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Bolt Calculation

according to VDI 2230

Theory of VDI2230 Part 1 (partially Part 2)



/ Bolt calculation / M. Kohler3

Schedule (online)

Day 1

14:00 Welcome to the training

14:15 – 15:45 Introduction, Scope, Calculation Model, Distortion Triangles

15:45 – 16:00 Break

16:00 – 18:00 Tightening Factor, Resiliiences, Dividing the Working Load

18:00 End of Live Stream Day 1

After Training Independent Work on the Exercises (approx. 2 h)

Day 2

14:00 – 15:00 Discussion of the Exercises, Questions & Answers

15:00 – 16:15 Eccentric Clamping and Loading

16:15 – 16:30 Break

16:30 – 18:00 Stress/Strength, VDI Part 2, Calculation with FE Results

18:00 End of Training
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Overview

1. Scope of VDI2230 Part 1

2. Basic concepts of VDI2230 Part 1

3. Calculation steps of VDI2230 Part 1

4. Short introduction to VDI2230 Part 2
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Scope VDI2230

▪ Included:

▪ Steel, 60°flank angle

▪ strength grades 8.8 to 12.9

▪ frictional transmission of working load (through clamped parts)

▪ static or dynamic axial force, bending moments and transverse 

forces

▪ limited size of contact areas at inner interfaces (G)

▪ Not included:

▪ Extreme stresses (e.g. corrosion)

▪ sudden and stochastic loads

▪ determination of external loading
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Scope VDI2230
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Basic concepts of VDI 2230

Assembly state: „internal load“

During assembly an axial preload force FM is

generated. This force is present as a tensile force

in the bolt (Fs) and as a compressive force in 

the joint (FK). 
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Basic concepts of VDI 2230

Working state: „external load, FA >0“

Introducing the axial working load FA the bolt is additionally loaded with the

additional bolt load FSA which results in the total bolt load FS. The plates are

relieved by the amount FPA which results in a residual clamp load FKR.
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Rechenmodell nach VDI 2230

Special working state: „external load, FA >0“

The clamping force increases from FM to FKR. Relieving the bolt with FSA

results in a reduction of the bolt force to FSR. 
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Basic concepts of VDI 2230

FZ Loss of preload due to embedding

ΔFVth thermal. loss of preload
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Basic concepts of VDI 2230

The mounting force FM needs to be

bigger than the maximum required assembly preload FMmax

and smaller than the permissible assembly preload Fmzul

FMmin <      FMmax Fmzul

FM

FM /a <       FM

In KISSsoft, the calculation is run with FM = FMzul

FMmax inlcudes:

• Required clamp load

• Loss of preload

• Working load and variation in 

assembling (a)

The VDI 2230 names this force 

“max. assembly preload”

FMzul includes:

• Yield strength

• Utilization

• Friction

This load is also named “permitted pretension force”, 

meaning the (max.) achieved preload using the 

tabular value of tightening torque

Your choice of bolt

Your choice of tightening
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Basic concepts of VDI 2230

R0 nominal diameter, 
limiting measurements

R1 tightening factor

R2 minimum clamp
load

R3 dividing the working
load, load factor

R4 preload changes

R5 min. assembly
preload

R6 max. assembly
preload

R7 assembly stress

R8 working stress

R9 alternating stress

R10 surface
pressure

R11 minimum length
of engagement

R12 slipping, 
shearing

R13 tightening
torque
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R0 nominal diameter and limiting size G

The bolt nominal diameter is roughly determined

according to Table A7. 

In the first step (step A) the next highest load to

the load acting on the bolt joint is selected.

Depending on the type of load (static, dynamic, 

transverse load..) increase the number of load

steps (step B).

Finally, the load is increased depending on the

tightening method (step C). 

Columns 2 to 4 give the required bolt dimensions in 

mm for the selected strength grade of the bolt

(step D).
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R0 nominal diameter and limiting size G

Sizing of bolt diameter

Based on VDI 2230, table A7, and the working load, the bolt diameter is

proposed. The next higher diameter from database is used. 

Sizing of bolt length

Based on the thickness of clamped parts and the bolt diameter the bolt

length from KISSsoft database is proposed. If there is no suitable length, 

no proposition is given.
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R0 nominal diameter and limiting size G

The calculation procedure of VDI 2230 for

eccentrically clamped and eccentrically loaded joints

is only valid within the limiting size G. The interface cT

has to be smaller than G:

TTJ: G‘= (1.5..2)dw

TBJ: G = dw + hmin

dw outside diameter of the plane head bearing surface

hmin thickness of the smaller plate of two clamped plates

cT size of the interface

GcT 
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Bolt calculation acc. to VDI 2230

The distance to the point which is in danger of

opening must nut be further than ½ G away from the

bolt. 

e Distance from bolt axis to point U

"U" Point which is at risk of opening

e
G


2

min
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R1 Tightening factor

The required minimum assembly preload has to be achieved despite of the

uncertainities in tightening (scatter of friction coefficient in the thread mG and in 

the head bearing area mK as well as tightening technique)

FMmax required maximum assembly preload

aA tightening factor

FMmin required minimum assembly preload

The tightening factor a is listed in table A8. The coefficients of friction are listed

in table A5. Alternatively the tightening factor can be calculated based on 

scatter of tightening torque and friction.

])1([minmax VthZAenKerfAMAM FFFFFF ++−+== aa
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R1 Anziehfaktor

a) Impact wrench

b) Turning wrench

c) Torque wrench

d) Yield-controlled turning

wrench

minmax MAM FF = a

M

MMmax

MMmin

FMmax

FMmin

FMmax

FMmin

Rp0,2max

Rp0,2min

m

m

m

m
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R1 Tightening factor

Case 1: scatter of friction coefficient, 

no torque scatter

In case of an exact tightening torque, 

the tightening factor is only detemined

by the scatter of friction coefficient. 

Case 2: scatter of friction

coefficient and tightening torque

In most cases both values vary. 

The tightening factor includes both

effects.

Torque-controlled tightening

a a
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R1 Tightening factor

With yield-controlled tightening the yield point is controlled. The tightening is

influenced by the scatter of yield value Rp0.2min/max and friction of thread mG , but 

not by the friction of bolt head bearing area mK

Yield-controlled tightening

a

Rp0,2
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R2 Minimum clamp load

The minimum clamp load is the minimum required clamp load to fulfill the

functionality of bolt joint:

▪ Friction grip to transmit a transverse load FKQ or torque

the transverse load is calculated into an axial clamp load using the friction

coefficient of the plates

▪ Sealing against a medium FKP

▪ Prevention of opening FKA  (see next slide)

) ;  max( KAKPKQKerf FFFF +

])1([minmax VthZAenKerfAMAM FFFFFF ++−+== aa
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R2 Minimum clamp load

Opening can occure with eccentrically

loaded or eccentrically clamped bolt joints. 

The clamp load at opening limit FKab

depends on the distance of the loading a, 

the point of opening u and the eccentricity

of the clamping ssym

)),(()),,(( symBsymAKabKA sufMsaufFFF +==



/ Bolt calculation / M. Kohler23

R3 Dividing the working load

The axial working load FA is divided into an additional bolt load FSA and a plate

relieving load FPA 

FA axial working load

FPA plate relieving load

en load factor, describes the resilience of the plate δP in relation to the

total resilience δP,S

➔ In case of no axial working load, as i.e. only torque, these calculations

aren‘t necessary

APA FF −= )1(

])1([minmax VthZAenKerfAMAM FFFFFF ++−+== aa
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R3 Elastic resilience of the bolt

The elastic resilience of the bolt is calculated as follows:

dSK Bolt head

dS1 ,2… Shafts, with the individual length dimensions

dGew Thread, unengaged part

dGM compressive deformation of the nut

GMGewSSKS ddddd ++++= ...1
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Own input of bolt geometries

Add a bolt

A bolt can directly be defined with «own 

input» then with «Define…» and «+». 

This way you can enter anti-fatigue bolts or hollow bolts etc. 

If you preselect a standardized bolt the values are shown as default inputs

after switching to «own input».
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R3 Elastic resilience of plates

The elastic resilience of the plates is calculated as follows:

...21 ++= PPP ddd

For the calculation of the resilience, the clamp

solid body is substituted by a virtual deformation

cone with the same resilience.

The cone angle is calculated individually based

on the actual geometrical and clamping

conditions.
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As a result of i.e. large clamp length or small plate

dimensions, the cones are disturbed by the outer egde, and

the middle part of the deformation body is changed to a 

sleeve. 

The limiting diameter DA,Gr serves to settle the question as

to whether a deformation sleeve (cylindrical ring) is present

between the cones:

TBJ:  w = 1

TTJ:  w = 2

R3 Elastic resilience of plates

To determine the resilience of the (substitutional) deformation body, it

has to be checked, whether the deformation cones reach the outer edge

of the plates. 

tan, += KWGrA lwdD
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R3 load factor (simple)

The load factor describes, how much the bolt load FS is increased by the

additoinal bolt load FSA , when the axial working load FA is applied:

dS resilience of the bolt

dP resilience of the plates

K load factor

The load factor K presumes the (theoretical case of) load introduction directly

under the bolt head and nut bearing areas (n=1).

For eccentrically loaded joints or load which is not introduced directly under the

head/nut, the load introduction factors a and n have to be considered. For

eccentrically clamped joints the factor ssym.

A

SA

PS

P
K

F

F
=

+
=

dd

d
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R3 load factor (extended)

Φ𝑛
∗ = 𝑛

𝛿𝑃 + 𝛿𝑃𝑧𝑢
𝛿𝑆 + 𝛿𝑃

∗ + 𝛿𝑃𝐻
Φ𝑒𝑛
∗ = 𝑛

𝛿𝑃
∗∗ + 𝛿𝑃𝑧𝑢

𝛿𝑆 + 𝛿𝑃
∗ + 𝛿𝑃𝐻

* = eccentricly clamped

e: Eccentric loading

n: load introduction

inside clamped part

𝛿𝑃
∗ considers ssym

eccentricly clamped (*) 

and eccentricly loaded (e)

𝛿𝑃
∗∗ considers ssym and a

if extension sleeve

if TTJ

𝛿𝑃
∗ = 𝛿𝑃 + 𝑠𝑠𝑦𝑚

2 ⋅ 𝛽𝑃
𝛿𝑃
∗∗ = 𝛿𝑃 + 𝑎 ⋅ 𝑠𝑠𝑦𝑚 ⋅ 𝛽𝑃

Φ𝑛 = Φ𝑒𝑛 = 𝑛
𝛿𝑃 + 𝛿𝑃𝑧𝑢

𝛿𝑆 + 𝛿𝑃 + 𝛿𝑃𝐻
𝑛Φ𝐾 Kn

𝛿𝑃
∗ considers ssym

en

*
en*
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R3 eccentric clamping and loading

For eccentricly clamped and loaded parts, the influence on the plate resilience is

taken into account by the factors ssym and a. 

ssym distance from the bolt axis to the

imaginary laterally symmetrical clamp

solid

a the distance of the substitutional line of

action of the axial working force FA to

the axis of the imaginary laterally

symmetrical clamp solid
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R3 Eccentrial loading

The single-bolted joint should be released (cut

away) from ist surroundings on the load side in 

such a way, that the sectional planes are free

of moments.

Hence the distance of load introduction a is

determined in such a way, that the moment is

= 0. 

For the bolt calculation only the axial working

load FA and the distance a are used.
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R3 Eccentrial loading
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R3 load introduction factor n

n= 0.7 … … … … n=0.15 (values are for

centrical loading)

The load introduction factor n considers the axial height and lateral distance of

the load application. 

With SV1, the force is close to the bolt head, which results in higher additional 

bolt load than with SV6. For tapped thread joints (TTJ) the types SV1, SV2 and

SV4 are to be applied. 
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R3 load introduction factor n

The bigger the eccentricity, the smaller the load

introduction factor n. 

The eccentricity is divided in a part from basic solid 

aK and a connecting solid lA .

h height of bolt joint

aK distance between the edge of preloading area

and the force introduction point of the basic

solid

lA length between basic solid and load introduction

point

A load introduction factor n<1 decreases the

additional bolt load FSA
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R3 load introduction factor n

Simplified Procedure:

1) Release single-bolted joint

2) Divide into basic and connecting solid

3) Establish joint type

4) Determine n from table

Full Procedure:

-> See VDI 2230 Annex C (pages 171-175)
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R3 load factor

n load factor, considering the load introduction factor n

n load introduction factor

FSA/PA additional bold load/plate load (plate relieving load)

With n=1: The additional bolt load FSA is highest

With n=0: The additional plate load (relieving load) FPA  is highest, the

interface is relieved and the minimum clamp load is decreased

Φ = 𝑛 ⋅ Φ

𝐹𝑃𝐴 = (1 − Φ𝑛) ⋅ 𝐹𝐴

𝐹𝑆𝐴 = Φ𝑛 ⋅ 𝐹𝐴

Kn
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R3 Dividing the working load

The joint diagram looks different depending on the load introduction factor.

The inclination of the lines for FPA and FSA change based on the value of n.
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R4 Preload changes

Preload changes occur mainly due to two effects:

- Embedding due to flatening of surface roughness or relaxation

The guide values for the amount of embedding fz can be taken from tables

in VDI 2230. 

- Different thermal expansion due to different materials and coefficients or

different temperatures

])1([minmax VthZAenKerfAMAM FFFFFF ++−+== aa
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R5 and R6, min and max req. assembly preload

FMmax maximum required assembly preload

aA tightening factor

FMmin minimum required assembly preload

Fkerf required clamp load in the interface

en load factor for eccentrical clamping and loading

FA axial working load

FZ preload changes due to embedding

FVth preload changes due to temperature influences

])1([minmax VthZAenKerfAMAM FFFFFF ++−+== aa

„Main dimensioning formula“



/ Bolt calculation / M. Kohler40

R7 Assembly stress

sM tension stress

tM torsional stress 

sred,Mzul uniaxial comparative stress in the assembly state

n utilization factor, mostly 90%

Rp0,2min minimum yield point

During assembly – with the usual tightening techniques with torsional stress –

tension stress sM and torsional stress tM are present. 

These stresses are converted by means of the deformation energy theory

(GEH) to an equivalent uniaxial stress sred,Mzul.

ntss =+= 2.0

22

, 3 pMMMzulred R
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sred,Mzul uniaxial comparative stress in the assembly state

sMzul permissible tension, determined from comparative stress

FMzul permissible mounting force, based on bolt strength

A0 minimum cross-sectional area of the bolt (usually with 0.5(d2+d3))

➔ The permissible mounting force FMzul must be larger than the maximum

required mounting force FMmax

R7 Assembly stress

MzulMzul

G

Mzulred

Mzul

AF

d
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R8 Working stress

szmax maximum stress in working state

tmax torsional stress

Using the axial working load, the stresses in working state are higher because

of the operating load than in the assembly state

P

G

S

VthAnMzul

S
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R8 Working stress

sred,B comparative stress in working state

kt factor to consider the lower torsion (compared with assembly state, 

recommended is 0.5

SF Safety against deformation

Rp0,2minminimum yield point

➔ safety against deformation

The calculation is not applicable, if there is no axial working load.

The safety is then calculated in assembly state.

( )

1
,

min2,0

2

max

2

max,

=

+=

Bred

p
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zBred

R
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R8 Working stress (torsion free mounting)

Hydraulic friction and torsion free mounting can also be considered. 

Rp0,2min minimum yield point

szmax maximum stress in working state

SF safety against deformation

1
max

min2,0

max0min2,0

=



z

p

F

Sp

R
S

FAR

s
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R9 alternating stress

FAo upper load

FAu lower load

K load factor

AS stress cross section

sa/ab continuous alternating stress acting on the bolt

The acting stress amplitude is calculated with the difference between

upper and lower additional bolt load.

( )

S

AuAoK
a

A

FF



−
=

2
s
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R9 alternating stress 

sASV,G stress amplitude of the endurance limit of bolts rolled before or after 

the heat treatment, for load cycles ND>2*106

sAZSV,G stress amplitude of the fatigue strength of bolts rolled before or after 

the heat treatment, for load cycles 104 < Nz < 2*106

The permissible stress amplitude for the endurance limit and fatigue

strength (with failure probability of 1%) are listed in VDI 2230.

3/1

45
150

85.0
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R9 alternating stress

SD sagety against fatigue

sAS permissible stress amplitude

sa/ab acting stress amplitude

➔ safety against fatigue

The calculation is not applicable, if there is no axial working load. 

2.1
/

=
aba

AS
DS

s

s
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R10 Surface pressure

SP Safety against pressure

pG limiting surface pressure

pM/Bmax maximum acting surface pressure in assembly or working state

The maximum surface pressure is obtained with highest load (assembly or

working state) and smallest area. 

For the area the exact geometry is used, considering chamfers etc. 

1
max/

=
BM

G
P

p

p
S
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R11 minimum length of engagement

meff,min required length of engagement

mvorh, eff actual length of engagement

The maximum tensile force of the bolt must be less than the critical stripping

force of the internal or bolt thread.

FmS Breaking force of the free loaded bolt thread

FmGM Stripping force of nut or internal thread

FmGS Stripping force of bolt thread

( )mGSmGMmS FFF ;min

effvorherf mm ,
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R11 minimum length of engagement

The effective length of engagement is determined by the bolt length minus 

clamping length and thread chamfer.
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R12 safety against slipping

SG safety against slipping

FKRmin residual clamp load at the interface considering relief by FPA and after 

embedding

FKQerf minimum required clamp load at the interface for transmitting a 

transverse load and / or a torque by friction grip

The calculation is not applicable, if there is no transverse working load.

1min =
KQerf

KR
G

F

F
S
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R12 safety against shearing

SA safety against shearing

tB shearing strength, is determined with the „shearing strength ratio“ in 

table 5.5/2 (values for ratio of shearing strength / tensile strength) 

tQmax shearing stress in the bolt cross section at the interface

Overloading resp. overcoming the static friction at the interface may lead to

shearing or bolt-bearing. 

For the determination of the shearing stress the full transverse load FQmax is

used.

1.1
max

=
Q

B
AS

t

t
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R13 tightening torque

MA tightening torque

MG thread friction moment

MK head friction moment

P pitch of the thread

mGmin (minimum) friction coefficient in the thread

mKmin (minimum) friction coefficient in the bolt head area

The tightening torque required for torque-controlled tightening can be taken

from tables in VDI 2230 (with utilization 90%).

]
2

58.016.0[ minmin2 K
Km

GMzulA

KGA

D
dPFM

MMM

mm ++=

+=
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Multi-bolted joints acc. to VDI 2230 part 2

Part 2 considers multi bolt joints which is

applicable for general geometries and bolt

positions. 

Rigid body mechanics

The plates are rigid, the

bolts are not preloaded

Elasto mechanics

The plates are pliable, 

the bolts are not 

preloaded

FE method

The plates and bolts are

considered with their real 

properties.
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Multi-bolted joints acc. to VDI 2230 part 2

The guideline VDI 2230, part 2 (draft

status) provides a calculation procedure

for load distribution (axial forces, bending, 

torque) in multi-bolted joints, consideriung

also the individual bolt positions and bolt

sizes.

For the load distibution the plates are

rigid (inelastic), but the bolts are flexible.
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Mehrschraubenverbindung nach Blatt 2

Rechengang bei Axialkräften

Eine Axialkraft angreifend im Schwerpunkt:

Axialkraft angreifend ausserhalb des 

Schwerpunktes erzeugt ein zusätzliches 

Biegemoment:

Eine schief angreifende Kraft wird in die 

Komponenten Axialkraft und Querkraft 

aufgeteilt: 

S

B
A

n

F
F =max

S

B
MomentAA

n

F
FF += )(max

asin= BA FF

acos= BQ FF
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Mehrschraubenverbindung nach Blatt 2

Rechengang bei Biegemomenten

Berechnung des Schwerpunktes der Schraubenverbindung, mit 

Berücksichtigung der Positionen und Schraubenflächen

Berechnung der neutralen Faser (rote Linien, durch Schwerpunkt der 

Linien) und Flächenträgheitsmomente Ixx, etc. bezüglich der 

Schwerpunktachse, also mit dem Satz von Steiner umgerechnet

Berechnung der resultierenden Schraubenkraft FAmax über: 

zz

iz

xx

ix
A

I

zAM

I

zAM
F


+


=max
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Mehrschraubenverbindung nach Blatt 2

Rechengang bei Querkräften

Mit dem Starrkörperansatz ist die Verteilung der 

Querkraft pro Schraube gleichmässig: 

S

QB

qB
n

F
F =max
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Rechengang bei Torsionsmoment

Für die äussersten Schrauben gilt bei einer 

proportionalen Aufteilung der 

Reaktionskräfte: 

( )
( )

=

+

+
=

n

i

B
qM

zx

zxM
F

1

22

max

22

max

Mehrschraubenverbindung nach Blatt 2
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Definition of Moments and Forces in KISSsoft

(Right hand rule) 

Schematic Diagram

Center of area: cyan lines

Neutral axis: red lines

Bolt calculation acc. to VDI 2230
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Combined calculation of FE and VDI 2230

With FE analysis the real plate geometries 

and loads can be considered. 

This is a big advantage compared to the VDI 

guideline and becomes more and more

applied in the industry. 

The guideline VDI 2230 part 2 provides 4 

classes of FE modelling procedures and 

explains how to integrate the results into the

calculation of VDI 2230 part 1.
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Bolt calculation acc. to VDI 2230

Integration of FEM results into VDI 2230 (part 2)

The classes I – IV have an increasing accuracy regarding FE modelling. 

Hence, also the effort of modelling increases.

Modelling class I is very simplified, i.e. no modelling of bolt. 

Classes II & III show a good ratio of effort and benefit. 

Class IV is very detailed, i.e. also the thread is modelled. 
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Bolt calculation acc. to VDI 2230

Integration of FEM results into VDI 2230 (part 2)

According to the modelling accuracy the factors can be used from FE instead

of VDI 2230, part 1. 

Red: the parameters are taken from VDI 2230 part 1, tests, ..

Yellow: the parameters are from FE modelling
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Bolt calculation acc. to VDI 2230

Add bolt types

In the database „bolts:Type“ additional bolts

(length, diameter, ..) can be added. The data

are saved in a Ascii file. 

Add strength classes

In the database „bolts: Strength class“ 

additional materials (Aluminium, casting,..) can

be added. 
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Bolt geometries in database
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Bolt geometries in database – new entry (1/2)

1. Copy existing table to ext/dat folder

2. Create new database entry, connect to

the new table

3. Enter own bolts into the new table

(see next page)

1.

2.
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Bolt geometries in database – new entry (2/2)

3.
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