.ua&bility~of the bolts is restric:1:ed, and

(_ the precess c.m only be usec:l fer bolts with sufficiently duc:1:ile

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

Fer the .pecific~ti~ of a tightening factor~. the same is v~lid

as fer elastic limit controlled tightening.

4.6.2.4. Impu1se=Controlled Tiahte~1ng (Imoact Wrenches)

Impact wrenches tr~nsmit energy through impulse; therefore, a given

The adjustment of imp~ct wrenches must be done, as in the case of

torque wrenche., on the original bolting p~rt. It is more precise by

elongation mea.urement on the bolt, and less precise by tightening

torque. The consid.r~tion of errors is logically the same a. in the

case of torque wrench types a) and b). From t6J as well as other

<-' empiric~l v~lues, the tightening factors in Table 17 must applied. The

tightening factors are so high that this tightening procedure cannot be

recommended for high duty bolted joints.

1. scattering of a o .= or a e
in a bolt lot

2. prelo.ad
3. prRload F...,
4. preload for
S. angle of rotation
6. pre-tightening torque

I~

Figure 30: Angle of rotation-controlled tightening (past yield) ..

c
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5. Calculation Examples

5.1. Calculatio~ of a Bolted Joint between Piston and Piston Rod in a

Hydraulic Cylinder a~ an Example of Concentric Clamping and Concentric

Loading

5.1.1. Basic Conditions

According to Figure 31, the bolted joint is calculated as·a

concentrically clamped and concentrically loaded joint. In the Coilse of

an internal pressure of 5.5 N/mm2 and a pressure-bearing surface of

4536 mm 2 , the axial force is produced at:

FA = 24.9 . 10~ N.

The cylinder is part-a';: .. press with 300 working strokes per ho~""~

The axial force is ac~ordingly ~onsidered as a dynamic working load.

The residual clamping force should amount to at least F~~ = 10~ N

for security reasons because of the sealing function of the bolt in the

case of unloading by the working load.

The piston material is C45V.

The joint should be ti~~t~ned with a gauged torque wrench.



Page 81

Figure 31: Hydraulic cylinder with central bolted joint between the
the piston and piston rod.

5.1.2. Calculation Process

The joint is calculated following the calculation steps ~ to 5 ~

given in Sec. 2.2.

~ Rough determination of the bolt diameter and of the clamping

length ratio 1~ / d, as well as the bearing stress under the bolt head.

With the aid of Table 6, we can assess a required preload of 63 -

10~ N for a concentrically acting dynamic working load in the bolt of FA

= 24.9 - 10 3 • From the possible diameter/strength combinations, a bolt

M 12 X 60 DIN 912 12.9 is chosen.
- - - - - - -

This amounts to the clamping length ratio

It< / d = 42 / 12 = 3.5

C1~ = 55 mm t 1) •
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The bearing stress under the bolt head is

P = F_p I 0.9 = 741 N/mm 2

R.-

(from Table 1 for Ao = O.12~: F_p = 67,000 N; (Equa~ion (28»: R.- =
100.";) mm2 ).

The allowable bearing stress for C 45 V according to Table 14

amounts to:

Po = 900 N/mm2

Thus:

P < Pel.

~ Determinatic... of the tightening factor-::X A.

ThE bolt should be tightened with a gauged torque wrench.

Tab1 e 17 follows: ex A = 1. 6.

From

S 3. Determination of the required minimum clamping force F,<_........

The required minimum clamping force must at least be equal to

smallest residual preload intended for the problem (Ft<_....... = F KR ).

it is:

F...._...... = 10::=: N.

~ Determination of the preload force loss F z as a result of

embedding.

Thus

According to Table 7, a total embedding ~mount of ~~ = 6'~m is

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

ratio 3.5.

-~herQugh determination of the force ratio according to Table 8 is:

l!IK = 0.24.

The rough determination of the elastic resilience of the clamped

parts according to Table 9 is:

0.- = 0.76 • 10-::=: ~m I N.
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The preload force loss ther&Tore becomes (Equation (48»:

5 5. Determination of the force ratio ~.

Corresponding to Figure 17b, we estimate that the load introduction

levels lie at the distance "1~ = 0.3 1~. Thus:

m = ~~ = 0.3 ~K = 0.072.

S 6. Determination of the required bolt size.

According to Equation (9):

From Table 1 (full shank bolt) ~a = 0.125, a required bolt Ml0 DIN

912 - 12.9 with a tension force of r_~ = 46 - 103 N is obtained for the

~ Precise determination of the clamping length ratio 1~ / d and

control of ~~ and 6~.

With the dimensions of the new bolt this becomes:

~ = 0.22 from Table a for l K / d = 44/10 = 4.4

6~ = 1.0 . 10-~ ~m / N from Table 9

and therefore

F z = f z ~: = 1.3 • 10"" N

~ = ~~ = " ~K = 0.3 • 0.26 = 0.066

Since ~_~ = 46 - 103 N >

12.9.

we select bolt M10 X 60 DIN 912

The corresponding maximum tension torque amounts to the follOWing:

for ~K ~~~ = 0.10 according to Table 1, for M~p = 72 Nm according to

Table 5.
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A~~ording to Equation (11) a tightening torque oT

must be provided.

~ Test ~or ~omplian~e with the allowable bolt load.

A~~ording to Equation (13) there must be:

This relation reads with number values:

0.066 • 24.9 - 10~ N < 0.1 - 63 • 10~ N

(see also Table 11).

The ~ondition a~~ording to Equation (13) is fulfilled, i.e., the

maximum bolt load is not surpassed.

~ Determination of the dynami~ ~atigue stress of the bolt.

It is

~A = :t 5S N/mm2

(from Table 13 on the dotted auxiliary line plotted ~or

torque-controlled tightening)

~a = :t 0.066 . 24.9 • lQ~ N/mm2 = 15.7 N/mm 2 < ~A
2· 52.3.

S 19. Calculation o~ the bearing stress under the head bearing area.

P = F_e / 0.9 ~ Pc
->" R.,..

R.,.. = 106mm2 (according to Equation (28»

P = 46 . 1~~ / 0.9 = 482 N/mm 2

106
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The allowable bearing _~re__ for C 43 V a~~ording ~o Table 14 amoun~_ to

Pel = 900 N/mm2 •

Wi~h ~hat it is

5.2. Calculation of Bolts of a Positive--ac~ing Clu~ch as an Example of

Bol~ Loading wi~h Transverse Force

5.2.1. Basic Conditions

The joint on a disc clu~ch, Figure 32, is to be measured. The

torque which securely transmits the coupling effect (in both directions

of rota~ion) amounts to

Both clutch halves are composed of cast iron 20 and are connected

with i = 12 hexagonal bolts according to DIN 931. As adhesive friction

coeffiCient of the material combination cast iron/cast iron, we have

accepted ~o = 0.15.

i ""
I .: ..,

~tp-'rT-O~
~J /._~
! "I =-: ::~

- -~~ I -:=.:3- - - ---- - - --

Figure 32: Bolted joint on a plate clutch.



- -------,---

•

The diameter of the bolted part amounts to

'0.... = 258 mm.
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ThereTore we obtain a circumferential force per bolt of:

FQ = 2M"," __~ = 8.4 • 103 N
i • '0..

and a clamping force of

The clamping length (see Figure 32} amoun~s to l~ = 60 mm.

5.2.2. Calculation Process

~ Rough determination of the bolt diamet~ d with the aid of Table

6.

FQ = 8.4 - 103 N dynamic.

The belts are tightened with a torque wrench.

Consequently we obtain by way of

A with 10,000 N as the next greater comparative force

B with four steps for dynamic transverse force Fe

.finally FM m~M = 63,000 N

C with one step for tightening with a torque wrench

D according to this fror. Column 1 of Table 6 a bolt si:e M16

if we choose the strength class 10.9.

With the clamping length lK = 60 mm the clamping ratio amounts to

l~ =
d

60 = 3.75
16.
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A hexagenal bol~ 16 X 80 DIN 931 - 10.9 is chosen wi~h

d K = 24 mm diameter

Ds = d 2 = 17 mm diameter

1:1, = :s3 mm

1:::: = 7 mm.

Testing OT the bearing stress under the bolt head:

p = F_p / 0.9 ~ p~;
R,..

F.p = 105 - 10~ N in the case cT ~~ = 0.125 Trom Table 1

R~ = T/ 4 d ....2 - (D. + 2 - 0.5)2 = 198 mm=

(0.5 mm hole thread!)

p = 590 N/mm= < p~ = 750 N/mm= according to Table 14.

S 2. Determination oT the tightening Tactor~.

From Table 17 we get the Tollowing for tightening with a torque

wrench

Cl... = 1.6.

~ Determinaticn cT the required minimum clamping Torce F...._~~ for

transverse Torce Fa.

FK__~ = 56 - 10~ N (see Sec. 5.2.1.).

~ Determinaticn oT the preload Torce lcss due to embedding.

There are ~our interfaces including the threads.

1 .... I d = 3.75

Trom Table 7:

f z. = 4 - 1.25 = 5.0 pm,

from Table S and Figure 32

with VA ~ 50 mm diameter

this becomes ~K = 0.416 (GG)

50 =
24

2.08 -=:. 2
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from Table 9

6", = '1.4 . 10-::5 ...um/N
\

F z = f'z cYlt< = 1.48 - 10::5 N
0;-.

S 5. CIs no, necessary, since the working load appears here as a

transverse fo~ce.J

~ Determination of the required bolt size.

The maximum initial preload force is determined with:

Since FA = 0, then

FM = 9.2 . 10::5 N < F.t=> = 105 . 10::5 N.,
§.-L.. CIs not ne~ssary.J

~ CIs not necessary.J

~ CIs not necessary.J

S 10. Proof is already rendered by~

Thus the measuring task is completed.

The maximum tightening torque belonging with F_t=> = 105 • 10~ N in

the case of ~~ = 0.125 according to Table 1 amounts to

"'• .,. = 260 Nm

for #0< ~~n = 0.10 accoruing to Table 5.

According to Equation (11) a tightening torque of

"'A = 0.9 • /fl.", = 0.9 . 260 = 234 Nm

is tg be applied.
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( 5.3. C.alculO)tion aT a Flywheel FO)steoing Using a Central Bolt as O)n

'-- Examole aT Solt Loading with Torsion Shearing

5.3.1. Basic Conditions

The bolted joint should transmit securely 0) maximum torque aT 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 flywheel,

--through the rotationally 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

torque is introduced in the first way for cO)lculation for security

reasons.

1. plate
2. hexagonO)I bolt
3. flywheel
4. crankshaft

Figure 33: Fly-wheel fO)stening by means of a central bolt •

.
_~~ ~_~~sult of the rotationO)lly symmetrical form of the clamping

and clamped parts~ the fastening of a flywheel with a central bolt is an

example of a ccncentri~ally clamped bolted joint. For design reasons

the bolt must be designed as a hollow bolt.

(
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5.3.2. Calcula~ion Process

The designed join~ is calcula~ed on ~he basis of ~he Calculation

S~eps ~ ~o S 10 given in Sec. 2.2.

~ Rough de~ermination aT the bolt diame~er and of the clamping

leng~h ra~io l~ I d.

For design reasons a hexagonal bolt wi~h ~he thread M 27 X 2 of the

streng~h class 8.8 was chosen (witnou~ regard ~o Table 6).

The clamping length ra~io lK I d amounts to (see Figure 33):

= 0.59.

16/27

Rough determination of the area surface pressure under the bolt

he.ad.

In this case it can drop ou~ s~nce the clamping force of the hollow

bolt is relatively low, .and theref~re the contact pressure under ~he

head probably lies within the dependable cont.ac~ pressure value.

Precise calculation is produced in S~ep 10.

~ Determina~ion of the ~ightening factor 0' .....

The bol~ should be tightened with a gauge~ torque wrench.

Tightening factor ~A = 1.6 according to Table 17.

~ Determination of the required minimum clamping force F~_~+.

Known torque NT = 110 Nm.

Mean effec~ive friction radius

Friction coefficient in the interface PT~ is accepted at 0.125.

For the production of the friction contact this becomes:

F~__ ~ = MT = 44.4 . 10~ N
~T~ 11......

2.

S 4. Determination of the embedding amount Tz.
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For four interf.ciis Uncl. the .thre.d).n embedding amount of f z =
3 ..um.

~ Determination cf the force ratio e.

Since this is the case cf a hollow bolt, Tables 8 and 9 cannot be

used for the determination of the elastic resilience of the clamping and

clamped parts and of the force ratio~. The elastic resilience oT the

bolt i5 determined accordinq to Equation (26) (see Sec. 3.1.1.)

With I~ = 16 mm, ~1 = 252 mm 2 and E = 21 - 104 N/mm2 it becomes:

6 1 = 1 1 = 0.30 - 10-~ ..um/N
r7!i";.

The elastic resilience oT the bolt head and oT the screwed-in

thr~ads produces, under support of Equation (27) with

~N = 371 mm2 , the following:

6~ = 6~ = 0.14 • IO-~ ..am/N.

[Note: There was no corr.ction of the factor 0.4 because the

great.r resilience of the head and the sm.ller resilience of the threads

mutually cancel one .nother.J

Therefore the following is; ::'~tained:

Oe = 0.58 - 10-3 ~/N.

The elastic resilience of the clamped parts is obtained from

Equation (31) (see Sec. 3.1.2.1.) where

1~ = 16 mm and ~_~_ = 324 mm 2 according to Equation (29) as

__oJ'"... = 1 .., = Q._24. -. --l.Q-::s -JlIJl-IN- _ _ _ .
R_... E..

When the load introduction is accepted unaer the bolt head or at

the transfer of bolt shaft/thread, a force ratio is obtained according
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to Equation (53) as

~ = ~~ = b~ = 0.29
60!5 + b....

and therefore a preload force loss as a result of embedding of

F z = f z ~K = 3.6 • 103 N.
0;.-

~ Calculation of the design-established bolt measurements.

With Equation (9) (see Sec. 2.1.) and

FA = 0 as well as FK__~ = 44.4 - 103 N then

FM = a A [FK_~~ + (1-~) FA + FzJ = 76.8 - 103 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.):

The bolt measurements are thus sufficient.

The re~~*r..d tor~ue can be calculated with ~a ~~~ = 0.125 and ~K

~~" = 0.10 (Table 5) according to Table 18 with K = 0.15:

MA = 485 Nm.

~ [The control calculation for lK I d and ~K can drop out.J

~ (Since the axial force is FA = 0, the test for compliance with the

allowable bolt force is not necessary.J

S 9. [Due to the lack of the axial force FA, the determination of the

dynamic fatigue stress also is not necessary.)
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Cal~ulation oT the bearing stres~.

The bearing stress between the boj~ h~~d and the hard wash~r

,
!
,

amounts to:

with ~~ = 310 mm 2

p ..._ .. = ~:e = 430 N/mm2
•

The allowable bearing stress according to Table 14 amounts to

for steel 50

5.4. Cal~ulation OT a Big-end Bearing Cover Joint as an Example OT

Eccentric Clamping and E~centri~ Loading

5.4.1. Basi~ Conditions

The big-end bearing cover joint a~cording to Figure 34 is Tor an

automobile motor and is ~alculat2d as an e~~entri~ally clamped and

ec~entri~ally loaded bolted joint. From a design standpoint, the bolts

are oT 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 45 was chosen as the material for the

~lamped parts. In the case oT a nominal rpm-rate (n = 4000 rpm) the

(

Tollowing basic quantities are produ~ed:
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Figu~e 34: Action forc~ i~ the interface of a big-end beari~g

cover joint.

axial force in the interface:

bending moment in the int&~face tNote: Determined acco~ding to

C19J J:

Itt ... = 30 Nm,

t~ansve~se force in the interface tNotG: Determined according-to

t19JJ.

Fa = 420 N.

From t~e bending moment H... and the axial force FA, the lever arm of

the Qccent~ic load application can be determined as

iil- = Jtf rz =: 8.2 mrn
FA

whereby it was accepted in a simplified fashion that the bending moment

is constant over t~e clamping length ratio 1~.



5.4.2. Calculation Process

The calculation is produced according to the Steps ~ to 5 ~o

givF.~ in Sec. 2.2.

~ Rough determination of the bolt diameter d and of the clamping

length ratio l~ I d.

The bolt diameter is given from the design plan with 9 mm, Figure

37. The cl~mping length ratio amounts to lK / d = 41.5 / 9 = 4.6.

Rough determination of the bearing stress under the bolt head.

p = F_ p I 0.9 ~ p~

~p

F_ p = 40 . 10'~ N in the case of ~G = 0.125 by interpolation from Table

With ~p = 65 mm 2 this bucomes

p : 40 . 10~ = 682 N/mm 2 < p~ = 900 N/mm=
0.9 . 65

Allowable bearing stress according to T~bl. 14.

~ Determination of the tightening factor ~A.

The bolt is tightened with a precision torque wrench with

adjustment of the bolt over the elongation measure of the bolt

(according to previous calibration of the bolt as a force measuring

instrunent).

Tightening factor 0A =1.6 according to Table 17 (for large angles

of rotation, fine threads, resilient joint).

S 3. Determination of the required minimum clamping force F~_~4.

a) F~iction contact requirement in the interface (~r_ = 0.125)

F~_~4 = F~ = 3.4 . 10~ N.
~T~



b) In order to .void one-sided lift-off during the nomin.l rpm of

the motor, F~__ 4 is calculated in accordance with Equation (78) (see

Sec. 3.2.4.2.) with the measurements from Figure 35 as

F~__ ~ = (a s' u FA = 9.94 • 103 N.
k e 2 + su

C K_"'~Ik:Iw:
III -2'165­A.· m_z
k~_1L_fII"""

A.

a.. 13
OA 15.5u. 9~

"" • 111,5

s '43
a. 6,1
t' 5,J
IT 6,6
", til

" 17,6

---";'4--
, ,I I

B
~-

MfB
~

~ 1.i.tJ.i
1 2,5, ,..

~
, g,z, 6.5 9

/I 10 92
5 ".8' &15
6 IL' :

A
~w
~mmm

E

Figure 35: Dimensions of the cl.mping and clamped parts of the
big-end bearing cover joint.

A dimensions of the bolt in mm
B thread dimensions in mm

C interface coefficients
D dimen.ions of clamped parts in mm
E location

~ Determination of the embedding amount f7. of the elastic resilience

of the clamping and the cl.mped parts and of the force ratio~. (see

Sec. 3.1.1. and 3.1.2.)

Embedding amounts according to Table 7:

f z = 5 ~m for four interfaces (incl. threads).

Eecause of the fact that the bolt used is non-standard~the

resiliencies of the cl.mped parts and the force ratio cannot be
----

determined directly according to Tebles 8 and 9, but ~ather are to be

calcu~ated individually.

Resilience of the bolt according to Equations (25), (26) and (27)
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In thtr case aT the detltt""lIIination aT the rl!lPSilifift"lce aT the clamped

parts, the slight ec:cfift"ltricity aT the bolt (s • 0.3) is not considered,

thus not 6~·, but rather 6~ is determined. The initial preload for-ce

which conditions the embedding act. concentrically.

With R~_ according to Equation (29) this becomes with Equation

(31)

Fore. ratio ~ according to Equation (S3):

~ = b~ = 0.41.
b~ + 6 e

With that the preload forc. loss as a result of embedding becomes

F z z f z ~~ = 0.79 . 10~ N.
~

~ Determination of the force ratio ~.

Th. transmission of bending monlfift"lts and normal forces in th:?

interface leads to a bolted joint with eccentric load application.

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

head and the nut but rather within the clamped parts. Since tre largest

part of the bolt pipe of the sma11-.nd hole can be considered as a

clamping sleeve, n = 1/3 is estimated here.

Corresponding to Equation (68) this becomes with

~~ = n c~ (1 + a/s 1 2 ) = 0.1S
6e + 6~ (1 + 42 ).

~ De~erminetiQn of the required bolt size.

According to Equation (9) (see Sec. 2.1.) the maximum initial

preload amounts to



p.... 9S

For the c... ~ b-.rin9 covwr bolting, F" _~" must still be

incre• ..a at the .mount F~ which is required ~or the ela.tic and plastic

dR'form.ation of the b...... ing bushings in ord.... to ov....come the b.aring

.xc..s.

For overcoming the b••ring exc..., an axial force ~ b.2

per bolt i. n.c..sary according to Ro• .,r C20J.

Thus valid for this ca.. is:

F" __M • °A CF~~~ + (1 - ~~) FA + F z + F~J

• 1.b (9.94 + 3.1~ + 0.79 + b.2) • 10~ N • 32.1 - 103 N.

If we accept a friction coe~ficient ~o _~" • 0.125 according to

Table ~, we obtain for the bolt M9 X 1 of the strength class 12.9

according to Equation (118) a tension forcQ of

and a tension moment according to Equation (124) where Jlt<. .M ... = 0.125 of

M.p = b8 Nnl.

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

/IIA = 0.9 - /11_

/IIA = 61 Nnl.

Thus the bolt is correctly dimensioned.

~ CThe check for It<. I d can be eliminated since these values were

already accurately determined.J

~ Test for compliance with the maximum allowable bolt force.

~-... FA * 0.1 d Q .: RT _

0.1~ - 3.7 . 103 < 0.1 - 1062 • 54.8

55:::; < 5800.

~ Determination of the dynamic fatigue stress of the bolt.

The bolt is stressed due to eccentric clamping and loading by

tension and bending.



Ac:c:crding to EClUAUon (100) (... s.c. 3.2.4.3.):

It< I 1 __ • 1!t

E a I E~ • 1!t 1... 246:1 1IICft'"

r
"

a eAb • (1 + 3.96) 12.1 N/mm2 - 12.1 N/mm Z + 47.9 N/mm2 = 60 N/mm 2 •

With .xtention measuring ~rkings whic:h ~e plaC:gG on the bolt

sh_~t in th~ vic:inity of the interfac:., a tension v_riation w_s measur~

in the c:aae of a minimum pr.lo_d Fv__ ~ • 13.1 • 10~ N after application

of th. axial force FA • 3.7 . 10~ on the tension side as opposed to the

N/mmz mea4JiW'"gG. From this therR is a tension c:lamping portion of 10

N/mm 2 produc:ed (12.1 N/mm 2 ~s c:alc:ulated), and a bending c:lamping

portion of 42 N/mmZ (47.9 N/mm2 ~s c:alc:ulated).

Figur" 36 shows the c:omparison of c:alC:l.\:i.atRd and measured tension

distribution in the interfac:e plane of the bolt.
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Figure 36: Tension distribution in the interface pl.nes of the
btll t.

The dynamic stress fatigue of the bolt on the ten~ion side amounts

to

From Table 13 .... c.n obtain an endurance strength on the dotted

.uxili ....y line plotted for torque controlled tightening of at least:

Ther£>fore:

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

p - F_e / 0.9 • 772 N/mm2

~..

- p < p~ = 900 N/mm2 according to Table 14.
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~.~. c.alcul5!~ion of a ;.,.11od.,.. Cqy«r BQI;iog IS en Exlmple \1f Es:c!I!"!trit:

Clampina and Loading

~.~.1. ~siS Conditions

The boltltd joint bet-..n • c:~ and a hydraulic: c:ylind.,- ...nic:h is

c:onstructltd out O'f st_l SO, the c:over out of C 4:5 V. Th. ~r••t ..t

i ntern.l pre<5sur• .amounts to

It can decr.... io the c:our.. of functioning to

A

--nIO--

-JJ_ .....- J2-....

Figure 37: Bolt arrangement fer the cylinder joint.



P~ 102

3'7> :

are. o~ the cov~ bolt1n~

Nwftb.... of bolts

D .. - 140 IMI

D. - 210 .....

i - 1~.

F..,.. ,., 3000 N.

With that we are able to calculate:

- __xt....nal diallMrt .... of the clamped .leeve'S

---the great..t axial pr-.sure forc. in tn. cylind....

---the smalle.t axial pre.sure ferce in tne cylinder

---working loads on a bolt

Fe _:fi .. Z F-.. =~ ,., 6.16 • 10'" N
i

5.5.2. Calculatign Proc~s

ratio 1 .... I d.

We are dealing with an eccentrically loaded bolted joint produced

by the p .... imet.... moment of the bending of the circular plate of the

cover. The dimensioning of the bolts is selected under the assumption

of a bending-resilient cover which is firmly clamped in the bolt plate
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Giv,," th......ssu~tion......re on the -.fe side when dimensioning the

bol ts.

T.bl& 6 for dyn~ic.lly and eccentrically loaded bolts in the dir.ction

F .... II; :z:soo<) N > 20,~· N,

a with two steps for • dynamic .nd eccentrically .cting

C wi th ene step for ti ghteni ng wi th a torq\Je ",rlmc:h now

D with F.... = 100,000 N from c:olumn 1 a bolt

size of M20 DIN 912 - 8.8

(

De = 22 mm acc:ording to DIN 69

d_ = 22.4 mm according to DIN 912.

Determination of the cl.mping length end the c:1L~ping l~ngth

1 1 = 21 mm

! '2 = 14 mm

! ......... = 1.75.
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c.alcul.ation of the cont.ac:t pr_aur. under tM bolt ,......ad:

F_ / 0.9 ~ ps
p" ~..

F.. .. 117 • 10~ N in the c.ase o~ Us • 0.1~ from T.able 1

p • 41~.7 N/mm2 < Pw - 900 N/mm 2 .according to T.abl. 14.

~ Determination ~ the tightening factor Gl••

a:...... 1.6.

~ Determination o~ the required minimum clamping force.

The minimum clamping force i5 determined on the one h.and by the

re~uired r~idu.al cl.amping forc. established in the problem:

F ...._ .. :L :I: 3000 N

and on the other hand by the clamping force which in the case of

eccentric clamping .and loading directly prevents one-sided lift-off in

F"",_ .. ::z :I: s) u
+ s . u.

With the division

t .. D •. + D• • 11' .. 36.7 mm
i

WQ obt.ain according to [18J

if - S .. .::.p.:::_:::_::...~D....1"!'2_l::.:[2;- (~:;,:::~+~D:.JoJI_2....]oI...._t
32 • FAc>

= 29.8 mm

In order to keep the amount of calculation effort as small as

possible, the annulus sector is replaced by a plane-like suspension

frame (see Figure 37).
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y~ - 14.3 ,.,.

s • 16.~ - 14.3 • 2.2 me

Ie .. SC? 744 • 10"'" ~

Ie • 105.33 _2
k ..2

- ~e

• - (a - s) + s • 29.e + 2.2 .. 32 mm

« • 17.~ - 2 + 2.2 • 17.7 mm

Therefore

~ Determination of the preload force less.

Accordin~ to TAbl_ 7~ we obtain for thr.. interfaces (including the

F z - 4.5 pm.

According to Table e~ ~~ is determined as

~~ .. 0.324

6~ = 0.437 . 10-3 ~m/N

(interpolated fetr the p.arametet'" d • 20 mm~ I .. I d :: 1.75 and Da I d~ ..

1.167).

Therfi'fere

~ Determination of the force ratio.

~~ .. n 6~ (1 + _ I S )2)

3... + 6~ <1 + ).2)

( with n .. 0.5 and
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as ....11 as

l. 0.14 accordinQ to Equation (33),, th.m

~ Det~mination of the required bolt size.

~--> F~ + FzJ = lS2 . 103 N.

According to Table 1 ln the ca.. of ~ _1~ = 0.125,

M 20 DIN 912 - 10.9

is selected as the ~roper bolt with F~ = 164 • 103 N > F
M

__~.

Th~eTore the clamping moment for ~~ _1~ = 0.10 (Table 5) according

to Table 1 becomes W._ = 600 Nm, and the tightening torque becomes MA =
O. 9 • W__ = S40 Nm.

The exact determination 0+ the clamping length ratio and the

control 0+ ~~ and 6~ can be eliminated since the bolt size does not

deviate from the one ori9inally selected.

~ Test Tor compliance with the maximum allowable bolt strength.

According to the relation,

<
~-~ • F~ = 0.1 • 5 Q .2 - ~e

then

0.22 . 20.5 . 103 < 0.1 . 220 . 103

This condition is fulfilleo.

S 9. Determination 0+ the dynamic fatigue stress 0+ the bolt.

In the case of giv.m eccentric loading with raised tension

am~litude due to the ~+ect 0+ bending, the following must be calculated

according to Equation CI00):
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l5_b = r+ (~ - S) It< Ee a 7r d~;Ja 1 ___ E... 8 ~8 k B 2 -

.
~..... (FAco - F Ai ,)

R~.

Where

d 3 = 16.93 mm

~::< = 22:5 mm 2

1 1 = 14 mm

1 2 = 21 mm and

l ..~ .. = 36.42 mm Trom Equation (91) bec:omes

O"SAb = :59.8 N/mm2

ac:c:ording to Table 13 on the dotted line plotted Tor torque c:ontrolled

tightening.

S 10. Calc:ulation OT the bearing stress under the bolt head.

~O.2 - ~e = 220 • 103 N ac:c:ording to Table 11

P = 704 N/mm2 < Po = 900 N/mm2 •

5.6. Calc:ulation oT a Flange Joint as an Example Tor Bolt Calc:ulation

in the Case OT Non-direc:tly Stac:ked Plates

Here we are c:alc:ulating a pipe flange joint NW 200/ND 40, Figure

38, under the Tollowing c:onditions:

a)

b)

c:)

Forc:es

Tree of axial Torc:e

with additional axial Torc:e

free OT axial Torc:e

Means of Pressure

water

water

steam (300'" C)
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St.nda....d p ....ewliPldRd -flang.s O'f the p......su..... lRVl!l ND 40 according to

DIN 2635, which are being used here, have the following dimensions:

dz. = 200 mm

d_ = 375 men

dL.. = 30 mm

» = 12 holes

h~ = 34 mm

d~ = 240 mm

k = 320 mm

In this case the calculations a .... e performed to determine

---whether the stress can be taken up,

---whether the sought sealing prope~ty is SUited,

---which bolt force is n~eded 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

according to the calculation steps in Sec. 2.2.
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s. 6. 1.

As a seal, It-material is considered in all thrQ& cases. With

consideration o-f conditions c), a good ~lity is tMil&e:ted. The

-following are the dimensicns (Figure 38):

= 2mm

b o = 20 mm

and therefore

do = 220 mm and

~o = 50 mm.

The sealing characteristics are obtained according to DIN 2505 for

ko Ko = 1.5 b o = 30 kp/mm 300 N/mm;

ko • Ko = 20 ,bo/ho = 63 kp/mm ~ 630 N/mm

as well as

k 1 = be = 20 mm ~or water or

k 1 = 1.3 b o = 26 mm for steam.

The decisive forces are obtained as

---working load FA = ~2 • P = 152 • 103 N
4

---minimum sealing force Fe ~~~ = ~dD k 1 P S

= 83 - 10~ N -for water or

= 108 - 10~ N for steam

(in the case of a safety -factor S = 1.:5 according to DIN 2505).

---minimum initial compression force of the sealing property:

F-.; = 207 . 10~ N -for water or

F-.; = 435 . 10~ N for steam.
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tightening f4ilctor 4ilt~... = 1.7 (tightening with torque wrench tsee Table

17J); tna' 5Hnbec:ldi ng 4ilmount ~ z • 0.1 IIW for W4ilter 4ilnd ~ z := 0.:2 mm for

ste4iltn (see 4illso DIN ~~). The friction coeTficient in the thre4ilds is

Al.o = 0.14.

The bolt dimensions are consistant through the normal flange with M

27. A reduced shank bolt is chosen 4ilccording to Figure 39.

~.6.2. petermination o~ the Elastic Resiliencies

The elastic resiliencies of the participating elements are produced

as follows:

For reduced shank bolts M Z7 (Figure 39) with the dimensions

d .... = 27 mm

d-r = 21 mm

1 1 = :5 mm

1 2 = 5:5 mm

1'3 = 10 mm

the following cross sections are obtained

= 573 mm 2

R2 = d-r2 T = 376 M~2
4

Re = 459 mm 2 (tension cross section) and accordingly

be =.!.. (h + 1 2 + I,." + 2 . 0.4 d)
f R 1 R2 Re RN

b~ = 1.10 • 10-· mm/N for 20 0 C or

6 e 1.10 • 2.1 • 10-· mm/N = 1.28 • 10-· mm/N for 3000 C.
T:8
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Figu...e 39: Dimensions of the ...educ:ed sh41nk bol t fo... the ~'~pe

fl41nge joint.

Fo... the flange, the ...esist41nc:e moment with Equ41tion (40) becomes

the inverse ...esilienc:e with Equ41tion (38) 4lnd h A = 72 mm (Figu... e

::::8) becomes

~ = d_ + d 2 = 0.157 - 10-· l/Nmm
4 7r E h A /1/

4lnd where ~~ = k - d:;z - S = 56.85 mm, the ...esilienc:e fo ... 20~ C
2

bec:omes

0 1 = "1- aD2 = 0.393 - 10-6 mm/N

0::: = ~ -D -~ = 0.447 - 10-'" mm/N

o::!; = '1" <a~ - aD) OlD = 0.054 . 10-6 mm/N

and fo... 300'" C c:o......espondingly

0 1 = 0.458 . 10-'" mm/N

0:;;;: = 0.521 - 10-'" mm/N

0:::;; = 0.063 - 10-6 mm/N.
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According to
ct"' 1 =
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The rtr5i 1 i en~e oT the 5Q.l i 5 detlilrmi ned ...1 th Equati on (31),

whereby the el.sti~ dlriorm.tion (shortening) oT the TI.ngli' plates i5

oT intlilrest ._ thR sec.nt modulus .s

ED = 1300 N/nun 2 for 20° C and

The following equ.tion_ .r2 thus obtainli'd:

b~ = h o = 0.111 - 10-6 mm/N for 20° C
EDT do b o

and

6~ = 0.111 • 10-6
- ~ = 0.066 • 10 -6 mm/N for 3000 C

2.2
tne Foree Ratio and of the Forc~ ~oss due to

Equation (106) the follcwing are determined for 20~ C
6~ 2 6~ = 0.003 and

oe/. + 6~ + 2 02 - 2 6 3

1 - ct"' 1 = 1 - 0.003 = 0.997

as well ._ for 3000 C

ct"' 1 = -0.055 and 1 - ct"' 1 = 1.055.

If, Tor operation .t 20°, according to Equation (47), instead of be

+ 6~ in the demoninator we put in

Os/. + 2 01 + 6~ = 0.989 • 10-6 mm/N,

then we can determine the for~e loss due to embedding as

F z = f z
bel. + :2 b 1 + b~

= 0.1 mm
0.989 • 10-b mm/N

= 101 • 10::5 N

Since the resiliencies change at 300°, theg~aphic_determinationi5

simp1lilr (see Sec. 5.6.4., Conditions c).

5.6.4. Det@rmination of the Maximum Solt Preload

For the conditions a) the following is obtained according to

Equation (9)
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We ~rive at the same result if ~ draw th. joint diagram according

to Figure 40. From Point ? lmward, the increase of the seal

ch~actlPl""istic is pli:rtt~ with 6~ = 0.111 • 10-. mmlN.. Point H lies h,

~he level of Fo _~~ - a:s . 10~; vertically over it, in the distance FA =
152 - 10~ N, lies Point K. For any force Fv " (Point V')--but here taken

logically at 200 • 103 --we calculate for complete unloading of'the seal

If we draw the

parallels to Point V'M" through Point K then we get Point V of the

diagram as a section with the seal characteristic. The rise of line SV

is produced from the resiliencies of the clamping parts Oe/m + 2 6 1

=0.. 878 • 10-6 mm/M, and thus Point S.

s

so

J £17

V 1<1'1

Figure 40: Joint diagram for conditions a).

For consideration of the embeddir.g amount parallels are drawn

through Point 0 to SV and PV which includ'5! the line f z = 0.1 mm on the

new base line S"V' of the clamping diagram. With this we can read the

minimum preload F M _~n ~ 335 - 103 N (Line O·V·). From this follows, as

c.al cuI ated

F M _ .... = at A F M _ ..... = 1.7 . 335 • 10::5 = 570 - 103 N (as above).

,

l
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In the ~ase of twelve balts, ea~h baIt is lc.ded with ~O • 10~/12

= 48 • 10~ N.

According ta Table Z we get a clamping fcr~e aT F~ • 159 - 103 for a

reduced shank balt M 27 - 8.8. The baIt siz& is th~.Tor. suffici~t.

Far the canditions b) the fallowing is pradu~ed

F M __M = ~A (F o _~" + (1 - ~~1) (FA + F~> + FzJ

= 1.7 • 10~ (83 + 0.997 (152 + 500> + 101J N

FM __M = 1418 • 103 N.

IT we plat tha joint diagram in the same way as Tor conditions a;,

Figure 41, we reach the same ~esult. The laad per balt at 1418 • 10~/12

= 118 • 103 N lies beneath the dependable limit aT 143 • 103 N Tar the

quality 8.8.

Tha calculation aT the value F M __H in the case oT conditions c) is

made diffi~ult due to the variaus resiliencies far 20° C and 300~ C sa

that a graphic dvtermination is simpler. The joint diagram, Figure 42,

is de.igned with the resiliencies far 3000 C in the same way as Figures

40 and 41 ta Faint S". Corresponding to the higher embedding amount as

a result of the cr..~ag& aT the seal, Paint S· lie. rather far ta the

left aT S (Note: Depending upon seal ~ondition, there can be even

essentially higher embedding amounts, e.g., 0.5 mm.> If we put in line.

through S· and P' with rises corr~onding ta the resiliencies far 20°

C, then we get Paint V" Tram whi~h the minimum preload Fy _~n = 470 •

103 N is pradu~ed. In aperatian it falls ta 440 . 103 N (Point K) and

. 103 N (Faint V"). In the ~ase af each additional laading the bolt

strength alternates betwe.n Paints K and V", thus with an amplitude af

30 . 103 /2 = 15 • 103 N/mm2 • The maximum laading per baIt is produced

at 1.7 . 470 . 103 /12 = 67 • 103 N.
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Figure 41: Joint di~gr~m for the conditions b.

Figure 42: Joint diagram for the conditions c.
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~.6.~. Fatigup StrPngth Testing

While undpr the ~cnditions a) and b) th~ oscillation range (the

diTTeren~. aT the Tor~es at Points K and V in the Figurvs ~al~ulated as

Fa. = ~1 FA or FSA = ~1 (FA + F~)

at 460 N or 1960 N) is slight, and the Tatigue strength is not

considered, this range is higher in the case aT conditions c) with 30 .

10~. The amplitude aT the nominal tension is obtained as

~- = F eA/2 • R v = 30 • 103 /2 . 12 • 347 = 3.6 N/mm2 •

Generally even this will cause no diTficultie. as long as no

additional forc~s o~cur. The bending tension of the bolts connected

with the tilt aT the Tlange is nevertheless hardly no~icable in the

oscillation amplitUde sinc~ th~ tilt hardly changes with the pressure.

5.6.6. Calcylation of the S~al Characteristic

The force F~ _~" = 207 - 103 N (a _,d b) or F~ _~" = 435 - 10~ N

necessary for the deTormation aT the seal is produced in all cases by

the minimum preload 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 o~~urs with the help of the relation

a"" = M/W~ ~ F ... __.. ~D/(2 ""1.5 N)=

=F ... __.. - 0.27 • 103 N/mm2 •

The greatest value is obtained for the conditions b) as

a b = 1418 . 103 N • 0.27 • 1Q-3 I/mm2 -= 383-N/mm2

so that a flange material with an elastic limit of 1.5 . 383 N/mm 2 = 574

N/mm~ is necessary.
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CALCULATION TABLES

(Tr~nsl~torPs Note: The following p~ges r~resent keys to the tables
found in this guideline ~d should be used with them. All commas
between numer.ls ~r. to be re~d ~s decim~ls points, e.g., 14,56 =
14.~. )
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Table 1: Clamping Forces ~ .... and Tightening Torque M~ Tor Full Shank

Bolts

with Standard Metric Thread According to DIN 13~ p. 13.

Column 1 = Diameter

..

..

..

2 = Class

3 = Clamping forces r .... in N for ~~

4 = Tigntening torque n_... in Nm Tor ~~

Table 2: Clamping Forces r_... and Tightening Torque M.p Tor Reduced

Shank

Bolts with Standard Metric Thread Acccrding to DIN 13, p. 13.

Column 1 = Diameter

" 2 = Class

" 3 = Clamping forces r.... in N Tor ~C3

.. 4 = Tightening torque n.... in Nm Tor Jl~

Table 3: Clamping Forces r.... and Tightening Torque Tor Full Shank Bolts

with

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

Column 1 = Diameter

"

"

"

2 = Class

3 = Clamping forces r .... in N for ~~

4 = Tightening torque n_... in Nm for JlK

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

Shank

Bolts with Fine Metric Thread According to DIN 13, p. 13.
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Column 1 = Diameter

..

..

..

:2 = Class

3 .. Clamping for~.. F_p in N for ~~

4 .. TightRning torqu. N~ in Nm for ~

Table S: Fri~tion Coeffi~ients for Various Surfa~e and Lubri~ant

Conditions. *
eMain ~olumn IJ

Surfa~e I -- a) u~: bolt head or nut

b) u~: bolt thread

tMinor ~olumns 1-3J

Steel, darkened or zin~ phosphated

Column 1 = pressed, rolled

"
..

:2 .. turnRd, ~ut

3 ""' ground

CMinor columns 4-SJ

Column 4 = Steel, ~admium-plated 6 um

" S.. .. zin~-plated 6 um

CWords running verti~ally in left marginJ

lei~ht geolt .. lightly oiled

tro~ken .. dry

mi t Kleber = ,,_ ..n cldhes1 __

CMajor column IIJ

Surfa~e II -- toward material

toward nut thread

CLevels in des~ending orderJ

Level 1 = Steel, rolled



Page 123

pl.aned, milled, turned, cut

ground

Level 2 = Gray c.ast iron, pl.aned, milled, turned, Cl.lt

Bl.ack m.alle.able c.ast iron, ground

Level 3 = Steel, c.admil.lm-pl.ated 6JUlt

" " internal thre.ad

%inc-pl.ated 6 p.m

.. internal thrlil.ad

(ground, rolled) , phosph.ated

(machined) , phosphated

Level 4 = Al-Mg alloys

Level :5 = Steel, cadmil.lm-plated 6 p.m

.. H internal thread

%inc-plated 6 J.lm

.. " internal thread

Levetl 6 = Steel, gray cast iron, black malleable case iron

Cl.lt

* The friction coefficient J.l~ ~~~ for the determination of the

appropriate clamping moment M_~ (MA~O.9 M_~) and the friction

coefficient J.l~ ~~~ for the determination of the clamping force F_p can

be found in T.ables 1 to 4 (or J.lo ~~ if J.l = J.l~.).

** for synthetic ll.lbricants and micro-encapsulated adhesives



Table 6: Estimation oT the Diameter Range oT Bolts.

CBO)(ed ch.art in upp'" leTtJ

Column 1 = Force in N

Columns 2-4 - Nominal diamet.,. in mm

Strength clas.

CDirectly below boxed chartJ

Example:

A joint is dynamically and eccentrically loaded by the a>:ial Torce

FA = 8500 N. The bolt with the strength class 12.9 should be installed

with a torque wrench.

A 10,000 N is the next--greatest Torce to FA in column 1.

B Two steps Tor an "eccentric and dynamic axial force" lead to F M _~~ =

25,000 N.

C One step Tor "tightening with a torque wrench" leads to FM ..._ ... =

40,000

D For F M __ H = 40,000 N we find in column 2 (Strength class 12.9): M

10.

tTop rightJ

A From column 1 choose the next-greatest force to the working load FA

being applied on the joint.

B The required minimum preload FM ...~~ is produced by proceeding further

from this number at:

Four steps for static or dynamic transverse force

or

Two steps for dynamically and eccentrically acting axial force

or

One step for dynamically and concentrically or statically and



eccentrically acting working le~

er

No steps Ter statically and cencentrically acting Terce

C The required maximum prelead FM __M is preduced by preceeding from

the Terce FM _~n at:

Two steps Ter tightening the belt with a simplo wrench which is set

over the tightening terque--cr

One step for tightening with a torque wrench or precision wrench

which is set and determined by means of dynamic torque measuring

er length measuring--er

No staps Ter tightening over angle contrel inte the elastic area or

by means of elastic limit-controlled tightening directed by computer.

D The required bolt dimensien in mm for the selected strength class

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

Table 7: Optimum Values fer the Embedding Amount per Interface for

Temporally Alternating Working Loads. (For restrictions see Sec. 4.4.>.

The thread counts as an interface!

CTep leftJ

Number of interfaces (including thread)

CTep rightJ

Embedding ameunt in ~m fer the clamping length l K /d =
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Table 8: Force Ratio ~.

I:Top left]

Full sh~k bolts

I:Top rightJ

Reduced shank bolts

Forc:e ratio ~

eVertic:al in c:hartJ

M12 with 1~ = 42 mm Csee Example 5.1, S 4>

eVertical under c:hartJ

AI-Lg = Aluminum alloy

SG = Gray c:ast iron

Stahl = Steel

Werksto+f der verspannten Teile • Mat.rial of clamped parts

I:C.nter.d under c:hartJ

Clamoing length ~atio 1~/d l:arrowJ

Presented func:tion derived +rom Equations 25, 27, 29, 30~ 31, 53:

log U­
trio<

1> + log ~ -,log 1.8 =
E..

Conly +or reduced shank bolts>

log {[le2 + C CO.31 1..-: + 1..:s=.>] (1
2 ~ 100

with C = CC A -1> and the mean values in the dimension area M4 to M30
dt<;

by d""", == .. of of -I.
.... "' ... u, d 2"" - O. 19 d;

0.83 d; and 1.0 +ree thread length.

--------



T~ble 9: Resilience aT Clamped Parts.

Thread die1me-ter- d = 30 mm

Cs.Seispiel ~.1 R4) - Csee Ex~mple 5.1. S 4)

rVer-tical in right marginJ

CI~mping ratio l~ I d

rVertic~l below ch~rtJ

Al-Lg = Aluminum alloy

GG = Gray cast iron

Stahl = StElel

CHori%ont~l below chartJ

Sleeve ~ Plate

Presented functions derived from Equations 29, 30, 31:

log 6~ = -Clog d + log E~ + log y) with

y =...1!.. C1.2 .!L. + C 0.31 + C
4 it< 2

and C = ~ - 1)

do<.

and from mean values in the dimension area M4 to M30 by d~m = 1.56 d and

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

Non-loaded Joint.
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Tabl. 11: Pitch~ Tension Cross Section~ Core Cross Section and Forces

FQ .= for Full Shank Bo;~s with Standard and Fine Met~ic Th~ead Acco~ding

to DIN 13, p. 13.

Column 1

"
..
..

:2

3

4

= Diameter

= Pitch p mm

= Stress area Re mm 2

= Cere cress section R~ mm=

Col umn5 :;-7 = Ferce .at the mi n:L mum el asti c Ii mi t F "--_ =: = 07...... ~ R'J wi th

$t~ength class according to OIN/ISO 898.

Metrisches Regelgewinde = Standard met~i~ thread

Feingewinde = Fine " "

Table 12: Pit~h, Redu~ed Shank Cress Se~tien, Core Cros~ 3ection and

Forces F O • 2 for Redu~ed Shank Eolts with Standa~d and Fine Metric Thread

According te OIN 13, p. 13•

Column 1 ... Diameter

2 = Pitch p mm

..
"

3

4

= Reduced shank diamete~ d T h 13 (0.9 • d~) mm

= R~uced shank cross section RT _~" = Rs mm 2

Columns :;-7 = Fo~ce of the minimum elastic limit FO • 2 = U~_2 Rs with

strength class .according to DIN/ISO 898.

Metrisches Regelgewinde = Standa~d met~ic th~ead

.. Feingewinde = Fine .. ..
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Table 1;: Optieum Values Tor the Fatigue Strength 0+ Annealed Bolts 0+

the Strength Classes 8.8, 10.9, 12.9 (Haigh Di.gram).

Fatigue strength : ~A

[Horizontal below ~hartJ

Relative mean tension ~100
uQ.::;:

[In ~hart re~erring to dotted line on rightJ

Preload in the case 0+ elastic limit or angle 0+ rotation-controlled

tightening procedures.

[In chart referring to dotted line on leftJ

Upper limit o~ preload for torque-controlled tightening

[On diagonal lines in descending orderJ

M4 to Me; M10 to M16; MI8 to M30

( [In box in lower left cornerJ

For rolled bolts we can calculate with appox. doubled values.

Table 14: Allowable Bearing Stress p~ in N/mm2 ~or Compressed Parts o~

Various Materials.

Werkstoff = Material

Anziehen = Tight~~ing (procedure)

motoris~h/von Har~ = motorized/by hand

GG 25 = gray cast iron 25

(
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Factors which Influence the Fatigue Strength in the PositiveTable 1~:

Sense.

1. Clamping Ratio.

1.1. ~~panding the lengthening ~d bending elasticity by:

reduced shank bol ts,

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. Avoiding bending by:

reducing the eccentricity,

raising the preload.

1.4 Maintaining the residual clamping force by:

avoiding embedding,

avoiding conditions which cause unbolting.

2. Bolting Conditions.

2.1. Equal distribution of tension by:

bolt material with low elasticity,

suited nut types,

suited thread profiles,

pitch differential between bolt and nut threads,

high preload,



(
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elastic thread liner.

2.2. Thread tolerances

(sufficient pl~y in thread).

3. Fatigue Strength of the Belt.

3.1. Shape influences at the head and shaft caused by:

increasing the head tensile,

larglii' 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 recarburization as well as scaling ,

unintlii'rruptlii'd thread flow.

4.2. Surface improvement by:

strain-hardening,

burnishing and polishing,

applying internal pressure,

avoiding electropolishing.

s. Chemical Surface C~nditions.

5.1. Avoiding corrosion.

(However, unTavorable inTluence due to galvani:ed protective

layers).
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Table 16: Recommended Minimum Engagement Depths for Blind-hole Thread.

Schraubenfestigkeitsklasse = bolt strength class

GewindeTeinheit d/P - fineness of thread d/P

GG-22 = gray cast iron 22

Table 17: Optimum Values for the Tightening Factor ~A.

Anzieh-faktor cx ... = tightening factor 01. ...

An:iehverfahrer. = tightening procedures

Bemerkungen = comments

(1) Elast~c limit-controlled tightening (powered).

(1) Angle of rotation-controlled tightening (powered or manual).

(CommentsJ The preload scattering is ove~whelmingly dete~mined by the

scattering of the elastic limit in a given bolt lot. The bolts he~e are

dimensioned fo~ F~ _~". The tightening -factor 01. ... therefore drops out

for these tightening methods. The values in the pa~entheses serve to

compare the tighten~ng precision with the following procedures.

1.2 Tightening with length measurements of the suited bolts.

(CommentsJ Complicated procedure; only a~plicable in very restricted

cases.

1.4 to 1.6 Torque-controlled tightening with a torque wrench o~ a

p~ecision wrench with dynamic torque measuring.

Experimental determinaticn CT the $pecified tightening

torque on the o~iginal jcint part, e.g., by lengthening

measurement of the bolt.

(Specific comments for these methods]

Lower values for:
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---c;reOl:t numb..... O'f Adjustm.nt or chwc:king .attempts C••g. 20).

---slight scOlttering aT the given moment.

---electronic torque limit.ation durin~ assembly in tn. COlsa of

precision lorenchltS.

1.6 to 1.8 Torqu.-controll.-d tic;htening with a torque Iorench or •

precision wrench with dynamic torque meOlsuring.

D&terminOltion of the sp-eifi.a tightening tor~u. by

estimation of the friction coefficient (surface and

lubricant conditions).

(Specific comments for these methods)

Lower val ues for:

---precise torque 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.~ Torque-controlled tightening with wrench.

Adjustment of the wrench with tightening tor~ue Wh1Ch is

formed from the specified tighening torque Cfor estimated

friction coefficient) and from--an extra allow.anC':e.

eSpecific comments for this methodJ

Lower values for:

---great number of checking attempts (tightening torqu~).

---wrenches with disengagement devices.

2.5 to 4 Impulse-controlled tightening with impact wrenches.

Adjustment of the wrench over the tightening torque--as

above.



tSpecific comments on this .ethodJ

Lower- values Tor:

--great number O"F adjusbMmt attempts (tightening torque).

--~~~n thR horizontal branch o~ the wrench characteristic.

--impulse transmission whic:h is fr4lPe from play.

[General comments Tor all lMP'thods frOr.t 1.4 to 4J

Lower values for:

---slight angle O"F ~otation~ i.e., rRlativRly stiff joint.

---relatively soft opposing plane.

---opposing planes which are not prone to bindi~g, e.g., phosphated.

Higher valuRS Tor:

---high angle oT rotation, i.e., ~elatively resilient joints as well as

Tine th~liL'ad.

---g~eat hardness oT opposing plane c:onnected with a ~ough su~Tace.

---deviations in shape.
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Table 18: K Factors for the Quick Calculation of the Tightening Torque

for P.C5 and p.t<.

CDircetly above numbers in chartJ

Head friction coefficient ~t<.

CVertical in left ma~ginJ

Thread friction coefficient p.o.

CAt bottom of chartJ

Maximum tightening torque MA __M = K - F M - d in Nm.

CBelow chartJ

F,~ in N is the desired preload if 90Y. utilization of the elastic limit

is predicted. Insert F. p from Tables 1 to 4.

d in m is the nominal diameter of the bolt.

R = standard thread, F = fine thread.
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465000 I450000 435000 420000 1405000 I 375000 ~ooo
560000 150'0000 520000i505ooo! 485000 1450000 405000

480 I 530i sao; 620 I 670 i 760: sao
6701 740 I 820 i S70 i 940 11070 1'240
810! 890! 990 !1050 : 1130 I1300 i1500

600 I 660 i 730 'I 780 I B30 'I 950 i1T 00
ssoi 93011030 10901'1170 1350115SO

10201 1110i 1240 1'300 1400 I 1600 !,aSO

8701 96011070" 1130 I1220I1400 1'1600
12301 13501 1500 1600 11700 1950 ~
15001'6001 1800 1900:2050 Zl50 12700

1220i 1350\ 1500 1600 i 1700 I1950 12250
1700\ 190012100 2200 12400 \2700 1131SO
2OSO! 22SOI 2SOO 26SO !28SO •32SO 3750



Tafel 4. Spannltrafte Fso und Spannmomente ....so fUr TaiIIensl::IIr8u mit metriscnem Feingewic IOe nach 01 rJ 13.81.13

AIloft. KJ.- btw*r3he F., in N fUr "G • SeaWWI_a'" in Nm fijr "te-

o.oa I0.10 I0.125 I0.14 10.16 1(1,20 1Q.25 0.08 10.1010.1257 0.14 10.16 I 0.20 10.25

1'~
15000! W4OO1 13300j 12700j 117001 10500 ' I '13700 15.5 17.0 \19.0 20.0 l2Ui 24..5 i 28.0

MS.1
21 cxx:I 20300 19300 18~1 1~i 16400 14700 22.Q 2&.0 27.0 28.0 30.0 34.o! 40.0

12.9 25OClO 243001 23100 22400 21500 19700 17700 26.D 29.0 32.0 34.0 136.0 41.0! 48.0

as 232001 224001 21300 206001 197001 1SI001 16200 30 33 xl 381 :1 :1 54
M10x1,25 10.9 ~1 31500 30000 290001 28000 25500 228CO C 48 51\

=1 7S
12.9 390001 37500 3lSOOO ZOOO. 33500j 30500i 27500 SO 55 61 791 91

I

las I 701 761
,

M12X1,25110.9
380001 34500

1
33000 320001 310001 280001 25500 54 60 66 86\ 99

510001 49000 46500 450001 43500 39500 35500 77 84 93 991 1061 121 : 140
; 12.9 610001 590001 56000 54000i 520001 475001 42500 92 101 .12 119! 1301 1451 170

I I.
3C5OO1 29500i

I
711 SO~

M12,.1.s I1~ 33500

1

32000 285001 260001 23300 51 56 62! 661 93
40000;

I

99147000 45000 430001 41500i 365001 32SOO 72 79 871 921 113! 130
12.9 55000. 54000 510001 SOooo! 48ooo! 440001 39500 86 9-0! 105 ! '''1 "9! 1:35 : 155, ,

as 490001 475001 45~1 440001 coool 385001 34500 871 951 106! 112\ 1201 1:35 i 160
M14.1.s 10.9 690001 67000j 64000 620001 !9OOO1 S4000 48500 122 1:351 1SOI 155 170 1 195: 220

12.9 830001 80000 760001 740001 7t 000 i 65000I 58000 1451 1601 180 1901 205! 2301 270, , I

M16.1.S 11~
I

S7000i 55000I sooooI 1301 1'40\ 1ss1 1651 El64000! 62OC~; 59000! 45000 2001 2:35
900001 87ooo! 83000, 80'0001 770001 71 000 63000 180 1 195 2201 23O! :SOl J:O

'2.9 1080001 1040001 .0001 96°ooi 920001 SSOOO 76000 220 :z:l51 260 1 2801 3401 390, I

M1ax1.s \ 1~ 870001 84000i 800001 770001 740001 68000! 61000
I

2101 2351 250i 270 i1901 300: 350
122000, 11SOOO1 112ooo! 109000( 1050001 96000j 86000 2701 300i 3301 350i 3801 430 i 490

1
'
2.9 148ooo! 1410001 1:350001 1310001 125000! 1150001 103000 3201 360! coo! 4201 4SO! 510 i 590

"20.1.5 11~ 113000; 1090001 104ooo! 1010001 97ooo! 890001 80000 2S01 I I , I 4401300: 340 1 3601 3901 510
1590001 15400011470001 1Coooj 137000 126000 113000

~I ::1 ~t 5001 ::1 6201 710
1209 191000\ 1840001 176ooo! 1710001 164ooo! 1510001 136000 570 I 600 1 740: 860,

I

lL3 134000113000011240001 121 ooo! 1160001 1CSOOO! 95000 3601 4001 440 i 470 1
I 570: 660

M22x1.5 10.9 189000! 183OOOI175~11690001 1630001149000, 134000 5101 560i 6201 6601 ;:1 800 I 930
12.9 227ooo! 2190001209000 20300011950001 179000i 161000 6101 670 1 740 7!Oi 85O! 970!1nO

Ias
157000i 151000114400011400001 1340001123000\ 111000 46015101

I

640\730;240560 800j
M24x2 10.9 22Oooo! 2130001 2030001 1970001 189000\ f74ooo\ 156000 650 7101 790 8401 9OO! 1030; 1180

12.9 2550001 255000124400012:1600012270001 208000 187000 780 8501 950 1010 i 1080 I 1::30: 1400

lUI 2010001 194000\ 1SSOOO! 1800001 172ooo! 158000\ 142000 6601 7301 a10 860 ! 920 I 1050; 1210
M27x2 10.9 2800001 275000 260000125500012400001 225000 200000 930;1102011140 1200113001 1500: 17CO

12.9 34Oooo! 325000!3:0000! 305000, 29OOOOI265ooo j 240000 1120 1230\ 1350 I 14SO! 15SOi 1750 '20S0

8.8 2I5000012!50000! 241:!234oooi 22400012050001 185000 9SO 1'050i1160 i 1230i 13501 1500; 17!0
M3Ox2 10.9 36500013550001340000 330000131500012900001260000 1350 1450 1650 i 175O! 18sci 21SO 124SO

12.9 44000014250001405000 395000138000013500001315000 16OO! 'iSOl 195O! 2100; 22501 2S5O, 29SO
t • I • , I



T.f.1 5: ReitlungszmIen fUr Wischioidefle~ und Sc:hmierzusQnde "}

a.rt'Ik:tIe , ~ll

.. "tI;' Sdll.4UtIci I •• unci Mnmr gIIIIft WltrbIudc

til "G' SdwaAle"91 uillCle 9ICJIft .'18191'"'tIde

SgN,iIfiCl_zt odWZ,~ien SaN SafII

gIONCt ....- e-Nitteft - ~

&- 6,...,.
~ iIfiClwlliftWn

0.13_0.19 0,10_0,18 I 0,1.0_0,22 o.oa bis 0.1& 0.10 !)os 0,18 $QftI.~

Q.10 bis 0.18 I0,10_0.18 O,10bisO.1. O,10lltsO.18 ~,~,~,\Itid'l'Nneft

0.16bis 0.22 Q.10bisO"a 0,16_0.22 a. bis 0.115 Q.10 bis 0.18 Q8Sd'Iliffef'

0.10 tois 0,18 0.10 bos 0.18 0._0.1. 0.10 bis 0,18 GG.~.~.~.~...

~
0.16_0.22 0.10_0.1. 0,16_0.22 0_bosO,1. 0.10bosO,1a (iTS, gncNdfen

I

I I.. 0.01_0,16 IO,08btlO,lS o.oa !)os 0.16 0.t2 !)os 0.20 SQtlf.~6 I"ffl
~ 0.12_0,16 ~. h",., 91" i'"if!
.s I0,10 bis 0,1.0,10 btl 0.1a I0,10 btl o.:zo 0.16 !)os 0.20 ~_t61"ffl

r 0.10 bos 0,18 -erZinkt. t,,, ....o.,,.1"tGe

0.12 btl 0.20 I0.10 bis O.:zo 19ftC"loff....~nl.~;en
0.10 btl 0.18 (-..cs~~,,~t..-t

o.08_O.:zo I ! O.oe btl 0.20 AI-Mg.~

c 0.08 btl 0,16 I 0.08 bis 0,16 I0,1. bos 0,24 I SQtlf.__ 6 ..m. 0.08bosO.14 I 0.08 bos 0.14 0.12 bos 0.16 -.I.......~.~•...
0.10 bos 0.18 I 0,10 bos 0.18 0.20 Dos 0.30 _z_t6"",g
O.oa llts 0.16 O.oa Dos 0,16 0.12 !)os 0.20 vet'Ztfttct.1 "'1"\C"9' W,ftde

j
0.18 bos 0.30 Sca.... GG. (iTS~

~ ··1 ~WII

'i

., I.. a.n T 1 bft 4 siftd fUr die Errmttlu"9 cter $oMr*raft F'tO die~I~ ..,... Uftd f d•• Ermit':lutlq

cia~ $cloeIh~ilr,"Moo1MA ~ 0.9 Moo' die R~.I"K""":u Grunae zu IbZW ,,_ ...... --" • "I( I

••, fur FliialQkYftl1ftOtte "ftC!~ft Kleber



T ~f.1 6. Absdlitzeii des Outchiiessabei~ von Sctnubert

;NII."""etuu_·'
in """

.4! .'- ·r~

I c I I ~Ic;

-rep --- If,;

1 Sdlritt fiil' c1YNt'nisch unci~ ocMr aamdl _ exantnsCft .,..;t­
~

A w.tNin~ 1dieftIicMz~!CraftZU _ ..~V~_

......... 8eailotllla•• FA.

8 o;.~ ".atuUOipUw*'-'tF_";;bl sicIt.~ ...... \110ft cNur
ZIfII _ilil.ItI'" am:
4~ fUr~ ocMr dyNll'ldc:hl a.-luaft

3
i 4

I 5
i 5
I 8
! 8
i 10
o 14
I 16

f:
1

30

r:-~

12.9 ! 10.9 f 8.8

:q
ClO .

1000 I
=1 ~
4000 I 4
63001 4

1oooo! 5
16OOO! 6
250001 8
.-0000 : 10
83000 I 12

100000 i 16
1110000 I:zo
250000 24
~ooo: 30
630000 136

1

........:

EN verbirtdYtIg ..,;,a dVfte­
miscn Ul'Id allZolr.tritdt clurdI

die Axi8Iloraft FA - 8SOO N
beIatet.Oie~"';._
~'- tUsotl mil
CNfwnonw,,-'-' man­...~.
A 10000 N is< die nlId'lst

rOIere I<r8ft ZIt FA in
$pM.. 1

8 2~fUr~
ICN und d\Ifta"';lCN A .....•
ktm- f..."." zu FOIl_ •
-25000 N

C 1 Sdlritt fUr ...AnzieNn rnif
o..tt~-fiitwt

zu FOIl - 40000 N

o Fiir FOIl - 40000 N fift-
del INn 1ft SC*w 2 IFest~
~'2.9I:M10

-!!.4

I ~ I•-·'-f.;

C Die~--"V~FM",•• ergttlC sicI'I............. von
-..rKraftFM__I..ge"cum: .

2 Scho'm. fUr AM _ Sctw..- ft'Mt ....factoem 0Nt0sI:tw_. _ uber

~ieltmOme"t .....,-ocMr

1 SClwitt fjjr AIlZ ..,;, Or.....,..... ..."lJe!"l~.....odar~._
mitt...dyIgmi~Dt..... IQ"""'C'J cswngoder~ cerr Sdw-.,be
...~UftClIcOMrOlItan ....., - ocMr

oSClwma fUr AftZ1aMft uber W_a1komro1le oft daft~1SCPlaftB-.ett
odar rniftal5 SUeckgNftZkorttrol" durCI'I~.

o ~ darvet- ZIfII~ 1ft SQaI.. 1 tits 4 die erfordarlod'le Schnuben­
-.-.. ift mm fUr die~r.Fest....sl<I__Scho'..~.

T~fel 7. Richtwerte fUr den Settbetrag pro Trennfuge

kungen s.Abschn.4.41. DasGewinde zanltaisTrennfuge!

AIlDftl dar TremtfuQal'l ~ 1ft ..... fUr Klemm-

'''md'lli.elidt GewHldaI 1~/1("1·

1 I 2.5 I 5 I to

2 tits 3 t

I
1.5 2

I
2.5I

4D>s5 0.75 I 1,25 I t.5
I

6 tits 7 0.5 I 0.7 0.9 I t. t



T ~fel 8. Kraftverhiltnis 4>It

Sc:haftsQIrouben TaiUenschravben

O'~f

0.14

0.25

0.2

0.'8

0.15

0.5

0.3

.--<

0.25
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0.08

0.14
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I I iii
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--!'--~~

Oar;estel.t~ ~:.Inktlonen. abqelettet cus C!ltn
Gtetcn\U\gen 25. 27. 29. 30.31. 53:
.': r,. _ r _ t-.= "l ~ 1

lO;[~'·l'IO;~-IC;l.e'lc;t' L~·=·~(c.J~.:L.· ::. j('.~=~;=-jJ'
KK '"P • C '-... J ."

'"'""----'
c~ "", .... ' ':"~IU~Kf'W'

~it Cs[c:; '~l und den mltt!.arltn Werten 1m Atlmessungs s

~crctch Ml. tits M30 [Reg.lg.wlt'!e~j YOt'! dt</"t&'.56:::; C2m& !.~1Cl
d2m so.Sld; d3m s o.a3 d; u"d 1.0 d frl!le Gcwindelot'!ge
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•

CD ~ ~ ""!.~~~o ~-_ ... .-"'"

•

-~
iii
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Cl
Cl
II>
o....

o
o
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i
CoJ 1 0.2
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0.'4

0.2 J U.,~
0.'18

(M& 0.1

0.5

0.45

0.14
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0.65

0.7

J,25

"~

'".....,
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:.55
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--+-1_:ccy
-Col 0 :"1 -

ptotte

------------.--t~,._.."?

Hulsen

Dorgetstaltte FYnktionen, Clbgeleitet ClUS den Gloichungen 29.30·31:
log &1'. - (log d. log Ep .log y) ml t

~ ( d CO, J 1 elK ) (OA .)y.- 1.2-. -. - und C. --.
t. lK 2 200d dt<

und t':'ltUeren Werte" im Abmessungsbereicn !"'L tllS M 30
yon dl':m • 1.56 d uno Ol3m • "" d.
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i .f•• 10. Lil9'..-hiItnis #ijr do. T-'uge dl!r
ClCZeiIU isdwon 'O'OIgespenilwrt Uftd niche bItasDqn

Vertlindung

't
i
r
l­
I

Tafel 12. Stei9Jng. TaillenQUer5Chnitt. KemQUefKi1nitt
utId Krafte F:l 2 fur T..U4ftSChrau1Mt .."t metrisd'lem
Regel. und FeinqewOnde nac:tt DIN 13. BI.13

Abo !I Scft-I or·'_1 or...~ Il<taft 3fI 0llP M"'CSfttoSuec:k...... ""9j~ __ grenaFo ,2·"O,2 A S

tu<'9 I~ .~"",n: Itlei FestogkettSklaM...en

I
d T "13 I .OINJISO 898

,. 'Q.9-dil'AT.......Asl8.8 ITO.9 1~2.9

....... 1""" ,"""= N iN IN

~ F"'IJI "'"01

ua I" I~,
-~

I 18roel 26500i 31500...... I
III 10 f.25 7.6 45.3 I 290001 41000, 49000
M 12 1.25 9.4 69.4 : 44SOClI 620001 75000
M t2 1.5 , 9.1 65.0

I
41 SOCl I saOOOI 70000

MT4!1.5 11.0 95.0 , 6t ooo! 85000 I 103000
III 16! 1.5 ! 12.5 123 : 79000; n 1000; 1:::1000
.., 181 1.5 : 14.5 165 : 106000 . 148000 ' 178COO
M20! 1.5 116.5 214 ,137000.193000 231000
M 2211.5 i 18.0 254 ; 163000 229000. 27!!000
M24I2.0 i 19.5 298 191 COO 270000 320000
M27; 2.0 : 22,.0 :!SO '=:43000 ~OOO· 410000
M30i 2.0 '::5.0 491 '315000 440000' S:OOOC

I 39501 56001 6700
I 6sooi 92001' 11000
I 93001 13000 15700
I 136001 191001 22900

I
169001 23800 28500
270001 37500 4SOOO
40000, 56000 67000
55500i 78000 9ZOOO

I 120001'02000 122000

I 92000 I 129000 154000
f13000:159000 191000

i f 45QQO I 204000 I 245000
i 112ooo! 242000 ! :90000
12210001310000: ::75000
I 26SOOCl! 375000 : 450000

I 6.2
10.:
14.5
21.2
26.4
41.8

I:;
1113
1143

I~
'269

l~

1114 0.7 2.8
1115 0.8 3.6
M6 1.0 4,3
IM71 1.0 5.2
1\18 '.251 5.8
M TO 1.5 7.3
M 12 1.751 8,.9
M f 41 2.0 10.5

M 1612.0 !12.0
M f812.5 13.5
M20 2.5 15
M22I2.5 I' 17
M 2413.0 18.5
M27j3.0 121
1113013.5 .23

~ IScei- ISelIn- I(ern- IKraft 3fI~1II_·StNcIt-
...... guns I ...... ~ gr.-.aFo.Ol·":l.OlAs
SU"9 1_ teMift tIei"-~MdI

,. IsctWMr IOlllUlSO 898

AS IA;I 18.8 110
.
9 1'2.9...... ,-rz ,-rz N N • N

~~A._pu lCM

I
I

7900 ,
M410.7 8.18 7.75

5600 I 9!OO
illS 0.8 14.2 12,.7 9100 12800 I 15300
Me 1.0 20.1 17.9 12900 1810el 21700
1!\I7t l,.0 28.9 2e.2 18SOCl =1 31000
1118 1.25 36.6 32.8 23'lOO 39SOCl

1\1 101,.5 58.0 52.3 37000 S2000l 63000
1\1 12 I.n 84.3 76,2 S4000 76000 I 91000
1\114 2.0 115 105 I 74000 103000 I 124000
MHSI40 157 144 100000 141000 1'70000
11118 12.5 193 175 I 12Z000 174OClO 208000
M20 2.5 1245 225 ' 157000 I 220000 265000
11122 2.5 : 303 2lI2 !194000 275000 325000
M%4 3.0

1
353

1

324 , 22SOOO 320000 380000
1\127 3.0 4E9 421 I :29SOOO 415000 495000
1\1:;0 3.5 1561 519 1360000 S05000 QJ5000

~ Feino-o... _

!\of 8 1'.0 I 39.2 :Je.O
I 25ooo! ::1:I

~A 10 I 1.251 61.2 56.3 I 39000 I
M 12 1'.25 a2.1 86.0 i ssoool 830001 99000
M 12/1.5 I 88.1

I
81.1 I 56000 I 79000 95000

i\lI1411.5 1125 tl6 80000 , 112000 I 135000
III 16 I 1.5 ; 167

I~
! 107000 ; 150000 t 180000

M 18: 1.5 1216 I 1::8000 j 194000 I 233000
M20 11.5 !:rn 259 ! 170SC00 i 245000 ; 295(lQ()

10'22 i 1.5 (333 i 319 i 213000 ! 300000 ; 360000
i\lI24 12.0 ! 384 i 36S i 246000 : 345000 : 415000
lI.I27! 2.0 !496 1473 i 315000 I 445000 i 535000
:vI:lO! 2.0 ~ 621 : 596 : 395000 I 560000 : 070000

'afel n. $teigung.SQan~itt.K~·
~.tt und Krafte FO.2 fUr SCItafucI'nuben mit metri·
sc."Iem AegII- und Feingewinde nacn DIN 13. BI. 13



werteszoff AnzietIet'I

ma=riscl\ I VOt Har>d

St37 ZXJ 3CO
SC:50 330 500
CC$v 600 900
GG-25 500 750
GOUgAlg 80 120
GKMgAl9 80 120
GKAlSi6Cu'" 120 180

Tafel 14.~PGin Nlmm2
fUr gedrUc:kteT. WEi schiedene Werkstoffe

~~.~~=-".~.­
~~~~J~

~

:;It'P~.;)t:'-:'~'"
.......~~.

;:,.:.~

T afer 13. Ric:htwerte fUr die OauertWtbarIceit von sdtlu6­
~ Sctnuben der FestigkeitsIdass as. 10.9.
'2.9(~)

::II
A. ..,..,:

Tafel 15. Faktoren. clie die Oauerhaltbatkeit im positiven Sinne beeinflussen

..

t. v............. al'Niltn.

t.1.v~ a.r~"""a..-el_iz,_~

~

teftQe Sdnu_

IIOdIfwRe SCt'nutMft

0UIcflIack1CfwMdlen lftit Muttem

Aufwtzen ...- Hulte

V~"dis E-Moauls

1.2.V~ a.r~ Teile dlorcft

kOnIVuIctive",.~

V_VOt w.rt<s:toffen "';t groa.m E·ModuI sowie

dlorcft T........... """ T..... """ Dicm-4"unlttioNft

1.3.v~_~dufCh

v.,. litidoH " a.r Exzemr;ZitR

emc....dWV~

1.0&. Erl'eIwn a.rAetk~durdI

V~",,"$ftaft

V~""" l.GlCl .1100..,..."

2. £.___ .u.....~~

2.1.Cil.,_~~"9durCft

~rtcftOHe lftit ........... e·ModuI

~MynerfonMn

~ e."..f\dwillOtile
St~ifferenzZWOSCIleft SCftreu-. _ M..r.em·
gewonc.
tloNV~rah

_1Sdle a.-na...nau.
:z.=.eoe-__

(__~I

3. o.............. SCtw8otW

3.1. F"......,.~... K001 _ Scttah Clurcn

Ver;roGerft a.r~~
gro8e RacIieft
F_.",~

3.2. FonNinfl.... ..,.~ dlorcft

gro8e RacIieft

emFu4~Ge 1ldI~

wreic:tWrt c.ni"dli llleuf

0&. WertcftOffe -a HenuItun9

"'.1. WertcftOft.

gro8e Zil'ligke.t

lloIle~t
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Tafe' 18.K-F~ fUr die schnelle Berecnnung des
Anziehmo"oen. fUr Jlci und $l,c
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Symbols and Terminology.

R" Cross section~ c:ross sectional area OT bolted prismatic: parts when
they ~ul~tll th. ~cnditicns c+ a ·ben~ing bodyu in the c:ase oT
ecC:Qntrice~ampingand loading.

~___ Substitu~ionaI area~ c:ross sectional area oT a hollow c:ylinder
with the ~~ elastic: resilienc:e as that oT the c:lamped parts.

R~ Cross sectional area oT a c:ylindric:al element OT a bolt.

~~ Nominal c:ross section.

~~ Bolt h.ad or nut bearing area.

~e Stress area OT the bolt thrQad ac:c:ording to DIN :3:

~T Cross sec:tion oT reduc:ed shank area in a bolt.

R~ Smallest c:ross sec:tion of a bolt shaft.

~~ Cross sQc:tional area at minor diameter of bolt thread.

C Spring Constant.

DA Extern~l diameter of a c:lamped sleeve.

D9 Hole diameter of the c:lamped parts = internal diameter of the
substitutional c:ylinder.

D~_ ETfective fric:tion diameter oT the bolt head or nut bearing area.

E~ Young's modulus oT c:lamped parts.

Eo Young's modulus oT bolt materials.

r Forc:e~ general.

rA Axial force, axial working load or axial c:cmpon2nt of the working
load ra.

rA_b Ec:c:entric axial forc:e at the lift-oTf limit.

rAo Upper limit value of an alternating axial forc:e rA.

r-.., L.ower limit value of an arternating axial Torce r"...
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F~ Working load in any direction.

FK Clamping Torce.

FK _ b Clamping Torce at the liTt-oTT limit.

FK__~ Clamping Torce which is necessary Tor sealing functions, friction
contact and prevention oT one-sided lift-oTf in the interTace.

FK~ Residual clamping Torce in the interTace in the case oT unloading
due to F~A and embedding during operation.

FM Initial preload.

F M Initial preload Tor which a bolt must be designed so that in
spite of imprecision in the tightening procedure or expected
embedding the required clamping Torce is achieved and maintained
in the joint.

Smallest initial preload which adjusts itself in the case of
F M __ M as a result OT imprecision in the tighten1ng procedure.

F~A Portion OT the axial Torce which unloads the clamped parts.

F Q Transverse force, working Torce directed transversely to the bolt
axis or the transverse component of a working load Fe directed
in any direction.

Fe Bolt force.

F~A Portion oT the axial Torce FA which additionally loads the bolt.

F~A_ Alternating loading oT the bolt by the additional force FSA •

F~_ Mean value of the bolt force in the case of alternating working
load.

F_ p Axial clamping force of the bolt with 907. utilization of the
elastic limit by a~~ C907. yield loadJ.

Fv Preload, general.

FV _ b Preload at the lift-off limit.

Fv_~~ Least preload which is necessary for sealing functions, friction
contact and the prevention of one-sided lift-off in the interface
under observation of unloading by the working force.

Fvm Mean preload.

F z Preload loss as a result of embedding in operation.

Fo .= Bolt force at the minimum elastic limit.
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Ie Moment of inertia of the area Re •

I~ Moment o~ inertia of any area.

I~ Moment of inertia of the core cross section of the bolt thread.

NA Tightening torque for assembly.

Ne Effective bending moment at the bolting position.

Nb Bending moment at the bolting position ~rom the eccentrically
acting axial force FA.

N~A Effective part of the tightening torque in the thread.

N~ Friction moment in the bolt head bearing area.

N~b Portion of Me which is taken up by the clamped parts.

Neb Portion of Mb which is taken up by the bolt.

M.p Tightening torque to produce preloading of a bolt equal to 90% of
yield (F.p ).

NT E~fective torque at the bolting position in the interface.

P Pitch of the bolt thread.

U Location for u = o.

w~ Polar resistance moment for the surface RQ •

w~ Resistance.moment of the core cross section o~ the bolt thread.

a Distance of the force line of application from the axis of
rotation for the area Re •

b Expanse of the interface.

d Bolt diameter = external thread diameter.

d~ External diameter o~ bolt head or nut bearing area.

de Diameter for the clamping cross section Ro •

d T Shaft diameter in the case of reduced shank bolts.

do Diameter at the smalles~ c"oss section of the bolt shaft.

d~ Pitch diamet~r o~ the bolt thread.

T Length change under a force F.

f~ Length change of any part i.
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~~A Length change oT the clamped parts by F~A.

~~An Length change oT the clamped parts due to lOad i~troduction

over the clamped parts.

~~ Shortening oT the clamped parts due to FM •

~e- Lengthening OT the bolt due to FSA•

~~ Lengthening oT the bolt due to FSA in the case oT load
introduction over the clamped parts.

~eM Lengthening oT the bolt d~e to FM •

~z Plastic deTormation due to embedding, embedding amount.

h~~" Plate thickness (see Figures 6, 19 and 20).

k e Radius OT gyration Tor the area ~e.

1 Length, general.

1_~_ Substitutional length Tor a bolt with threading over the entire
length with the same Be as any bolt.

l~ Length oT a cylindrical individual element OT the bolt.

I~ Clampi~g length.

• Number OT bolts in a Tlange joint.

n Factor, which when mUltiplied with the clamping length lK, gives
the thickness oT the areas oT the clamped parts unloaded by the
axial Torce F....

p Bearing stress.

p~ Allcwable bearing stress under t~e bolt head.

s Distance OT the bolt axis for the axis oT gyration for the area
~....

~ ConTiguration oT the bolts in the case oT a multi-bolted joint.

u Perimeter distance in clamped prisms from the axis of rotation for
the area ~e (in the direction A-A).

v Perimeter distance in clamped prisms Trom the axis of rotation Tor
the area ~e (opposite ~he direction A-A).

~ Angle of pressure oT the bolt thread.

~ A Tightening factor F~ / F .... f'nj,n.
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P Elastic bending ~esili&nce.

Elastic bending ~esilience oT any pa~t oT the bolt.

Elastic bending ~esilience oT the sc~&Wed-in th~ead.

Elastic bending ~esilience oT the bolt head.

Elas'tic bending ~esilience oT the clamped pa~ts.

Elastic bending ~esilience oT the bolt.

Ti It o~ angle oT inclination OT clamped pa~ts as a ~esult OT
eccent~ic loading.

y~ Angle oT inclination OT the clamped p~isms.

r~ Angula~ deTo~mation oT the bolt.

~ Elastic ~esilience.

&~ Elastic ~esilience oT the sc~ewed-in th~ead.

&~ Elastic ~esilience OT any pa~t i.

&~ Elastic ~esilience oT the bolt head.

o~ Elastic ~esilience oT the clamped pa~ts in the case oT concent~ic
clamping and concent~ic loading.

Op- Elastic ~esilience oT clamped pa~ts in the case oT eccent~ic
clamping.

b~-- Elastic ~esilience oT the c!amped pa~ts in the case of eccent~ic
clamping and eccent~ic loading.

Oe Elastic ~esilience of the bolt.

~ Angle of ~otation in the case of tightening of a bolt.

= s I kr.

Length ~atio fo~ the inte~face of the ecceDt~ically cJamp~d an~

non-loaded joint.

~o F~iction coefficient in thE th~ead.

~. F~iction coefficient in the V-th~ead inc~eased opposed to u.

~Q__ Mean f~iction coefficient TO~ th~ead and head bea~ing a~ea.

p' F~iction angle to ~'.
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~A Stress amplitude of fatigv~ strength.

~_ Fatigue loading (alt~ nating or cycling stressJ of the bolt.

de Tensile strength of the bolt, minimum value according to DIN 276,
p. [BlattJ ~.

m_M Tensile strength of the bolt, maximum value according to DIN
276, p. [BlattJ ~.

6 D Fatigue strength or durability.

d M Normal tension in the thread as a result of FM •

~m Mean tension.

d~-a Combi~ed tension and torsional stress.

~eA Tension caused by the portion F OA of the axial force in the core
cross section of the bolt.

~eAO Tension in the bending traction thread of the bolt thread
caused by the axial force portion FeA and the bending moment
Mo in the case of eccentric load application.

6 eAd Like deAb, but on the bending-compressive side of the bolt.

a(x) Tension at position x.

aQ.= O.2Y. off-set yield strength (minimum value according to
DIN 267, p. (BlattJ ~).

T Torsional stress in the thread as a result of MOA •

~_ Force ratio in the case of eccentric application of the axial
force FA.

~_~ Force ratio ~_ for load introduction under the bolt head and
nut areas.

~_~ Force ratio ~_ for load introduction inside the clamped parts.

~~1 Force ratio in the case of flange-like joints.

~K Force ratio for concentric load introduction under the bolt head
and nut areas.

~m Force ratio in the case of pure moment loading by Me.

~~ Force ratio for concentric introduction of the axial force FA
inside the clamoed parts in levels at the distance n l K •

Pitch angle of the bolt thread.
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l~verse resilience in the c.ase oT ;:langes and -flange-like p.arts.

For geometric quantities in the case oT -flan~e joints see Figures 9
and 10.


